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OT NNEPEBOJUYHKA

[lpegnaraemas uutaTensM KHHra — 3To HoBasi pabo-
ta H. Bupra, cnemuanncra, xopoio y3BeCTHOrO B KPyry
nporpaMMHcTOB. BrnpoueM, cpasy Hafo chenaTb yTOuHe-
HHe: 3Ta KHHUra npejcrasjsier coboif nepepaboraHHyiO
BepCHIO Npeabiaywiefl KHHIM 3TOro e aBropa «Algo-
rithms 4+ Data Structures = Programs» (pyccknii ne-
peBOA: AJrOpHTMBI + CTPYKTYPH HLAHHKIX = NPOrPaMMH,
M.: Mup, 1985). Dpa HH(POpPMATHKH INOpOJHJIA COBep-
IIEHHO HOBYI0 BO3MOXHOCTb: KHHIa Y¥Xe He TOJIBKO
MOXET MepeBOJIHTBCA Ha JAPYrofl «ueJOBEUeCKHH» S3HK,
ee MOXHO MepesOXHTb Ha JPYrofl f3bK NpOrpaMMHpO-
BaHHUs, TAK Xe KaK CHM(OHHIO MOXHO NMepeJOXHTb AJH
(poprennano. Bce uanoxenne B KHHle BeleTCs Ha S3H-
ke Mopayaa-2, a He Ha [lackane. Ho HecmoTpsi Ha 3TO
KHHTa, ee CIOXKeT, OCTAIOTCS MpPEeXHHMH: Kak Hajlo
11pOrpaMMHpOBATD.

[Ipepnonaraercs, YyTo YHTaTeNb — JOCTATOYHO OMMIT-
IIbIi MpOrpaMMHCT, MO3TOMY a3H 3TOr0 HCKYCCTBa 3[eChb
He 3arparuBaiorcsi. Ckopee MOXHO CKa3aTb, YTO jJena-
CTCHl MOMBITKA MPHBHTb YeJOBEKY HEKOTOPBIH CTHAb MpO-
rpaMMupoBaHHsi. XOTS,, KOHEYHO e, TaKOH ONHTHHA
vuntesnb, kak H. BupT, He menaeT pgaxe M NONBITOK
onpefleJUTb, YTO Ke TaKOe 3TOT CTHAb. [lpocTo ero
HYXHO BIHTHIBATb «C MOJIOKOM MaTepu». B KkHure
JaeTcs Macca NPHMEPOB C PasJHYHOIO pPOAA KOMMEH-
TapHsMH K HAM. Yame Bcero 3TH KOMMeHTapHH CBSI3aHH
C OLEHKaMH MPOH3BOAHTEJBHOCTH AaJrOpHTMOB H MpO-
rpaMM, XOTsl mOmajfaloTcsl H Apyrue Temul. IlpHBenennne
NPHMepH J0CTAaTOYHO HeGoJapline, 4YTOOH HX MOXHO
OblJIO BOCMPHHSTH LEJNHKOM, H B TO e BPeMsl pasyMHO
CJI0OXHLIE, YTO MO3BOJSIET HM OLITb HHTEpPeCHHMH H CO-
JepIKaTeabHBIMIL
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Tenepp HECKOJbKO KPHTHYECKHX 3aMedaHHf. Onmur-
Hble JIEKTOPB! 3HAIOT, KAK HHTEPeCHO YHTaThb NepBHIl pas
HOBBIfI KYPC H KaKk CKYYHO NOBTOPSITb €r0 Jaxe NpH HO-
BBEIX cayluiaTtensx, obecneynBaloniix KaXXAblfi pas HOBble
obpaTHble CBSI3H. A 3jecb IpHILIOCH BTOPOH pa3 mnepe-
nucHBaTh Belo KHIry. lostomy oHa okasanach BO MHO-
roM HepabHolUeHHOHX nepBoil, Bce mnpexumne paspgenv
k3K 6u nocrapead. OgHAaKO HOBBHI pasfe] O molcke
B MaccHpe CHMBOJIOB HanucaH, KaK H paHblie, Jerko i
npocro. B TO Xe BpeMsi, H 3TO HaJO NpPH3HATh, HOBHIl
paszess O NMOHCKe B MHOTOMEDHOM NPOCTPAHCTBe Haflli-
can BechbMa MNOBEPXHOCTHO Ja)e C TOYKH 3PEeHHs MPOCTO
NOCTAHOBKH 3aflayH H HHKAK He HJJIIOCTPHPYeT Kakle-
J1H60 MPHHLUHNH €aMOro MporpaMMHPOBaHHS.

Heckoabko cj0B 0 TepMHHOJMOrHH. B0O3MOXKHO, Heko-
TOPHIX H3 UHTaTeJeH IIOKHpYeT NosiBJeHHe TAKHX MpHJa-
raTeJbHBIX, KaK «MacCHBOBHI/», «3aNHCHOH», «nocaeno-
BATeJbHOCTHHH», 06pa30BaHHHIX OT CJOB «MAaCCHBY»,
«3aMHCb®, <M0OCJAeL0BATEeNbHOCTE», YNOTpeb/sieMuHX Kak
onpejeyeHHs K CJOBY «Tun». Boobue, Hago cKasarh,
nepeBoJ cJ0Ba «type» KaK «THN» KpaliHe HeyjgaueH,
MOCKOJIBKY B DYCCKOM fi3blKe CJI0BO «THNM» HeceT OYeHb
6onbiryio Harpy3ky kKak cayxebHoe €JOBO, H OTKas OT
€ro HCMoJb30BaHHA B paboTax Mo MporpaMMHpPOBaHHIO
Ha sI3KlKax BHICOKOI'O YPOBHS#, HaBepHOe, OGeHsET SA3BIK.
[Tonpo6yiiTe B pasroBope O s3HKe NMPOrpaMMHPOBaHHSA
ynorpe6utb 060poT: «06LEeKT TaKOro THNa» H BH cpa-
3y e MOJY4YHTe OT CTPOroro CJayumaTtegas HJIH YHTaTels
sonpoc: «Kakoro «rakoro» tuna?». [TostoMy Bhipaxke-
Husi tHna (!) «array type» caenoBaso 6H nepeBOAHTH
KAK «THI MAacCHB» (HJH <«THM-MacCHB»), YTO B NepBOe
BpeMsi H Jenanocb. OQHAKO H3-3a HeOpeXHOCTH aBTO-
poB, He 3a6OTHBILHXCS O CTPOrOCTH ONpeleseHHsl s3bl-
KOB MpOrpaMMHpPOBaHHA, BHpaXeHHe «array type» cTa-
JO TMepeBOAHTbCH KaK «THN MaccHBa», H Cpasy xe
BO3HHKJIH BonpocH: «O KakoM MaccHBe HIET peubP»,
[TosTomMy npu nepeBofe OLIJIO NPHHATO pelieHHe BBECTH
B 3TOM cJlydae BblpaXeHHsl «MacCHBOBBI# THN» H nojLo6-
HEle eMy, Booblle nepeBOAYHK NpHAEPXKHBAJCA TaKOro
npaBHJAa: ONpefeseHHe HEKOTOPoro 06beKTa ¢ MOMOILbIO
NMpHIAraTeJlbHOr0 XapaKTepHayeT CBOHCTBO camoro 06%b-
€KTa, a ¢ MOMOWbI0O MPAMOro ROMOJNHEHHst — NPHHAL-
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JexHocTb o6bekra, (KoneuHo, cTporo roBopsi, MNpH-
HaAJIeXXHOCTb— 3TO TaKOe e CBOHCTBO, HO MHl €ro
3fechb TolkyeM OoJjee «npsmosuHeliHo».) [losTomy, Ha-
NpHMep, BH He BCTPETHTe B MepeBOJe BhIpaXKeHHH THNA
«NporpaMMHHEe OITHOKH® B CMHCJE «OHIHOKH B Nporpams-
Me» H aHAJOTHYHHIX BHpaxKeHHH, KOTOpHE C Jerkof
pPYKH aBTOpOB paloT 0 KOMNbIOTEpaX BCTpeyaloTcs B JIH-
TepaType.

B uenoM, ocTaeTcs HagesiTbCH, UYTO YMNOMSIHYThHIE
BHIlle «HOBHIECTBA» TEPMHHOJIOI'HH, BBeJeHHble NPH MNe-
peBOlle, H cleJaHHHE BHINe 3aMeYaHHs HHKAaK He MO«
BJHAIOT Ha OOWYI0 BeCcbMa H BecbMa BHICOKYIO OLEHKY
KHHTH. ¥YBepeH, 4TO 3Ta HOBas KHHra H. Bupra Gyner
C HHTEpecOM BCTPeYeHa YHTaTedsAMH.

. B. Modwusaros



MPEANCJ/IOBHUE

B nociegnne roin nporpaMMHpOBaHHe AJsl BHIUIC-
JIHTeJIBHEX MallHH BHAEJHJOCh B HEKOTOPYIO MHCIHIN-
JIHHY, BJlaJIeHHe KOTOPOH CTAaJI0O OCHOBHBIM H KJIIOUEBHM
MOMEHTOM, ONpEeJeNsIoOUIHM ycneX MHOIHX HHXeHepHBIX
NPOEKTOB, a caMa OHa MpeBpaTHAAach B 00BbEKT HayWHOro
HccaefoBaHHs. M3 pemecia nporpaMmHpoBaHHe Nepe-
HJI0 B Daspsaa akajleMHuecKMX HayK. IlepBHIft KpynHHH
BKJajJ B €e CTaHOBJeHHe chenann . [ejfikcrpa H
U. Xoap. «3aMeTKH NO CTPYKTYpPHOMY NpOrpaMMHpOBa-
HHl0» Jefikerpu [1] 3acTaBHaM B3IVISIHYTH Ha NMporpam-
MHpOBaHHe Kak Ha 001beKT, TpeGyOWHH HayyHOrO noj-
xoAa H 6pocawouinii onpefeseHHH! HHTEJNJEKTyaJdbHHH
BHI30B; TaKOii NMOAXOJ JaXe MNOJy4YHJ Ha3BaHHe <«peBO-
JIOLHH» B MNporpaMMupoBaHHH. B craTtbe «ArcHOMarTH-
yecKasi OCHOBA MpOrpaMMHPOBaHHA [Js1 BHIYHCJIHTENb-
HHX MamuH» [2] Xoap nNpoAeMOHCTPHpPOBAJ, 4TO MpO-
rpaMMbl NOAJAIOTCH TOYHOMY aHaJH3y, OCHOBAHHOMY Ha
CTPOTHX MaTeMATHUYECKHX paccyxiAeHusx. B sTux paGo-
Tax y6eaHTeJbHO NMOKa3aHO, YTO MOXKHO H36exaTp MHO-
rux OWHOOK, TPagHUHOHHBIX [AJsi NMPOrPaMMHCTOB, €CJH
nocjnejHHe OyAyT OCMEICJEHHO MOJbL30BATLCA MeETOAAMH
H NpHEeMaMH, KOTOpHE paHbllle OHH NPHMEHAJIH HHTYH-
THBHO, YacTO He OCO3HaBasl HX Kak TakoBHe. [Ipu sTom
OCHOBHOe BHHMaHHe YyJeJsieTCsi MOCTPOEHHIO H aHaJH3y
nporpaMM, a OGojee TOYHO — CTPYKType aJIrOPHTMOB,
npecTaBAsieMBIX TeKCTOM mnporpaMMu. [Ipuuem coBep-
1IEHHO OYeBHAHO, MTO CHCTEMATHYeCKHH M HAYy4yHHI NOA-
XOJ npexje Bcero NMPHMEHHM K GOJIBILHM, KOMIIEKCHHIM
nporpamMMmam, paGoTalouHM CO CAOXKHBIMH JaHHHIMH. Ta-
KHM 06pa3oM, MeTOJOJIOTHsI NPOrpaMMHPOBAHHA AOJXKHA
BKJI0YATb BCe AaCMeKThl CTPOeHHS AAHHHX. B koHeuHOM
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cueTe npozpamme. TNPEACTABAAIOT COOOR KOHKpEeTHHe,
OCHOBAHHHE HAa HEKUTOPOM peaJibHOM NpeACTaBJAeHHH H
cTpoeruu OaHKbiX BOMJOUIEHHS a6CTPAKTHHX aA20pUuUT-
Mmog. BaxHHHi BKJaj B ynopsigoyeHHe TepMHHOJOTHH
M B KOHUENUHH CTPOEHHS NaHHHX BHecja pabora Xo-
apa «O cTpykTypHo#lt opranusaunu gauunx» [3]. Crano
SICHO, YTO peHleHHe O TOM, KakK MpeACTaBAATb JaHHHE,
HEBO3MOXHO MPHHHMAaTh, He 3HAsd, KakHe AaJrOPHTMH
6yoyT K HHM NPHMeHSTbCA, H Haobopor, BHOOp aaro-
PHTMa 4YacTO OYeHb CHJIbHO 3aBHCHT OT CTPOEHHSI HaH-
HEIX, K KOTODHIM OH npHMeHserTcs. Kopoue rosops,
CTPYKTypa NMporpaMMbl H CTpPOeHHe JaHHBIX Hepas3pHBHO
CBSI3aHH Mexay coboil.

Hrak, y Hac 6K ABe NMPHYHHH HAYaTh KHHTY Tya-
BOH O CTpOeHHH JaHHHX. Bo-MepBHX, MH HHTYHTHBHO
NoHHMaeM, 4TO JaHHble MpejliecTBYIOT aJlOPHTMY, Belb
npexie, YeM BHNOJHATL KakHe-IHO0 OmnepaiHH, HYXHO
HMeTb OODBEKTH, K KOTCPHIM OHH NpHMeHsiiorcsi. Bo-BTo-
pHX, H 3T0 GoJee HenocpeJACTBEHHAs NMPHYHHA, MH Npea-
nojaraeM, YTO UYHTaTelb Yy¥e 3HAKOM € OCHOBHHIMH
NOHATHAMH nporpaMMmupoBanus. [lo Tpaguuuu, nocra-
TOYHO ONpaBAAHHOH, BBOAHHIE KYpPCH NPOrpaMMHpOBa-
HHSl MOCBSAIOTCH B OCHOBHOM aJIrOPHTMaM, OMepHpyio-
IHM JAHHEIMH C OTHOCHTEJNbHO MPOCTON CTPYKTYpOil.
[TosTOMy KasaJoch BMNOJHe pPa3yMHHM IMOCBATHTb Ha-
YaJIbHYIO IV1aBYy CTPOEHHIO JaHHHIX.

Ha npoTsxeHHH Bcell KHHIH, H B YAaCTHOCTH, B Il 1,
MH cJelyeM TeOpPHH (H TEPMHHOJOrHH), Pa3BHTOH B pa-
6ore Xoapa W BOMNJOWIEHHOH B fi3blKe MPOTPaMMHpPOBa-
Hus [lackaap [4]. CyTb 3TOH TEOpPHH COCTOHT B TOM,
4YTO JaHHHe TMNpexJie BCero npeiAcTasasiioT coboit ab-
CTPAKUHH peaJbHHIX OOBEKTOB H HX NPEeANOYTHTENBLHO
paccMaTpHBaThb KakK HeKOTopHe abcTpakTHhie ofpasoBa-
HHA CO CTPYKTypaMH, He 006s3aTesbHO MNpelyCMOTpeH-
HEIMH B 0o0ulepacnpocTpaHeHHHX f3bIKaX MPOrpaMMHpPO-
BaHMA. B npouecce NpoeKTHPOBAHHSA NpPOTPaMMH npej-
CTaBjJleHHe [JAHHHIX TMNOCTENEeHHO, MO Mepe YTOUHEHHs
caMoro aJjroputrma, Bce 6ojee nposicusieTcss H Bce Gosee
corjiacyercsi ¢ OTPaHHYEHHSIMH, HaK/JaJbBaeMHIMH KOH-
KpeTHONt cHcTeMOR nporpammHupoBanus [5]. [lostomy
MH ONpefelHM HeCKOJNbKO OCHOBHHIX CTPOHTEJbHHX
KOHCTDYKUHA — CTPYKTYp OarHbLX, KOTOpPHE Ha30BeM
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pyndamentaronoimu crpykrypamu, OueHb BaXkKHO, YTO
3TH KOHCTPYKUMWH [OBOJbLHO JIETKO peasiH3yIOTC Ha cy-
LleCTBYIOLHX MalliHHaX, Belb TOJBKO B 3TOM CJyyae HX
MOXHO CYHTaTb MOEHCTBUTENBHO 3JeMEeHTaMH (aKTH-
4YeCKOro MnpeicTaBJdeHHsl JAHHHIX, T. € <«MOJIEKyJaMH»,
06yCc/I0BJIeHHEIMH NOCJAEIHHMH, 3aKJIOYHTENBbHHMH 3Ta-
T3aMH YTOYHEHHs! ONHCAHHs LAHHBIX. TakHMH CTPyKTypa-
MU OyayT: 3anuce, maccug ((HKCHPOBAHHOrO pasMepa)
H MHOXMCecTs0. Heyuunmenbﬂo, 4TO 3TH OCHOBHHE CTpO-
HTeJbHLe O6JIOKH COOTBETCTBYIOT MaTeMaTHYECKHM MO«
HATHAM, OTpa)KalomuM (yHIaMeHTa/bHble HIeH.

KpaeyroqpHsiM kaMHeM BCell TEOPHH CTPYKTYp AaH«
HBIX ABJISIeTCH pasjuyHe MeXJAy (QYHIAMeHTaJbHHMH H
YCJAOXKHEHHBIMH CTPYKTypaMH. PyHIaMeHTaadbHEe CTPYK-
TYPH — 3TO MOJIEKYJH (B CBOIO ouepeib 00pa3oBaHHHe
H3 aTOMOB), M3 KOTOPHX CTPOSITCSi COCTaBHBIE CTPYKTY-
pul. IlepemenHble (yHAZAMEHTAJBHHIX CTPYKTYp MOTYT
H3MeHATb TOJBbKO CBOe 3HayeHHe, a CTPYKTypa HX H
MHOXeCTBO [AONYCTHMBIX 3HAYEHHH OCTAOTCH HEH3MeH-
HEIMH. B peaysnbpraTe pasmep namsaTH, 3aHHMaeMoH Ta-
KHMH NepeMeHHLIMH, OCTaeTCsl MOCTOSHHLIM. s nepe-
MEHHBIX Xe YCJOMXHeHHOH CTPYKTypH XapakTepHa cno-
CcOGHOCTb H3MEHSITh B Npoilecce BHIMOJHEHHS MPOrpaMMH
H 3HaueHHs, H CTPyKTypy. ITosToMy ans HX peaJqHsaiiH
TpebyloTcs Gojee H3OmpeHHHe MeToAh. B Takoit kaac-
CH(OHKALHKH MNOCAef0BAaTEeJbHOCTH 3aHHMAIOT IMpPOMexy-
TOYHoe MecTO. KoHeuHo, AJHHA HX MeHsileTCsi, HO Belb
3TO H3MeHeHHe CTPYKTYPHl HOCHT TPHBHAJbHHIA Xapak-
Tep. JlockoNbKy mnoc/ef0BaTeNbHOCTH HIPAIOT NOHCTHHE
(byHIaMeHTaJbHYIO pOJb BO BCeX NpPAKTHYECKH 3HauH-
MBIX BHYHCJHTEJNbHHIX CHCTEMAaX, TO MH HX BKJIOUHJH
B ra. 1.

Bo Bropofi raaBe peub uier o6 aseopurmax copru-
posku. 3gech NPHBOIUTCA MHOIO pa3JHYHHX METOLOB
pellleHHss OQHOM H TOH Xe 3ajaud., MartemaTHyecKHH
aHaJH3 HEKOTODHIX H3 aJrOpHTMOB NOLYepKHBAaeT HX
HeIOCTaTKH H JOCTOHHCTBA H [OMOraeT NPOrpaMMHCTY
0CO3HaTh BaXHOCThL TAKOro aHajnH3a npu Bhbope cnoco-
6a pelleHHs1 nocraBneHHOH 3ajaul. Pasjenenne Ha Me-
TOAKW COPTHPOBKH MAacCHBOB H MeTOAhWl COPTHPOBKH
tdafinoB (yacTo HashiBaeMhle BHyTpDeHHefl U BHeIHed
COpTHPOBKOM) AeMOHCTPHpYeT pellaioulee BIAHSAHHE Mpei-
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CTaBJleHHsl JaHHHX Ha BHOOp a/iTOPHTMA H €ro CcJoX-
HOCTb. MH He yHeasaH OH COPTHPOBKaM TaK MHOrO
BHHMAHHs, ecaH OH HAM He KasaJjoch, YTO OHH Mpep-
cTaBJslOT c060ft HAeaJbHHA OO6BEKT AJAS HAJIOCTpalHU
MHOTHX [MDHHUHMNOB MPOrpaMMHpPOBAaHHA H CHTYaUHH,
BCTPeYaIOWUXCH B ApPYrHx 3ajauax. Coajaercst Bhevar-
JIeHHe, 4TO HAa NPHMepax COPTHPOBOK MOXHO MOCTPOHTH
ueabii Kypc nporpaMMHPOBAaHHS.

Ecth Tema, KOTOpYIO YacTO OMYCKalOT BO BBOJHHIX
Kypcax MNpOrpaMMHpDOBAHHA, XOTSl OHAa H HrpaeT BaX-
HYIO KOHLENTYaJbHYI0 POJb BO MHOTHX aJrOPHTMaX,—
3T0 pekypcHs. [losToMy MH nocBsiulaeM TpeTbio I/1aBY
pexypcusHoim pewlenusm. B Hefl nokasaHo, 4TO pekyp-
chst — 0600uleHHe NOHATHA NOBTOpeHHs (MTepauuu), H
KaK TaKoBas OHa NpejacTaBiasieT co6ofl BaXHY0 H Moul-
HYIO KOHLEMNUHIO nporpaMMupoBaHHs. K HecyacTelo, BO
MHOTHX Kypcax MNpOrpaMMHDOBaHHSI PeKypPCHsi HCNOJbe
3yercsi B NpHMepax, Ille JOCTaTOYHO MPOCTOHR HTepallHH,
BMmecTo 3TOr0 MH B IM. 3 COCpeIOTOYHBAEeMCs Ha He-
CKOJMIbKHX NpPHMepax 3a1ady, B KOTOPHIX peKYpcHs MpH-
BOAHT K HaHnOosee ecTeCTBeHHHIM pelieHHs M, TOr4a Kak
HTepaiuHH nopoxpaajH Oh TpoMO3LKHe H TPYAHHe AJA
noHHMaHHA nporpamMMul. MleanbHuIM npHMeHeHHeM pe-
KYPCHH mnpejcTaBiasieTcs KJacc aJropHTMOB € g8038pa-
TOM, HO HaH6OJee OYEBHJIHO HX HCNOJb30BaHHe B aJro-
puTMax o6paboTKH [AAaHHHIX, KOTOpHe CaMH onpefe-
Js10Tc peKkypcuBHO. TakHe 3ajaun pasbupaioTcs B
nocseAHHX ABYX IJaBaX, a TpeTbsl IaBa obecneunBaeT
XOpOIIYIO NMOATrCTOBKY [JSl HX NMOHHMAaHHS.

B ra. 4 Mu obpawaeMcs K Oarnoim ¢ Ounamuqeckod
CTpYKTypoud, T. e. NAHHHIM, YbSl CTPYKTypa H3MeHseTcH
Mo Mepe BLHINOJHEHHs NpPOrpaMMul. 3aech MNOKa3aHO, 4TO
JaHHHe C PeKypcHBHOR CTPYKTYpPOH o6pasyloT BaXXHHIH
nojKkaacc OGHYHO HCMOJb3yeMHX JHHAMHUECKHX CTPYK-
Typ. XOTs peKypcHBHHEe OMNpejeseHHss B 3THX cJy4asx
H eCTeCTBEHHH, H JONYCTHMH, TeM He MeHee Ha Mpak-
THKe HX OOGHIYHO He HCNOJAB3YIOT. BMecTo 3TOrO nOJBL-
3yIOTCSl B peaju3allHH MexaHusMoM O6oJiee HarVIIAHHIM
IJst1 MporpaMMHCTa: OH HMeeT feJC ¢ SIBHHIMH yKasaTe-
JAMH HJIH CcbiaOuHbIMU nepemennbimu. Tak 4TO B HEKo-
TOPOM CMHCJe Hama KHHra OTPaxaeT COBPeMEHHYIo
TOYKY 3peHHs Ha 3Ty npobJaemy. B uerBepTO#t riaBe MH
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BBOANIM B NMporpaMMHPCBaHHe CChIIKH, CNICKH, HdepeBbs
H NMPHBCAHMM NpHMephl, Tpebymwouie AaHHHX eule 6oJee
CJIOXKHOrC cTpoeHHs. 34echb peub HAET O TOM, YTO 4acTo
(M He coBceM BepHO) Ha3bRAWT «06PABOTKOR CRUCKOSY.
3HauHTebHOE MECTO OTBOJHTCS OPraHH3allHH [epeBbeB,
M B YacTIIOCTH, AepeBbeB MOHCKa. 3aKaHuHBaercs raaBa
paccMOTpeHHeM paccesiHHBIX Tabauu U MeTcAa (yHKUHHA
paccTaloBKH, KOTOpPHIH YacTO NpeANCYHTAIOT AepeBbsM
MOHCKa. JTC MO3BCJAseT HAM CPaBHITb Mexay cobo#
IBa MPHHUMMHAJBIC PAa3HHEX MeTcAa, HCNOJAb3yeMbIX
IJ15 pelleHHsl 4acTo BCTpevamwulefics 3afauH.
IMperpammupoBakie — 3T0  koMCTpyuposarue. Kax
MOXHC Hay4uTb 3TOH KolCTPYKTCpcKo#f, H3o6perare.b-
ckolt gestenbHocTH? OQHH N3 NPHEMOB — BBIAEJAHTH HA
MHOTHX NpHMepax 3JeMeHTaPHbBe MNPHHUHNE KOMNOC3H-
IUHH H NPOJEMOHCTPHPCBATL HX HEKOTOpPLIM CHCTeMma-
THYecKIM obpasoM. Ho Beap nporpamMmupoBaHHe CTHO-
CHTCSl K O4YeHb OBLICTPC H3MeHslowlelics H yacTto Tpebylo-
el 6CJBUIHX HHTENJEKTYaJbHbIX 3aTPaT AEATeJNbHOCTH.
ITosToMy KaXKeTcsi, YTC CBeleHHe [1eJa K HECKOJbKHM
npocTeiM petlentam 6nic 6bl cuwinbkeoil. M1 B Hawem ap-
ceHasle nNpHeMOB o6y4YeHHs ©CTaeTcsl TOJAbKC OAHO: NMPH-
BeCTH HECKOJIbKO TUIaTeJbHO MOJOOpPaHHEX, OYEHb XOPO-
wux npuMepoB. He caenyeT, ecrecTBeHHO, HaleAThCH,
4TO M3yueHHe MpPHMEpOB OKaXeTcs B paBHOH Mepe
nonesnbiM BceM. [l1s1 TAKOro nojxoja XapakTepHO TO,
4TO MHOroe 3aBHCHT OT Yyuyallerocsi, OT er0 coobpasu-
TeJbHOCTH H HHTYHUHH, 3TO 0cobeHHO cNpaBelJHBO AJA
OTHOCHTEJBHO CJOMHBIX H JAJHHHBIX [PHMEpOB Mpo-
rpamM. OHH He cay4yailHO BKJIOUEHH B 3Ty KHHry. J{nHH-
Hble NpOrpaMMbl Ha NMpPaKTHKe BCTPeYalOTCs yamle Bcero,
H OHM Jy4yunle Bcero NMOAXOAAT AJS LEMOHCTPAlHH TOro
HEYJNOBHMOrO, HO BaXKHOro CBOHCTBa, KOTOpOe HAa3hHBAalOT
CTHAEM HJH MacTepcTBOM. KpoMe TOro, OHHM cJayXart
ynpaxKHeHHAMH B HCKYCCTBe UTeHHs [MpOrpamMM, KOTO-
pEIM HacTo npeHe6peraloT, cOocpefOTOYHBAas BHHMaHHe
Ha HX HaNucanHH. HMeHnHO nosToMy H BkJIOWalOTCH
B KayecTBe MPHMepOB LeJHKOM O60JbIIHE MPOrpaMMbl.
Mbl nmpoBOAHM yHTaTesas Mo BceM 3TanaMm NOCTeNneHHOro
€03JaHUs NpOorpaMM, NMOKasbiBaeM eMYy Kak Onhl cepHIO
«MOMEHTAJIbHBIX CHHMKOB» ee pDOX/IeHHs, TAK MH ero
BHAKOMHM C <«MeTO00M RnOCACO08ATEALHLIX YTOYHEHUL»
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netaJeit. $1 cuHTal0 BaXHHIM, NOKa3aB MNporpamMmy B
OKOHYATeJBHOM BHJe, o6pauiaTb BHHMaHHe Ha JeTaJH,
MOCKOJbKY HMeHHO B HHX 4acTO KpoeTcsl TPYAHOCTb MpO-
rpaMmupoBanus. OnNHcaHHe NPHHUHUNOB C€aMOro aJro-
pHTMa H ero MaTeMaTHYeCKHH aHaJH3 MOTYT CTHMYJIH-
poBaTh «aKaJeMHYeCKHH yM» H GpPOCHTb eMy BHI30B, HO
5T0 OhlI0O Ou GecyecTHO MO OTHOWIEHHIO K MpOrpaMMH-
cTy-npakTHKy. [loatoMy s cTpero npuaepxHuBaloch npa-
BHJa [aBaTh MpPOrpaMMhHl B OKOHYaTeJbHOM BHIe, HA
TOM fi3HIKe, HA KOTOPDOM OHH AeHCTBHTeJbHO MOryT OHITb
BHINOJHEHH Ha BBIYHCJHTEJBLHOH MAallHHe.

KoneuHo, cpasy e BO3HHKaeT npoGjema mpeacTaB-
JIEHHSl: XOTe&J0Chb, UYTOGH NPOrpaMMBl MOXHO OHLIO H
BHIMOJHATE H YTOOH OHH OHJIH JAOCTATOYHO MAILHHHO-
He3aBHCHMH, Belb HX HYXHO BKJIOYaTh B TekcT. Jas
3TOr0 He MOAXOAAT HH 06UlepacNPOCTPAHEHHHE A3HKH,
HH abcrpakTHas HoTauus. HyxHHE komnpoMHcc obec-
neyuBaercss s3nlkoM [lackanb: MMEHHO ¢ TaKHMH lle-
JAMH OH M cosjaBaJjcs. [lostoMy B KHHre MH H GyleMm
MM nosb3oBaThes. [IporpaMMHCTH, 3HaKOMHE ¢ APYrHMH
fi3blKaMH TNpOrpaMMHpPOBaHHS BHICOKOTO YpPOBHS, TakH-
MH, kak Aaroa 60 uau I1JI/1, nerko pasGepyrcst B NMpH-
BOJAMMHIX NporpaMMmax, NMOCKOJbKY €ro MOHATHA H HOTa-
uus B TekcTe nosicHaoTcs. OZHAKO 3TO He 3HAUHT, YTO
npegBapHTeNbHas MOATOTOBKa He HyxHa. Hpeaapnyio
MOArOTOBKY AaeT KHura «CHcTeMaTHuecKoe NporpaMmH-
poBaHHe» [6], MOCKONbKY B ee OCHOBY TOXe MOJIOXEH
[Tackanb. TeM He MeHee OHa He MOXeT CJYXHTb yueb-
HHKOM s3bKa [lackanbp — ans 3Toro cyulecTByloT Gosee
noAXoAsiHe KHHTH [7].

[Tpennaraemas kHura npexacrasasier coboit cxaroe
H nepepa6GOTaHHOe H3J0XeHHe HECKOJbKHX KYpPCOB Mpo-
rpaMMHpOBaHHS, NMPOYHTAHHHX B @egepajJbHOM TexXHO-
mordueckoM HHCTHTYTe (ETH) B Lllopuxe. MHOruMH
HIEeAMH H B3IJIALAMH, H3JIOXXEHHHIMH B 3TOH KHHTe, fl
o6s3aH Gecemam ¢ Moumu koaneramu B ETH. Mue xo-
Tenoch 6w, B 4acTHOCTH, nobnarogaputs r-ua I'. Cana-
Mmefiepa 3a TwAaTelbHOE NpPOYTEHHE DYKOMHCH M T-XY
Xeiigu Tefiiep 3a BHMMaHHe M TepneHHe NpH nepene-
yaTke TekcTa. §l xoren 6 TakXe OTMETHTH 60JblIoe
BJIHfIHHE, OKa3aHHOe 3aceflaHHsfiMH paboyux rpynn 2.1
n 2.3 UOHIla, 1 ocobeHHO MHOTOYUHCJEHHHMH O6ecena-
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MH, KOTOpHle 51 Beql npH 3toM ¢ 3. Jefikerposi u Y. Xo-
apoM. W Hakonen, uto He MeHee BaxHo, ETH wmegpo
PeJOCTaB/AJ BHIUHCJHTENbHEE MamHHE H o6ecneyHBas
ycnoBHsi, 6e3 KOTOpHIX Ohlla OH HeBC3MOXHa TOAro-
TOBKA 3TOH KHHTH,

Liopux, aBryct 1975 H. Bupr
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[MPEOJUCJIOBHUE K HU3OAHHIO 1986 TOOA

B HOBOM H3JaHHH NepecMOTPEHH MHOTHe AeTasH aJ«
FTOPHTMOB H, KpOMe TOro, CAeJaHH HEKOTOphle H3MeHe-
HHSl, HOCsimlMe OoJee MPHHUHNHAJBHHEA xapakTep. Bcee
3TO OGBACHSAETCS ONHITOM, HAKOMJIEHHHIM 3a Te JecfiTh
JieT, KOTOpHe NpOULIH ¢ MOMEHTa MOABJEHHS NepBOro
H3ganusa. OgHako 60/blIAs YacTb CONEPKHMOIO KHHIH
¥ ee CTHJb ocCTajuch G6e3 u3Mmenenus. OcraHoBHMCH
KPaTKO Ha TJIaBHHIX H3MEHEHHsX.

OcHOBHOe H3MeHEHHe, KOCHYBLIeecsi BCEro TeKeTa
IeNHKOM, CBSI3aHO C SH3LIKOM NpPOrpaMMHpPOBaHHA, Ha
KOTOPOM 3amHcanbl Bce aaropHTMu. [lackanp Ouna 3a-
MeHeH Ha Moayny-2. XoTs Takoe penieHHe He OKashBaeT
onpelesioulero BJHAHHA Ha MpeICTaBleHHe AaJIrOpHT-
MOB, TeM He MeHee OHO OmpaBAnBaercs GoJiee NMpPOCTOR
H 6osiée 3JeraHTHOR CHHTAKCHYECKOH CTPYKTYDOH f3HKA
Mogayna-2, uwacro npuBofsiefi k GoJslee NpO3payHOMY
NpeicTaBJeHHI0 CTPYKTYpPH aJaropHtMoB. Kpome Toro,
Kaxercss nejecoob6pasHHM ynorpebasaTb TaKyl HOTa-
ILHI0, KoTopas 6uicTpo NpHOOpeTaer MpH3HAHHE IHPOKHX
cnoeB obuiecTBa (MporpaMMHCTOB. — [leped.), NOCKOJIb-
KY OHa XOpOHIO MOAXOAHT AJs CO3JaHHs OOJbIIHX CH-
creM nporpamM. Kak 6H TO HH OHJIO, COBEPIIEHHO Ove-
BHAHO, YyTO «pojauTeneM» Moayaum 6ua Ilackaab, u 31O
obJjeruano 3ajauy nepexoja OT OJHOTO f3hKa K ApY-
romy. JIisi NPOCTOTH Bechb CHHTaKcHC f3WKa MoayJa
NpHBENEeH B NPHIOXKEHHH.

[TpsaMbIM clencTBHEM nepexoja Ha APYroH S3HK
nporpaMMHpoBaHHs Gula nepefenka pasd. 1.11, noces-
WEHHOrO0 CTPYKType nocienoBaTenbHoro ¢aitna. B Mo-
AyJne-2 Her BcTpoeHHoro daitoBoro THna. B nepenn-
canHoMm pasg. 1.11 B kauecTBe Gosee obuiefl CTPYKTypH
JaHHHX TNpeicTaBjeHa KOHUENUHs nocaedo8aresbHOCTU
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H NpHBefeHa, B YaCTHOCTH, HEKOTOpas CHCTeMa Mmpo-
rpamMM-MoAayJeH, noajgepxHuBaloias B Moayae-2 Ttakue
NocJ1e10BATENbHOCTH.

HoBoit siBasieTcst M mocaegusis wacTb . 1. B Heft
obcyxaaloTes npobaeMu noucka. HawaB ¢ JHHeifiHOrO
MOHCKA M NOHCKA JeJeHHeM [oNnojaM, Mhl NPHXOLHM
K HeJaBHO H306peTeHHHIM aJropHTMaM OLICTPOro MOHC-
Ka B CTPOKe. 31eCh MHl, B YACTHOCTH, AJA JAEMOHCTpPallHH
NPaBHJABHOCTH MPEACTABJEHHHIX aJrOPHTMOB  HCMOJb-
3yeM MeTOL [OKa3aTe/bCTBa, OCHOBAHHHI HAa HHBapH-
aHTax UHKJIOB H APYTHX YTBEPXKIEHHSX O MpOrpaMMax.

HoBmulit pa3nen o Odepe8vix npuopureTHo20 noucka
3aKaHYHBAeT H IJaBy O AHHAMHYECKHX CTPYKTYypax JaH-
Hhx. B HeM onpegensiioTcsl gepeBbs,, ONATL e eine He
OTKpHITHE B TO BpeMs, KOrja BHIJIO NepBOe H3AaHHe.
Takue pepeBbs HONMYCKAalOT 3IKOHOMHOe MpeACTaBJaeHHe
H OLHICTPHIH MOHCK B MHOXECTBe TOYEK, JeXalux Ha
MJIOCKOCTH.

LlennkoM onyuwena nsaTas rjaaBa NepBOr0 H3LaHHS.
B Hefi peup ma O MOCTPOEHHH TPaHCJATOPOB, H OHA
BHIJfA€1a HECKOJbKO H3OJHPOBAHHO OT MpEABAYLIHX
rnaB. TeMy TpaHcasTOpPOB cjenoBano 6w Gosee MoA-
po6Ho pa3obpaTb B CHEUHAJBHOH KHHTe.

W HakoHeu, NOfBJeHHe HOBOro H3JaHHA CBA3aHO
¢ CcOOHITHAIMH, OKa3aBIUHMH 3a NOCJEefHHe JecHTb JeT
ray6oKoe BJHSIHME HAa H3JaTeJbCKOe NeJO0: HCMNoJb30Ba-
HHEM BHIYHCJIHTENbHHX MAaWIHH M CJOXHBIX aJrOpHTMOB
IJ11 MOATOTOBKH NOKYMEHTOB M MX Habopa. Hama kuHra
6blla OTPEAAKTHPOBaHa AaBTOPOM H NOATOTOBJeHAa AJA
neyaTH C MOMOIUBID pefaKTOpPa JOKYMeHTOB Larg Ha Ma-«
wuHe Lilith. Be3 3THX HMHCTPYMEHTOB KHHTa He TOJbKO
oKasaJjacb O6bl 6oJsee JOpOrof, Ho H He 6HJa OHl ewe
3aKOHYEeHa.

Mano-Anto H. Bupr



HOTALIMA

B Hamielt kHHre HCMoJb3yeTcsl Cefylomwasi MO3aHM-
CTBOBaHHAs U3 paGor 3. JlefiKCTPH CHCTeMKl HOTAIHH.

B Joruuecknx BhpameHuax cHMBoa & o6o3Hauaer
KOHDBIOHKUIHIO H MpPOH3HOCHTCA Kak #. CHMBON ~ C€OOT-
BETCTBYeT OTPHUAHHIO H YHTaercsl Kak He. BykBamu A H
E (noayxupunit mpudpT) 0603HAYaIOTCH COOTBETCTBEH-
HO KBAHTODHl YHHBEPCAJBHOCTH H cyulecTBoBaHHA. Huxe
NpHBOAATCH ynorpebasieMble HaMH GOpPMYJH (caeBa) H
HX onpejejeHHe B TpaAHIHOHHON 3anucH. O6paTuTe BHH-
MaHHe, YyTO cJeBa MH H3beraeM HCNOJb30BAHHA CHM-
BOJIA «..», ANE&NJIHPYIOUlero K HHTYHIHH 4YHTaTeJsl.

Ai: mi<n: Py=P_ &P & ... &P _,
3aech Py — npeauratH, H dopMysaa yTBepxKAaeT, YTO HC-
THHHH Bce Py ans i, npoGeralouero, HayHHasa ¢ 3ajaH-

HOTO 3HauyeHHs m, BCe 3HAUEHHS BIJOTb A0 n (camo n
CIOla He BXOJAHT).

Ei: mi<m Py=P, uw P, wsu.. .0 Py_,

Onats, P,— npennkate u ¢opMyJaa yTBepiKiaaeT, YTO
HCTHHeH XoTs GW OAMH npeauxar P, pas i, npoberaio-
ulero 3HaYyeHHs OT m [0 n (HCKJOYas caMmo n)

Siim<i<m xy=x,+x,,,+ ... +x
MIN it m<i <n: x=minimum (X, X4 «oor Xq—y)
MAX i: m<i <n: xp==mMaximum (X5, Xppeeer Xpy)

C noMowpbio KBaHTOPOB OMepaTOpPH min H max MOXHO
BHPa3HTb TaK:

MIN : m<i<nm x;=min=
(Al. m<<i<n min< l)&.(E m<i<nm mm—xl)
MAX i mgi<n X, = max ==

(Ai m<i < n: max > )&(El <i<n: max=x)



[.. OCHOBHBIE TOHATUSA CTPYKTYP
JAHHBIX

1.1, BBEAEHHUE

CoBpeMeHHas BHYHCJAHTENbHAS MallMHa Ghlsa H306pe-
TeHa H MHCJIHJAach Kak HekoTopoe ycrpoiicTBo, obJer-
qaowmee H YG6HCTpsOLlee INpOBeJeHHEe CJOXHHX pac-
9eToB, Tpebylowmux Ha CBoe BHIOJHEHHE 3HAYHTENbHOTO
BpeMeHH. Tenepb B GOJbUIHHCTBE CJYy4YaeB HX JOMHHH-
PYIOIIHM  CBOHCTBOM H OCHOBHOH XapaKTepHCTHKOH
CYUHTAETCA CNOCOGHOCTb XPAHHTH OrpOMHHe OGBEMH HH-
¢opmanuH, K KOTOPHIM MOXHO npocro o6paTuthes. Cno-
COGHOCTb 3Xe mNpPOBOAHTb BLIYHCJEHHS, T. €. BHINOJHATb
apH(pMeTHYeCKHe [eficTBHS BO MHOTHX CHTYalH#X, YXe
€TaJjla MOYTH HecylecTBeHHO.

Bo Bcex TakHX cayyasix 3HauyHTelbHHeE OGBHEMH HH«
dopMmaluH, noanexainefl o6paGoTKe, B HEKOTOPOM CMHIC-
Je mpeicTaBisioT abCTPAaKyuio HEKOTOporo ¢gparmeHra
peasbHoro mupa. Hubopmaumus, nocrynamomwas B Ma-
IWIHHY, COCTOHT M3 ONpPEL&NEeHHOr0 MHOXKECTBa OQHHbLX,
OTHOCSIIHXCA K KakKOH-TO mpo6jeMe,— 3TO HMEHHO Te
JaHHHE, KOTOphle CUHTAIOTCA OTHOCAUIMMHCA K HaHHOR
KOHKpeTHOH 3ajaye M H3 KOTOPHX, KAK MH HajeeMcdl,
MOXHO MOJYYUTb (BHIBECTH) »KeJNaHHHH OTBeT. Mu ro-
BOPHM O JaHHHX Kak 06 ab6cTpakTHOM mnpencTaBiaeHHH
peaJHi#l, NMOCKOJbKY HEKOTOphle CBOHCTBA H XapaKTepH-
CTHKH OOBEKTOB NpH 3TOM wurHopupyiorcesl. Cunraercs,
uTO AJf KOHKpeTHOH 3aJayH OHH He ABJAIOTCA cylle-
CTBeHHHIMH, onpefeastowmnMu, [lostomy aberparuposa-
HHe — 3TO ynpoujeHue HaKTOB.

B kauecTBe mpuMepa MOMKHO B3fiTb, CKaXKeM, CMHCOK
(dahin) HekoTopHX cayxamux. Kaxauift cayxawmui
B 3TOM CMHCKe MNpeacTasisercd (a6CTparupyercst) Kak
HEKOTOPOEe MHOXEeCTBO JAaHHHIX, OTHOCAwmHXCA JH6O K
TOMY, Y4TO OH Jenaer, Ju6o K mnpouesypam, «o6paba-
THIBAIOUIHM» €ro AefTeJbHOCTb, DTO- MHOXECTBO MOXeT
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BKJIOYaTb H HEKOTOphle HIeHTHOHIUHPYIOWHe JAaHHHe
BpOAe ero (MM ee) dhamMHAHH HIH okaaga. OJHAKO Ma-
JIOBEPOAITHO, 4TO clofa GYAYT BKJAIOYATbCA TakHe MOCTO-
pOHHHe CBelleHHs, KAK LBeT BOJIOC, BeC HJH POCT.

Pemas mo6yo 3agayy ¢ NOMOIUbI0 MAMIHHK HJIH Ge3
Hee, Heob6Xxoaumo BHOpaTb ypoBeHb abCcTparHpoBaHHA,
T. € OMNpPEeAeJHTb MHOXECTBO JAHHHIX, NpeACTaBJAIOUIHX
peasbHylo curtyauHio. [Ipu BHGope caenyeT pyKOBOJ-
CTBOBaTbCA TOH 3ajavel, KOTOPYIO HEOG6XOAHMO peUIHTD,
3aTeM HalJexHT BHGpaThb cnoco6 npeacTaBJEHHA 3TOR
HHbopMauHH, 34ech yxe Heo6XO0AMMO OpHEHTHpPOBATLCH
Ha Te CpelIcTBa, C MNOMOULIbI0 KOTOPHIX pemiaercsl 3a-
laya, T. € Y4YHTHIBAaThb BO3MOXKHOCTH, NMpejocTaBisieMHe
BHYHCJAHTeNbHOA MamuHOH, B GoabminHcTBe ciy4aeB 3TH
[Ba 3Tana He GLIBAIOT MOJHOCTbIO HE3aBHCHMBIMH.

Bri6op npeacTaBieHHs! AAHHHX 4acTO SfBJsieTcsl [10-
BOJIbHO TPyAHOH mnpoGaeMoH, HO60 He ompefensieTcsl OX-
HO3HaYHO NOCTYNMHHMH cpeAcTBaMH. Bcerga HyxHO npH-
HUMaTb BO BHHMAaHHe H ONepalHH, KOTOpHeE BHINOA-
HAIOTCH HaJ 3THMH JaHHHMH. Bor xopomufi npumep:
npefcrabienne uynceJ. OHH camu no cebe yxe abCTpak-
UMH HEKOTOPHX CBOACTB O0O0bEKTOB, KOTOpHe cielyer
KaK-TO oxapakTepH3oBaTb. Ecnn efnHcTBeHHOR (HJH J0-
MHHHpYlOIeff) onepauHed OyneT caOXKeHHe, TO XOpo-
HIHM cnoco6oM MNpeiacTaBHTh 4uHCAO N 6yLeT NpocTo
nocJef0BaTeNbLHOCT H3 N «yepTouek». [IpH TakoM mpen-
CTaBJEeHHH MNpaBHJO CJIOXKEHHA MReHCTBHUTEJbHO H Oye-
BHAHO, H NpocTo. B OCHOBY «pHMCKOro®» MpeicTaBJeHHs
NOJIOXEH TOT Xe NPHHUHN NPOCTOTH, H NMpaBHJa CJlOXKe-
HHAL 111 HeBoJbIIMX wHCeJ cToab Xe npocTh. C Apyrof
CTOpPOHH, «apabckoe» mpefcTaBJieHHe yHcesa Tpebyer da-
JIeKO He OYeBHAHHIX MpaBHJ (faxe AAS HeGOJBIIHX YH«
cen), nNpaBuia TpeOylOT 3aNOMHHAHHA, BHYyYHBaHHS
Hausyctb. CHTyauus, oAHaKO, H3MEHSETCA, e peyb 3a-
XOJHT O CJOXKEeHHH GOJNBLUINX YHCeN HJH BBEJLEHHH YMHO«
XKeHus H AeneHus. PasjoxeHne Takux onepauuit Ha 60«
Jlee MPOCTHE OKa3hiBaeTcsl 3HAYHTEJNbHO Mpolle B cjaydae
apabeKOro npeacraBiieHHs, 4TO OOBACHSETCH CHCTeMa-
THYHOCTbIO NpecTaBjeHHsl, OCHOBAHHOTO Ha <«MNO3HIHOH«
HOM Bece» uudp yHucaa.

Xopouo H3BecTHO, YTO B OCHOBE BHYTPEHHEro Npegs
CTaBjieHHsl 4yHcel B BHYHCJHTENbHHX MallHHAX JeXar
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ABoHYHHE UHDPH. [1Js uYej0BeKa Takoe MpeicTaBieHHe
He MOAXOJHT: YK OUeHb BEJHKO YHCIO TakAX uudpp. 3aTo
OHO OYeHb MOAXOLHT AJS 3JEeKTPOHHBIX cxeM: 3HaueHHA 0
H | MOXHO YAOGHO H HaJE€XHO KOAHPOBATb HAJHYHEM HIH
OTCYTCTBHEM 3JIEKTPHUYECKOro TOKA HJH MarHHTHOrO MoJjs.

Ha stom npumepe MoxHO 06HapYKHTb, YTO BOMPOCH
NpeACTaBJeHHsl YyacTO Pa36GHBAIOTCA HA HECKOJbKO ypOB-
Hell feranu3auuu. [IpeacraBbre cebe, 4TO HEOGXOMHMO
3ajaTe NMOJOXeHHEe HeKoToporo o6bekra. [lepBoe pete-
HHE MOXEeT NPHBECTH K BHOOPY Napel BellecTBeHHHIX
YyuCesq B MPAMOYroJbHOH MM MOJsAPHONR CHCTeMe KOOP-
ZiiHaT. BTopoe peuieHHe — K NpeACTaBaeHHIO ¢ MJaBalo-
LieH 3anmfAToH, Ile KaX[l0e BelUleCTBeHHOe YHCJIO X CO-
CTOHT M3 MapH peahX yHucesa, o60o3Havalulpx ApobHYIO
yacTb | H NoKasaTelb CTENeHH e HEKOTOPOr0 OCHOBaHHA
(tak, yto x=={+2¢). Tperbe pewenne— OHO OCHOBHI-
BAeTCH HA 3HAHHHM TOTO, KaKk B MalliMHe XpaHATCA [daH-
HBle, — MOXET NPHBECTH K ABOHYHOMY, MNO3HUHOHHOMY
NPeACTaBJEHHIO A7 UelNuXx uyucen. M nocnenHee, ABOHY-
Hhle HHOPH MOXHO KOAHPOBAaTL HanpapJieHHeM MarHHT-
HOTO MoJisi B «MarHATHOM 3aNOMHHAlOIEM YCTPOHCTBE.
OueBuHo, 4TO nepBoe M3 pellieHHH B 3TOH LeNOYKe 3a-
BHCHT TIJIaBHHIM 06pa3oM OT NOCTaHOBKH 3ajaud, a Mo-
cneaywoume Bce 6oJblie H 60Jblie — OT HCNOJAb3YeMOro
HHCTPYMeHTa H MeTOJ0B paGoTh ¢ HMUM. Tak, BpAd JH
MOxHO TpeboBaTb, YTOOH NPOrpaMMHCT pelllaj, Kakoe
cllelyeT HCMOJb30BaThb MpPeACTaBJdeHHe YHCE HMJH KaKo-
BhIMH OYAYT XapaKTePHCTHKH 3aMOMHHAIOLLETO YCTpPOM-
ctBa. TakHe peuleHHS HH3WHX YPOBHell MOXHO OCTaB-
JATH CO3AaTeNdAM CaMHX MalHH, OHH JydYilie APYTHX HH-
¢hopMHPOBAaHH O CEroAHSIIIHEl TeXHOJIOTHH, BJHSAIOLLeH
Ha BHIG6Op, KOTOPHIH 3aTeM OygeT pacnpocTpaHeH Ha Bce
(MM noYTH Bce) NPHJIOKEHHH, CBA3aHHHE € HCMOJb30-
BaHHEM 4YHCell.

B TakoM KOHTEKCTe CTAHOBHTCS OYEeBHIHHM 3HayeHHe
A3bIK08 npozpammuposarus. JlioboMy SI3HKY nporpam-
MHpPOBaHHS COOTBeTCTBYET HeKoTOopas abcTpakTHasi Mma-
IHHa, cnocobHas HHTEPNPeTHPOBATb MOHATHA, HCNOJb-
3yeMHle B 3TOM f3blKe. JTO TOXe HEKOTOPHiHA ypoBeHb
abcTparHpoBaHHs OT PeaslbHHX YCTPOHCTB, HCMOJBL30BaH-
HHX B CYLIeCTBYOUHX MaiiHHax. TakuMm o6pas3oM mpo-
rpaMMHCT, HCMOMB3YIOUIKHA Tako# SA3HIK BRICOKOrO YPOBHS,
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ocBo6OXAaeTes (M orpaxjaelcs) OT BONPOCOB NnpelcTan-
JeHHA YHCEJ, eCJH 4YHC/Ia B KOHTGKCTE 3TOr0 si3blka —
37eMeHTapHue 06 beKTHL.

3HayeHHe HCNOJb30BaHHA JI06Oro f3hLKa, NpefcTaB-
QAOULEro MOAXOjAfllee MHOMXeCTBO OCHOBHHX aGCeTpak-
uui, O6LHKX 1J/1s1 GOJIbIIHHCTBA 3ajay 06paGOTKH Aaml-
HBIX, 3aKJIlOyaeTcsl rJaBHbIM o06pa3oM B TOM, YTO 3TO
MPHBOJAHT K TOJYUCHHIO HaleXHHX MPOrpamu.

Jlerde cTpPoHTb 1pOrpaMMbl, OCHOBHIBAasiCb Ha TaKH:
3HAKOMBIX MOHATHAX, KaK YHCJA, MHOXECTBa, MOCJef0-
BaTelbHOCTH H NOBTOPEeHHSl, BMeCTO Pa3pdioB, fiueeK Il
nepexof0B. KoHeuHO Xe, B peanbHOH MaliHHe BCe Aak-
Hble, 6yAb TO YyHCJIA, MHOKECTBA WJH MOCJeL0BaTeNbHO-
CTH, BHIJISIJAT KaK OrPOMHBle MacCHBH pa3psjos. Ho
IJs porpaMMMcTa BCe 3TO He HMeeT 3Ha4yeHHs, MO-
CKOJIbKY OH (HMJH OHa) He GeCNOKOHTCH O HeTalsix Npen-
cTaBjeHHs Bui6paHHO# abcTpakuuy, W60 yBepeH, YTO Ha
MagiHHe (HJIH B TpaHcaATOpe) BLiOpaHo HauGoJsee yMme-
CTHOe NpeAcTaBjeHHe.

UeM Gnike aGeTpakuus K KOHKDETHOH MauIHHe, TeM
Jerue AJs HHXeHepa HJH peasJH3aToOpa f3hHKa BHOpaThb
noaxoAsiuiee npeAcrabBljeHHe, TeM Bhllle BEPOATHOCTb, YTO
3TO eAMHCTBeHHOe NpelcTaBjdeHHe MNOJOHAET IJs1 BCeX
(MM NOYTH BCex) MBICAHMLIX MPHJOXEeHHH. ITOT ¢akT
yCTaHaBJHBaeT OmnpejeneHHble Npelelbl Ha CTeNeHb
abcTparupoBaHus OT 3afaHHOR MamuHbel. Hanpnmep, He
HMeeT CMhIC/Ia BKJIOYaTb B OCHOBHHE 3JIEMEHTH YHHBep-
CaJIbHOTO fI3hIKa TreOMETpHYeCKHe OGBHEKTH, MOCKOJbKY
Hx yAo6HOe npeacTaBJdeHHe H3-3a MNpHCyulet MM BHY-
TpeHHER CJOXHOCTH OYyAeT B 3HAUHTeJbHOH Mepe ompe-
LendThCl TeMH ONepalHsiMH, KOTOPHe Hal HUIMH COBep-
waiores. [lpupona u yactora 3THX onepaunii cosgaresnio
VHHBEPCAJbHOrO f3HKAa H €ro TPaHCJSTOPA HEeHU3BECTHH,
H Kakoe OH npeicTaBJeHHe OH HH BHOpaJ, OHO MOXeT
0Ka3aTbCs HEeNoJAXOAAIIHM NPH HEeKOTOPHIX NMPHMeHEHHSX.

HiMeHHO 3TH coo6paxKeHHsi onpelensiloT BHGOp NOHA-
THH A/NAl OMHCAHHA aJrOPHTMOB H HX AAHHKIX, HCMOJb-
30BaHHHIX B Hawefi KHHTe. $ICHO, YTO HaM XOTeJOCh
HCNOJb30BaTh NPHBHYHHE MaTeMaTHYeCKHe MOHATHA YH-
cejl, MHOXeCTB, NMOCJeJoBaTeNlbHOCTEH H T. M., a He MpH-
cyuiie MaliMHaM MOHATHA Bpoje cTPox paspsigos. Ctoib
e OYEBHAHO, YTO MH XOTEJIH HCMOJAb30BATb H MOHATHS,
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JJISl KOTOPHIX, H 3TO YKe H3BeCTHO, CYLLeCcTBYIOT sddex-
THBHHe TpaHcaaToph. [lpHueM He xOTesoch GH Kak ymo-
TpebiATh MAIIHHHO-OPHEHTHPOBAHHHIA HJH MaIIHHHO-
3aBHCHMBIA SI3HIK, TaK H OMHCHIBATH NPOrpaMMH AJs Ma-
IIHHE B a6CTPAKTHHIX MOHATHAX, OCTABJAIOMHX OTKDHI-
THIMH BONPOCH [MpeACTaBleHHs. B nonuTkax Ha#Tty
KOMIPOMHCC MeXJy 3THMH KpaHHHMH coo6pa)KeHHSAMH
yxe 6b1 cosfaH sa3nK [lackajb, H AecATb JeT paGOTH
c uuM [1.3] npuBenn Hac K f3WKy Mojaysa-2. B Hem co-
XPaHAIOTCS OCHOBHHIE NMOHATHA [lackans u mo6aBasiorcs
HEKOTOpHE yJyuwleHHA H paciuHpeHHs. MMeHHo 3THM
SI3KOM MH H 6ydeM [0Jb30BaThCfl B Hallelf KHHIe
[1.5]. SIasik Moayna-2 yxe GHJ ycnewlHO peasnH30BaH
Ha HECKOJbKHX MAaIlUHHAX, H 3TO NMOATBEPAHJIO AOCTATOY-
HY10 6JIH30CTH ero MOHATHH K peaJbHHM MaiiHHaM H
BO3MOXHOCTb JIEFKOro OODBACHEHHS KaK CaMHX MOHATHH,
Tak H UX npeicrabieHHsl. $I3bIK JOCTATOYHO GJH30K H K
IpYrHM sI3HIKaM, CJefoBaTeJbHO, YPOKH, H3 Hero H3BJje-
YeHHHle, NPUMEHHMBl H K HHM.

1.2. KOHLIETILIHUSA THIIA OJAHHBIX

B maTeMaTHke NpHHATO KJaccHGHUHPOBATH NMepeMeH-
Hble B COOTBETCTBHH C HEKOTODHIMH BaXXHBIMH XapakKre-
pHCTHKaMH. MH pa3/HuaeM BeuieCTBeHHHE, KOMIJIEKCHHE
H JIOTHYeCKHe TMepeMeHHHe, mnepeMeHHHe, NpPeICTaB-
JsoulHe co6oit OTAENbHHE 3HayeHHs, MHOXeCTBa 3Ha-
YeHHH HJIH MHOXECTBAa MHOXeCTB; PYHKIHH MH OT/JHYaeM
OT QYHKIHOHAJNOB HJIH MHOXeCTB GYHKUHH U T. 1. B 06-
paboTKe NAHHHIX MNOHATHe KJacCH(PHKALHH HTPaeT TaKylo
XKe, eC1H He GOJbIYI0 podb. MH 6yneM NpHAEPXKHBATHCA
TOrO NMPHHIUHNA, YTO J06asi KOHCTAaHTa, NepeMeHHas, Bhl-
paxeHnHe WJH (QYHKUHA OTHOCATCA K HEKOTOPOMY Tuny.
(DaKTHYECKH THI XapaKTepPH3yeT MHOXECTBO 3HaueHHI,
K KOTODHIM OTHOCHTCSl KOHCTaHTa, KOTOPHE MOXEeT MpH-
HHMAaTb HEKOTOpasi nepeMeHHAs HJH BHpaXXeHHe H KO«
TOphie MOXeT (OpMHPOBaTh QYHKUHA.

B MaTeMaTHuyeCcKOM TeKCTe THN NepeMeHHOH OGBLIYHO
onpefensieTcs no wWpHPTY, AJS 3TOro HeT HyXAH obpa-
IaTbC K KOHTEKCTy. Takoit cnoco6 B mporpaMMHpoBas«
HHH He MNOAXOAUT, MOCKOJbKY OOHYHO Ha MalliHHAX
uMeercsl 0o6OpyAOBaHHe JHIb ¢ OAHHM WPHPTOM (Ha-
npuMep, JaTHHCKHMH OykBaMu), [losTOMy INHDOKO HCe
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I0.1b3yeTcsl MNpaBHJAO, MO KOTOPOMY THN SBHO YKa3H«
BAETCA B ONUCAHUU KOHCTAHTH, NepeMeHHOH HJH J106OR
('WHKuHH. 3TO MpaBHJ0 OCOGEHHO BaXHO MOTOMY, 4TO
TPAHCAATOP AOMXeH BHIGHPATb NpelcTaBjeHHe JaHHOTO
c0beKTa B NaMATH MAalUHHHL. $ICHO, YTO nMaMATb, OTBOAH-
Masl MOA 3HayeHHe NepeMeHHOH, AOJXHAa BHIGHpaTbcA B
COOTBETCTBHH ¢ [JHana3oHOM 3HayeHMH, KOTOphHle MOXKeT
lpUHMUMATb nepeMenHas. Eciu y TpaHcasTopa ecTb Ta-
1ad nHdopManus, TO MOXHO 0GoHTHCb 6e3 TaK Hashl-
3aeMOro JHHaMHYeCKOro pacnpeieneHusi naMmsatu. Yacro
3TO OYeHb BaxHO Aaf 3(deKTHBHON peasH3auHH ajaro-
nuTMa. OCHOBHHE MPHHIHNK KOHIEMIHH THNA, KOTOPHM
M 6yleM cJeloBaTb Ha NPOTAMXEHHH BCEro TeKcTa H KO-
TOphie BKJIOYEHH B fI3LIK NporpamMMHpoBaHus Mopayaa-2
[[1.2], TakoBH:

1. Jlo60# THN RAaHHHIX ompefensieT MHOMXeCTBO 3Has
YyeHHH, K KOTOPHIM MOXET OTHOCHTBCA HEKOTOpasi KOHs
CTaHTa, KOTOpPO€ MOXeT NPHHUMATb MepeMeHHAs HJIH
BhipaXeHHE H KOTOpoe MoXeT (OpMHPOBaTbCA oOlNepa-
uHeft uan byHKuHed,

2. Tun moGo#t BennuHHb, 0603HAUaeMOR KOHCTaHTOA,
flepeMeHHOR HJIH BHpaxKeHHeM, MOXeT GHTb BHIBELEH MO
ee BHJY HJH MO ee OMHCAaHHIO, AJS 3TOro HeT Heo6Xo-
JHMOCTH NPOBOAUTb KaKHE-THOO BHYHCJAEHHS.

3. Kaxnas onepanuss uiaun ¢yHruus Tpebyer apry-
MeHTOB Ofpele/eHHOro THNa M AaeT pe3yabTaT TakXe
¢ukcHpoBaHHoro tuna. Ecan onepaiuus gonyckaer aprys
MEGHTH HECKOJIbKHX THMOB (HanphUMmep, «-+» HCMOJb=
3yeTcsl KaK AJS1 CJOXMEHHS BelleCTBeHHHX YHCeJ, TaK H
A9 CJIOXEHHS LeJHX), TO THN pe3yJbTaTa perjaMeHTH-
pyercsi BnoJiHe onpefeJeHHHIMH NMpaBHJIAMH SI3HKa.
~ B pesysabTaTe TPaHCAATOP MOXKET HCMOJb30BAThb HHs
(popMalHi0 O THNAaX AJs NMPOBEPKH AONYCTHMOCTH pas-
JMHYHBIX KOHCTPYKuHiA B nporpamme. Hanpumep, HeBepHoe
fipiicBaMBaHHe JIOTHYECKOTO 3HAYEHHA apH(MEeTHYECKOM
fepeMeHHOH MOXHO BHISIBUTb G€3 BHINOJHEHH Npo-
rpaMMul. Takasi H3GHITOYHOCTb TeKCTAa NPOrPpaMMHl Kpam«
He MoJle3Ha H MOMOTraeT NPH CO3AAHHH NpOrpamm; oHa
CYHTAETCS OCHOBHHIM MPEHMYIIECTBOM XOPOUIHX SI3LIKOB
BLICOKOTO YPOBHS MO CPaBHEHHIO ¢ AI3HKOM MAaHIMHH HJH
accembaepa. KoHeuHo, B KOHIle KOHUOB AaHHHe GyayT
IpCACTABJIEHH B BHAe OTPOMHOI0 KOJHYeCTBA ABOHYHLIX
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uudp He3aBHCHMO ©T Tore, Ghia JH jperpaMMa HasH-
CaHa Ha f3bKe BHICOKCI'C YpPOBHSl C HCilCJlb3CBaHHEM
KCHIESIIHK THIa HJH Ha fi3blke acceMb6Jiepa, Tle BCSIKHE
THiB OTCYTCTBYIOT. [I/1f BBIYHCANTENbHOH MalIHHH fa-
MATb — 3TC COAHCPCAHAs Macca pas3psiioB, He HMeloulas
KakoH-1160 CTPYKTypH. M ToabKo a6CcTpakTHas CTPYK-
Typa 5C3BOJsIeT IpOrpaMMHCTy pasobparbcs B 3TCM CA-
llco6pa3HoM neftzake 1aMATH MaLIHHHL

Teopus, npeacraBieHHas B Hallefl KHHIe, H S3HIK ApO-
rpammupoBanuss Mogayna-2 npeamonaraloT HeKoTophle
METOAbl ONpefeNeHHs THIOB JaHHHX. B GoablmiHHCTBE
c/lyyaeB HOBHIE THNH AaHHKWIX CHPefeqslOTCA ¢ MOMCULbIO
paHee onpejejeHHBIX THIICB JaHHHIX. 3HauyeHHsl TaKCro
HOBOro THNa cOLIYHO MpeAcTaBJaslOT cO6CH COBOKYTIHOCTH
3HayeHHHi KOMMOHEHT, OTHOCSAIHXCS K OjIpefleleHHHM pa-
Hee COCTaBJSIOLIMM THNAM, TakHe 3HaYyeHHS Ha3hBaIOTCHA
cocragroimu. Eciun nHMeeTcsl TOMBKO CAHH COCTaBJAIOLLHH
THN, T. €. BCe KOM{OHEHThl OTHOCATCA K OZHCMY THIY,
TO OH Ha3nBaercs 6a308obim. UHCJAO pa3jJHYHHIX 3HaYe-
HHH, BXoAZAuwMX B THN T, HaswBaeTcss MOLLHOCTBIO T.
MowmHocTe 3ajaeT pasMep faMATH, HeocOGXOLHMOH AJs
pa3MeureHnss nepeMmenHo#t x tuna T. [IpHHagaexHocTb
K THNy o6o3HavaeTcs x: T.

[TockonbKy cocTaBafiioulHe THIIH TakXe MOTYT OHTb
COCTaBHHIMH, TO MOXHO [OCTPCHTb LEJIYI0 HepapxHIO
CTPYKTYP, HO KOHeYHhle KOMIOHEHTH JI060# CTPYKTYpPH,
pasymeercsi, AOJXKHH O6HTb aToMapHuMH, CienoBaTelb-
HO, CHCTeMa MOHATHH [AOJXHA [0ilycKaTb BBeljeHHe H
IPOCTHIX, 3JeMeHTapHHX THoB., CaMblil IpsAMOJHHEHHKH
MeTOA OfIHCAHHAl JIPOCTOr0 THilAa — Nepe4ucAcrue BCeX
3HaYeHHH, OTHOCALUIHXCA K 3ToMy THiy. Hanpumep, B
nporpaMMe, HMelowel [AeJ0 ¢ JIOCKHMH TreoMeTpHuye-
CKHMH (HrypaMH, MOXHO OfIHCaTb JIPOCTCH THil C HMe-
HeM ¢bueypa, 3HaueHHs KoTopcro o603HayaloTcs HIEH-
THQHUKATOPAMH: NPAMOY20AbHUK, K8AJparT, aAAunc, Kpye..
Ho xpome THnOB, 3ajaBaeMBIX ;IpOrpaMMHCTOM, HYXHO
HMeTb HEKOTOphle CTaHAapTHHe, npeloslpefeleHHHe
tunbl. Ciofla O6BHIYHO BXOAAT 4YHCJAA H JOrHYECKHEe 3Ha-
yeHus. Ecan ans 3HaveHH# i HeKOTOPOro THia CyliecTBYeT
OTHOIIeHHe MNOPsAKa, TO TakOi THN Ha3nBaeTcs yiops-
IOYeHHHM HJH ckassapuoim. B Moayne-2 Bce sjnemeHTap-
HEle THNH yOpSAOYeHk, B CJydyae IBHOTO MepeqHC/IeHHd



1.2. Konyenyus tuna Sanxsix 25

cUiiTaeTcsl, YTO 3HAYCHHA YNOPSAOYEHH B MOpsiLKe Mepe-
yiicJeHHUs.

C noMouIbi0 3THX NPaBHJA MOXHO ONpefensiTb Mpo-
CThie THMH H CTPOHTb H3 HHX COCTaBHHE THNH J1060H
cTeneHH CJA0XKHOCTH. OQHAKO Ha NMPaKTHKe HeLOCTaTOYHO
HMeTb TOJIBKO OAHH YHHBepcaJbHHH MeTol 006belHHEHHS
COCTaBJIAIOLIHX THNOB B cocTaBHOH THN. C yueroM ipak-
THUYECKHX HYXJA MNpeACTaBJeHHS H HCNOJb30BaHHA YyHH-
BEPCAJbHHIA SA3HIK [OJXKEeH pacnoJsaraTb HeCKOJbKHMH
merodamu obvedunenus. OHH MOryT OHTb 3KBHBaJeHT-
HHIMH B MaTeMaTHYeCKOM CMHICJIe H pa3JjHyaTbes osepa-
UHAMH 1J18 BHIGOPa KOMMOHEHT NMOCTPOEHHHIX 3HaueHHH.
OcHoBHHE paccMaTpHBaeMHe 34eCh METOAR MO3BOJSAIOT
CTPOHTH CJelyioulHe OODBEKTH: MACCUBLL, 3ANUCU, MHO-
acecTéa u nocaedosareavrocru. Bonee cnoxHue o6beau-
HeHHS! OOHYHO He ONMHCHIBAIOTCH KAK «CTATHUECKHe THIHI»,
a «JHHaAMH4YeCKH» CO3JaloTcsl BO BpeMs BHINOJHEHHA
nporpamMMHl, NpH4yeM HX pa3Mep H BHIA MOT'YT H3MeHATbCH,
Takne 06HEKTH paccMaTpHBAIOTCA B IV. 4 — 3TO CIHCKH,
KOJIb1la, JepeBbs H, BOOGL1e, KOHeuHhle rpadL.

[lepemenHble 1 THNH AAHHHIX BBOAATCH B NMporpammy
IJA TOrO, YTOOH HX HCMONb30BaTh B KAKHX-JIHOO BHIUHC-
aenusix, ClenoBaTe/bHO, HYKHO HMeTh elile H MHOXECTBO
HeKOTOpHX onepauuil. [ KaxA0ro U3 cTaHAAPTHHX TH-
0B B f3bIKe MPeLyCMOTPEHO HEKOTOpOe MHOMXKeCTBO
TPHMHTHBHHIX, CTAHAAPTHHIX ONepauuit, a 415 pa3JHYHHX
MeToA0B 00belHHEeHHUS — OllepauHH CeJeKTHPOBAHHS KOM-
TTOHEHT M COOTBeTCTBYOWAsA HOTauHA. CyTblo HCKYCCTBa
porpaMMHpPOBaHHA OGLIYHO CYHTAeTCH YMeEeHHe COCTaB-
JAaTe onepauud., OgHako MH yBHAHM, YTO He MeHee
BaXXHO yMEHHe COCTaBJATh JaHHHIE.

BaxHefiliHe OCHOBHEIE ONepalHt — Cpasrenue U npu-
csauganue, T. e. POBepPKa OTHOLIEHHs paBeHCcTBa (M Mo-
pPsKa B CJyyae YNOpSLOYEHHHX THNOB) H AefiCTBHe MO
«ycTaHOBKe paBeHcTBa». [IpHHuHNHajbHOE pasJuHuHe
3THX [BYX OMnepaiHii BHpa)aeTcsd H YETKHM pasjHuHeM
HX 0603HaYeHHH B TEKCTe:

[Iposepka paseHcTBa: X =Y (BuWpaXKeHHE, pnaiollee 3HaUeHHE
TRUE uax FALSE)

Ilpucsansaune: x :=y (oneparop, gesaoluA X paBHEIM Y)

3TH OoCHOBHHIE AEHCTBHS ONpefeseHH Aafl GOJbUIHH-
CTBa THNOB JaHHHX, HO cCJelyeT 3aMeTHTb, YTO [JA



26 1. Ocnoansle nowaTUA CTPYKTYP OARKBIL

RaHHBIX, HMemHUX 60JblIOi 06beM H CJAO0XHYI0 CTPYK-
TYPY, BHIOJHEHHE 3THX OnepailHii MOXeT CONPOBOXKAATb=
Csl I0BOJIbHO CJIOXKHBLIMH BHIYHCJIEHHAMH

Ins cTaHZapTHHX MPOCTHX THNOB AaHHKX MB KpoMe
NpHCBaHBAHHA M CPaBHEHHA MpelycMaTPHBaeM HEKOTO-
poe MHOXeCTBO oOMepaiuuil, CO3JAMHUX (BHIYHCAAIOLIHX)
HOBHe 3HayveHHss. Tak, IAs YHCIOBHX THNOB BBOASATCS
CTaHAApTHHE apHMeTHYeCKHe OnepaiHH, a AJasa Joruye-
CKHX 3HauYeHHH — 3JeMeHTapHHe ONepauHH JIOTHKH BH-
CKa3nBaHHH,

1.3. [IPOCTEHIIHE THIIbl JAHHBbIX

JIio6oii HoBHI npocTefliuii THN onpefensiercss Mpo-
CTHIM MEpeyHcJeHHEM BXOASUIHX B HEro Pa3JIHYHBIX 3Ha-
yeHHd. Takol Tun Ha3nBaercs nepewucasemoim, Ero on-
peneseHHe HMeeT caelyOuHR BHI;

TYPE T=(C1, C2y v 0y Cn) (1-1)

rae T—HlIeHTH(bHKaTOP HOBOro THna, a ¢y — HIACHTH-

¢GHKaTOPH HOBHIX KOHCTaHT. MowHOCTb MHOXecTBa T
o6o3Havaercs yepes card(T)=n.

IIPMMEPLI

‘TYPE shape = (rectangle, square, ellipse, ¢ircle)

*TYPE color = (red, yellow, green)

TYPE sex = (male, female)

TYPE BOOLEAN = (FALSE, TRUE)

*TYPE weekday = (Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday, Sunday)

*TYPE currency = (franc, mark, pound, doltar, shilling, lira, guildet,
krone, ruble, cruzeiro, yen)

TYPE destination = (hell, purgatory, heaven)

*TYPE vehicle =2 (train, bus, automobils, boat, alrplans)

*TYPE rank = (private, corporal, sergeant, lieutenant, captain, majors

colonel, general)

TYPE object = (constant, type, variable, procedure, module)

*TYPE structure = (array, record, set, sequence)

*TYPE condition = (manual, unloaded, parity, skew)

Onpenenenne TakKHX THNOB BBCAHT He TCJbKC HAEHTHdH-
KaToOp HCBOrc THMA, HC H OJQHOBPEMEHHO MHOXeCTBO
nieHTuGHUKaTopoB, c6o3HAYalOWHX 3HAYEHHS 3TOrc HO-
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pOro THMa. 3aTeM Beslle B NpOrpaMMe HX MOXHO yXe
HCMOJb30BaTb KAaK KOHCTAHTHI, YTO B 3HAYHMTEJNbLHOH CTe-
neHH crnocobCcTByeT HATAaAHOCTH. EciH MH BBeleM, cKa-
7ieM, NepeMeHHbe s, d, ru b

VAR s sex

VAR d: weekday

VAR r: rank

VAR b: BOOLEAN

T0 MOXHO HanHCaTb TaKHe ONEpaTOPH MNMpHcBaHBaHHA:

s :=male

d ;= Sunday
r:=major
b:= TRUE

OvyeBHIHO, OHH 6oJlee HHGOPMATHBHH, yeM 3KBHBaJeHT-
Hble HM:

s:=1 d:=7 r:=6 b:=

Tie npednosaraercs, 4To s, d, r # b onpeneasiioTes Kax
Lesble YHCJa, @ KOHCTAHTH B NOpsiAKe HX IepeyHCleHHs
otrobpaxaloTcss B HaTypaJbHhe uHcaa, Kpome 3Toro
TPAHC/AATOP MOXeT NMPOBepHTb COCTOATENBHOCTb HCMOJb-
30BaHHs TOH HJH HHON onepauun. Hanpumep, npu Ta-
KOM OTMHCaHHH S, KaK BHIlie oNlepaTop §:= s - I JOJXKeH
CYHTaTbcH GeCcCMBICeHHBIM,

[TockoabKy nepeuHcleHHs 3a4al0T YNopsAOYEHHOCTD,
TO mepevyHcaMMHe THOH GyNyT BecbMa YyBCTBHTEJbHHIMH
K BBelleHHIO oNepauHi, NOPOXIAAWILHX [Js 3aJaHHOTO
aprymMeHTa npelnyliiHe HJIH NoclelylOlllHe 3HAUEHHH,
TTosToMy MBI MpOCTO MOCTYJHpPyeM CTaHZapTHHle ONepa-
LUHH, NpHCBaHBAIOlUIHe CBOHM apryMeHTaM Clelyiolllee
IJIH NpeAbIAylllee 3HaYeHHe:

ING(x)  DEC(x) (1.2)

1.4, IIPOCTEVIUHME CTAHIAPTHBIE THIIbI

K crangapTHHM npocTeHIUHM THNAM Mhl OTHOCHM
THIIH, HMelOllHecsi (BCTpoeHHHe) Ha OOJBIIHHCTBE BH-
YMCAHTeNbHHX MawHH, Ciofa BXOAAT uenle YHcIa, JO-
THYeCKHe HCTHHHOCTHHle 3HayeHHsT H MHOXeCTBO Ievas
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TaeMhXx cimBoaoB. Ha MHOrHx MamHHax ecTb H Jpob-
HHe YHCJa BMeCTe C COOTBETCTBYIOLIMMH CTaHJapTHHIMH
apudMeTHYECKHUMH onepauusiMia. Mu 6yfeM o6o3HauaTb
9TH THNH CJ1eLyIOWHMH HAeHTHGHKaTOPaMH:

INTEGER,CARDINAL ,REAL,BOOLEAN, CHAR

Tun INTEGER BKJI04aeT HEKOTOpOe NOAMHOXeCTBO 1ie-
JILIX, PasMep KOTOPOro BapbHPyeTcsi OT MaliMHH K Ma-
wuHe. Ecau Aas npencTaBiieHHs mesHX Yice] B MallHHe
HCMoJIb3yeTcst N PaspsfoB, NpHYEM HCNoJb3yeTcs AOMOJ-
HUTeJbHBIR KOJ, TO AONYyCTHMHE 4YHCJAA AOJXKHH yAO0B-
JeTBOPATL ycaoBHIO —2°~! < x <C 2!, Cuuraercs, uTO
BCe ONepanHH Haj AaHHHIMH 3TOr0 THNAa BHINOJHAIOTCA
TOYHO H COOTBETCTBYIOT OOLIYHBIM npaBHJaM apHupMe-
THKH., Ecsu pesyspTaT BHIXOAMT 3a npele/h NpelcTaBH-
MOr0 MHOXeCTBa, TO BhIYHCJeHHsI GyAyT npepBanu. Ta-
Koe cobhiTHe Ha3HBaeTcs nepenoanenuem. UeTwipe
OCHOBHble apH(PMeTHUeCKHe ONepalHH CYHTAIOTCA CTaH-
RapTHbiMi: caOxeHHe (), BHuHTaHHe (—), yMHOXe-
Hue (=)u Leaenne (/, DIV).

Mpl 6yfeMm genaTb OTJHYHe MeXIy 3iepOBCKO# me-
N0t apudmeTrHkof M MoOAyJbHOH; B NepBOH meneHHe
o6o3Hauaercss Kocoll yepTOH, a B3fiTHe OCTaTKa OT JeJle-
Hus — REM. Tlyctp wactHoe q = m/n, a OCTaToK r ==
= mREMn. Bcerna cnpaBeasnnBo oTHoLieHHe

g*n+r=m u 0<ABS(r) < ABS(n) (1.3)

3HaK OcTaTKa TOT Xe, YTO H y AeauTeas (HJH Xe ocTa-
ToK paBeH Hyai0). CienoBaTesbHO, 3i1/1€pOBO 1en0e fe-
JleHHe HeCHMMETPHYHO OTHOCHTEJBHO HyJst H [JS Hero
€npaBelJHBH pPaBeHCTBA

(= m)/n = m/(—n) = — (m/n)

TTPUMEPH]

31710 = 3 31REM 10 = 1
231710 = -3 »31REM 10 = -1
31/-10 = -3 31REM-10 = 1
=31/-10 = 3 ~31REM-10 = -1

B MmoayabHO#l (KOHIPYy3SHTHOH) apH(pMeTHKe 3HaueHHe
m MOD n ¢akTHyeckH eCTb HeKOTOPHIH KJ1aCcC KOHTPy3HT-
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110CTH, T. €. MHOXeCTBO 11eJIHX, 2 He elHHCTBeHHOEe YHCJIO.
B 3TO MHOXeCTBO BXOJAT BCe yHCJa BHAa m— Qn aas
npoH3BOJbHEX Q. OueBUAHO, YTO TaKHe KJAacChl MOXHO
npeACTaBJATh OLHHM cllellHPHUECKHM 3JeMeHTOM, HanpH-
vMep CaMhIM MaJleHbKHM H3 HeOTPHIaTebHHX 3JeMeHTOB.
C.ie0BaTellbHO, Mul onpefleiieM R=mMOD n u B To
ke BpeMst Q = m DIV n, Tak uTo yAOB/eTBOPAIOTCH CO-
OTHOILIeHHSA

Q#*n4+R=m u O0<KR<n (14)
[TPUMEPDI
31DIVI0 = 3 31MOD10 =1
~31DIV10 = -4 -31MOD10 = 2

O6paTuTe BHHMaHHe, YTO AeseHHe Ha 10 MOXHO BH-
NOJHATb, CABHTas AeCATHYHOE YHCJO BNPaBO Ha N MNoO3H-
UHH, NpHYEM <«BHABHTaeMHe» UHPPH NPOCTO HIHOpH-
pyloTcsi. DTOT e NpHeM AONYCTHM, KOTAa YHCJO MNpen-
CTaBJeHO He B JeCATHYHOM, a B JBOMYHOM BHIe. ECJH MH
liMeeM AesO C NpeACTaBJeHHeM B JOMOJHHTeJbHOM Kojle
(a Ha GOJIBIIHHCTBe COBpeMeHHLIX MaliHH HMEeHHO TaK H
06CTOHT Jes0), TO CABHI peaJiu3yeT [ejeHHe, ONpefe-
JeHHOe Bhille Kak onepauuss DIV (a He onepauus /).
YMepeHHO CJOXHble TPAHCASATOPH NO3TOMY NpelacTaB-
JAIOT onepauku BuAa m DIV 2" ¢ nomompio O6HCTpOfi
onepauHH cABHra, OHAKO 3TO yNpOlleHHe K BHIPaXEHHAM
THIA m/2" HENPHMEHHMO.

Ecan npo HeKoTOpylo nepeMeHHYO H3BeCTHO, YTO OHa
He NMPHHUMaeT OTPHIATEJbHHIX 3HauYeHHH (CKaxeM, 3TO
KaKOH-TO CYeTYHK), TO 3TO CBOIHCTBO MOXHO MNOAYEPK-
HYTb, COCJABILIHCh HA [JOMNOJHHTEJNLHHH CcTaHJapTHHIM
tin CARDINAL. Ecau Ha MamiuHe AJsi MpeACTaBJeHHS
uenblx (6e3 3HaKa) MCNOJb3yeTcs N pa3psiioB, TO Nepe-
MEHHHM TaKOro THMA MOXHO NPHCBaHBATb BEJHUYHHHI,
yA0BJleTBOpPsilOIWHe ycaoBHIO O <T x <C 27,

Tun REAL o6osHauaeT NOAMHOXeCTBO BellleCTBeH-
HbIX YHceJ. B To BpeMs Kak cuHTaercs, 4TO apHdMeTHKa
c onepanaamu tuna INTEGER u CARDINAL pnaer Tou-
HbIl pe3ysbpTaT, AOMyCKaeTcs,, 4YTO AaHAJIOTHYHHE fefi-
CTBHA cO 3HaveHusMH Tuna REAL Moryr GHTH HeTou-
HBIMH, B Ipellesiax OIWIHOOK OKpYrJeHHH, BH3BAHHKIX
BHYHC/IeHHAMH C KOHeYHHIM YHCJAOM UHGp. DTO NMPHHIM-
liHajbEOe pa3jiMyHe, H OHO INpHBEJO B GOJbIIHHCTBE
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AI3LIKOB NPOrpaMMHPOBAHHS X fIBHO PAa3JHYHHM THNAM
INTEGER u REAL.

IlBa sHaueHus crTaHgapTHoro Thna BOOLEAN o6o-
3HavaloTcsi HieHTHpukatopamu TRUE u FALSE. By-
JIeBCKHe OnepauHH — 3T0 JorHyecKass KOHBIOHKIIHS, AH3Db-
IOHKUHA M oTpHuanHe. Mx 3HaveHus (pe3ysbTaThl)
onpefeneln B Taba. 1.1. Jloruyeckass KOHBIOHKuHA 06O~
3Havaercss yepes AND (uau &), JorHyeckas AH3BIOHK-
uus — OR, a orpuuanue — vyepes NOT (uau ~). OG-
pallaeM BHHMaHHe, 4TO ONepauHH CpaBHeHHs [alOT

Ta6auua 1.1, Jloruueckue onepanuu
Y kel pANDg pORg NOT p

TRUE TRUE TRUE TRUE FALSE
TRUE  FALSE TRUE 'FALSE FALSE
FALSE ‘TRUE TRUE FALSE TRUE
FALSE ¥ALSE FALSE FALSE TRUB

pesyabrat Thna BOOLEAN. Takum o6pasoM, pe3yJb-
TaT HEKOTOPOro CpPaBHEeHHS MOXHO NPHCBOHTH KAaKOH-TO
NepeMeHHOH HJIH e HCNOJNbL30BAaTh B KayecTBe JOTHYe-
cKoro omnepagga B OyJeBckoM BHpaxeHuH. Hanpumep,
Ans 6yJeBCKHX NMepeMeHHHX P H  H LeJhX NepeMeHHHX
x =25, y =8, z = 10 aBa npucBauBaHHSA

pi=x=y

qQ:=(x<y)&(y<z)
nopoast pesyabrath: p = FALSE n q=TRUE.

Jlornueckne onepauun AND u OR B Moay.se-2 (1 B
HEKOTOPHX JpyTHX sA3bKax) ob6JjajaloT LONOJHHTE/b-
HHIMH CBOHCTBAMH, OTJIMYAIOIWIMMH HX OT Apyrux OHHap-
HHX onepauuii, B To BpeMs Koria, Hampumep, cyMMa
X+ y He OnpejlefeHa, ecIH X HIH Yy HeH3BECTHH, KOHB-
IoHKUHS p&q onpeleneHa AaXe NpPH HeH3BECTHOM (, eCiH
H3BeCTHO, yTo p uMeer 3HaueHHe FALSE. Takas «ycnos-
HOCTb» SIBJISIETCSl BaXXHHIM M noJjie3HnM cBoficTBoM. [lo-
3ToMy TOuHOe onpelenedine AND u OR npaeTcs TakHMH
IBYMS ypaBHeHHSIMH:

P AND q==ecau p Torga q unaue FALSE (1.5)
P OR q=-ecau p toraa TRUE unaue q

B crangaptamit Tum CHAR BxoguT MHOXecTBO ne-
yaTaeMhiX CHMBOJIOB. K HecuacTblo, He cyllecTByeT Ta-
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KOTO CTAHAAPTHOTO MHOXeCTBa CHMBOJIOB, KOTOpoe OblIO
(1 NPHHATO HAa BCeX BHYHCAHTeNbHHX MawHHax, [lo-
¥10My HCNOJIb30BaHHe omnpelesNeHHsi «CTaHALApTHOe» BO
MHOTHX CIy4asix MOXeT NPHBOAHTL K HEBEPHOMY MOHM-
MAHMIO: €ro cJelyeT BOCIPpHHHMAaTb KaK: «cTaHZapTHOe
1751 TOH BHIYHCJHMTe/IbHOA MAalUuHHH, HA KOTOpPOil cieldyeT
BLINOJNHHTL HEKOTOPYIO NpPOrpaMmys.

Haunbosee wWHpOKO pacnpocTpaHeHO MHOXeCTBO CHM-
BO.10B, NPHHATOe B KavyecTBe CTaHAApTHOro MeX[yHa«
poJHOR opraHusaunuedi mo cranjaptusauuu (ISO), u B
yaCTHOCTH, ero aMepukaHckas Bepcusi ASCII (American
Standard Code for Information Interchange). [TosTomy
B NPHJOXEHHH | MH H NMPHBOAHM 3TO MHoxXecTBo. OHO
COCTOHT H3 95 nevyaTaeMhx (rpadHueCcKHX) CHMBOJIOB H
33 ynpaBJAIOWIHX, MOCJAeJHHe HCMOAb3YIOTCA TJaBHHM
o6pa3oMm IpH MNepelaye AAHHHX H IJs ynpaBJeHHS e«
4aTalOUHMH yCTPOHCTBAMH.

UTo6H HMeTb BO3MOXHOCTb COCTaBJATbH aJTOPHTMHI,
MaHHNyJHPYyIOlUlHe CHMBOJAMH (T. e. 3HAaYeHHIMH THNA
CHAR) u HesaBHcsillHe OT -CHCTEMH, C/elyeT Bce Xe
BHAEJHTh HeKOTOpHe H3 CBOMCTB, NMPHCYMIHX MHOXeCTBY:
CHMBOJIOB, @ HMeHHO:

1. Tun CHAR cogepxuT 26 NpONUCHHX JIATHHCKHX
6ykB H 26 cTpouHnX, 10 apabckux uudp H HeKoTopoe
ulCa0 APYTHX rpadHueCKHX CHMBOJIOB, HanmpHMep 3HAKH
NYHKTYalHH,

2. loaMHoxectBa 6yKB H uUHPP yNOpsAAOUEHH H «CO=
NpUKACAIOTCHR, T. €.

(«A» < x) & (x << «Z») > x — nponucHas 6yksa

(«a» << x) & (x << «Z») -» x — cTpouHan 6ykBa (1.6)
(«0» << x) & (x < «9») > x — nudpa

3. Tun CHAR colepXHT HeKOTOpPHH HemeyaTaeMHH

CHMBOJI, np06eJ1, €ro MOXHO HCINOJIb30BaTb KaK pasje-
JHTRJb,

THIS IS LAWTEXT

THISWISIJAUTEXT

Puc, 1.1, lNpeacrabaenue Tekcra.
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Korga 3axogHT peub O HamHCaHHH NMPOrpaMm B Ma-
HIHHHO-He3aBHCHMOH ¢dopme, TO oco6eHHO BaXHO yKa-
3aTb, YTO CYIeCTBYIOT ABe CTaHAapTHLle (PYHKUHH npe-
o6pasoBatusa tunos Mexxay CHAR u CARDINAL. Mu
6ynem HasmBaTh HX ORD (ch) (maeT nopsiAKOBHIT HOMep
ch Bo MHOoXectBe cumBosoB) u CHR(i) (maer cumBoa
¢ MopsiAKOBHIM HomepoM i). Takum obpasom, CHR 06-
paTthHa no oTHoweHH0 K dyHkunH ORD, n Haobopor, T. e.

ORD(CHR(i)) =1 (ecau CHR(i) onpeaenena) (1)
CHR(ORD(c)) == ¢ ’
KpoMe TOro, MH BBOJHM CTaHAAPTHYI0 (YHKIHIO
CAP(ch). Ee 3naueHue — nponucHas OyKBa, COOTBET+
crByowasn ch (ecau, KoHeuHo, ch Boobule 6ykBa).

ch —crpoynan  G6yksa -» CAP(ch) = coorBeTcTBY!OMas TpO*
nHcHas 18
ch — nponucuas 6yksa - CAP(ch) =ch

1.5. OTPAHHUYEHHBIE THIIbl (IHAITA3SOHDI)

Yacto npuXOAHTCH CTaJKHBAaTbCsi € IOJIOXKEHHEM,
KOr'Zla nepeMeHHOR NpHCBaHBaeTcsl 3HayeHHe HEKOTOPOro
THNA, Jexalllee TOJNbKO BHYTpPH OmpelesleHROTO HHTep-«
BaJla 3HaveHu#l. Takoe moJjioXeHHe MOXHO NMOLUEPKHYTb,
elpeJeJHB, 4TO yKasaHHas nepeMeHHas OTHOCHTCH K
orpaHHyeHHOMy THny (AHManasoHy). Takofi THN 3ajaercs
cledylouuM obpasom:

TYPE T = [min, max] (1.9)

rie min H max — BhpaXeHHs, ONpeleslOIHEe KOHIH
Takoro AHanasoHa. OTMeTHM, 4TO ONnepaHAaMH STHX Bhl-
paxKeHHH MOTYT GHITb TOJNbKO KOHCTAHTH,

NPHUMEPHI

TYPE year e [1900 . 1999]

TYPE letter e ["A".."Z"]
TYPEQigit  ®=["0".."9"]

'TYPE officet = [lientcnant ., general]
UYPEindex = [0.2+N-]]
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EcnH eoTb NMepeMeHHbE

VAR y1 year
VAR L: letter

TO npucBanBaRus y:==1984 u L:=«L» nonyckaiorcs,
a y:=1291 u L:=«g» — Her. OLHaKO B JerajbHOCTH
nofo6HuX NpHCBaMBaHHH MOXHO YIOCTOBepHUTbcs Oe3
BHINOJHeHHS TNporpaMMul JHIIb B TeX CJyyasx, KOI'Za
peub HIeT O NMpHcBaHBaHHH KOHcTaHT. CrpaBelJHBOCTb
»Ke NpHcBaHBaHus yi=1i u L:==c, I'lle i — nepemeHHasn
11eJIOTO THNa, C-— CHMBOJBLHOIO, TPaHCJAATOP He MOXeT
onpelelHTb, eclH OH TOJbKO TNPOCMATPHBAET TEKCT.
CucreMR, Belyline TakHe NPOBEPKH B Ipollecce BHIMOJ-
HeHHsl CaMHX NpOrpamM, OKa3HBalOTCA OyeHb U EHHBIMHU
ajs ux paspaboTkH. McnonbsoBanne TpaHCAATOpaMH H3-
O6nTOuyHOA HHGOPMALHH A5 BhlfleeRHs] BO3MOXHHIX
omH6OK eme pa3 OOBACHAET CTpeMJeHHe MNPHMEHATDb
A3HKH BHICOKOIO ypOBHsA *),

1.6. MACCHB

BepostHo, HanGosee HIHPDOKO H3BeCTHas CTPYKTypa
JAHHHIX — MaccHB. B HeKOTOpHIX f3HKaX TOJBKO Mac-
CHBH H CywecTBYIOT. MaccHB COCTOHT H3 KOMIOHEHT,
IpHYeM BCe OHH ONHOTO THNa, Has3nBaeMOro 6a3oguim.
[TosToMy cTpykTypa MaccHBoB odropodra. Kpome Toro,
MacCHBH OTHOCAIT K TaK Ha3HBaeMhIM CTPYKTypaM co
cayyatinoim docrynom. Oas Toro urobn 0603HAUHTH OT-
AeJbHYI0 KOMMOHEeHTy, K HMeHH Bcero MacchBa f06aB-
nsleTcsl utdexc, OH-TO U BhLeNsieT HYXHYIO KOMIIOHEHTY.
HHuaekc — 3To 3HaueRHe cNeuHaJbHOro THMNA, Ofpe-
JeJeRROro Kak Tun undexca naHHOro Maccua. [lostomy
onpefeieHHe MaccHBoBoro tHna T ¢HKcHpyeT Kak 6aso-
suft Tun TO, Tak u THn uHiekca Tl

TYPE T = ARRAY[TI]OF TO (1.10)

* Ho Moxuo paccyxknaath u ApyruM o6pa3oM. B nauase B A3BIK
BBOAATCA OTrPaHHYEHHA, KOTOpHE HEBO3MOXHO NpPOBEpATb CTaTHYe-
cKku, a 3aTeM PanyioTCs, UTO YAAeTcsi NOCTPOHTb CHCTEMBl, KOTOpHE
6ynyT OpoBepsATb HX AHHAMHYeckH. Tak H B Cjaydae [HanasoHoOB:
BBOAHAHCH-TO OHHM A/l 3KOHOMHHM NaMATH (r1aBHuiM o6pasoM), a
npuBe/H K apXHC/IOXKHOA AHHAMHuecKOf mommepxkke. — IIpus. nepea.
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MMPUMEPBHI

TYPERow = ARRAY[1..5]OF REAL
TYPE Card = ARRAY[1.. 80] OF CHAR
TYPEalfa = ARRAY[0..15]OIF CHAR

KonkperHoe 3HayeHHe nepeMeHHOM
VAR x: Row

C KOMIIOHEHTaMH, YAOBJETBOPSIOWHUMH YPABHEHHIO X ==
= 2-!, MOXKHO IpeACTaBHTb cJaelyloHM o6pa3oM
(puc. 1.2).

C noMomplo HHAEKCAa MOXHO BHIEJHTb JIOGYIO OT-
JenbHYI0 KOMNOHeHTy Jio6oro MaccuBa. EcliH ectb mepe-
MeHHAas-MaccHB X, TO ceJeKTop [IJs1 MaccHBa o6osHa-
4aercsl ¢ NMOMOWbIO HMeHH COOTBETCTBYIOLIEIO MaccHBA,
3a KOTOPHIM cJenyeT HeoOXxoAHMH HHIeKc i TpeGyemoH
KOMMNOHeHTH — X; HaHn x[i]. HM3-3a TpaguiHORROCTH nep-
BOro, o6H4YHOTrO 0603HaueHHs] KOMIOHEHTH MacCHBOB
CTaJli Ha3HBaTb MEPeMEeHHbIMU C UHOEeKCamu.

O6uuHHA NMpHeM pa6GOTH ¢ MaccHBaMH, B 0COGeHHO-
cTd ¢ GOJbIIHMH MaccHBaMH, — BH6opouHoe H3MeHenue
OTHeJbHHIX ero KOMIOHEHT, a He KOHCTPYHPOBaHHe MOJ-
HOCTBIO HOBOTO cOCTaBHOro 3HaveHus. [IpH 3ToM mepe-
MeHHAsi-MaccHB paccMaTpHBaeTcsi KaK MacCHB COCTaB«
JAIOWHX NepeMeHHHX H BO3MOXHO NpHCBaHBaHHe OT-
HLeNbHbBIM KOMNOHeHTaM, HanpuMep, X [i] := 0.125. XoTs
BHIGOpPOUHOe H3MeHeHHe NMPHBOAHT TOJBKO K KOPpeKLHH
OJHOH-eHHCTBEHHOH KOMIIOHEHTH, C KOHUeNnTyaJbHOK
TOYKH 3peHHS] MH JOJIXHBI paccMaTPHBATb ero Kak H3-
MeHeHHe BCel0 COCTaBHOIO 3HaueHHs.

Tor dakr, uTo HHOeKCHl MaccHBa, T. e. HMeHa ero

KOMIOHEHT, JOJXHH OTHOCHTBLCS

[ o0s K onpefeleHHOMY (cKajasipHO-

My) THNY, HMeeT BecbMa BaX-
¥2 025 HOE CleflCTBHe: UHOEKCHL MOXMCHO
X3 | 0125 goiucaare. Ha MecTo HHAeKcH-
% | 00625 pylolllell KOHCTAHTH MOXHO NOA-

CTaBJATb JI060e HHAEKCHPYIO-
¥s| 003125 llee BupaXeHHe; OHO GyLeT Bbl-

YHCJEHO H pe3ysabTaT HAeHTHGM-

Puc. 1.2, Maccus Tuna LHPYyeT TpebyeMyl0 KOMIOHEHTY.
Row, Takas o06mWHOCTL HE TOJBKO
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v0ecleYHBaeT BaxXHoe H BecbMa MOIHOe cpelCTBO Npo-
1| paMMHpPOBaHHsA, HO H NpPOBOLHMPYeT OAHY H3 HauGoJee
yacTO BCTpeyalOlHXcsl B INPOrpaMMHPOBaHHH OIIHGOK.
IToslydeHHHA pe3yJbTaT MOXET OKa3aThbCs 3a MpefelaMH
ItHTEpBaJa, BHJeJeHHOro AJAs HHAEKCOB JaHHOTO Mac-
cuBa, Mu 6yneM mpeinoJiaratb, 4TO <«MOPSJOYHas» BH-
uic/JHTeIbHAst CHCTeMa B cjy4vae omHO6oyHoro obpalie-
HIIfI K HecylllecTBylOlllel KOMMNOHeHTe MacCHBA [OJIXKHA
A3BaTb HeKOTOpOe INpeldynpexjalolllee cooblieHHe.

MolHOCTy MACCHBOBOTO THMNA, T. €. YHCJO BEeJHUHH,
npyHHajJie’kalllux 3TOMy THIY, eCTb NPOH3BeleHHe MOII-
Hoctefl ero koMnoHeHT. Tak Kak Bce KOMNOHEHTH Mac-
cupoBoro THna T oTHocATcH K OAHOMY 6a30BOMYy THNY
T0, To npu thne HHlekca TI nonyvyaem

card(T) ==card (T0)c&*d(Th (L.11)

CocraBnsiollHe MacCHBOB caMH MOTyT GHTbL COCTaB-
HLIMH 3HaueHHsiMH. [lepeMeHHasi-MacCHB, KOMIOHEHTH
KOTOPOH ONATL Xe MAacCHBH, Ha3nBaeTcs marpuyeti, Ha-
npHMep,

M: ARRAYJ[L..10] OF Row

5TO MAacCHB, COCTOSIIIHH H3 [eCAATH KOMNOHEHT (CTPOK),
KaXJas H3 KOTOPHX COCTOMT M3 NSATH KOMIOHEHT THIA
REAL, u HasuBaercss MatpHueil pasmepoM 10X 5 ¢ Be-
L{CCTBEHHBIMH COCTaBAAOMWHEMH. COOTBETCTBEHHO MOXHO
COCNHHATb M CeNeKTOpH, Tak uTo My u MJi] [j] o6o3na-
4aeT j-I0 KOMNMOHEHTY CTPOKH M;, a 3TO i-i KOMIOHeHTa
saccuBa M, O6BIYHO MOXKHO NMOJb30BATbCH COKpallleHHeM
MIi, j], u B TOM Xe LyXe oNnucaHHe

M: ARRAY[1..10] OF ARRAY][1.5] OF REAL

MOXMHO 3alHCHIBATDH 60J1ee KOMIIAKTHO:
M: ARRAY[1.10],[1..5] OF REAL

Fcin Heo6XOQHMO BHIOJHHTb HEKOTOPYIO oNlepauuio
Hal10 BCceMH KOMMOHeHTaMH MaccHBa HJIH Hal COCeLHHMH
KOMIOHEHTaMH HeKOTOPOH CeKUHH MaccHBa, TO IJs 3TOro
y106HO BOCNOJB30BAThCSl ONMEPaTOpPOM ILHKJAA. B npuse-
NeHHOM TNpHMepe BHUYHC/ASETCA CyMMa 3J/1eMeHTOB H OThI-
CKiBaeTCs MaKCHMaJbHHA 3/JeMEHT MacCcHBa, ONHcaH«
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HOT'0O cJefylIHM 06p330M2

VAR a: ARRAY [0..N-1] OF INTEGER

sum ;= 0;
FORi:= 0TO1-1 DOsum := afi] + sum END
X = 0; max : = a[0];
FORi:=1TON-1DO

IFmax < al) THEN k : = I; max : = a[k] END
END.

B caenylomeM npHMepe npexpmoJsaraercsi, 4uto ApoGe
nast yacte [ nmpelcTaBisiercs B JeciTHYHOM BHAe ¢ HO-
mompbio k — 1 uHdpH, T. . TAKHM MaccHBOM d, 4TO

f=Sit 1<i<k d;=107!

[1f eanonoXuM, 4TO MH XOTHM pasgeauts f Ha 2. 3t0
npojenniBaeTcsl NOBTOpeHHeM 3HaKOMOfl oNlepauHH Jene-
gus aas Bcex k— 1 undp d;, mauunas ¢ i = 1. Onepa-
IHSl BKJIOYaeT JeJleHHe KaXxaof uubpu Ha 2 ¢ yyeToM
BO3MOXHOrO «MepeHOCa» H3 NpeAbllyluefl MO3HIHH H MNe-
peBoca BO3MOXHOrO OCTATKAa I B CJeEAYyIOIIYI0 NMO3HIIHIO

r:=10%r +d[i} d[il:=r DIV 2; r:=1r MOD 2

B nporpamme 1.1 3Ta npouenypa HcnoJab3yercsi 1as
nocTpoeRus TabaHUH OTPHUATeNbHHIX CTeneRed ABORAKH.
[ToBTOpsiIOeecs AefleRHe AMAs BHUHcCAeHHs 2~ 272, .,

MODULE Power;
(* BLIMHCIIEHHE IECATHYHOTO IPEICTABIICHUs CTENEHEH 2+)
FROM InOut IMPORT Write, WriteLn;
CONST N = 10;
VAR i, k, 11 CARDINAL:
d: ARRAY [1..N]OF CARDINAL;

BEGIN
FORk:=1TONDQ
Write("."); r 1= 0;

FORi:=1TOk-1DO
x:==10er + dfi]; d[i] ;= t DIV 2; 1 := tMOD 2;
Write(CHR([i] + ORD("0")))
END ;
dk] := 5; Write('5"); WriteLn
END

END Power,

{Iporp, 1.1, BuuncneHue creneuefi ApofixH.
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+.., 2N BHOBb peaJIH3YyeTCsl C MOMOLIBIO ONEpaTopa LHKAA
co caoBoM FOR, 4yTo NpPHBOAHT K NOSABJGHHIO ABYX BJO-
2KEHHLIX ONepaTOpPOB LHKJA.

Peayabpripyomas BHAaya Ad8 1 =10 BHIVSAIHT
TaK:

8]

.25

.125

0625
.03125
»015625
.0078125
.00390625

. 001953125
+0008765625

1.7. 3AITHCBH

HauGonee o6mnit MeTOA MOJYUEHHS COCTaBHHIX THIOB
3akJouaercss B 00beJHHEHHH 3JIeMEHTOB MPOH3BOJBHAIX
THNOB. [IpHueM caMHu 3TH 3JeMeHTH MOryT OHTbL B CBOKO
oucpelb cocTaBHHMH. [IpHBelleM NpHMepH H3 MaTeMaTH-
KH: KOMILJIeKCHble YHCJa, COCTOSIHE H3 ABYX BellleCTBeH-
HLIX YHCeJ, HJIH KOOPAHHATH TOYKH, COCTOsiIHE H3 ABYX
HaIH 6oJiee YHCeN, — 3TO 3aBHCHT OT Pa3MepPHOCTH Mpo-
CTPaHCTBa, HAaKPHIBAEMOT0 JaHHOH CHCTeMO#l KOOpIHHAT.
A BOT npuMep H3 06pabOTKH HLAHHHIX: YeJOBeK OMHCH-
BaeTCH ¢ MOMOLUbIO HECKOJbKHX MOAXOLSIHX XapaKTepH-
CTHK Bpofe HMeHH, PaMHIHH, JaTH pPOXKIEHHH, NoJa H
CeMEHHOr0 NoJOXeHHS.

B MareMaTHKe TakHe COCTaBHHE THMH Ha3hBalOT Je-
KapToguim npousdgederuem COCTaBJAIOUIHX €ro THIOB.
910 06bSICHSIETCS TEM, UTO MHOXECTBO 3HauyeHHH, onpe-
IeJcHHOE TaKHM COCTaBHBIM THIIOM, COCTOHT H3 BCex
BO3MOXCHBIX KOMGHHAUHHA 3HaUeHHH, OTHOCALHXCA K KaX-
LOMY H3 MHOXeCTB, MPEeACTaBJAIOMINX COO0H cOCTaBJIsIO-
mue THOH. TakuMm o06pa3oM, YHCIO TakHX KOMGHHa-
UM — HX HHOTJa Ha3hBalOT N-KaMH — PaBHO MPOH3Be-
ICHHIO YHCJA 3JEeMEHTOB B KaX/IOM H3 COCTaBJSIIOUIHX
mHOxkecTB. [lo3TOMy MOWHOCTD COCTABHOIO THNA eCTh
npousBeleHHe MOIIHOCTeH COCTaBJAIOIHX THIOB,
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[Tpn 06paboTke JaHHHX COCTaBHLIE THIH, OMHCHIBAlO+
muce JioJcH HJIH 06beKTH, o6HYHO BCTpevatoTesl B ¢ail-
Jax HJIH 6aHKax AaHHHIX; OHH ONHCHBAIOT CYUECTBEH-
HHC XapaKTEPHCTHKH HEKOTOPHIX MCPCOH HJH OGBEeKTOB.
TTooTOMy K AaHHHM TakOH MPHPOJAH CTaJO LIHPOKO MpPH-
MeHsiTbCSl CJIOBO 3anuct (record), H HMEHHO HM MBI
6yaeM MOJb30BaTbCs BMCCTO TepMHHA «JeKapToOBO MpoO-
uspeeHue». B obueM cayyae 3anucHoi Tun T ¢ komno-
neutamu Ty, Ta, ..., T, onpenensiercss caepyrowmum o6-
pasomn:

TUPET =2 RECORD sy:T12
53:To
a1y

83:Tq
card(T) = card(Ty) # €ard(T2) +... + card(T,)

[TPHMEPHI

TYPE Compleg = RECORD re: REAL;
im: REAL

TYPEDate = RECORD day: [1..31]:
month: [1.12];
Jear: [1,, 2000
=D ¢ 1

TYFEPetson = RECORD name, firstnams; alfa,
birthdate: Date;
&ex: (male, female);
Warstatus: (single, married, widowed, divorced)

BeJIYHHE 3aMHCHOTO THMAa MOXHO NpPeACTaBAATb rpadu=-
ueCkH; HanpHMep, Ha pHC. 1.3 npHBeleHH MNepeMeHHHeE

z: Complex
d: Date
p: Person

HUpentndukatopu si, Sz, ..., Sn, NOABAsIOUIMECH B
onpefeJeHHH 3aMHUCHOTO THMA, NPeACTaBJsAOT cobolt uMe-
Ha, JaBaeMble OTAeJbHHIM KOMIOHEHTaM [epeMeHHHIX
LaHHoro THNa. [TOCKOJNbKY KOMIOHEHTH 3aMHCH Ha3h-
BalOTCH NOAAMU, TO 3TH HMeHa Ha3HBaWTCH udeHTugu-
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Complex 2 Dated Person p
1.0 1 WIRTH
-10 4 CHRIS
1973 18L1] 1966
male
single

Psuc. 1.3. 3anucu tunos Complex, Date u Person.

raropamu noseid. TIpn pa6oTe ¢ 3aNHCAMH OHH HCNOJb<
3YIOTCH B CeJleKTOpax, NpHMeHsleMhIX K MepeMeHHBIM«
sanucaM. Ecau ectb nepemenHas x:T, To ee i-e noJje
ofo3HavaeTcs yepe3 X.S;. BHOOpOYHOe H3MeHeHHe X OCY-
IICCTBJAETCA NYTeM YKa3aHHS HYXHOTO CeJleKTopa B Je-
BOH YaCTH ONnepaTopa NPHCBAHBAHHSA!

X8 :=e¢e

ric e — BeJMyHHa (BHpaxeHue) Tuna T, BosbmeMm, Ha-
npumep, NepeMeHHHe-3aNKCH z, d H P, ONHCaHHLe paHee.
CeJIeKTOpPHl HX COCTAaBJISIIOHX BHIVIAAAT TaK!

z.im (runa REAL)
d.month (tuna [1..12])
p.name (tuna alfa)

p.birthdate (tTuna Date)
p.birthdate.day (tunma [1..31])

IIpumep THna Personm nokaseHBaeT, YTO COCTaBJSIOUIHC
3aMUCHOrO THMA CaMH MOryT OHITb cocTaBHEMH. [To3Tomy
CCJICKTOPH MOT'YT COEIMHATbCA OOHH ¢ Apyrum. Ecre-
CTRECHHO, YTO BKJaALIBaThb OJHH B APYroil MOXHO H pas-
JHYHHE 3anHcHHe THNH. HanpuMep, i-1 KOMNoHeHTa Mac-
CMBa 4, BXOIfAWEro B COCTAaB 3aNHCH r, 0603Hayaercs
r.afi], a KOMNOHeHTa C CeJeKTHPYIOIHM HMeHeM S B
i-i KOMIMOHEHTe-3aNHCH MaccHBa a 00603HavaeTcs yepes
ali].s.

[las OekapToBa NpPOH3BeleHHS] XapaKTepHO, YTO B
Hero BXOAAT BCe KOMOHHALHH 3J1eMeHTOB COCTABJAIOLIHX
tunoB. OJZHAKO B OTAENbHHIX NMPHJIOXKEHHAX He BCE OHH
MoryT OHTb ocMhuicieHHHIMH. Ckaxewm, THn Date, onpe-
HeleHHBIH BHIe, BKAlouaer 31 anpeas H 29 ¢eBpans
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1985, koTophie, KOHeYHO XKe, He CyulecTBYOT. Tak u4To
oflpefle/ieHHe TaKOro THia He OTpaxaeT COBEPUICHHO
TOYHO (aKTHYECKYI0 CHTYAUHMIO, XOTSl OHO H JOCTAaTOYHO
yHOOHO ansi npakTHgeckHx uesefl. [ToaTomy oTBeTcTBeH-
HOCTb 3a TO, YTO GeCCMHIC/JCHHBIC BeJHYHHB HHKOTLa He
ECTPeTATCH B Mpolecce HCIIOJHEHHs NPOrpaMMbl, BO3-
JlaraeTcsi Ha NPOrpaMMHCTa.

B crenyiomem He6oJb1ioM dparMeHTe M3 NporpaMMHl
[I0Ka3aHO, KaK Xe HCMOJAB3YIOTCA 3anucH, HyxHo noa-
CYHTATb YHCJIO «MEePCOH» H3 MaccHBa family, OTHOCALHX-
CAl K XXEHCKOMY NOJY H OJHHOKHX ,

VAR count: CARDINAL:
family: ARRAY [1.. N] OF Person:
count := 0;
FORi:= 1TONDO
IF (family[i].sex = female) & (family[i) marstatus = single) THEN
count ;= count + 1
END
END
MoXHO HanHcaTb U APYro#l BapHaHT 3TOrO oneparopa
C KOHCTPYKilHeH, KOTOPYIO Ha3hBalOT OREpaATOpOM npu-
coedunenus:

FORi:=1TONDO
WITH family[i] DO
IF (sex = female) & (marstatus = single) THEN
count ;= count + 1
END
END
END

Koucrpyxkuuss «WITH r DO s END» oanauaer, uto
BHYTPH onepartopa S HIeHTHOHKATOpPH NoJel, OTHOCH-
mHecs K mepeMeHHOH r, MOXHO HCMOJb30BaThb 6es mpe-
tukca. CuuTaercs, 4To Bce OHH OTHOCATCH K NepeMeHHOH
r. Takum o6pa3oM, onepaTop NpHCOeAHHEHHS MO3BOJSET
COKpPaTHTb CaM TeKCT NMPOrpaMMH H, KpoMe 3TOro, 3Ko-
HOMHT 4YacTO JOBTOpSIIOIIHECH BBIYUHCJEHHS ajpeca HH-
JEKCHPOBaHHON KoMNOHeHTH family|i].

M sanucu, u maccuBu 06/a4a10T 0JHHAM 061HM CBOH-
CTBOM — CJIyYafiHHIM JOCTYNIOM K KOMIOHeHTaM. 3alHCH
6osiee yYHHBepcaJbHH B TOM CMHCJe, YTO AJS HHX He
TpebyeTcsi HIEHTHYHOCTH BCeX COCTABJSIOMIHX THIOB,
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B TO Xe BpcMsi MaccHBH o6ecneyHBaioT 60JblIyK T'HE-
KOCTb — CeJIEKTOPH KOMIOHEHT MOXHO BHYHCJAATH (3TO
BolpaXeHHs1) B OTJIHYHe OT CeJeKTOPOB AJA KOMIIOHEHT
3aIIHCH, KOTOpHIe OMHCHIBAIOTCH B ONpelesdeHHH 3amHc-
HOro THNaA.

1.8. 3AITMCHU C BAPHMAHTAMH

Ha npakTuke wacTo 6nBaer yaoGHO M eCTeCTBEHHO
paccMaTpHBaTb JIBa THNAa NMPOCTO KaK BapHAaHTH HEKOTO-
poro oanoro. Hanpumep, tun Coordinate n3 npelbiny-
Iero pasfiesla MOXHO CYHTaTb 0ObelHHeHHeM ero ABYX
BAPHAHTOB — NPSAMOYFrOJbHHX H MNOJAPHHX KOOpJIHHAT,
a MX COCTaBJSIOUHMH COOTBETCTBEeHHO (a) [Be AJHHH H
(6) anuny H yroa. Oas Toro urobun ykasaTb, K KaKOMY
BAPHAHTY OTHOCHTCH Ta HJIH HHas NepeMeHHas, BBOJHT-
c TPeTbsl KOMMOHEHTa — QUCKDUMUHAKT TUna WIH noae
npusnaxa.

TYPE CoordMode = (Cartesian, polar):
TYPE Coordinate =2
RECORD
CASEkind: CoordMode OF
Cartesian: %, y: REAL |
polar: 1: REAL: phi: REAI,
END
END

3xech HMfA NoJsl NpH3HaKa — kind, a ©MeHa KOODAHHAT
an6o, B cJydyae NpsAIMOYroJbHHX, X H Yy, Aub6o, B ciyyae
noaspHux, r u phi. MHOXecTBO 3HayeHHH, ompefensie-
moe 3tuM THnoM Coordinate, ectb 0GbelHHeHHe [BYX
YKa3aHHHIX THIOB:

Ty = (%, y: REAL)

T, = (r: REAL; phi REAL)

Ero Momuocts — npocto cymma momHoctelt Ty u Ta:
card(T) ==card(T,) + card(Ty) (1.13)

Uame, o4HaKO, BapHaHTH OHIBAlOT He NOJHOCTBIO pass

HEIMH THNAaMH, a CKOpee THIAMH ¢ YaCTHYHO COBMNAaLalo-

WHMH KOMNOHeHTaMH. PacnpocrpaHeHHOCTb 3TOH CHTYa-
LUMH H NOpOJHJa MNOHATHE 8apuanTos 3anHcH. BosbpMem
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B KayecTBe NpHMepa THN Person, onpelesieHHH B npe-
AbioyweM pasfiede. XapakTePHCTHKH, KOTODhle HYXHO
3aMHCHBaTh B AeJ0, 3aBHCAT OT NoJa KOHKPeTHOH mnep-
COHH. [Infi MYX4YHH, CKaxXeM, CYUIECTBEHHHMH B HeKO-
TOPOM CMHCJe MOXHO CYMTAThb BeC H HaJH4yHe GOPOLH,
a A/ XeHMHH OonpelelslOIUMH — TpPH ee pasMepa.
B caeayiomeM onpegeneHMH THNA 3TH cOOGpaXKeHHs
YUTEHHI,

TYPE Persof =
RECORD name, firstname: alfa;

birthdate: Date;

marstatus: (single, married, widowed, divorced)}

CASEs. sex OF
male: weight: REAL: bearded: BOOLEAN |
female: size: ARRAY [1..3] OF INTEGER:

END

END

OO6wuit BHA oONpefeNeHHOr0 3aNHCHOrO THNMA ¢ Bas
pHaHTaMH TaKOB:

TYPET = (119
RECORD 53! T13 52: T2% vu 5 801! Td}
CASEsy: T, OF
Vl: 51-1: '3[‘11: W) slml: Tl,nl '
V2t 5200 Tk v d 82,02 Topmg |
¥m’ Sp,2: Ti13 i St Tmng
END
END

Hpentudpuxaropu s, (aasi=1.,. n— 1) — 3To umeHa
noJsieH, OTHOCSWMXCA K OOwel wacTH 3anucH, a sy — Ce-
JIeKTHPYIOUlHE HMeHa MnoJiel,, OTHOCAIHXCH K 8apuaHr-
Kol 4acTu, WAEHTHPUKATOD Xe S, — HMsl JHCKDPHMHHAHT-
HOro noaa npushaxa tuna T,. KoHCTaHTH vy, Vy, .., Vm
0603Hayal0T 3HaveHHs (CKa/JspHHe) NoJs MNpH3HaKa
THna. Kaxawi BapHaHT | HMeeT B cBOell BapHaHTHOM
YacTH m noJe#, Jlo6as nepeMeHHas X Takoro Tuna T
COCTOHMT H3 KOMIOHEHT

x.Sx, X.Sz, vevs Xo8py X.Sk'], “say X-Sk'nk
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TOJBLKO B CJy4Yae, ec/H (H TOJbKO e€ClH) TeKyllee 3Haues
HHE X.Sp = Vk. [103TOMYy HCNOJb30BaHHE KOMIMOHEHTH ¢
ceJeKTOpOM X.Sk, n(l =S h << nk) npu X.sq %% Vi LOJMXKHO
paccMaTpHBaTbCcsl KaK cepbe3Hasi OmHOKa NporpaMMHpo-
BaHus. Ecau ropopurb o THne Person, ynoMsiHyToM BhiLue,
TO 3TO GyHeT aHAJOTHYHO BOMpPOCY, HMeeT JIH KeHUHHa
60poLy, a B C/yyae H3MeHeHHsl JaHHHIX el MOXHO Laxe
ee npuienartb, [IpH HCNo/b30BaHUH BapHAHTHHIX 3anucef
103TOMY HeoOX0oAHMa KpafiHsisl BHHMATENbHOCTD, H Jyulile
Bcero coGHpaTh COOTBETCTBYIOWMEe ONepauuH Haj Onpe-
JeleHHEIMH BapHAHTaMH B OJMH CeJeKTHpPYIOUHH onepa-
TOp, TaK Ha3nBaeMHil oneparop eapuaxra. Ero crpyk-
Typa BecbMa MOX0Xa Ha CTPYKTYpY OnpefeseHHs 3alHC-
HCTO THNA.

CASE %5, OF
v1:81:
V2 : 83
.15)
Vm ! Sm
END
Sy — oneparop, npeliHasHa4yeHHbIA MJs cayyasi, KOrla
cYHTaeTcs, YyTO X HMMeeT BHA BapHaHta k. M oH BLIGH-
paeTcsl A5l HCMOJHEHHsl TOJILKO B TOM CJlyyae, ecjH MoJje
NpH3HaKa X.Sn HMeeT 3HauyeHHe Vi. [103TOMY OueHb Jerko
3aLIMTHTBCH OT HEBEPHOr0 HCMOJb30BAaHHSA CeJIeKTHPYIO-
IMX HMeH, NPOBEPHB, YTO KaXAHH Sk COJEPKHT TOJbLKO
CeJIeKTOpHI

X.sl ves X.Sn_l h: 4 x-sk'l o X.Sk' ng

Caenyiomas npocTasi H KOpOTKas NMporpaMma HJo-
ctpupyer pabory onepatopa BapHaHTa, Heo6xoauMo

14

{'x

Puc. 1.4, IIpamoyronpHbie H nosapHbie KOOPAHHATH,
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BHYHC/AHTL PaccTosiive d Mexay AByMs ToukaMHu A u B,
npeicTaBJeHHHIMH NMepeMeHHHIMH a H b, oTHOCAUMMHCSH
k tuny Coordinate (3anuch ¢ BapnaHtamHu). B cooTser-
CTBHH C YeTHIpbMs BapHaHTaMH KOMOHHAUMH npsMO-
YIOJbHHIX M MOJSAPHHIX KOOpPJAHHAT ecTb YeTHpe pas/iHy-
Hble NpOUeLypPH BHYHC/eHHHA (CM. puc. 1.4).

CASE akind OF
Carteslan: CASE b.kind OF
Cartesian; d : = sqrt(sqr(a.x-b.x) + sqr(a.y-b.y)) |
Polar: d ;= ¢qri(sqr(ax ~ b.recos(b,phi) + sqr(a.y - b.resin(b.phi))
END|
Polar: CASE b.kind OF
Cartesian; d := sqri(sqr(a.rscos(a.phi) - b.x) + sqr(arssin(a.phi) - b.y)) |
Polar: d : = sqri(sgr(ar + sqr(b.r) - 2+arscos(a.phi-b.phi))
END
END

1.9. MHO)XECTBA

TperbuM ¢yHAaMeHTaJbHHM KJIacCOM JaHHHX OydyT
JaHHble, MOCTPOeHHHe Kak MHOxmecrsa. COOTBETCTBYIO-
LKA THN onpeleJsieTcs Tak:

TYPE T=SET OF T, (1.16)

B03MOXHLIMH 3HaueHHSIMH HEeKOTOpOil NepeMeHHOH X
tuna T GyAyT MHOXecTBa 3JdeMeHTOB THna T, MHoxe-
CTBO BCeX NOAMHOXECTB H3 3JeMeHTOB MHoxecTBa T,
HasnBaeTcs Muoxcecrgom-crenensro To. Takum obpasom,
THn T BKJAIOYaeT MHOXECTBO-CTeNneHb ero 6a30BOro
tuna T,.

INPUMEPDI

TYPE BITSET =SET OF {0..15]
TYPE TapeStatus=SET OF exception (cm. 1.3)

Ecan eCTb nepeMeHHHe

b: BITSET
1: ARRAY [1 ., 6] OF TapeStatus

TO 3Ha4yeHHs, HMelOulHe BHI MHOXECTB, MOXHO <«KOH-
CTPyHpOBaTb» M NpPHCBaHBaTh, HanpHMep, TakUM o6pa-
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30M.

v:={2,3,5,7,11,13}

4[3] : = TapeStatus{manual}

4[5] : = TapeStatus{}

1{6] : = TapeStatus{unloaded .. skew}

31ech BeJHYHHA, NpUCBaHBaeMas t, HashiBaeTcs eduKuUY~
HoLM MHOMXeCTBOM (CHHIVIETOHOM), COCTOSIILEM H3 elHH-
CTBEHHOr0 3JleMeHTa manual; nepeMeHHo#l ts npucBau-
BaeTCH MyCTOe MHOXeCTBO, O3Havawulee, 4YTO nsTas
JCHTa NepexoAuT B pdboyee cocTosiHHe (C Hell HeT HH-
KaKHX HelPHATHOCTeH), g :Ke MpHCBaHBaeTCs MHOXeCTBO
13 BCeX Tpex «HHIUHAECHTOB».
MouiHocTe MHOXecTBeHHOTO THNa T paBHa

card(T) = gca rd(To}

B 3TOM Jerko yGeIHTbCHA, e€CJH y4YeCTb, YTO MJAs KaX-
noro u3 card(T,) snemeHToB Ty HyXHO OTMeyaTb, Haxo-
IHTCA OH B MHOXeCTBe HJIH HeT, MpPHYEM BCe 3JeMeHTH
B3aHMHO He3aBHCHMHL. COBepUIeHHO OYEBHAHO, YTO MJISA
3¢ ¢deKTHBHOH M 3KOHOMHOI peasH3alliH HeoOXOAHMa He
TOJBKO KOHeYyHOCTb 6a30BOro THIAa, HYXKHO, YTOGHW MoOLI-
HOCTb ero 6hlJ1a OCMHCJIEHHO MaJeHbKOH.

JOns Bcex MHOXeCTBEHHLIX THMOB ONpejeseHH TakHe
3/leMeHTapHble onepaiHu:

* nepeceyeHHe MHOXECTB
+ obbeauHeHHE MHOXECTB
—  BHIYHTaHHE MHOMECTB

IN nposepka Ha BXOXAeHHE

ITepeceyenue n obvedunenue ABYX MHOXECTB 4acTo
Ha3HBAOTCH COOTBETCTBEHHO YMHONMEHUEM W CAONEHUEeM
MHOXecTB. OTCIONa M NMPHOPHTETH 3THX OmepauMi: nepe-
ceyeHHe cTaplie onepaiudii o6beAHHEHUS H BLHYHTAHHS,
a OHH B CBOIO OYepefb CTapllle MPOBEPKH Ha BXOXJIeHHe,
KOTOpasi OTHOCHTCH K OnepauuaM oTHOWeHHs. Huxe npu-
BOJSITCH NPHMepH BhIpaXKeHHA /51 MHOXECTB H HX 3KBH-
BaJleHTH C MOJHOCTbIO paccTaBleHHHMH CKOOKaMH:

res+t =(rss) + t
T-set r - (sst)
T-s4t (r-s)+t
XINs+t =xIN(+t)



46 1. OcrogHble nORATUR CTPYKTYD OGHHHIX

1.10. TPEOCTABJIEHHUE MACCHBOB, 3AIIHNCER
U MHO)XECTB

CMBbIC  HCNOJB30BAHHS B NpPOrpaMMHPOBaHHH ab-
CTPAKTHHX MOHATHHA 3aKJi0YaeTcsl B TOM, YTO Nporpammy
MOXHO IIOCTPOHTb, MOHATH H NPOBEpHTb, OCHOBHIBAACH
Ha 3aKOHaX, YNpPaBJAIOUWHMX HMEHHO 3THMH MOHATHSIMH.
IlpHuyeM HeT HeOOGXOJHMOCTH «3arJsibBaTb BHYTPb® H
3HaTb, KAK PeaJH3ylOTCs H NpPelCTaBJAIOTCA B KOHKpPET+
HOll MalliuHe 3TH noHaATHA. TeM He MeHee AJsA npodec
CHOHaJBbHOTO TNpOrpaMMHCTa BaXHO [OHHMaHHe 06+
IepacnpocTPaHeHHHX MeTOJOB MNpeACTaBJeHHs TaKHX
OCHOBHHX abCTpaKTHHX NOHATHH NpPOrpaMMHpPOBAaHHA,
KaKHMH $IBASIOTCA AaHHHe. Her HHuero nioxoro B TOM,
YT0 nporpaMMucTy OyleT HO3BOJEHO NPHHHMATb pelie-
HHsl, KacaloulHecsi CTpOeHHs JaHHHX H caMOR mnporpam-
MH, HCXOISl He TOJbKO H3 aGCTPAaKTHHIX CBOHCTB HX
CTPYKTYpP, HO H OpHeHTHpPYSiCb Ha HX peaJsH3alHIO B pe-
aNbHOH MallliHe, YYHTHIBas ee KOHKpDeTHHle BO3MOXHO-«
CTH H OTpaHHYeHHs.

ITpo6aeMa npeAcTaBMeHHsl JaHHHX 3akjlouyaeTcs B
oTo6paXXeHHH a6CTPaKTHHIX CTPYKTyp Ha MaMaTb Ma-s
IHHE. B nepBoM npuf/HXeHHH 3Ta NaMsATh — MacCHB
OTJeNbHHX siYeeK, HashiBaeMhX csosamu. HMHAeKcH xe
STHX CJIOB Ha3HBalOTCH aocpecamu

VAR store: ARRAY ADDRESS OF WORD

Mougsocts TunoB ADDRESS u WORD oT MamHHH K
MatunHe H3MeHsleTcs. Oco6oft npo6iemoil ocTaercs 60Jb-
woe pasHoobpasne MowHoctH THna WORD. Ero Jora-
prdM HasnBaeTcs pa3MepoM CJ10Ba, NMOCKOJBKY OH Ompe-
JensieT, H3 CKOJIbKHX pa3psilOB COCTOHT OJHO CJOBO.

1.10.1. TIpeacraBnesne maccHBoB

Jllo60e npeAcTaB/ieHHe CTPYKTYpPH MAaccHBa 3akJlo-
YaeTcH B oTO6paKeHHH MaccHBa (a6CTpPaKTHOTO) € KOM-
noHentamu THna T Ha namsiTe, KOTOpasi NpeacTaBJsieT
coboit MaccHB ¢ koMnoHeHtaMu THna WORD, Maccus
cjlelyeT oTo6paxaTb TaK, YTOGH BHUHCJEHHe ajJpeca ero
KOMMOHEHTH OhJI0O KaK MOXHo npoue (M nostoMmy 3o-
¢dexTHBHO), Alpec i AAs j-H KOMNOHEHTH MAacCHBA BH-
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i~ BAMATH

§[0}

- —

- 7 aberpaxnipif
MACCHB

Puc. 1.5. OTo6paxenne MacCHBa Ha NAMATb.

7 -
00 s

22

He 33HATO

Puc. 1.6. [IpencraBienne 3anucH ¢ BHpaBHHBAHHEM.

yHcJAsieTcsl C NMOMOWpBIO JHHefHOR (yHKuHH orobpaxe-
Hus:

i=io+j=*s (1.18)

rle io— alpec nepBOA KOMMOHEHTH, a S— YHCJO CJIOB,
3aHHMaeMbIX OJAHOH KOMMoHeHTORA. Ecau npeanosoxurs,
YTO CJOBO TpelcTaBJsieT COGOH caMyid MaJsieHbKYIO, OT-
IenbHO ajpecyeMylo eIHHHIY NaMATH, TO CTaHeT oOue-
BHIHHM XeJaHHe, YTOOH S OLUIO UEJHM YHCJIOM, a
npouwe Bcero, uto6H s =1. Ecan s He uenoe uHcao
(a aTo caMas oOHYHas CHTyallHs), TO, KaK MpPaBHJO, ero
OKpyIJISIIOT A0 OJaHxKalillero 1eJOro 4yucJa, npeBHILAalO-
wero ero — [s]. Tenepp KaxjAasi KOMNoHeHTa GyfeT 3a-
HuMatb [s] caoB, a [s]—s c10B OCTaHyTCH HEHCNOJb-
30BaHHHIMH (cM. pHc. 1.5 B 1.6). Okpyrienne Heo6xonu-
MOro 4HcJla CJa0B A0 CJeAyIOuwero ueJoro 4YHcjaa
HasuBaeTcs 6oipasrusanuesm (padding). Kosdduumues-
TOM HCMNOJb30BAaHHA NaMATH H HashlBaeTcs 4YacTHOe OT
JeJieHHs MHHHMaJbHOTO pa3Mepa MaMsTH, He06XOAMMOR
I npeAcTaBjeHHsl HeKOTOPHIX AAHHHIX, Ha pa3Mmep ak-+
THYECKH 3aHATOA NaMATH:

u=s/[s] (1.19)
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Tak kak uwenb M060ro peajH3aTopa — Kak MOXKHO Jyylle
HCMOJIb30BaTh NMaMATb, T. €. CTPEMHTbcA K u==1, a Jo-
CTYNl K YacTH cJOBAa — HeyJOOHHH H OTHOCHTEJNBHO He-
3¢} eKTHBHBIR npoilecc, TO NPHXOAHTCS HATH HAa KOMIpO-
mucc. Hafo yunTHBaThL CaedylolinHe coo6paxeHHs:

1. BupaBHHBaHHe yMeHbllaeT HCNOJAb3yeMyl0 Ma-«
MSATb.

2. OTKa3s OT BbIpaBHHBaHHS MOXeT NpPHBECTH K Hecb-
XOJHMOCTH HCIMOJIb30BaHHSI JOCTyNa K 4YacTH CJOBa.

3. OpraHusauus JocTyna K 4acTH CJOBa MOXeT Ha-
CTOJIbKO yBeJHUYHTb pa3Mep OTTPaHCAHPOBaHHOH npo-
rpaMMH, YTO BHIHTpHILA H3-32 OTKa3a OT BhIpaBHHBaHHSA
He 6yZzerT.

DakTHYecKH coobpaXeHHs 2 H 3 HACTOIbLKO AOMHHH-
PYIOT, 4TO B TpaHCJASATOpax BhIpaBHHBaHHe BCerja Hc-
nonbayetcsi. O6GpawaeM BHHMaHHe, 4To npH s> 0.5
KO3 dHIHeHT HcMOJb30BaHHsA Bcerda 6Goapuwe 0.5. Ecan
XKe, ofHako, s << 0.5, T0 Ko3b(dHUHEHT HCNOJb30BaHHSA
MOXHO 3HAYHTeJbHO YBEJHYHTb, €C/H B KaXJloe CJOBO
ykJaaauBath 6GoJee ONHOH KOMMOHEHTH MaccuBa. Ta-
KOH MeToj] HasuBaeTcs ynaxosxkoid (packing). Ilpu yna-
KOBKe B CJIOBO N KOMMNOHeHT K03(¢HUHEeHT HCIOJb30Ba-
HHAl uMeeT BHA (cM. pHc. 1.7)

u=n=+s/[nxs] (1.20)

JlocTyn K i-# KOMNOHeHTe yNaKOBaHHOrO MacCHBa BKJIO-
yaeT BHIYHCJeHHe j-— ajpeca CJ0Ba, B KOTOPOM pasMe-
[{aeTcsl HyXHas KOMIIOHeHTa, H BHUHCJeHHe k — oTHOCH-
TEJbHOTO MOJOXeHHSI KOMMOHEHTH BHYTPH 3TOro CJoBa:

j=1 DIV n =i MOD n

B 6osnbUIMHCTBe $I3HIKOB MPOTpaMMHPOBAHHS MpPOTpaM-
MHCT He HMeeT BO3MOXHOCTH YMNpaBJfTb MNpelcTaBie-
HHeM aOCTpakTHHX AaHHHX. OLHAKO eMy cJ/eloBaJjo Ohl
NpeJoCTaBHTh BO3MOXXHOCTH YKa3HBaTb Ha XeJaTeb-
HOCTb YNMaKOBKH MO KpafiHell Mepe B TeX CjayuyasX, KOrja

°— n-s
n-s

LI T T T 8™

Puc. 1.7. ¥nakoBka B OAHOM CJA0OBE LIECTH KOMNOHEHT,
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B OJIHOM CJIOBe MOXHO Pa3MecTHTb 6oJjlee OJHOH KOMMO-
HEHTH, T. €. KOrJla MOXHO JOOGHTbCA K03 HIMEHTA 3KO-
HOMHH NaMATH, PaBHOTO ABYM HJH 6oJjee. Mu OyleM
CYHTaTh, YTO B C/lyyae XeJaTeJbHOCTH yMAaKOBKH Nepef
croBoM ARRAY (uan RECORD) B onpelleneHHH THna
craButcs cioso PACKED.

1.10.2. NpencraBaexune sannced

3anucH oTo6paxkaloTcs B NaMATb BHYHCJAHTENbHOA
MalIHHH NMPOCTHM 06beAHHeHHeM OTOOpaXXKeHHA HX KOM-
noHeHT. AJpec KOMNOHeHTH (MOJsI) Ty OTHOCHTEJNBLHO Ha-
4aJbHOTO ajJpeca 3alHCH T HashBaercsl cmeuwjeruem. OH
BLIYHCJIAETCS TaK:

kl=sl+s2+ con T8 (1.21)

rae s; — pasMep (B cjoBax) j-if koMnoHeHTH. Teneps
BOCNOJIb3yeMCsl TeM, YTO BCe KOMIMOHEeHTH MaccHBa —
OIHOrO THMNA, H OTCIOAa noayuuM k;j=(i—1)#s. K He-
CYacThio, OGLIHOCTb CTPYKTYPH 3anHCH He M03BOJSET
BOCMOJIb30BATbCsl TaKOH NpocTof JHHeAHOA ¢yHKIHeR
15 BHIYHCJeHHs cMeuleHusi. FIMeHHO No3TOMy Kaxertcs
BecbMa OCMhIC/eHHHM TpebGoBaHHe, UTOOH obpalleHHe K
KOMMOHeHTaM 3anHcH Npoxoiuao 1o (HKCHPOBAaHHHM
ngeHtTudukaTopaM. Takoe orpaHHyeHHe JaeT BHIHTPHII,
MOCKOJIbKY OTHOCHTeJbHHIE cMelleHHsl CTaHOBATCH H3Be-
CTHHMH B MOMEHT TPaHCJASILHH, YTO MPHBOAHT K yJAyu-
weHHI0 3G GeKTHBHOCTH AOCTyNMa K MOJAAM 3amHucH. 3TOT
thakT 0611€H3BECTEH,

Metoa ynakoBkH OyleT AaBaTb BHHIPHII, €CJHH B
OJHO-eJHHCTBEHHOE CJIOBO MOXHO YKJaJAhIBaTb HECKOJbKO
KOMNOHeHT 3anucH (cM. puc. 1.8). Tak kak TpaHcAsATOp

s2 L

<4

BLIPABHHBANHG

sb
| 8 [s7] 8 V77

Puc. 1.8. Ipencrasienne ynakoBaHHOR 3anucH.
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MOXeT BHYHC/IATb CMEWEHHs, TO OH MOXeT ONpejessTs
H CMelleHHS NoJell BHYTPH cJoBa. JTO 03HayaeT, YTO Ha
MHOTHX MalllHHaX JOCTYN K yNaKOBaHHHIM 3aMHCAM OKa-«
3nBaeTcs jJaxe 3ddeKTHBHee JOCTyNa K yNaKOBaHHHIM
MacCcHBaM.

1.10.3. TpenacraBneHne MHOKECTB

MHoxecTBO S ya06HO NpeACTaBJsATb B NMaMATH Ma-
HIHHH C MOMOIUBIO ero XapaxTepucTudeckold Gyrxkyuu
C(s). D10 MaccHB JIOTHYECKHX 3HaueHHH, NpHyeM i-u co-
CTaBJsAIOWAs YKa3WBaeT, 4TO | Haxogutcs B S. PaaMep
MacCHBa OMNpejefsieTCi MOLIHOCTbIO MHOXeCTBEHHOrO
THNA:

C(s)=(1INs) (1.22)

Hanpumep, MHOXecTBo HeGoMbIIHX weabx s ={2, 3, 5, 7,
11, 13} npeacTaBasieTcst NOCJeJOBaTeJbHOCTBIO JIOTHYe-
ckux 3HaueHH# F (aoxp) u T (ucTHRA)

C(s)=(FFTTFTFTFFFTFTFF)

NpH ycJOBHH, yTo 6a30BHA THN $— ananasoH 0..15.
B MallHHe nocJefoBaTeJbHOCTb JOTHYECKHX 3HaYeHHH
npelCTaBJsieTcs MOCJeJ0BaTEJbHOCTbIO pa3psajoB, T. e.
noc/eJ0BaTeJbHOCTBIO HyJed H eIHHHIL

[IpencraBiieHHe MHOXECTB C MOMOLIbIO HX XapaKTepH«
CTHYeCKHX (YHKUHH HMeeT TO MpeHMyLLeCTBO, YTO Olle«
pauHH BHMHCJIeHHs 0o0belAHHEHHs, MepeceyeHHs H pas-
HOCTH JBYX MHOXeCTB MOTyT PeajlH30BHIBATbCHl 3JeMeH-
TapHLIMH JIOTHYeCKHMH onepauusMH. Huxe npuBoastcs
5KBHBAJIeHTHHe COOTHOLIeHHsl, CMpaBelJiHBHe JAJs BCeX
aJleMeHTOB 1 6a30BOr0 THNAa MHOXeCTB X H y. OHH cBs-
3LIBAIOT JIOTHYECKHe OfNepalMH C OMNepalHsMH Hal MHO-
¥ecTBaMH:

{IN (x+y) = EINX)OR{INY)
{IN(x¢y) = (LINX)AND{INy) (1.23)
§IN(-y) = ({INx)ANDNOT(INY)

TakHe JIOTHYeCKHe OMNepaulHH CYyLIeCTBYIOT BO Bcex
LIHPPOBHIX BHYHCIHTEJbHLHIX MalllHHaX, 6ojee TOro, OHH
BLIMOJIHAIOTCA HajJ BCeMH COOTBETCTBYIOUHMH 3JeMeH-
TaMd (pa3psiaMH) HEKOTOPOro cJloBa OAHOBpeMeHHO.
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[103TOMy, 4TOGH HMeTb BO3MOXHOCTb 9((eKTHBHO pea-
JH30BHIBATH OCHOBHHIe OMepauHH HajJ MHOXeCTBaMH, HX
cielyeT NpPeAcTaBASiTb HebOOMBIIHM H (PHKCHPOBAHHKIM
ypcJOM CJOB, JJSi KOTODHIX HOCTYMHH He TOJbKO OCHOB-
HbE JIOTHYeCKMe ONepallid, HO H oOMNepauHH CIBHra.
B 3TOM cayyae npoBepKa Ha NMPHCYTCTBHe 3JeMeHTa pea-
JH3YyeTcsl OXHUM-eJHHCTBEHHBIM CABHTOM H Moc/jeaylouled
onepailHeil npoBepKH 3HakoBoro paspsiga. Orfciofa cJe-
AyeT, 4TO NpoBepKa, 3anHcaHHas B BHAe XIN{cy, co, ...
..+, Cn}, MOXeET pealH30BLHIBATbCA 3HauHTeJbHO 3bbek-
THBHee, YyeM 3JKBHBaJIeHTHOe eii JIOTHYeCKOe BHIpaiKeHHe?

(x=c,)OR(x=c3) OR ... OR (x == ¢p)}

3aK/0yeHHe Xe TaKoe: MHOXeCTBaMH CJelyeT MOJb-
30BaThCSl TOJMBLKO B c/ydyae «HeGOMbHIHX» 6a30BHIX THIMOB,
[Tpenen MomHoOCTH 3THX 6230BHIX THNOB, FapaHTHPYIOUIHX
OTHOCHTEJIbHO 350 (eKTHBHYIO peasH3auHIO, 3aBHCHT OT
pa3Mepa cJI0Ba KOHKpPeTHOH MalinHH. K sicHO, 9TO B 3TOM
OTHOUIEHHH Npeano4TeHHe OTAaeTci MaliHHaM ¢ GoJibe
IIHM pasMepoM caoBa, Ec/H ke pasMep c/loBa OTHOCH-
TeIbHO HeBeJHK, TO MOXHO OCHOBHIBATbCA Ha NpejlcTaB-
JICHHH MHOXeCTB MOCPeICTBOM HEeCKOJBbKHX CJIOB,

1.11. TIOCJIEAOBATEJIBHOCTH

YeTBepTHIM 3J€MEHTapHEIM KJAaCCOM JaHHHIX fIBJASET-
ca  nocaedosareavrocts. TlociefoBaTeNbHOCTHHEA THO
MOXHO OBJI0 6H OnHcaThb cjaeAylOUHM o6pasoM:

TYPE T=SEQUENCE OF T, (1.24)

Yxe M3 OnNHCAHHA SACHO, YTO BCe 3JeMEHTH MOoCJefo«
BaTeJbHOCTH HMeIOT OOMH H TOT Xe THN. [locaenoBaTteib«
HOCTb S H3 n 2JIeMeHTOB MH 6yleM 0003HayaTbhb § =
== (Sg, S1, S2 +++5 Sn—1), MPHUEM n Ha3wWBaeTcs Oaunod
nociegoBateabHocTH. CTpyKTypa nociaeloBaTe/bHOCTH
OYcHb MOX0¥XKAa Ha CTPYKTYpY MaccuBa. CyllleCTBEeHHOe Xe
pPa3nuyHe 3aKJOYAETCA B TOM, YTO ¥ MacCHBA YHCJO 3Jes
MeHTOB (PHKCHpyeTcsl B €ro ONHCAHHH, a Y MOcCJeJ0Bas
TCJABHOCTH OHO OcTaeTcsl OTKpHTHM. M mpeanonaraercs,
YTo B npouecce pabOTH NMPOrpaMMH 3TO YHCIO MOXKeP
MeHsiTbe. XOTHA KaXAasi MOcJeloBaTeJbHOCTb B J060#
33aJaHHH MOMeHT BpeMeHH HMeeT BlOJIHe ONpele/leHHYIO
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KOHEUHYI [JHHY, MBl JOJXHH CYHTAaTb MOUIHOCTb MO-
¢J1e0BaTeJbHOCTHOro THNa OGecKOHeyHOH, MOCKOJbKY Ha
MOTeHUHANbHYIO AJHHY MepeMeHHKIX-NoCJAeJ0BaTelbHO-
CTell HeT HHKAKHX OrpaHHYeHHH.

[IpsiMoe ciencTBHe GeCKOHEYHOCTH MOLIHOCTH MnocJe-
JOBAaTEeJbHOCTHOrO THNA — HeBO3MOXHOCTb BHIIEJHTb A5
COOTBeTCTBylOLleH MNepeMeHHOR namsTh 3ajaHHOro pas-
Mepa. BMecTo 3TOro MH JOJXKHH BHAeNATb NAMATb B
npoilecce BHMNOJHeHHs NPOrpaMMH N0 Mepe pocTa nocJe-
JoBaTeJbHOCTH. EcaH e mnocjeloBaTel]bHOCTb YMCHb-
maercs, TO NaMATb MOXHO H BO3Bpaiuatb. B sio6om
cjlyyae clellyeT NoOJb30BaTbCsi HEKOH cXeMOR JHHaMHYe-
CKOro pacnpefeseHHs NaMATH. DTO CBOHACTBO MNpHCylle
BCceM THNaM GeCcKOHeYHO! MOLIHOCTH, NpHYeM OHO (CBOfi-
CTBO) HACTOJBKO CyL1eCTBEHHO, 4TO MH GyJeM roBOPHTb
O THNAaX BHICIIEro NOpsiika NoO CpaBHEHHIO ¢ QyHAaMeH-
TaJbHHIMH THNaMH, 06CYX1aBLIUMHCH N0 3TOr0O MOMeHTa,

UTto XKe, OLHAKO, 3aCTaBJsieT HAC 3aHATbCS pacCcMOT-
peHHeM TnocJefoBaTesIbHOCTell B r1JlaBe, MOCBsiileHHOMR
¢yHIaMeHTaJdbHHM THnaM? [lepBas npuHuyHHa — cTpaTe-
TH ynpaBJieHHs NaMATbIO 178 TNoc/elOBaTeNbHOCTeH,
eCJIH OroBOPHTb HEKOTOpYyl0 MHCUHIJHHY HX HCNOJAb3O-
BaHHs, JOCTaTOYHO npocTa (N0 CPaBHEHHIO C JPyrHMH
JHHAMHYeCKHMH CTpyKTypaMu). PakTHUeCKH NpH cobJio-’
JeHHH 3THX yCJOBHH paboTa ¢ NaMATbIO MOXeT GHITh
JHOCTaTOYHO ObICTPO cBelleHa K MeXaHH3MaM, rapaHTH-
pyIOUHM npHeMJeMylo spdekTHBHOCTE. BTOpas xe npu-
YHHa 3aKJI0YaeTCs B TOM, YTO MNOCJeJOBATEJbHOCTH MO
CyulecTBY NPHCYTCTBYIOT BO BCeX NMPHJIOXKEHHAX BHYHCJIH-
TeJbHHIX MallHH, OHH Kak GH Be3fecymH. [laHHHe Ta-
KOH CTPYKTypH NpeBaJIHPYIOT BO BCeX TeX CJyuasx, koria
Hler pa6ora ¢ NaMATAMH pasHOro BHJA, T. €. KOrfia JaH-
Hble NepelalOTCA H3 BHellHell NaMATH, CKa)eM JHCKOB
HJIH JIeHT, B ONepaTHBHYIO, rJaBHYI0 NaMsaTb H 06paTHO.

YnomsiHyTas HaMH AHCUHMJHHA Tpe6yeT OrpaHHYH-
BaTbhCA TOJBKO nocsedogarenshoim docrynom. [loa 3Tum
MH mojpasyMeBaeM, 4YTO [M0CJeJOBaT&NbHOCTb TNpocMa-
TpHBaeTCs OT OJHOro 3JeMeHTa CTPOro K ero Hemocpel-
CTBEHHOMY MNpeeMHHKy, (popMHpyeTcsi Xe OHa nocjeno-
BaTeJIbHHIM 106aBJeHHEeM 3JleMeHTOB B ee KoHell. OTcioza
HeMe[JIeHHO CJleflyeT, YyTO NMPsiMOro (HenocpeacTBeHHOro)
JoCTyna K 3JeMeHTaM HeT, HCKJIOUeHHeM SBJseTcs



1.11. MocaedosaressnoctTu £3

JHIUbL 3j1eMeHT, C KOTOPHM MH B JaHHHH MOMEHT HMeeM
aeno. Kak MH y6eauMcst (cM. M. 2), RUCUHNJHHA [O-
cTylla OKa3HBaeT OrpoOMHOe BJHSIHHE Ha caMmy Mpo-
rpammy.

[TpenmyiuecTBO Takod NpHBepXKeHHOCTH MOCJeN0Ba«
TCIBHOMY AOCTYNY, KOTOpH#H, Kak 6K TO HH OHJO, Npej-
cTaBiasieT cobOH cepbe3HOe OrpaHHuYeHHe, 3akJjO4aercs
B OTHOCHTEJbHOR npocToTe TpeGyeMOro MeXaHH3IMa yn-
paBJeHHs NMaMATHIO, Ho eme Gonee BaxHOR, ecaH peub
niact 06 o6MeHax NaHHHMH CO BTOPHYHOR NMAaMsTHIO, BHI-
FASAAT BO3MOXHOCTb NOJb30BaThc 3¢ (PeKTHBHOA Tex-
kot 6ydepusaunu. [TocnenoBaTeNbHHA JOCTYN MO3BO-
Q€T HaM JJf «MepeKauykH» JaHHHX MexJAy NaMaTAMH
pasIMYHOrO BHAA HCMOJb30BaTbh HenpephiBHHe MOTOKH
JaHHHX. BydepHusauusi npeanoJaraer, 4TO YacTH MOTOKa
HaKalJHBalOTC B TaK HasbBaeMhX 6ygepax, a 3arteM,
yXe NpH 3anojHeHHH Bcero Oycdepa, NepelaloTcsl Kyna
HyxxHO. B pesysabraTe, 4yTO 0cOGeHHO BaxHO, Gosee 3¢-
()eKTHBHO HCMOJb3yeTc BTOpHUHas namstb. EcaH roso-
PHTb TOJBKO O NOCJeIOBaTelbHOM JOCTyMe, TO MeXaHH3M
6ydepH3aunn AOCTATOYHO Xopowl AJs JMIOGHX nocjaefo-
BaTeNbHocTel M J106HX namated. [losToMy, kak mnpa-
BHJIO, 3TOT MeTOA BKJIOYAlOT B JIOGYIO YHHBepCaJbHYIO
CHCTEMY H NpPOTpaMMHCTY HeT HyX AW 3a60THTBCH O BKJIO-
YCHHH ero B CBOIO nporpaMMy, OGLIYHO COOTBETCTBYIOUIHE
CHCTEMH HOCAT Ha3BaHHe ()aAJIOBHX CHCTeM, MOCKOJbKY
A5l MOCTOSHHOIO XpaHeHHs! HCNOJb3YIOTCH O4YeHb e€MKHe
ycTpoficTBa NMOC/AeA0BaTeNbHOrO J0CTYNa, H OHH NPOAOJ-
XalOT XpaHHTb HHMOPMALHIO faxe NPH OTKJIIOYeHHH Ma-
mHHH. EQMHHAUA KaHHHX Ha TakKux ycTrpoficTBax — Io-
Cle0BaTeNbHOCTb, WJH nocAedogarenbubui daiia.

EcTb HeCKONbKO THMOB NMaMATH, HAa KOTOPHIX MOXHO
Nosb30BaThCsl  TOJBKO NOCJAeJOBATeNbHHIM  JOCTYNOM.
Cpeau HHX, OYeBHIHO, BCe THMNH JeHT. OQHAaKO gaxe Ha
MarHuTHOM JHCKe KaxJas [JOPOXKKa C 3amHcbio HH(pop-
MapHH npeActaBasier cobol naMmaTh, JAONYyCKalOULy!O
TOIbKO mocJefoBaTeabHH# gocryn. CTporo mnociefoBa-
TeNbHHHA JOCTYN ecTb XapakTepHoe CBOACTBO J06oro
ycTpoficTBa, OCHOBAHHOrO HAa MeXaHHYECKOM J[BHIXeEHHH,
a TaKXe H HeKOTOpHIX APYTHX YCTPOHCTB.

Tenepb cymmHpyeM BCe BHllecKa3aHHOe.
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1. MaccHBBl, 3anHCH H MHOXeCTBa —3TO JAaHHble,
CTPYKTYpa KOTOpDHX JONycKaer cayyalHHH pocryn. Mmu
NoJNb3yIOTCSA B TeX CJAYyyYasix, KOrja HX MOXHO pa3MeCTHTb
B OCHOBHOH NMaMsTH CO CJy4YalHbIM LOCTYNOM.

2. Oaa paborhl ¢ BTOPHYHOH NaMATbIO, MJISi KOTOPOK
XapakTepeH MocJef0BaTeJbHHHN HOCTYN, ckaxXeM IJs Al-
CKOB HJIH JIEHT, HCMOJIb3YIOTCH NOCJAeNA0BaTeJ]bHOCTH.

L.11.1.3nemeHTapHble OMEpalHy C NOCAEROBATEIbHOCTAMY

Jiucuunandy nocjeioBaTe/bHOr0 JOCTyNa MOXHO CTH-
MyJHpOBaTh, NpelyCMOTpeB HCKJAIOUHTEJbHO AJs TNepe-
MeHHHIX-N0C/eJ0BaTeJbHOCTEH MHOXeCTBO COOTBETCTBYIO-
wHux onepauui. TakuM obpasom, XOTs BpOJe H MOXHO
6810 GH cchlaThbes Ha i-A 3JeMeHT MOCJel0BaTeJbHOCTH
yepe3 S;, HO B NMpOrpaMMe HanHcaTb Takoe ob6pauleHue
Heab3s. B MHOXeCTBO onepaiuf, OYeBHAHO, HOJIKHH
BXOJHTb OnepauHH AJsi ¢OpMHPOBAHHA H KOHTPOJs No-
caefoBarenbHocTell. Kak yxe ynomHHasochb, gaio6asi no-
C1eJ0BaTeJbHOCTD NOpPOXKAaercss MyTeM Jo6aBjeHHs B
KOHel| ouepeJHOTo 3JEeMeHTa, a NPH KOHTpOJe NPOHCXOo-
IUT MPOJABHXEHHe K cielylouleMy 3jaeMeHTy. Chenopa-
TeJbHO, C KaXAOH NOC/JefoBaTeNbHOCTbIO Bcerfa acco-
LHHPYeTCH HeKoTOpas nosuyus. Tenepb MH MOCTYJHpYEM
H He)OpMaJIbHO ONHILEM TaKHe NMPHMHTHBHHE ONepalliy:

1. Open(s) onpelensieT s Kak MyCTyl0 NMOCJeA0BATE b~
HOCTb, T. €. N0CJeJ0BaTeJbHOCTb AJHHH 0.

2. Write(s, x) no6aBasier 3JeMeHT CO 3HauyeHHeM X
B NOCJ1e0BATeJbHOCTD S.

3. Reset(s) ycTaHaB/HBaeT TeKyulyl0 NMO3HUHIO B Ha-
4aJjo .

4. Read (s, x) npHCBaHBaeT 3JeMeHT H3 TeKyuled no-
3HLHH NMepeMeHHON X, MO3HIHA Xe NMepeMeulaercs K cue-
AyIOIEMY 3JeMeHTY.

HOast Toro 4to6H 60slee TOYHO 0XapaKTepH30BaTb OfMe-
pallid Haj4 MOCJe]0BaTeJbHOCTAMH, NMpPHBEACM Claelylo-
wui npuMep. MHl NMOKaXXeM, Kak ero MOXHO 66110 Gol
BHPa3HTb B TePMHHAX MaccHBOB. B Hauvane peanusauus
CTPOHTCSI HaA BBeJeHHHIX paHee H yXe 06CyxAaBIIHXCH
KOHLeNUHUAX, 3heCb HeT HH GydepH3auHH, HH nocjeno-
BaTeJbHOA MNaMsATH, KOTOpHe, KAK MH yXe yMOMHHAJH,
JleslalOT MOCJeL0BaTeNbHOCTH NO-HACTOSWEMY MPHBJeCKa-
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TeAbHWIM TMOHATHeM. TeM He MeHee Hall NPHMep Ha-
rJI81H0 JEeMOHCTPHPYeT XapakTepHHe OCOGEeHHOCTH NpH-
MHUTHBHHIX OMepauuid Hal NOCAeI0BATEJbHOCTAMH, €CJH
OHH NOAAEpPXKHUBAIOTCH CHCTeMOH MOCJef0BATENbHEX (af-
JIOB BO BTOPHYHOH NaMSATH,

[leppoe — onepauHH ONHCHBAIOTCH HAMH B TePMHHAX
o6blUHEIX Mpoueayp. D10 — cobpaHie ONpeieseHHR, KO-
Topoe HasmBaercs onpeleasrougum modyrem {definition
module). Tak kak THN Haumiefl MocJefOBaTeNbHOCTH (PH-
rypupyeT B CNHCKe (OPMajbHHX Napamerpos, TO 3TOT
T TaK¥Xe JOJMXKeH 6HITh onucaH. Ero onucaHue — Be-
JUKOJIENHHA NpHUMepP NPHMeHeHHS CTPYKTYPH KJacca
3anichb, MOCKOJbKY KpOMe MoJs, 0603Havalollero Mac-
cus (OH MOLEJNHpyeT NOCJefOBaTebHOCTb), HEOGXOAHME
ONOJMHHTENbHEE N0J5, 0603HAYAIOIIHE TEKYINYI0 LJIHHY
i NO3HIHIO, T. €. OMHCHBAIOIIHE COCTOAKUE TNOCHeI0Ba-
TeabHOCTH. KpoMe 3THX nosiefi MH BBefleM ellle OAHO, OHO
6yNeT yKa3nBaTb, BEPHO JIH BHIMOJHHJACh OMepauus
yTCHHS HJIH Xe HeT, H3-3a TOTO, CKaXfeM, 4yTO He OKa3a-
JIOCh OYepeJHOr0 3J/1eMEeHTa,

DEFINITION MODULE FileSystem; (1.25)
FROM SYSTEM IMPORT WORD;
CONST MaxLength = 4096:
TYPE Sequence = RECORD pos, length: CARDINAL;
eof: BOOLEAN:
a: ARRAY [0.. MaxLength-1) OF WORD

PROCEDURE Open(VAR f: Sequence):
PROCEDURE WriteWord(VAR f: Sequence; w: WORD)}
PROCEDURE Reset(VAR f: Sequence);
PROCEDURE ReadWord(VAR f: Sequence; VAR w: WORD);
PROCEDURE Close(VAR f. Sequence);

END FileSystetn,

O6paTHTe BHMMAaHHe, YTO B 3ITOM MNpPHMepe MAaKCH-
MajbHas [AOCTHXHMAas [AJHHA [0CJael0BaTe]bHOCTH —
npousBosibHas KoHcTanTa. Eciu B kakofi-1u6o mporpam-
Me CJyuYHTCSl, UTO MOCJAeJ0BaTeNbHOCTbL CTaHeT AJIHHHee,
TO 3TO 6yJeT paccMaTpHUBATbCsl He KakK omiHO6Ka B Mnpo-
rpaMMe, a CKOPee KaK HeaJekBaTHas peanusauus. C apy-
TOM CTOpOHH, OMepauus uTeHHs 3a (PAKTHUECKHM TeKy-
MM KOHUOM MOC/ef0BaTENbHOCTH JEeACTBUTENbHO JOJIXK-
Ha cupTarscs omM6Koi B nporpamme. Jlabh H3GexaThb
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TAKOH CHTyalHH, clelyeT NpelycMaTPpHBaTh BO3MOXHOCTb
MPOBEPKH: He JOCTHrHYT JH KOHeu? Ilas 3TOro ectb Jo-
rHyeckoe noJie eof (or end of — koHen yero-n160). Ipen.
moJjaraeTcs, YTO MOJb30BaTeJb TaKOH peasH3aunH a6-
CTPAKTHOr0 THMa MOCJAeLOBATEJbHOCTh 3HAET TOJBKO 3T
none. B kavecTBe 6a30BOro THNa 3Jech BHOGpaH THN
WORD. Kak npaBHso, Mul ero 6yleM HCMOJb30BaTh B JIO-
6uX cayuanx. B samke Mopyna-2 HMeHHO 3TOT THN CO-
BMeCTHM MO NapaMeTpaM C HeCKOJbKHMH CTaHIAapTHHIMH
THnamH, BkJaoyas INTEGER.

Oneparophl, COCTaBASIOWHEe CaMH NMpOledyphi, Onpe-
IeSI0TC B CJAedyIOLeM peaNH3alHOHHOM MOAYJe:

MPLEMENTATION MODULE FileSystem;
FROM SYSTEM IMPORT WORLD: (L.26)

PROCEDURE Open(VAR f: Sequence);
BEGIN f.length := 0; f.pos : = 0; f.eof : = FALSE
END Open;

PROCEDURE WriteWord(VAR f: Sequence; w: WORD);
BEGIN
WITH fDO
IF pos < MaxLength THEN
alpos] ;= w; pos := pos+1; length : = pos
ELSEHALT
END
END
END WriteWord;

PROCEDURE Reset(VAR f: Sequence);
BEGIN f.pos : = 0; f.eof := FALSE
END Reset;

PROCEDURE ReadWord(VAR f: Sequence; VAR w: WORD);
BEGIN
‘WITH fDO
IF pos = length THEN f.eof : = TRUE
ELSE w : = a[pos]); pos := pos+1
END
END
‘END ReadWord;

PROCEDURE Close(VAR f: Sequence):
BEGIN (+nycT0*)
END Close;

END FileSystem,

an HallHX oOMNepaunHaXx Hal MHOXeCTBAMH MOXHO
NnoJp30BaThCA AJis 3alMHCH H NOCjHeAyloller0 4YTeHHA
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nocjaeaoBaTeJbHOroO q)ar'ula TaKHMH CXeMaMH nporpaMmm;

Open(s)
WHILEB DO P(x); WriteWord(s, x) END 1.27)

Reset(s); ReadWord(s, X);
WHILE ~5,e0f DO Q(x); ReadWord(s, x) END

3leck B ecTb HeKOTOpOe YCJOBHE, OHO JOJXKHO BHI-
TIONHATBCA, NPeX/Je yeM BRINOJHHTCH P H BHYHCIHT 3Ha-
yeHHe oOuyepeJHOro sjeMeHTa. [IpH uYTeHHH K KaXAOMY
3HaueHHIO, NPOYHTAHHOMY H3 NOCJeJOBaTeJbHOCTH, MPH-
mensieTcss onepatop Q. On «oxpaHsieTcsi» ycJaOBHEM
~ S.e0f, TapaHTHPYIOILHM, Y4TO OuYePefHOH 3JeMeHT JdeH-
CTBHTEJBHO MPOYHTaH. [{ONOJHHTeNbHHA onepaTop Yre-
HHs 06yca0BJeH TeM (akTOM, 4TO AJS NPOYTEHHS N 3Je-
MEeHTOB HYXXHO BHIMOJHHTbL N -+ 1 onepauHuit yTeHHs, NpH-
yeM NocaeAHssl 6yneT HeyAauHOH, DTO HeyLayHOe yTeHHE
COBepHIeHHO He06X0AMMO, HO0 TOJBLKO ONepaTop YTeHHsH
U3MeHsieT 3HaueHue nepeMeHHOA eof. Ero MoxHo 6mi0
66l H36exaTb, €CJH MOCTYJHPOBaTh, YTO OnepaTop BOC-
cTaHOBJeHHs (reset) JOJMKeH oOnpefelsTh 3HadeHHe
nons eof kak length = 0. B sisuke [lackanb, HanpHMep,
onepauus reset omnpefeleHa HMeHHO TaKHM pPa3yMHHIM
o6pasoM. OpaHako GOJBIIHHCTBO PACNpPOCTPAHEHHHX
¢afJIOBHIX CHCTEM 3TOTO He [eNaloT, H HMEeHHO NO3TOMY
Mbl NpHAepPXHBAeMCsi TaKOA CTpaTerHH NpPH AeMOHCTpa«
IHMH HCMOJb30BaHHS NMOCJAeJOBATeNbHOCTH,

JLoBOJIBHO yacTo B allOBHX CHCTeMax JONyCKaloTcsa
HeKOTOpHe nocjaabjeHust B CTPOroH AHCUHMNJIHHE MOCJe«
JNOBaTeJbHOr0 JOCTyNna B TOM CMEICJE, YTO CePbe3HOro
HaKa3aHHA 34 3THM He cJelyeT. B yacTHOCTH, OHH gomy-
CKalOT NO3HIIHOHHPOBaHHe MNOCJeAO0BaTeJIbHOCTH B JI0GOe
MecTO, a He TOJbKO B HawaJjo, TakHe pacmiupeHHs mpa-
BHJ1 OOGHIYHO COMNPOBOXKIAIOTCA BBeJeHHEM JOMOJHHTE/b-
HOH mnpouelyphl A5 paBoOTH ¢ MOCJEA0BaTeNbHOCTAMH
SetPos(s,k) npu ycaoBun 0 << k << s.length. OueBHHO,
yro SetPos(s,0) skBuBaJeHTHO Reset(s). JlerkocTb pea-
JM3alHH TaKOr0 pacHIHpeHHsI H OODBACHseTCs HAIIHM
onpeaeleHHeM OMNepaiHH 3aMHCH, MOCTYJHPYIOWIHM, YTO
3anuch BCerja PBPOMCXOIHT B KOHel NocJjeloBaTebHOCTH.
IlosTomy ecnn omepauus 3amHCH NPOHCXOLHT B MOMEHT,
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Korja no3HuHsa ¢(afina He COOTBETCTBYeT ero0 KOHLY, TO
HOBLIi 3JeMeHT 3aMeHHT BeCb «XBOCT» 3Toro (aiiaa,
T. €. 10CJeJOBAaTEeNbHOCTb «yCEeKaeTcs».

1.11.2. BydepHu3oBaHHbie NOC/E]0BATENbHOCTH

[Ipn nepenave DaHHHIX BO BTOPHUYHYIO MaMSITb HJH
A3 Hee OT/e/bHble pa3psiibl NepefaloTCsl KakK CIJIOWHOM
notok. OOLIYHO YCTPOHCTBa AJSl NMepeflayd PaCCYHTAaHH
Ha cTporHe BpeMeHHHe OrpaHH4yeHHs., Hanpumep, ecau
JaHHHeE 3aMHCHIBAIOTCA Ha JIEHTY, TO MOCJeAHAS JBHKET-
Cfl C HeKOTOPOH (HKCHDPOBAHHOH CKOPOCTBIO H TpeGyerT,
4yrOoGH JaHHHIE AJ151 3aMHCH NePelaBajJHCh TaK Xe ¢ (PHK-
cHpoBaHHOR cKOpocThiO, KoOrjga HCTOYHHK HCCSIKaeT, TO
JICHTA <«BHKJIOYAeTC» H CKOPOCTb [BHXKEHHsI GHCTPO
¥MeHblllaeTcsi, HO, KOHe4yHO, He MrHoBeHHO. [lostomy
MeXIy nepelaHHHMH JAaHHHMH H TeMH, KOTOpHe [0-
CJeyIOT No3xe, MOABJSETCH HEKOTOPHH «3asop» (gap).
EciH MH XOTHM JOGHTbCS BLICOKOH NJIOTHOCTH 3aMHCH
JIAHHHX, TO HeO6XOZHMO CTPEMHTbCH K YMEHbIIeHHIO YH-
caa 3asopoB. [lostoMy, pas yx JeHTa [OBHXKeTcs, JaH-
Hule TNepelfaloTCsl OTHOCHTeJbHO GOJBILHMH G.r0KaMu.
IMopo6Has cHTyallisl OCTaeTCsl CNPAaBelIHBOR H AJs Mar-
HHTHHIX JHCKOB. 3JeCb AAHHHE XPAHATCA HA JOPOXKax
B (UKCHpDOBAHHOM 4YHCJe 6JIOKOB TaK Xe (PHKCHpOBaH-
HOro pa3Mepa, ero Ha3HBalOT pasmepom 6aoxa (block
size). PakTHYeCKH AHCK CJelyeT pacCMaTPHBATb Kak
MaccHB 6JIOKOB, KaXIHH 6J0K YHTAeTCH HJH 3aMHCHIBA-
eTcsi LEJHKOM, OGLIYHO OH CONepXHT 2% GakiToB (rae
k=8, 9 unn 10).

OnHako HaliH NpOorpaMMHBl He MOryT co6/10Jath Ka-
KHe-1H6O BpeMeHHHle orpaHuuyeHus. U anasa Toro ytob6u
H36aBHTbCA OT 3THX CJOXHOCT:H, NPH NMepejaye AAaHHHIX
HCnoab3dyercsl 6ygepuszayusa. Januue coGHPAOTCH B Tak
Ha3HBaeMylo 6ydepHyl0 nepeMeHHyIO (B ONepaTHBHOH
naMsiTH), U KOrja HaKanJHBaeTCs [JOCTATOYHOe AJA 06-
pa3oBaHHsl 6JI0OKa KOJHYECTBO JAHHHIX, 3TOT G6JIOK nepe-
naercs.

Bydepusauns uMeeT ellle OZHO MPEHMYILECTBO: OHa
no3poJsier mpoueccy, opMHpylomeMy (HIH mnoayyalo-
IieMy) J[aHHHe, 06pa6aThHiBaThb HX OJHOBPEMeHHO C 3a-
MHCbIO (MJM YTEHHeM) HX YCTPOHCTBOM M3 Gydepa (mui
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B Gydep). PakTHUeCKH YCTPOACTBO YAOGHO paccMarphs«
BaTh KaK HEKOTODHA npoiiecc, KOTOPHH caM MPOCTO KO-
nHpyer notox AaHHHX. HasHauenHe xe Gydepa — 06ec«
NeUHTb HEKOTOPYIO CTelleHb He3aBHCHMOCTH B3aHMOjefl-
CTBHSI 3THX [pPOIECCOB, KOTOPHEe MH G6yleM Ha3hBaTh
npousgodurensem (producer) u norpeburesem (consu-
mer). EcaH, ckaxeM, B HeKOTOPHIA MOMEHT NOTpPe6H«
TeJIb paboTaer MelJIeHHO, TO OH MOXeT CBS3aThCH C Npo-
H3BOLHTENeM nono3xe, Takas pas3oGILEeHHOCTb YacTo
odYeHb BAaXKHa AJs1 XOpOINero HCMOJb30BaHHS YCTPOMCTB,
HO 3TO AaeT 3¢ (deKT TOJBKO B TexX CAYuasix, KOTAa CKO-
pPOCTH MPOHU3BOAHTENS H NOTpPe6GHTeNst B CPeRHeM OJHH
H Te Xe, HO BO BpeMeHH (uokTyHpyloT. CTenedp pasob-
ILeHHOCTH YBeJHYHBaeTCsi C POCTOM paaMepa Gydepa.
" Tenepb nepefileM K BONMpPOCY, KaKk NpPeACTaBJATb 6y-
¢ep, ec1u OPHEHTHPOBAThCA HA HMHAHBHAYAJbHYIO yKJIaA-
Ky H H3BJledeHHe OTAeNbHHIX 3J1EMEHTOB, a He Ha paGoTy
c uenuM 6J0koM. Bydep dakTHuecKH npeAcTaBjsieT CO-
60ft ouepeflb, MOCTPOEHHYIO MO MPHHIUHKNY «HePBLIA MNpH-
wea — neppufl ymenas. Ecau 6ydep onHcaH Kak MaccHs,
TO AB€ HHAEKCHpYIOUHe MNepeMeHHHE — NPeRNONOXKHM,
3T0 in M Ouf — YKasnBalOT NO3HIIHIO, B KOTOPYIO 3alH«
cHIBaeTCsl 3JleMEHT H H3 KOTOpof OH H3BJeKaercs. Hpe-
anbHO OHIJIO GHl, ecaH OH Y 3TOr0 MacCHBA MHIEKCH He
6bin orpaHHueHH. OJHAaKO BMNOJIHE MOAXOMHT M JI0GoR
KOHeYHHH MacCHB, Bellb HaR0 YYHTHBATb, YTO OJHAXKIH
CUHTAHHHI 3J1eMeHT GoJblie yKe He HCNoJdb3ayercs. [To-
3TOMY ero MeCTO MOXHO MOBTOPHO HCMOJIb30BaTb., ITO
coo6pakeHHe NMPHBOAHT HAC K HAee YUKAUHECKO20 6y«
¢epa. Onepauun pasMellenns (depositing) u wussieue-
Hus  (fetching) ane-
MeHTa MNPHBOASTCH B
clenLylolleM MoOAyJe,
KOTOpDHA  3KCMOPTH-
pyeT 3TH oONepauHH
KaK Mpouefyphs, HoO
3aKpumBaer caMm Oy-
thep H ero HHAEKCH-
pyomie nepeMeHHHe,
T. e. (aKTHYECKH CaM

npouecc  Gydepusa- pye, 1.9, Kpyrosofi 6ydep ¢ HHAeKcas
LHH, OT nmnpouecca- mu in u out.
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KlIHeHTa. B 3TOT MexaHH3M BXOJHT TakXe H NepeMeH-
Has n, XpaHsALlas YHCJAO 3J1eMeHTOB, HAXOAAIWMHKXCA B JaH-
HHH MOMeHT B 6ydepe. Ecan depes N 0603HauHTL pas-
Mep 6ydepa, To ycaoBHe 0 << n < N 6yaeT, OYeBH]IHO,
HuBapHaHToM. [losTomy onepauuio usssesenus (fetch)
HNOJIXKHO OXpaHATb ycioBHe N >0 (1. e. Gydep He
nycr), a onepauHio pasmeujenus (deposit) — ycaoBHe
n << N (6ydep He nonou). Heymosnaersopenue nepsoro
YCJIOBHA clelyeT KBaJHPHUHPOBATL KAaK OWHGKY Mpo-
rpaMMHpPOBaHHs, a HAapyllleHHe NoOcaeJHero — KaK HeTOY-
sHocTe (failure) npeanoxennoit peanusauuu (6ydep
CJIMIIKOM MaJ).

MODULE Buffer;
EXPORT deposlt, fetchy (1.28)
CONST N = 1024; (+pasmep Gydepas)
VAR n, in, out: CARDINAL;
Buf: ARRAY [0.. N-1] OF WORD;

PROCEDURE deposit(x: WORD);
BEGIN
IFn = NTHEN HALTEND ;
n:=n+1; buffin]:= x; o := (in + )MODN
END deposit;
PROCEDURE fetch(VAR x: WORD);
BEGIN
IFn = @ THEN HALTEND ;
n:= 1n-1; x;= buffout); out := (out + 1)MOD N
END fetch;
BEGINn:=0;in:=0;out:=0
END Buffer.

Takan peaansauus Oydepa npHrojHa JHIIbL B TOM
ciyyae, ecjaH € npouelypaMH deposit H fetch paboraer
OlHAa MPOrpaMMa: OHa H NPOH3BOAHTENDb, H NMOTPebHTEb.
Ecan e HX aKTHBHPYIOT OTHAeJbHHE, OJHOBpeMeHHO Da-
6oralolite NPOUECCH, TO TaKas CxeMa BHINIAAHT CJAHIL-
KOM ympolleHHOH. 3T0 OGBbSCHAETCH TeM, YTO MOMNHTKA
pasMelleHHsl B NOJHOM Gydepe W NMOMKITKA H3BJeYEHHS
H3 nycroro 6ydepa B 3TOM CJyyae BMNOJHE 3aKOHHHL
Bunonnenie TakHx AeAcrBHH cJedyeT NpocTo 3ajep-
KaTb N0 TOTO, KaK YJOBJETBOPHTCS OXpaHslollee YyCJO-
BHe. DTH 3aJePXKKH (aKTHUECKH TPeGYIOT BBelAeHHSA CHH-
XpOHH3aUHH OJHOBPEMEHHO PpafOoTAOUIHX MNpPOLECCOB,
3afepxKH MH MOXeM 3JeCb MNpeAcCTaBlfTb COOTBET-
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CTBEHHO TaKHMH OllepaTOpaMHu:

REPEAT UNTILn< N
REPEATUNTILn > 9

Mx ciepyer noAcTaBuTb BMeCTO ABYX OMNEPaTOpPOB OCTas
wosoB (HALT) u3 (1.28). OaHako MH He peKOMeHAyeM
[01b30BaThCsl TAKUM pellleHueM, Jaxe ecJH H3BeCTHO,
yT0 [Ba Mpollecca ynpasJsioTcsi AByMsl OTAEJbHRIMU pe-
anbHEIMH oO6bekTaMu. [IpHuMHa 3aK/jl0OuaeTcss B TOM, 4TO
o6a npoueccopa no Heo6xoauMocTu paboOTalOT ¢ OJHOH
repeMeHHO# n, T. e. UMEIOT NOCTYN K OAHOH H TOH Xe
naMsATH. «3aMepllHii» npoLecc NOCTOSHHO npobyeT 3Ha-
ycHHe M, Mellasi CBOeMY MapTHepy, H60 MaMsTb HHKOrAa
He MOXeT OTBeyaTb Ha 3anpocH Gojiee ueM OMHOrO Mpo-
necca. Caeayer u3beraTb NOJOOHHX «MEULAIOWUX OXCU~
danuil» (busy waiting), # nosToMy MH BBOAHM HEKOTO-
phle MeXxaHH3Mhl, AeJlaloUlHe [JeTajJH CHHXPOHH3AaILHH Me-
Hee SIBHHIMH, T. €. GaKTHYECKH MH CKpPHBaeM HX. DTOT
MeXaHH3M Mbl OyJeM Ha3nBaTb MeXaHH3MOM CUZHAA08.
IlpeanoJaraercs, YTO CHIHAJH AOCTYNHH U3 HCHOJb<
syloulero MoAayJsi (6yAem Haswpatb ero Process) Ha-
paBHe ¢ MHOXeCTBOM NDHMHTHBHHIX onepauHii Haj Ta-
KHMH CHTHAJaMH.

KaxaH# CHTHaJ s COMOCTaBJseTCA C OXPaHSIOHIHM
yeaosueM (Ps). Ecau npoueccy Heo6X0AHMO 3ajepxaTb=
csl A0 Tex mop, MOKa ApYyro#l Npouecc He YCTaHOBHT P,
OH JOJXKeH, npexJe yeM paboraTh, NOAOXKAATh MPHXOAa
curHaja s. Takoe neficTRHe BHpaXaeTcs uepes onepaTop
Wait(s). Ecau xe apyroit mpouecc AOJXKEH <«OTKPHITb?
Ps, TO OH curHaJjusupyer o6 3TOM, BHIMOJIHAS ONepaTop
Send(s). Ecau P cuuraTh 3a npelaycioBHe AJs Kax-
noro oneparopa Send(s), To Py MOXHO paccMaTpHBaTh
KaK mocrycaoBue AJst Wait(s).

DEFINITION MODULE Processes;
TYPE Signal; 1.29)
PROCEDURE Wait(VAR s: Signal);
PROCEDURE Send(VAR s: Signal);
PROCEDURE Init(YAR s: Signal);
END Processes.

Tenepb MH yXe MOXeM HanHcaTb MOAyJb Oydepa
(1.28) B TakoM BHJAe, 410 OH GyAeT NpaBHJIbHO paboTaThb
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H AJs OoTtae/IbHBX, COBMECTHO pa60‘raloumx MMpoIECCOB.
MODULE Buffer; *
IMPORT Signal, Wait, Send, Init; 1.30)
EXPORT deposit, fetch;
CONST N = 1024; (*pa3Mep Bycdepas+)
VAR n, in; out: CARDINAL;
nonfull; Signal; (+#n<{Ns)
nonempty: Signal; (*n) 0+)
buf: ARRAY [0.. N-1]OF WORD;
PROCEDURE deposit(x: WORD);
BEGIN
IF n = NTHEN Walt(nonmll) END;
n:=n+1; buffin) ;= X; in:= (in + 1)MODN.
IF n = 1 THEN Send(nonempty) END
END deposit;

PROCEDURE fetch(VAR x: WORD);
BEGIN
1F n = Q THEN Wait(nonempty) END ;
n = n-1; x := buffout]; out := (out + I)MOD N;
IF n = N-1 THEN Send(nonfull) END
END feich;
BEGIN 11 ;= 0; In := 0; out := 0; Init(nonfull); Init(nonempty)
‘END Buffer.

Onnako Heo6XOAHMO CAe/aTh eile OAHO MpejocTepe-
skeHHe. CXxeMa «pa3paJIUTCsi» NPH OJHOBpeMeHHOM obpa-
LeHHH MPOH3BOJAHTeNsI H NOTpebuTeNs K BeJIHYHHe n AJS
ee H3MeHeHHs. B peaysbraTe — TOYHO mpeAcKa3aTh Helb-
35 — ee 3HaueHHe Gyaer WJIH n - 1, wan n — 1, HO HUKaK
He n. Bce, uyTo HEOH6X0AUMO, — 3TO AeHCTBHTEJbHO 3aulH-
THTb NPOUECCH! OT TaKOrO OMAacCHOr0 B3aHMOAERCTBHS.
B o6uieM cJyyae Bce ONepPalHH, U3MEHAOWUE 3HAUCHUL
obuwux nepemertblx, NpeicTaBJsloT co00# NOTeHIHaJb-
HYI0O ONacHOCTb.

HocratouHoe (HO He Bceria Heo6XOAHMOeE) YCJO-
pHe — Bce obulHe mepeMeHHble ONMHCHIBATb KaK JIOKaJb-
HHE B MOAYJe, TaDaHTHPYIOLIEM, UYTO €ro MpPOUeAypH Of«
HOBpeMeHHO BHIMOJHATbC He O6yayr. Takde Moayau
HasuBalorcs moxutopamu [1.7}. [logpo6HOe B3aHMHO HC-
KJloYalolee HCNOJHEHHe TapaHTHPYeT, 4TO B J060f# MO-
MEHT TOJbKO OAMH Mpolecc aKTHBHO paboTaer ¢ Jo6o#
M3 npoueayp AaHHoro MmosuTtopa. Ecau Apyrofi mpouecc
obpauiaercss K HEKOTOpOil Inpoueaype TOro ke MOHHTO-
pa, To oH 6yaer aBTOMaTHYECKH 3ajiepXaH A0 Tex NOD,
NOKa nepBHA Mpolecc He 3aKOHYHT CBOIO MPOLEAYDY.

3amewanue; AKTHBHO pafoTaeT — O3HayaeT, YTO NPOIECC BHIMOAHAZT
JioGHe onepaTopH, KpoMe onepaTtopa Oxupanua (wait),
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BepHeMcsi Tenepb, HakOHelu, K Hallefi 3apgave, rae
npoH3BOAHTENb HMJHM MOTpebuTenb (uau oba) Tpebymwor,
yTo6H JaHHBHe ObJH HEKOTOPOro onpefeleHHOro pas-
Mmepa. B cieayoulem moayne (910 BapuaHt (1.30)) Mu
npeanosiaraeM, 4TO Yy MNpPOH3BOAHTENst pa3Mmep G6JiOKa
naHHeX — Np, a y notpeburens —N.. B Takom cayuae
pasvep 6ydepa N smOGupaercs kak KpaTtHoe Np H N..
Jla6ul nojvYepkHYTb CHMMETPHYHOCTb OMNepauuii H3BJe-
YEHHA U pa3MellleHHs, €JHHCTBEHHH CYETYHK 1 Tenepb
Ovier mpeACTaBJASATLCA ABYMsl CUCTUHKAMH, a HMEHHO ne
u nf. OHH COOTBETCTBEHHO OMpEeAeJSIOT YHCJIO MYCTHX H
3anoJHeHHHX MNo3suuHA B Gybdepe. Ecau norpeburess
CTOMT, TO nf yKa3nlBaeT YHCJIO 3JIeMeHTOB, HalpapJieH-
HHX NOTPe6GHTENIO AJsi 00pabOTKH; eciH NPOU3BOAHTENb
OXHAAeT, TO ne 3ajaeT YHCJAO JEMEHTOB, KOTOpPOe eMy
eule HyXHO jaoaeaarb, ([TosTomMy cooTHOuleHHe me -
+ nf = N He Bceraa cnpaBeaJHBo.)

‘MODULE Buffer;
IMPORT Signal, Wait, Send, Tnit; a3
‘EXPORT deposit, fetch;
CONST Np.= 16; (s pa3Mep Bi1oKa TpouaBo@IeNs +).
Nc = 128; (»pasmep GnokanoTpeGuTenas)
N = 1024; (spasmep Gydepa, kparen Np ‘& Nc#)
VAR ne, nf INTEGER}
in, out: CARDINAL;.
nonfull; Signal; (*ned= 0+)
~nonempty: Signal; (+nfd>= 0+)
‘buf: ARRAY [0 .. N-1] OF WORD;
'PROCEDURE deposit(VAR x: ARRAY OF WORD);
BEGIN ne ! = ne - Np;
IF ne ¢ 0 THEN Wait(nonfull) END }
FOR {:= 0TO Np-1 DO buffin] ;= x[i]; 1= + 1END
IJFin = NTHENin:=0END;
nf:=nf + Np;
IF nf = 0 THEN Send(nonempty) END
END deposit;
PROCEDURE fetch(VAR x: ARRAY OF WORD)2
BEGIN nf := nf - Nc;
IF nf < 0 THEN Wait(nonempty) END ; B
FOR { := 0 TO Ne-1 DO x[i] : = bufout]; out ;= ¢ut 4 1 END2
IF out = N THEN out := 0 END }
ne := ne + Nec:
IF ne >= 0 THEN Send(nonfull) END
END fetch;
BEGIN .
ne := Ny of ;= 0; in i = 0; out := 0; Init(nonfull); Init(donempty)
END Buffer,
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1.11.3. CranzaprHble BBOX H BHIBOJ,

Iloa craHaapTHHMH BBOJAOM H BHIBOAOM MBIl IMOHH-
MaeM nepefavyy AaHHHX B BHYHCJIHTEJbHYIO CHCTEMY OT
IO CYLIeCTBY BHelllHero JeficTByloiero 06bekTa, CKaxem
onepaTtopa, H Hao6opoT. BBoA O6HUYHO MOXeET HAaYHHATb-
Cs1 C KJaBHIIHOH NaHeJH, a BHBOJ 3aKaHYHBAeTCs 3Kpa-
HOM jucmjes. B siio6oM cayuae Ajs 3TOro mpoluecca xa-
PaKTepHO, YTO coobuleHHe MOXHO MpOYHTaTb, H OOHUHO
OHO COCTOHT M3 INOCJeJOBaTeJbHOCTH CHMBOJIOB. Takas
€YHTAeMOCTb» MpPUBOAHT enle K OAHOMY YCJOXHEHHIO
onepauyii, CBA3aHHHX C peaJbHHM BBOAOM H BHIBOJAOM.
Kpome dakTHueckoil nepegaus AaHHHIX CIOfa ellle BKJIO-
yaercss M Tpancgopmayus npedcrasaenus, Hanpumep,
yhcaa, OOGHIYHO CUHTalOmMecs] HefeJMMBIMH eJHHHLaMH
B pa3psAfHOM mpeicTaBJeHHH, HeoGxoaHMo mnpeobpaso-
BHBaTh B YyJAoGouHTaeMoe, [eCsITHUHOe MNpeACTaBJeHHe.
CTpyKTYypy AaHHHX HYXHO BHAEJSITb MOAXOASIIHMH OT-
CTyNamH, 3TOT NpOLEeCC Ha3nBaercsi (opMaTuposaHuem.

Kakum 6H Hu Onl10 npeobpa3oBaHue, KOHIENUHS MO-
C/le0BaTeJbHOCTH CHOBa NPHBOAUT K 3HAaYUTEJbHOMY
ynpouleHHI0O 3ajaaydH. B ocHOBe 3TOro yTBepxkAeHus Je-
KHT 3aKJIOYeHHe, UTO eCJH MHOMXeCTBO AaHHHX MOXHO
paccMaTpHBaTb KaK HEKOTOPYIO MOCJAeAOBaTeNbHOCTb, TO
npeo6pa3oBaHHe 3TOA MOCJeA0BAaTEJbHOCTH MOXHO OCY-
LIeCTBHTb KaK MNOCJeJ0BaTeNbHOCTb (MAEHTHYHHX) mpe-
oGpasoBaHHil 37eMeHTOB.

T ((so 1o+ - v Sp—1)) =(T (s0) T(s1)s ..., T (Sn—1)) (1.32)

Mu nposeseM He6oJblUOE HCCJAelAOBaHHe omepauni,
HeOGXOAMMBIX AJA Npeo6pa3oBaHHs HATYpPaJbHEIX 4YHCeJ
NpH BBOJAE H BuiBoJe. B OCHOBe JeXHT yTBepXJeHHe, 4TO
Ji06oe UYHCJIO X, MpelcTaBJeHHOe MOC/JeA0BaTeJbHOCTLIO
pecsituuHuX uudpp d = {dn, ..., di, do), UMeeT 3Haue-
HHe

x=S8i:0<<i<n: d;» 10!

IlpeacTaBHM TeNepb, 4TO NOCJAeAOBaTeJbHOCTb d HYXHO
npoyuTaTh H Npeobpa3oBaTh, a MOJYyYHBLIeecs YHCJIOBOE
3HayeHHe NMPHUCBOHTb mepeMeHHO# x. Huxe (1.33) npn-
BOAMTCS NPOCTOH aJropHTM, OH 3aKaHuHBaeT paboTy
C NPHUXOJOM [MEPBOrO CHMBOJIA, OTJIHYHOrO OT LHGPHL
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(ApudpMeTHyeckoe nepenojHeHHe 34eCb He YUYHUTHBas
eTcsl.)

x:= 0; Read(ch);

WHILE ("0" = ch) & (ch<= "9") DO Q.33
. I)\(T 1:) = 10«x + (ORD(ch) - ORD("0")); Read(ch)

B cayvae BHBOAa npeoGpa3oBaHHe YCJIOXHSETCH,
II0CKOJIbKY NpPH AEKOMMO3HUMH X B AECSTHYHOE MpeACTaB«
JeHHe UHGpH HAYT B O6GpaTHOM nopsiake. Ilocaeauss
uudppa ¢opmupyeTrcs nepBOH, ee BHYHCAAIOT TaK)
x MOD10. 9to npuBOAHT K HEOGXOAHMOCTH BBeAeHHUs! Gy«
thepa — OUepesH, MOCTPOEHHO{l MO NPHHUHNY <«MOCJefs
HUH NpHLleJ — nepBHi o6GcityxHuacs». Takofi 6ydpep MH
GydeM MOpeAcTaB/siTh B BHle MacCHBa d ¢ HHAGKCOM i,
B pe3yJbTaTe NoJy4aercs cjeayioumlasi AporpaMma:

1:=0;

REPEAT d[f] := xMOD 10; 2:= XDIV10; I 1= 141 (1.34)
UNTILx = 0;

REPEAT { 2= §-1; Write(CHR(d[i] + ORD("0"))

UNTILi=0

Sameuanue: CucreMaTHueckasa samena B (1.33) m (1.34) koucrauru
10 na apyryio Koucrauty B (>0) nopoxaaeT moamporpaMMu me-
pesofa B npencTaBjieHHH C OCHOBaHHEM B. Yacro HCIONB3YIOTCA
BapuauTH Mla B = 8 (BocbMmepuunoe mpeicTasienue) H B = 16
(wecTHanUaTepHUHOE MPEeJCTaB/eHHe), MOCKOAbKY BXONANIHE B HOJ-
nporpaMMhl YMHOMKEHHA Y HAGJEHHA CBOJATCA K NPOCTOMY CHABHrY
ABOHYHBWX YHCEJ.

OueBMIHO, HeT HHKaKOR HeOOXOAMMOCTH JeTajibHO
onpeaeJsTb 5TH <«Be3JecyillHe» OlNepalHH B KaXJAO#H Npo-
rpamme. [losToMy MH cuHTaeM, YTO CTaHAapTHHi Mo-
ayiab  (utility module), oGecneunpaioului GONLLIHHCTBO
OOUIMX, CTaHAApTHHX oONepauui BBOAa M BHBOAA AJs
YHCeJ M CTPOK, BCerla B MNpPOrpaMMe <«NpHCYTCTBYeET».
Ha tako# moayab (oH HasuBaercsi InOut) MH ccHiaeM-
Csl BO MHOTHX mporpammax Haweii kKHurd. Ero npoueny-
PH oGecneuuBaioT BBOA M BHIBOJA OTAeJbHHX CHMBOJIOB,
HeJIbIX, KOMMYECTBEHHHX YHCJIHTeNbHHX HJu cTpoK. [lo-
CKOMbKY MH ero HCMoJib3yeM OdeHb 4YacTo, TO pasjel
onpelefleBH# 3TOro MOAYJsi MNpPHBOAHTCA 34ecb MOJ-
HoCTbIO.

B ero npoueaypax uteHus (read) u 3anucu (write)
HeT nNapaMeTpa, YKa3bBalOulero, C Kako#i MOCJel0Ba-
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DEFINITION MODULE InOut;
FROM SYSTEM IMPORT WORD: (1.35)
FROM FileSystem IMPORT File;

CONST EOL = 36C:

VAR Done: BOOLEAN:
termCH: CHAR; (»xoHuepoit cumson 8 ReadInt, ReadCards)
in, out: File; (*TONBKO pIsk HCKTIOUHTENbHBIX CITYYaeB *)

PROCEDURE Openlnput(defext: ARRAY OF CHAR);
(* 3anpaunipaeTca ums daina  OTKpPbIBaeTcA BXOAHOK daiin *in”,
Done : = "file was successfully opened"
Ecym daitr oTKpslT, To nocneNytonmit BBOX HAET H3 310r0 aind,
Ecnu umA 3aKaHUMBANOCH CHMBOIIOM .7, TO joGaBiAeTca pacumpenne defexts)

PROCEDURE OpenCutput(defext: ARRAY OF CHAR);
(»2anpaimpaeTca ¥MA daina H OTKPbIBAETCA BhIXofHOM daitn "out™
Done := "file was successfully opened.
eciit dailit OTKpHIT, TO MOCIERYOIAR BBIBAYA HAET B IT0T il # )

PROCEDURE Closelnput;
(+BxoAHOkK Qailsl 3aKpr1BaeTd, BBOJ BOIBPAIIALTCA K TEPMHHATY )

PROCEDURE CloseOutput;
(* BLIXOTHO# ¢hail/T 3aKPHIBAETCK, BHIBOJ, BO3BPAUIAETCA K TEPMHADTY 4 )

PROCEDURE Read(VAR ch: CHAR);
(+Done ;= NOT in.eofx)

FROCEDURE ReadString(VAR st ARRAY OF CHAR):

(+ uTenHe CTPOKH, T. €. NOCNENOBATENMHOCTH CKMBOJIOB, He COepxkKaueit
npobenoB KM YIIPABNAOILMX CHMBOJIOB; HavalsHbie npobesnbr
HrHOpHpYIoTeA. BBOJ 3aKaHuMBaeTCA oOBM CHMBOTIOM = ™ 12
3TOT CHMBOJ NpHCBawBaeTesy termCH.

TpH BBONE € TEpMMHaNa V1A BO3BpaTa HCMONbayeTca CuMBON DEL, +)

PROCEDURE ReadInt(VAR x: INTEGER);
(» 9TEHHE CTPOKH H npeoGpazoBanue ee B i1enoe. CHHTaKCHC
uenoe = ["+"1"—""] umdpa { wacppa}.
Hauanshbie tpoGesnl KrHOpupyoTCA.
Done ;= "integer was read"s)

PROCEDURE ReadCard(VAR x: CARDINAL);
(+ yTeHHE cTPOKH H npeoGpa3oBannre ee B wicno Tma CARDINAL.
Cunrakcnc: wieno = mudpa {imdpa},
Hanasibbie NpoGenbl urHopHpyIoTCA.
Dong : = “cardinal was read"s)

PROCEDURE ReadWrd(VAR w: WORD);
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(+Done ="NOT in.eofs)
PROCEDURE Write{ch: CHAR);
PROCEDURE WriteLn; (»OKOHY2HRE CTPOKR «)
PROCEDURE WriteString(s: ARRAY OF CHAR);

PROCEDURE WriteInt(x: INTEGER; n: CARDINAL):
{* 3aImHCh NENOTO X B haill out ¢ MUHHMYM 1. CHMBONAMH,
Ecnxt n Gonpnte wcna 1peGyemuix iHép, 10
Tepey; WCIOM oGABNANTICA Mpobensl + )

PROCEDURE WriteCard(x, n: CARDINAL);

PROCEDURE WriteOct(x,n: CARDINAL);

PROCEDURE WriteHex(x, n: CARDINAL);

PROCEDURE WriteWrd(w: WORD);
ENDInoOut,

TeJqbHOCTBIO (¢aitiiom) uaer pabora. IloApasymeBaercs,
yTO JaHHble YHTAIOTCH CO CTAHJapTHOTO YCTPOHCTBA BBO-
Ra (KJaBHIIHAsl MaHeJb), a 3aMMCHBAIOTCH ONATb Xe HA
cTaHnapTHOe BHIBOJAHOe ycTpofictBo. OaHako Takue JO-
yWleHHs] MOXHO OTMeHHTb, OGPATHBIIKCh K MpOuUeAypaM
Openlnput w OpenOutput. OHH TpeGyIOT OT omepaTopa
uMs (afila B NoACTaBAAIOT 3ajaHHHe ¢(aftJn BMeCTO
CTaHAapTHHX yCTPOMCTB, H3MeHSAs TeM CaMHM MNOTOKH
nauHuX. Ilpoueaypu Closelnput u CloseOutput BO3-
BpamamT cHcTeMy K paboTe cO cTaHAapTHHIMH YCTpO#-
CTBAMH.

1.12. TIOUCK

OnHo u3 Hau6Gosee YACTO BCTpeYaloOHUXCH B MpPO-
rpaMMHpOBaHuH JAeficTBHit — noHcK. OH 1Ke mnpedcTaB-
Jgser co60fl uieasabHyl0 3adayy, Ha KOTOPOH MOXHO HC-
ObITHIBaTh pasJHYHble CTPYKTYPH JaHHHX MO Mepe HX
nosizJeHus. CyiecTByeT HeCKOJbKO OCHOBHHIX <«BapHa-
LUl 3TOR TeMBI», H AJs HHUX CO3JaHO MHOTO pPa3jHYHHIX
aJaropuTMoB. [Ipu JdanbHefillleM pacCMOTpeHHH MBI HCs
XOJUM H3 TAaKOro MPHHUHMHAJIBHOIO ACHYLIEHUs: Tpynna
LaHHHX, B KOTOpPOA HeOGXOAMMO OTHICKaTh 3aJaHHHIi
3JeMeHT, fuxcuposana. ByleM cunTaTbh, YTO MHOXECTBO
n3 N 3JleMeHTOB 3aJaHO, CKaXeM, B BHAe TAKOro Mac-
ciiga

a: ARRAY[0 .. N — 1] OF item
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OG6HYHO THN {fern OMMCHBAeT 3aNHCb C HEKOTOPHM NO-
JieM, BHIIOJHSIOHIHM pOJb KJOYa, 3ajada 3akJlo4aercs
B NOHCKe 3JjeMeHTa, KJIOY KOTOPOrO paBeH 3aJaHHOMY
«apryMeHTy nouckas» X. [loJyueHHH#i B pe3yJibTaTe HH-
JeKc i, yroBjeTBopsiowmHii ycaoBuio ali].key = x, oGecne-
YHBaeT AOCTYN K APYTHM MOJsM o6HapyXeHHOro sjeMeH-
Ta. Tak Kak Hac HHTepecyeT B NepBylO ouyepeib cam NpPoO-
LlecC NMOHCKA, a He OOHapyXeHHHWe JaHHHe, TO MH GyaeM
CUHTaTb, YTO THMN ifem BKJIIOYaeT TOJbKO KJIOY, T. €. OH
ects ko4 (key).

1.12.1. JInHe#HBLIA nONCK

Ecau Her Hukako#t HonmoJHuTeJrHOH HHGoOpMauHi
0 pasHCKHBaeMHX AaHHBX, TO OueBHAHHH mnoaxod—-
NpOCTOR NocJen0BaTeJbHH K NMPOCMOTP MacCHBA C yBeJH-
YyeHHeM LIar 3a IIaroM TO# ero 4acTH, Ilie XeJlaeMOro
3JleMeHTa He oOHapyXeHo. Takofi MeTOA Ha3HBaeTcs
Auneldnbim nOuckoM. YcCJOBHSI OKOHYAaHHA NOHCKa Ta-
KOBHI:

1. DnemeHT HafineH, T. e. a;= X.

2. Becb maccuHB NpOCMOTpeH W cOBNajieHHs1 He OGHa-
pYX*eHo.

DTo AaeT HaM JHHeHHHA aIrOpuUTM:

i=0; (.36}
WHILE i< N) & (2fi} # x)DOi:= i+1END
O6paTHTe BHHMaHHe, UYTO NOPSAINOK 3J1eMeHTOB B JIOoTHUe-
CKOM Bblpa)KeHHH HMeeT CyU.IeCTBeHHOQ 3HaueHue. HHBa'
pHaHT ILHKJIa, T. €. yCJTOBHe, BHITIOJIHs IO HleeCst nepell
KaXXAbIM yBequeHHeM HHAEeKCa i, BHIIVIAAUT TaKkK:

(0 <i<N)& (Ak: 0 <k<i:ag#Xx) (1.37)

OH roBOpHT, YTO AJsl BceX 3HaueHH#l k, MEHbUIHX YeM i,
coBnaaeHus He 6niyo. OTCIONA U M3 TOro ¢pakra, YTO IO-
UCK 3aKaHYHBaeTCs TOJbKO B cJyyae JIOXKHOCTH YCJOBHSI
B 34aroJioBKe WHKJa, MOXHO BHIBECTH OKOHYaTeJbHOe
yeJIoBHE:

(A=N)OR(2; = x D& (AK: 0 <k<i:ag#Xx)
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ITO ycJIOBHe He TOJbKO YKa3mBaeT Ha XKeJaeMuii pes
3yJIbTaT, HO H3 Hero Xe CJeAYeT, YTO eCJH 3JeMeHT HaM-
JeH, TO OH HalilleH BMeCTe C MHHHMaJbHO BO3MOXHHM
HH/IEKCOM, T. €. 3TO MepBHIA H3 TAaKHX 3JeMeHTOB. PaBeH-
cTBO i==N cBHAeTe/NbCTBYeT, YTO COBNajeHHS He Cymie-
CTBYeT.

CoBepIleHHO OYeBHAHO, YTO OKOHUaHHe LMKJa rapaH-
THPOBaHO, MOCKOJbKY Ha KaXJOM Illare 3HauyeHHe i yBes
JUYHBAETCS, H, CJeJOBaTeJbHO, OHO, KOHEUHO Xe, A0~
CTHTHeT 32 KOHeYHOe 4xcJo maroB npeaeda N; ¢dakru-
ueCKH Xe, eCJIH COBmnaJeHHs He OHJIO, 3TO NPOH3O0iAeT
nocje N maros.

SIcHO, yTOo Ha KaXJ0oM mare TpebyeTcs YBeJHUYHBAThb:
WHAEKC H BHIYHMC/ATbL JOTHYecKoe BHIpaXKeHHe. A MOXHO
Ju 3Ty paboTy YNpOCTHTb H TaKHM 06pa3oM YOHCT-
puTh NMOHCK? EJHHCTBeHHast BO3MOXHOCTb — NONBITATLCA
ynpoCTHTb CaMO JIOTHYeCKOe BHpaXeHue, Belb OHO CO-
CTOMT M3 JABYX uJeHoB. CieoBaTe/bHO, eAHHCTBeHHHIH
WaHC Ha myTH K 60Jiee MPOCTOMY pelIeHHI0 — chopMy-
JHPOBaTh MNpPOCTOe YCJOBHe, 3KBHBAJeHTHOe HallleMy
CJI0XHOMY. DTO MOXHO CcAe]aTb, ecJH MH FapaHTHpyeM,
YTO COBNajeHue Bcerja npousofiser. Ias aroro pocra-
TOYHO B KOHell MacCHBa IIOMeCTHTb JOMOJHHTEJbHHH
3JieMeHT cO 3HaueHHeM x. HasoBeM Takoff Bcnomora-
TeJbHHA 3JeMeHT «6GapbepoM», Bellb OH OXpaHseT Hac
OT Mepexoja 3a npeleln MaccuBa, Temepb Maccus Gyner
OMHCaH TakK:

a: ARRAY[0.. N] OF INTEGER
M aJrOpHTM JIHHEHHOro mnoHcka ¢ 6apbepoM BHIIVISAAHT
ClelylomHM 06pa3soM:

Nl i=x;1:=0; _ (1.38)
WHILE aff] # x DO1!=1+1END

PesyabTupyloiee yc/ioBHe, BhiBeJeHHOe H3 TOrO Xe HH-
BapMaHTa, 4TO H Mpexie:

(a=3)&MAk:0<k<itag#»x)

flcHo, uto paBeHcTBO i =N cBUAeTeJbCTBYEeT O TOM, UTO
CoBnajieHHs (ecJu He CUMTaTb COBMajeHHs ¢ GapbepoM)
He 6BLI0O.
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1.12.2, Nouck penenneM nonoaam (ABOMUYHBI NOHCK)

CoBepIlieHHO OYeBHIHO, YTO APYTHX CNOCOG60B YOI~
CTpeHHsl MOUCKa He CyulecTBYeT, eCJIH, KOHeUHO, HeT emle
Kako#t-1160 HH(pOpMaUHH O JAaHHBIX, CPeAH KOTOPhIX
HJeT MOHCK. XOpOIIO HM3BeCTHO, YTO NMOHCK MOXHO cle-
JaThb 3HAaYHTeJbHO GoJee 3(P(PeKTHBHHIM, €CJH JHaHHbIE
6yayr ynopsiaoueHn. BooGpasute cebe Tese(OHHBII
CIpPaBOYHHK, B KOTOpOM (haMHJHH He 6YAYT PacroJioxe-
Hbl MO MNOPAAKY. DTO HeYTO COBeplIeHHO OecnojesHoe
[TosToMy MH NpHBOAHM aJrOPHTM, OCHOBAHHH Ha 3Ha-
HHH TOTrO, YTO MAacCCHB a YNOPsJOYeH, T. e. yAOBJeTBOpseT
YCJIOBHIO

Ak: 1<k<N: a,_,<a, (1.39)

OcHoBHast Hjest — BuIOpaTh Cay4yafiHO HeKOTODHH 3Jle-
MEHT, MpPeANOJOXHM am, H CPABHHTb er0 C apryMeHTOM
novcka X. Ecau OH paBeH X, TO MOHCK 3aKaHUYHBaeTcs,
ecJM OH MeHbllle X, TO MH 3aKJIOYaeM, YTO BCe 3JeMeHTEl
€ MHIEKCaMH, MeHBIIHMH HJH PaBHHMH M, MOXHO HC-
KJIOYHTb H3 JaJibHeAlIero MOHCKAa, eCJH e OH GoJblue
X, TO MCKJIOYaloTcsl HHAeKCH Gosblle H paBHHeE m. JTO
coobpaxeHdHe NPHBOAHT HAC K CJAeAylOLIeMY aJIrODHTMY
(OH Ha3BBAETCsl «NOUCKOM Oeaenuem nonoiams»). 3Jaechb
JBe HHJeKCHble nepeMeHHHe L ¥ R OTMevalOT cOOTBeT-
CTBEHHO JIeBHIl H MpaBHIH KOHell CeKIHH MacCHBa a, rie
emle MOXeT OHT OOHapyxieH TpebyeMH#t 3JieMeHT.

L:=0;R:=N-1:found := FALSE; (1.40)
WHILE (I. € R) & ~found DO
1= Jl06ve 3naieniie Mexoy L u Ry

JF a[m] = x THEN found := TRUE

ELSIFam]<xTHENL:=m+1.

ELSER:=m-1

END
END

HHBapHaHT LIHKJa, T. €. YCJOBHe, BHIOJHsAOMIEECS nepes
KaX@JAbM LIaroM, TakKoB:

LR &AKI0gk<Liag<N) & (MK R<KSNigg? ) 41
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113 Yero BHIBOJAHTCSI pe3yJbTaT
$ound OR (LY R) & (Ak: 0 S K< L:ax<x) & (Ak: R<K<N:agd x))

OTKYAa CJaefyeT

(o= X)OR(Ak: 0 <k<N:g 2 k)

BriGOp m COBepIIEHHO NPOH3BOJNIEH B TOM CMHIC/e, UTO
KOPPEKTHOCTb aJIrOPHTMa OT Hero He 3aBuUCHT. OAHAKO
Ha ero 3¢¢eKTUBHOCTb BHGOp BJAHsET. SICHO, YTO Halla
3a/laya — HCKIOYHTb Ha KaXJOM Wary u3 JaJjbHeflIero
IIOHCKA, KaKHM OH HH GBI pe3yJbTaT CpPaBHeHHs, Kak
MOXHO OoJsiblle 3JeMeHTOB. ONTHMAJbHHM pelleHHeM
OyleT BHOOp CpelHero ajJeMeHTa, TaK KaK NPH 3TOM B
11000M ciyyae GyJeT MCKJIOYaTbCs NOJOBHHA MacCHBa.
B pesyibraTe MaKCHMaJbHOe YHCJIO CpaBHeHHil paBHO
log N, okpyrieHHOoMy po Gauxaiimero uenoro. Takum
00pa3oM, MNpHBeAEeHHHH aJrOpHTM CYINECTBEHHO BhIMUI-
pbiBaeT MO CPaBHEHHIO C JHHeHHHIM MOHCKOM, Belb TaM
OJKHJaeMoe YHCJIO cpaBHeHuit — N/2.

D¢ (eKTHBHOCTb MOXHO HECKOJbKO YJYYLIHTb, NOMe-
HSB MeCTaMH 3aroJIOBKH YCJOBHHX oOmepaTtopoB. Ilpo-
BEGPKY Ha PaBeHCTBO MOXHO BHINOJHATb BO BTOpyHl Ode-
Ppedb, Tak Kak OHa BcTpedaercs JHIIb eAHHOXKJN H NpH-
BOJAHT K OKOH4aHHIO paGoTh. Ho Oousee cymectBeHHO
cleAyloilee cooGpaXeHue: HeJb3sl JH, KaK U NMpU JHHeH-
HOM [IOHCKe, OTHICKAaTh Takoe pellleHHe, KOTOpOe ONsThb
6Ll ynpoCTHJIO Yyc/0BHe OKOHYaHHs. M MH AeficTBHTeJb-
HO HaXOAHM TaKoR OHCTPHA aJrOpHTM, KaK TOJbKO OT-
K43blBaeMCsi OT HAHBHOTO XXeJaHHS KOHYHTb MOHMCK NpH
¢ukcauuu cosnadenus. Ha nepBulit Barisa 310 KaxeTcs
CTpaHHHM, OJAHAKO NpH BHHUMATEJIbHOM DPacCMOTpeHHH
O0HapyXHBaeTcs, 4YTO BHHMIPHII B 3(PGheKTHBHOCTH Ha
KaXJ0M MIare MPeBOCXOAMT NOTepH OT CPaBHEHHS C He-
CKOJBKHMH JAOMOJHHTEJIbHRIMU 3JeMeHTaMH. HanomHuM,
YTO YHCJO WaroB B xyaumwem caydae — log N. Bucrpuift
AJ1rOpHTM OCHOBAH Ha cJelylOHleM HHBapHAHTE:

(AR:0<k<L184<x) & (AkK:R < k<{N:2>x) (1.42)
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NpHYeM MOHCK NPOJOJXKaeTcs A0 TeX NOp, NOKa obe cex-
IIHH He «HAKpPOIOT» MACCHB LIEJHKOM.

L:=0;R:=N; @43
WHILEL< R DO

m:= (L+R)DIV2;

IF ak]< x THENL := m+1ELSER := m END
END

¥YcioBHe OKOHYaHHsi— L. = R, Ho pocTuXuMO Jd
oHO? [I/1s1 JOKa3aTesbCTBA 3TOTO HaM HeOGXOAMMO MOKd-
3aTb, YTO NpH BCeX OGCTOSATeNbCTBaX pa3HocTh R — L
Ha KaXJ0M ware yGupacT. B Havase kaxjoro wara
L < R. s cpeanero apu¢MeTHYecKOro m CIpaBefJHBO
yciosie L << m << R. CiemoBaTeabHo, pa3HOCTL Jeil-
CTBHTEJbHO yOHBaeT, BeAb JU00 [ yBeJHYHBaercs Mpu
NpHCBAHBAHHH eMy 3HaueHHss m 4 1, 160 R ymeHblia-
eTcsl NpH NpHCBaHWBaHHM 3HaueHuss m. [Ipy L. =R mno-
BTOpecHHE IHKJa 3akaHuyuBaeTcs. OfHakO Hall HHBapH-
aHT 4 ycaoBde [ = R eille He cBHETE/BCTBYIOT O COBNA-
AdeHHd. KoHeuHo, mpu R = N HHKaKuX cOBmajeHu#i HeT.
B Apyrux e ciyyasx MH JOJKHH YYHTHBATh, YTO 3J¢-
MeHT a[R] B cpaBHeHHsX HHKOraa He yuactsyer. Ciexo-
BaTeNbHO, Heo6XoguMa JOMNOJIHHTe/bHasi NpOBepKa Ha
paBeHcTBO a [R]=1x. B or/H4ue OT mepBOro Haiero pe-
uteHHs (1.40) npuBeleHHHR aJropuTM, Kak H B cJayvae
JHHEHHOrO MOMCKAa, HAXOJHT COBMAjalOHIHH 3JeMeHT C
HaHMeHbLIHM HHAEKCOM.

1.12.3. MNouck B Tabaune

ITouck B MaccHBe HHOTAA Ha3BBAIOT NOUCKOM 8 TaO-
auye, ocOGeHHO ecJH KJIOY caM SBJAETCS COCTaBHLIM
06'beKTOM, TAKHM, KaK MacCCHB YHCeJ HJIH CHMBOJIOB. Ua-
CTO BCTpevYaeTcsl HMEHHO MOCJeAHun#t cJayual, Koraa mac-
CHBH CHMBOJIOB Ha3blBAaIOT CTPOKAMH HJH CJOBaMll.
Crpoxoseld TMN onpeaensieTcsl Tak:

String = ARRAY[0.. M — 1] OF CHAR (1.44)
COOTBETCTBEHHO OMpejeJseTcss H OTHOLIeHHe MOpsxKa
AJIst CTPOK:
x=y) = (A0<i<M:ix =y
(x<y) = ELOSIKN:(AR0<i<itx =) &K< y)
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A Toro YTO6H ycTaHOBHTb (aKT COBMaAeHHsI, MH
JOJIKHBI, OueBHAHO, YOEAHTbCS, YTO BCe CHMBOJH CpaB-
HHBaeMBIX CTPOK COOTBETCTBEHHO PaBHH OJHH ADYTOMY.
[ToaTOMYy CpaBHeHHe COCTaBHHX ONEPaHAOB CBOAHMTCS K
MOHCKY HX HecOBMaAalOHIMX 4acTefl, T. e. K NOHUCKY «Ha
HepaBeHCTBO». Ec/M HepaBHHX uacTeff He cyulecTBYer,
TO MOXHO rOBODHTb O paBeHcTBe. IlpeanosoxuM, uro
pasmep cJIOB JOCTaTOYHO MaJ, CKaxeM, MeHbiie 30.
B atoM ciyyae MH 6GyaeM HCMOJb30BaTh JHHEHHHHA no-
HCK H NOCTYnaTh TakHM o6pasoM.

JJast 6GOMbIIMHCTBA NPAaKTHYECKHX NPHJIOKEHUH Kesa-
TeJbHO HCXOAHMTb M3 TOrO, YTO CTPOKH HUMEIOT NepeMeH-
HHA pa3mep. DTO npeamoJaraer, YTO pa3Mep YKa3HBa-
eTCsl B KaxJOH OTAeJbHOH cTpoKe. Ecau HCXOAMTb H3
paHee ONMCaHHOrO THNA, TO pa3Mep He AOJIXKeH Mpeeoc-
X0AuTh MaKcHMaJbHoro pasmepa M. Takas cxema no-
CTaTOYHO IH6Ka M MOAXOAHT AJsl MHOTHX cJy4yaes, B TO
e BpeMs OHa M03BOJsieT H36exXaTb CJOXHOCTeH AMHa-
MHYEeCKOro pacnpejeseHusi naMsaTH. Haie Bcero HCnoJb-
3yIOTCSl BA TaKHX NpeACTaBJieHHs] pasMepa CTPOK:

1. PasmMep HessBHO yKa3nBaeTcs nyTeM J06aBJIeHHA
KOHILeBOrO CHMBOJIA, GOJibllle 3TOT CHMBOJ HHTAe He yno-
Tpebasiercsi. OGHYHO AJs1 3TOR LeJH HCMOJb3yeTcs «He-
neyataeMuii» ciMBos co 3HaueHueM 0C. (Has pajbHeil-
IIero Ba)XHO, YTO 3TO MUNUMAAbHGUL CHMBOJ H3 BCEro
MHOXeCTBa CHMBOJIOB.)

2. PaaMep sIBHO XpaHHTCS B KayecTBe MepPBOro 3Jie-
MEHTa MacCHBa, T. €. CTPOKa s HMeeT CJeAylUHH BHA:
S == Sg, Si, 52, =+« SN—|. SAECh Sy, ..., SN-; — (paKTHye-
ckre cHMBOJH cTpokH, a so— CHR(N). Takoii mpuem
HMeeT TO NpEeMMYINEeCTBO, YTO DasMep sIBHO JOCTYyIeH,
HeJOCTATOK e B TOM, YTO 3TOT Pa3Mep OrpaHuyeH pas-
MepOM MHOXeCTBa CHMBOJIOB (256).

B nocseayiouleM aJropuTMe NOHCKa MH OTAaeM Mpea-
nmoyteHue mepBofi cxeMe. B aToM ciayuyae cpaBHeHHe
"TPOK BHIOJIHSETCA TakK:

ii=0; (1.45)
WHILE (s[i] = y[iD) & (si] # 0C) DO ;= i+1 END

KoHuesoit cuMBos paGoTaer Temeps Kak Oapbep, a HH-
BADHAHT UMKJIA TAKOB: .

A0 i<i:x=y;#0C
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PesyabTHpyloHlee e YCJIOBHE BHIVISAHT CJAeAYOUIUM
ob6pa3oM:

((*; # Y)OR(x;=0C)) & (A]: 0 j< iz x,=1y; # 0C)

[Ipu ycJoBHH X, =Yy, CUHTaeTCs, YTO X H y COBMNAAAIOT,
ecaH Xe X, <<y, T0 X < V.

Tenepb Mul roToBH BepHYThCS K 3ajlade NoHcKa B Tab-
auue. OH TpebyeT «BJIOXKEHHHX» MOUCKOB, a HMEHHO: MO-
HCKa MO CTPOYKAM Tabjulib, a AJIA KaxAOf CTPOYKH IO-
CJe/lIOBAaTeJbHRX CpaBHEHUH — MeXJy KOMIIOHEHTaMH.
Hanpumep, nyctb Tabauua T n aprymenT noucka x onpe-
HNeJsI0TCs TaKuM 06pa3oM:

°r: ARRAY [0.. N-1] OF String;
%: String

HonyctuM, N A0CTaTOuHO BEIHKO, a TalJaHua ynopsiao-
YeHa B aJ(aBHTHOM mnopsiike. Bocnosb3yeMcsi NOHCKOM
AefleHueM nonoJam. Mcnonb3ys cOOTBETCTBYIOHLIHe aJro-
pHTMH (1.43) u cpaBHeHHs cTpoK (1.45), O KOTOpHX
uJla peuyb BHIIE, MNOJyyYaeM TakoR ¢parmMeHT mpo-
rpaMMH:

L:=0;R:=N;
WHILEL<R DO (L.46)
m:=(L+R)DIV2:iii=0;
WHILE (T[m,i] = x[i]) & ([i] # 0C)DO1i:={+1END;
IF Tm,i] < 5[i) THEN L ;= m+1 ELSER := m END
D-

IFRCNTHENi:=0:
WHILE (T[R,i] = x[i]) & (xli] # 0C)DO i := i+1 END
END

{(* R<N) & (T[R,i] = x[i)) uxccupycr coBuancise »)

1.12.4. TIpsaMoii MOHCK CTPOKH

YacTo NpHXOAMTCS CTAaJKHBAThCS CO CNEH(PHYECKHM
MOHCKOM, TaK Ha3bBae€MBIM nOuckoM cTpoku. Ero Mox-
HO ompeAesuTh cJjelyloudM obpasom. Ilycte 3aaaH mac-
cHB s H3 N 3JeMeHTOB H Maccus p u3 M asemeHTOB, MpH-
yeM 0 << M <C N. OnHcaHH OHH Tak:

st ARRAY[0 .. N — 1] OF item.
p: ARRAY[0.. M — 1] OF item
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[ToHCK CTPOKH OOHapyXHBaeT nepBoe BXOXJEHHE p B s.
O6nyHO item —3TO CHMBOJIH, T. €. S MOXHO CUYHTaTh
HEKOTODHIM TEKCTOM, a p — 00pa3oM HJH CJIOBOM, H MH
XOTHM HafiTH nmepBO€ BXOXJEHHe 3TOro CJOBa B yKa3aH-
HOM TeKcTe. DTO AefiCTBHe THNHYHO A5 JIOGHX CHCTeM
06pabOTKH TEeKCTOB, OTCIOJAa H OUeBHJHasi 3aHHTepeco-
BAHHOCTb B MOHCKe 3(p¢heKTHBHOrO aJropHTMa Aas 3ToH
sajaud. OJHako, npexje uyeM obpamaTb BHHMaHHe Ha
3¢ heKTHBHOCTDb, AaBaliTe cHaYasla pa3bepeM HekHit «npsi-
MOJIHHEAHHA» aJrOPUTM MOHUCKa. MH ero 6yaem Ha3H-
BaTb NPAMbIM NOUCKOM CTPOKU.

Eme n0 onpeaefneHHst aJropHTMa HyXHO GoJee ToOu-
HO chOpMYJHPOBaTb, YTO XKe MH OT Hero Kejaaem moJy-
uyHTh. ByaeM cuuTaTh pesyJbTaTOM HHAEKC i, YKa3uBaio-
IUA Ha nepBoe ¢ HayaJia CTPOKH coBnajeHHe ¢ 06pa3oM.
C a1oit uesnbio BeeaeM npeaukat P(i, j):

P, )=Ak: 0<k<j: s;,x=py (1.47)

Haw pe3ysbTHpylomuil HHAGKC, OYeBHAHO, AOJXKeH yAOB-
JeTBOpATh 3TOMY npeaukary P (i, M). Ho atoro Hepocra-
TOYHO. ITOCKOJIBKY MOHCK AOJKeH OGHAapyXHTb nepsoe
BXOXAeHue obpa3a, P(k, M) 10KHO OHTbL JOXHBIM AJs
Bcex k << i. O6o3Hauum 3TO ycaoBue uepes Q(i):

Qi)=Ak: 0k <i: ~P (k, M) (1.48)

[TocTasaennas 3ajava cpa3y XXe HaBOAHT Ha MAICJb
O(IJOpMHTb MNOHCK KAaK MNOBTOpsAlouieecsd CpaBHEHHE, H MK
npejaJaraeM TaKOH BapHaHT:
f:=-1;

REPEAT:=141; (« Q(i)+)
Jourd : = PLM)
‘UNTIL found OR (i = N-M)

Buuucnenue P, ecrecTBeHHO, BHOBb CBOJHMTCSI K MOBTO-
PAIOUIHMCA CpaBHEHHSIM OTAENBbHHX CHMBOJOB. Ecan
npuMeHutb K P Teopemy Moprana, T0 nosyd4aercs, 4To
UTepalHH NOJKHH <«HCKaTb» HeCOBMaZleHHe Mexay 006-
pasoM H CTPOKOH CHMBOJIOD.

P (i, j)=(Ak: 0k« sH_k=-pk)=-(~Ek: 0k«
Si4+k 7 Px)

B pesyabraTe 3TOrO yTOYHEHHSs Mbl NMPHXOAHM K MOBTO-
pPeHHI0 BHyTpu noBTOpeHHs, IIpeaukat P u Q BkJlo-
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7aloTCS B COOTBETCTBYIOLIHE MeCTa MPOTPaMMBl Kak NpH-
MeuaHuss. OHH nNpeAcTaBJsilOT CO00H HHBAPDUAHTH LHK-
JIOB YNOMSIHYTHX MTEPAaTHBHHX NpPOLECCOB.

1=-1 (149)
REPEAT i:=1+1;]:= 0; (+ Q) *)

WHILE (< M) & (s[1+]] = pli]) DO (+ P(ij+1)#)j := j+1 END

(+ Q) & P(i)) & (( = M) OR (sli+j] # plil)) *)
‘UNTIL (j = M) OR (i = N-M)

B pefictBHTEJBHOCTH WJeH j = M B ycJIOBHH OKOHuYaHus
COOTBETCTBYeT yCJaOBHIO found, TaK KaK H3 Hero cjeayer
P(i, M). Yaen i =N—M umnanuupyer Q(N—M) n
TeM CaMbIM CBHJAETEJIbCTBYeT, UTO HHIAe B CTPOKe COBila-
neHusi HeT. Ecau uTepauuu mpogoskaiorcs npu j << M,
TO OHH JOJIKHH MPOAOJKATBCH U NPH Sij 7 p;. B coor-
BerctBuu ¢ (1.47) orciopma caeayer ~P(i, j), 3aTem
u3-aa (1.48) caeayer Q(i - 1), uTo u mNoOATBepXKAaer
cnpaBeAJuBocTh Q (i) MNocje OuyepeAHOro yBeJHUEHHS i.

AKAAU3 NPAMO20 nOucka 8 cTPoke. DTOT aJTOPHTM
paboraer gOCTaTOYHO 3(P¢HeKTHBHO, €CH MH AONYCKaeM,
4TO HeCOBMajeHHe Maphl CUMBOJIOB MPOHCXOAHT MO Kpaii-
HeH Mepe MocJje BCero JHIIb HeCKOJbKHX CpaBHeHHi BO
BHyTpeHHeM uukJe. [Ipu Goabiio#i mMomHocTH THna item
3TO JOCTATOYHO YacTHH caydait. MoxHO mpeanoJarars,
YTO AJI TEKCTOB, COCTaBJjieHHHX H3 128 cHMBOJIOB, He-
coBnajeHHe O6yler O6GHapy:XHBaThCs NOCJTe ORHOH HJH
IByX NpoBepOK. TeM He MeHee B XyAlleM cJyyae INpo-
H3BOJHTEJbHOCT OYyAeT BHyILIaTh OMaceHHe. Bo3bMeM,
HampuMep, cTpoky, cocrosimyio 3 N — 1 cumBosos A
M eauHcTBeHHoro B, a o6pas coaepkutr M —1 cumso-
Jop A u onste B. Uro6m o6HapyxuTbL COBmajeHHe
B KOHIe CTpPOKHM, TpeOyeTCsl NPOH3BECTH MNOPSAKA
N=«M cpaBHeHu#i. K cuacTblo, KaK MH CKOPO YBHAHM,
€CThb MpHeM, KOTOPHH CylecTBeHHO yJayuuiaeT o6pabor-
Ky 3TOro He6JaronpHsATHOrO BapHaHTA.

1.12.5 Tlouck B cTpoke. Aaropurm KHyTa,
Mopuca u Mpartra

[Tpu6ausureaono B 1970 r. . Kuyr, . Mopuc u
B. INparr uso6penu aaroput™, (akTHYecKH TpeGyloulHi
ToJbKO N cpaBHeHHii Jaxe B CaMOM ILIOXOM CJyyae
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[1.8]. HoBHii ajropuTrM OCHOBHBaercs Ha TOM coobpa-
JK€HHMH, YTO, HayHHas KaXJbH pa3 cpaBHeHHe 06pasa
C €CaMoro Hayaja, Mu MOXeM YHHYTOXAaTb LEHHYIO HH-
¢opMaldio. [locse 4acTHYHOrO COBMajeHHs HavyasJbHOR
yacTH obpasa ¢ COOTBETCTBYIOIIHMH CHMBOJaMH CTDOKH
MH (haKTHYeCKH 3HaeM MNpPORAEHHYI0O YacTb CTPOKH H
MOXEM <BHIYHCJIHTb® HEKOTOpPHE CBeJeHHs (Ha OCHOBe
caMmoro ofpasa), ¢ NOMOLIbIO KOTOPHX NOTOM OHICTpO
NPOJABHHEMCS NO TeKCTy. [lpuBeleHHH I mpuMep NOHCKA
caoBa Hooligan nokasnBaer MpHHUHND paGOTH TaKOro
anroputma. CHMBOJIH, MOABEpTLIHECs CPaBHEHHIO, 3JeCh
noayepkHyTH. O6paTHTe BHHMaHHe: NPH KaXXJAOM HeCOB-
najeHuH ABYX CHMBOJIOB 06pa3s CABHraercst Ha BCe Mpoi-
JleHHOe pacCTOsIHHe, MOCKOJbKY MEHblUHe CABHIH He MO-
TYT NMPHBECTH K MOJHOMY COBMNaJEHHIO,

Hoola-Hoola girls 1ike Hoollgans.
Hooll gan
Hooligan
Hooligan
Hool1 gan
Hooligan
Hooligan

Hooligan.

KMII-anropuT™ sanuceiBaercsi Tak (ONSTb HCHOJb+
syercs npeaukat P (1.47) u Q (1.48)):

jt=0:j:=20,

WHILEG<M) & (¢ N)DO (1.50)
(« Q(i-§) & P(-j, 3) *)
WHILE (j >= 0) & (s[i] # p[i) DO j:= DEND;
it=i+tliji=j+1

END

OaHaKoO Takasi 3alHCh YMBIIJEHHO He COBCeM TOYHas,
NOCKOJbKY B Hefl eCTb CABHT Ha HeompeAeseHHYIO BeaH-
yuHy D. Bckope MH K Hedl BepHeMCs, a Tenmepb CHayaja
orMeTHM, uto ycaosus Q(i—j) u P(i—j, j) coxpa-
HAIOTCS Kak rj06ajpHble HHBADHAHTH M K HHM MOXHO
106aButh oTHoweHus 0<Ci< N u 0<<j<<M. D10
npeamnosaraet, YTo Mb JOJXKHB OTKa3aTbCsi OT COrJa-
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LIeHHs, YTO i BCerga OTMeyaeT B TeKCTe TeKyllee {1oJo-
XeHHe mepBOro cuMBoJja obpasa, TouHee, BHpaBHeHnOe
noJioxeHHe obpasa Tenepb i—j.

Ecau aaroput™M 3akanuyuBaer paboTy NO NpHUYHHE
j =M, 10 u3 cocrasowedt P(i—j, j) caeayer cnpa-
BegiuBocts P(i — M, M), 1. e, coraacHo (1.47), cos-
najexHe HauuHaercs ¢ mosuuud i — M. Ecau ke pabora
OKOHYeHa M3-32 i =N, TO nockosbky j << M, us uHBa-
puanta Q(i) caeayer, uTo coBnajeHus BooGHIE |
HeT.

Tenepp MH JAOMKHH NOKa3aTh, YTO AJrOPHTM HH-
KOrjla He JejaeT WHBAPDHAHT JIOXHHM. JIerko BHAETD,
4yTO B Havaje i =j =0, u oH ucTHHeH. CHauaja HccJe-
ayeM oddeKT OT ABYyX ONepaTopoB, YBeJHYUBAIOMHKX i H
j Ha eavHuny. OHH, OYeBHAHO, He cABUralT o6pas
BNpPaBO H He JeJaloT JOXHHM Q (i —j), NOCKOJBLKY pas-
HOCTb OCTaeTcs HedsMeHHoil. Ho, MoxeTr ORITb, OHH Je-
JaapoT JoxHbIM P (i—j, j)— BTOpYyIO COCTaBJAIOMYIO HH-
BapuaHTta? (OO6pailaeM BHHMaHHe, 4TO B 3TOfl TOUKe
HCTHHHO OTpHLiaHUe BHIpaXeHUsi B 3aroJIOBKe BHYTpeH-
Hero LHKJIA, T. e. aubo j << 0, au6o s; = p;. [locaennee
yBeJUYHBaeT YaCTHYHOE COBNMajeHHe H YCTaHaBJIHBaeT
P(i—j, j+ 1), a nepBoe Tak e mOCTYJHPyeT HCTHH-
Hocte P(i—j, j+ 1). CrnenoBatennHo, yBeJHueHHe Ha
eAMHHLY i M j He MOXeT TakXKe CAeNaTh JOXHHM TOT
HJIH Apyro#i uHBapHuaHT. Ho B asropurme ocraercs TOJb-
KO eille nmpucBauBaHue j:= D. Mu npocTo mocTyJjupyeM,
YTO 3HayeHHe D Bcerja TakoBo, uyTO 3aMeHa j Ha D
OCTaBJisieT HHBAapHAHT CIPaBeNJHBHIM,

IOasi Toro uTo6n HafTH COOTBETCTBYIOLIEe Bhipaxe-
Hue asas D, MH JOJKHH BHayaje MOHATbH CMHICJ 3TOTO
npucsauBaHus. [lpu ycaosuu uto D << j, npucBauBaHue
COOTBeTCTBYeT cdguzy o6pa3a snpaso Ha j — D nosunmil.
EcTecTBeHHO, Mbl XOTHM, YTOObI CABHT OhlJ HaCTOJBKO
6osblile, HAaCKOJIbKO 3TO BO3MOXHO, T. e. D jpomkHO
OGHTb KaK MOXHO MeHblle, DTOT MNpouecc MNOKa3aH Ha
puc. 1.10,

Ecau unBapuant P(i—j, j)&Q(i—j) nocae npu-
CBauBaHHs j 3HaueHHsi D HCTHHeH, TO mepeA HUM JOJXK-
HO GHTb HeTHHHO P (i— D, D)&Q (i — D). Dro npeaycio-
BHe M GyJeT MOSTOMY HAalIHM OPUEHTHPOM IPH MOUCKE MOA-
xojsiulero BHpaxeHus Aas D, OcHoBHOe coo6paxeHHe:
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lt—
-

< |a clo | ;rc'rpoxa 2 [A[Blc'D
Y ClE b o6pa3 Als|c]E
j=2 D=0 1I=o

Puc. 110, Ilpucpausanue j:= D cnsuraer o6pas ma j— D mo+
3HIHH,

6naronapst P(i—j, j) Mu 3Haewm, uto
Sl_] 1ee 81 1=Pg e+« P]—l

(MB TONIBKO 4YTO NpPOCMATPUBaNH MepBHE j CHMBOJOB
ob6pasa ¥ yGeAHJHCh B HX COBNafeHMH ¢ TeKcToM). o«
stomy ycaoBue P(i—D, D) ¢ D<j, T. e.

Po seo Ppy _SI—D cae S[—l
npeBpamaercst B
Pgese pD_l_P]_D wee P]—l (151)

u npegukatr ~P(i—k, M) aaa k=1...j—D (uro6u
y6eautscss B HHBapHaHTHoCcTH Q(i—D)) mpespa-
lmaercs B

Poeee Pgmy P Pjg e+« Pj=; ANA Beex k=1...j—D (152)

Baxunii BHBOA: oueBHAHO, 4TO 3HaueHHe D onpepe-
AsieTcsi OAHHUM JIMIIL O6pa3OM M He 3aBHCHT OT CTPOKH
tekcra. Ycaosus (1.51) u (1.52) rosopsar, uro ans
onpepenerus D MB JONXKHH AAA KaxXJAoro j HafTu
HauMeHbuiee D, T, e. caMy0 JJHHHYIO NOCJIEJOBATENb+
HOCTb CHUMBOJIOB 00pa3a, HeMNoCpPeJCTBEHHO MpealliecT«
BYIOUIHX [MO3ULHH j, KOTOpas COBMajaeT MOJHOCTHIO
¢ Hauanaom oGpasa. [Ina kaxjgoro j takoe D MuH 6yaem
o6osHauaTth uepe3 d;. Tak kak 3TH 3HaUeHHA 3aBHCAT
TONBKO OT o6pa3a, TO nmepej HayaloM (akTHYECKOro
MOHCKA MOXHO BHIYHCJAHTL BCNOMOraTeNbHYIO TaOlJHiLy,
d; 9TH BHYHC/EHHA CBOASTCH K HEKOTODO#R npedTpancass
yuu oGpasa. CoorBercTBYyIOUIHE YCHJIHs OyAyT ONpaB<
RaHHBIMH, €CJIU pasMep TeKCTa 3HAYHTENBbHO NpeBHIIaeT
pasmep obpasza (M < N). Eciiu HyXHO HCKAaTb MHOTHe
BXOXJAEHHA OLHOTO U TOro xe ob6pasza, To MOXKHO MOJb<
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, {
cpoka <~ |A|B[c|D|E

O6pas ! ,
CaBMHYTbLA 00pas A Bl )-r

§ = 5.dls}= - 1 (shift= }-d[}]-6)

NI

>
w
O
o

AlB| P

j=5,d[5}]= — 1 (hift=j-d[}]=6)

I’rzc. 1,12, O6paa capuraeTca 3a €ro mocAemiHid CHMBOJ.

30BaTbCA OAHMMH H TeMH Xe d. [IpuBenennue npumepn
00bsicHAOT GyHKUHIO d.

[Tocnepnuii npumep Ha pHc. 1.11 HaBOAHT Ha MHICJD,
YyTO MHl MOXeM MOCTYnarhb eule Jyylle: Tak Kak p; pas-
o A Bmecto F, TO coorBercTByIOH[HA CHMBOJ CTpPOKH
ne MOXeT OHTb CHMBOJOM A H3-3a TOro, YTO YCJOBHE
s 7= p; 3aKkaruuBaer UHKJ. CiefoBaTesbHO, CABHr Ha 5
lle npuBefeT K MocjeAyiouleMy COBNAJEHHIO, H MO3TOMY
MBI MOXMEM YBEeJUYHTb Da3Mep CABHra [0 LIECTH (CM.
puc. L.11, Bepxnufi npumep). YuurniBasa 3TO, MH nepe-
onpefesnM BuuHucieHne d; Kak MOHCK CaMoOH AJHHHORA
COBMajawuell nocjeaoBaTe bHOCTH

Pgese de_] =P]—dj aes P]—]

¢ LOMOJHUTELHHM OrpaHHUeHHeM py 7 p,. Ecau nuka«

KHX cOBNajeHuii HeT, TO MH cuHTaeM d;= —1, ut0
YKasnBaeT Ha CABHT «Ha UeJnii» 00pa3 OTHOCHTEJBbHO
€ro rtekyuled nosuuuu (cM. puc. 1.12, HuXuAA uvacTh).

SlcHo, uTO BHUYHCJeHHe d; caMO mpeacTaBJserT COGOM
NepBoe NpHJOXKEeHHe MOHCKAa B CTPOKe, H MH AJA 3TOrQ
MOXKeM HCnosb3oBaTh GHCTPYIO Bepcuio KMII-anropur«
Ma. DT0 ¥ AcMOHCTpHpyeT nporpamma 1.2, cocrosamas u3
IByx yacTeil. B meppoil unTaerca CTpoKa s, a 3aTeM HAYT
uTepaudH, HauuHalowHecs ¢ yreHns obpasa, 3avem cJles
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MODULE KMP;
FROM InOut IMPORT
Openlaput, CloseInput, Read, Write, WriteLn, Done;

CONST Mmax = 100; Nmax = 10000; ESC = 33C;

VAR % k0, M, N: INTEGER;
¢h: CHAR;
P: ARRAY [0, MmaR-1]OF CHAR; (+ofipa3s)
s: ARRAY [0, Nmax-1] OF CHAR; (+¢1poKa 3}
t: ARRAY [0.. Mmax-1] OF INTEGER;
BEGIN OpenInput("TEXT"); N : = 0; Read(ch);
WHILE Done DO
Write(ch); s[N] : = ¢h; N ¢== N+ 1; Read(ch)
END;
CloseInpui;
LOOP WriteLn; Write(">"); M := 0; Read{ch);
WHILE¢h> " " DO
Write(ch); pIM] : = ch: M := M+1: Read(ch)
END;
‘WriteLn;
IF ¢ch = ESCTHEN EXIT END ;
Ji=0rke=-1;900]:=-1;
WHILE{ < M-1DO
WHILE (k >== 0) & (p[j].# p[kDDO k := S]k] END ;
Ji=3+lke=k+1; .
EII\I;gm = pk] THEN d[j] := d{k] ELSE d]j] := X END

§:=0;ji=0;ke=0
WHILE (< M) & (<N)DO
WHILEk<=iDO Write(s(kI}; K ¢= kX +1END ¢
WHILE (> = 0) & (s[i] # pi) DOj:= ai] END 3
Li=i41ji=3+1
END;
IF § = M THEN Write(*!") (+naiinen+) END
END
END KMP.
Mporp. 1.2. [lonck B cTpoke merogom KMIIL,

AYIOT ero npeaTpaHcJaALHA u, HakoHell, caM MNOHCK.

Anaauz KMII-noucka. Tounnit ananus KMII-noucka,
KaKk M CaM ero aJjropHTM, BechMa cJ/ioXeH. B paGore
[1.8] ero u3o6perarenu [AOKa3WBaloT, 4YTO Tpebyercs
nopsiaka M + N cpaBHeHHil CHMBOJIOB, YTO 3HaUHTEJHLHO
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syume, yeM M # N cpasHenuii u3 npamoro noucka. Onn
TZK JKe OTMevaloT TO MpUATHOe CBOHCTBO, YTO yKa3saTelb
CKaHHPOBaHHA i HHKOrJla He BO3BpalllaeTcs Ha3aj, B TO
speMs KakK NpPH NPSAMOM MOHCKe MNocJe HecoBnajeHHA
1,)OCMOTP BCerjia HayHHaeTcs C MNepBOro CHMBOJa 06-
['232 H MO3TOMY MOX{eT BKJ/IOYaTb CHMBOJIb, KOTOpHIe
palice y»e NPOCMAaTPHBAJHCb. DTO MOXeT MNPHBECTH
K MHEeNpHATHHM 3aTPYAHEHHAM, eCJH CTPOKAa YHUTaeTcs
i'3 BTOPHYHOH maMATH, Bellb B 3TOM cJyuae BO3BpaT 06-
xoaurca joporo. Jlaxe npu 6ydepusoBaHHOM BBOAE MO-
JXeT BCTPETHTbCA CTOJb OGosiblIoH 06pa3, uTo BO3BpaT
npPeBHCHT eMKoCTb Gydepa.

1.12.6. Tonck B crpoke. Aaropntm Boyepa u Mypa

Ocrpoymnas cxema KMIl-noucka paer noAJHHHHIA
BUIHTPHII TOJBKO TOIAa, KOTJa Heyjaaue npeAlICCTBO-
Ba.10 HEKOTOpOe YHCJIO coBnaaeHuil. JInb B 3TOM Cayuae
ofipas capuraerca GoJee yeM Ha eauHuuy. K HecuacTslo,
370 CKOpee HCKJIOYeHHe, 4YeM MpPaBHJIO: COBNAaAeHHf
BCTPEYaloTC 3HAYMTEJBHO pexie, yeM HeCOBMajeHHA.
I1osToMy BHHrpHII OT Hcnosab3oBanus KMII-cTparerun
b GOJBIIMHCTBE CJYyYyaeBp MNOHCKa B OGHYHHX TeKCTax
BecbMa He3HauuTesieH. Meron ke, 0 KOTOpoM cefiuac
roiiler peyb, B AEHCTBHTEJbHOCTH He TOJALKO yJyyllaer
06paboTKy CaMoOro NJOXOro CJayyasi, HO AaeT BHHIpPHILI
B NPOMEXYTOUHHX cHTyauusax. Ero npeasoxuiu
P. Boyep u . Myp npu6ausurenpio B 1975 r; mu Gy-
LZey HaswBath ero bM-mouckom. BHauase Mu paguMm
YODOIEHHYIO BepCHIO 3TOrO ajJrOpHTMa, a 3aTeM mnepef-
AeM K TOH, KoTopylo npuBoasat bBoyep u Myp.

BM-nouck oCHOBHIBaeTcs Ha HeOGHYHOM cOOGpaike:
Hilll — CPaBHeHHe CHMBOJIOB HayHHaeTcs C KOHUa 006-
paza, a He ¢ HavasJa. Kak u B cayvae KMII-noucka,
00pa3 mepes (aKTHYECKHM MOHMCKOM TpaHchopMHpyercs
B iickoropylo Tabauuy. IlycTs ana Kaxaoro cumBoJga X
13 aji¢aBuTa dx— paccTosiiue OT CaMOro mpaBsoro B 06-
pa3ze BXOXJeHHs X 10 ero KoHua. INpeacrasum ceGe, uTO
0BHapyKeHO pacxoxieHue Mexay o6pasoM H CTPOKOA.
B s3TOM cJaydyae o6pa3 cpa3y ixKe MOXHO CIABHHYTb
Bnpaso Ha dpM_l NO3HUHi, T. €. Ha YUCJAO MO3HUHI, CKO-
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pee Bcero GoJbliee enuHHuH. Ecau pum—1 B 06pa3e BooG-
ile He BCTpevyaercsd, TO CABHI CTAHOBHTCA Jaxe 6oJblie,
a HMeHHO C/BHraTh MOXHO Ha AJHHY Bcero o6pasa. Bor
NpHMED. HIJIOCTPHPYIOWHIT 3TOT NPOLECC:

Hoola-Hoola g!rls 1ike Hooligans,

Hooligan
Hooligan
Hooligan
Hooligan
Hooligan

I]OCKOHbe CpaBHEHHe OTHAEJbHBIX CHMBOJIOB Teleph
NPOXOAUT CnpaBa HaJieBO, TO Gonee yn06H0 UCIOJb30-

BAaThb TaKHe cJjerka MoAauGHUMpOBAaHHHE BepCHH NpelH-
KaroB P u Q:

PA)
QA

Ak:j <K<M:spj4x=DPx (1.53)
Ak: 0 <k<i; ~P(1, 0!

OTH npeaMKaTH MCNOJb3YIOTCA NpH onucanud BM-auaro-
PHTMa, ¥ C HX MNOMOMWIBIO (DOPMYJHMPYIOTCA HHBapHaHT-
HBE YCJOBHSA.

=M ji=M;
WHILE (> 0) & (i< N) DO (1.54)
GQi-M)®) ji=Mk:=1
WHILE(I> 0) & (s[k-1] = p[j~1]) DO
(P&, 3) & (k-j = 1-M) #)

k'_k-llj _J 1
END;
1=+ AU
END
I/Iunexcm YAOBJETBOPAIOT YCJAOBHAM 0K [<KM n
0 <<i, k << N. ITosToMy H3 OKOHYaHHA INpH ]——0 pMe-

cre ¢ P(k—j,j) caenyer P(k,0), T. e. coBnagenue B
nosunuu k. IIpu okonuauuu ¢ j > 0 He6xoxumo, urtobu
i =N, caeaosateasno, u3 Q(i— M) umnauuupyercd
Q(N — M), curHanusupyloulee, 4TO COBNAJEHHS He Cy-
mecrayer Koneuno, Ml npojoxaem y6exaaThCs, 4TO
Q(i—M) u P(k—ij,j) mehicTBUTE]bHO MHBApHAHTH
IABYX UHKJ0B. B Hauaje nobTopeHnfi OHH, eCTECTBEIHO,
yaoBJerBopsiioTcst, nockoaskKy Q(0) u P(x,M) Bceraa
HCTHHHBI.
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Hapafite BHavaJe pa3bepeMcsi B NMOCJEACTBHSX ABYX
oneparopos, yMenpwawmux k u j. Ha Q(i—M) onu
AefCTBYIOT, H TAaK KaK OHJIO BHSICHEHO, UTO Sk—i = Pj—I»
T0 cnpaseaauBocts P(k—j,j— 1) Kak mnpeaycnoBus
rapaHtupyer CcnpaBeAJUBOCTD P(k~j j) B KauectBe
nocrycaoBusi. Ecaum BHYTpeHHHHI UHKJ 3aKaHuHBaercs
npi j > 0, TO H3 Sk—1 7= pj—1 caeayer ~P(k—j,0), rak
KakK

~P(,0)=Ek 0<k <M s,y % py

Bosee Toro, u3-3a k —j = M —i caeayer Q(i —M)&~
~Pk—j,0)=Q(i + 1 M), duxcupylomlee HecoBnane-
HHE B DO3WUHH i —

Tenepp Hawm nymo noKasaTb, YTO OmMepaTop
ji=i+ds_, HHKOTA2 He JeJiaeT HHBAPHAHT JIOKHHIM,

lapanTupoBaHo, 4YTO Repel 3THM OnepaToOpPOM Qi+
+ dsl-—l — M) HcTuHHO. Tak Kak MB 3HaeM, YTO clpaBels
arBo Qi+ 1—M), To AOCTaTOYHO YCTRHOBHTb Crpas
seaniBocte ~P(i+h—M) ans h=2, 3, ..., ds,_.
HanomunaeM, uto dx onpelessieTcs Kak paccTOsiHHe OT
caMoro npaBoro B of6pa3e BXOXAEHHs X A0 ero KOHIUA.
®opMaJbHO 3TO BHPAKAETCH TAK:

Ak M—d, <k<M-—1p, 5 x
IToxacTaBasis s; BMECTO X, N0Jy4aeMm

AR M-dy 1 <BEM-1i5=p,
A 1dh < 4495 5-1% Ph-M
Ahi1<h <dg ;s ~Pi+B-M)

Huxke npuBoauTcss nporpamma c ympoumieHHoR cTpate-
rreii Boyepa — Mypa, nocTpoeHnas Tak e, Kak H mpe-
Auigymas nporpaMma ¢ KMII-aaropurMom. OG6patHTe
BHUMaHHe Ha TaKylo Jeralb: BO BHYTpEHHEM IHKJe HC-
nosnsyerca uvkn ¢ REPEAT, rae nepea cpaBHenHeM
S 4 p YBeJHUHBAIOTCA 3HAYeHHs k W j. DTO mo3BoJsET
HCKJIIOYHTh B HHAEGKCHHX BHpAaXKeHHSX COCTaBJAIO-
myio —1,

Anarus noucka no Boyepy u Mypy. B neponayab-
Hofi py6aukauuu [1.9] ajropuTMa npuHBOAHTCS AeTalb-
Hhlff aHaJH3 ero mpoH3BOAHTe]bHOCTH. Ero 3aMeuaresb-
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MODULE BM; {1.60)
FROM InOwt IMPORT
Openlnput, Closelnput, Read, Write, WriteLn, Done;

CONST Mmax = 100; Nmag = 10000;

VAR, J, %,10, M, N: INTEGER;
¢h: CHAR;
p: ARRAY [0.. Mmax-1] OF CHAR; (+ o6pa3 *)
s: ARRAY [0.. Nmax-1] OF CHAR; (*c1poka +)
d; ARRAY [0C,. 177C] OF INTEGER;

BEGIN Openlnput("TEXT"); N ;= 0; Read(ch);
‘WHILE Done DO
Write(ch); S[N] ;= ¢h; N := N +1; Read(ch)
‘END;
CloseInput;
LOOP WriteLn; Write(">"); M := 0; Read(ch);
WHILEch> " " DO
Write(ch): p[M] : = ch: M := M+1; Read(ch)

WriteLn;

IF ¢h = 33C THEN EXIT END ;

TFOR ¢ch:= 0CTO177C DO d[ch] := MEND
FOR | := 0TOM-2 DO d[pli]] := M-;-1 END;

5:i=M:i0:=0;
REPEAT
WHILE j0 ¢ : DO Write(s[i0]}; i0 := i0+1 END;
j:=Miki=i:
REPEATKk:=k-1;§:=j1
UNTIL (< 0) OR (p(i) # sl
=i+ as{-1]}
UNTILGS0)OR (> =N)
1F j < 0 THEN Write("!") END
END
END BM.

Nporp. 1.3. MNouck ynpouernuM Metogom BM,

HOe CBOHCTBO B TOM, YTO MNOYTH BCeraa, Kpome cmne-
LIHAJLHO TNOCTPOEHHBIX npHMepoB, OH Tpebyer 3uayH-
TeJbHO MeHbllle N cpaBHeHHit, B caMmx xe 6aaronpust
HBX 06CTOATENbCTBAX, KOrjaa mocjeAHHN CHMBOJ 06pa3a
BCeria nonajaer HAa HeCOBNAJAIOMIMA CHMBOJ TeKCT3,
4HCsI0 cpaBHeHHR paBHo N/M.,

ABTOpPH NpHBOASIT H HECKOJbKO COOGpaxeHHi no mo-
BOAY JaJbHeHIIMX yCOBepUIEHCTBOBAHHH aJIrOpHTMa.
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0110 H3 HHX— OObEJHHHUTb NPHBEAEGHHYIO TOJBKO 4YTO
crpareruio, obecneuyuBaloulylo 6oJblIHe CABHrH B CJY-
yae Hecoshaderus, co crparerHeit Kuyra, Moppuca H
Ilparra, Aonyckaioumel «oUlyTHMbIe» CABUIH NpH o6HADY-
JKeHit copnajenust (wactuunoro). Takoft Meron Tpebyer
ABYX TabJiHMu, nosyuyaeMuX npu npeatrpancasuuu: dl —
TOIbKO YTO ynoMsiHytast tabauua, a d2 — tabauua, co-
orsercTBylomiass KMII-aaropurMy. U3 AByx CABHroB
pu6iipaercss 6oJblIWifl, npHYeM H TOT H JAPYrofl «roso-
pAT», YTO HHKAKOA MeHbLIHA CABHUI HE MOXET NPHBECTH
i cosnajenuio. Ot pajbHefimiero OGCYXAEHHS 3TOro
npesMeTa Mb BO3JEPHKHMCS, NOCKOJbKY JAOMOJHHTENb-
Hoe yCJOXHeHHe ¢opMHpoBaHMs TabJHL H caMoro no-
}icKa, Ka)ercsi, He ONpAaBAbIBaeT BHAHMOrO BHIHIpHIIA
B NPOU3BOAHTENbHOCTH. (PaKTHUecKUe AONOJHHTEJbHHE
pacxoibl OYAyT BHICOKHMH M HEH3BECTHO, NpHBeIyT JH
BCe 5TH YXHMUIPEHHS ‘K BHHIPHINY WJH NPOHTpHINY.

YITPA)KHEHHW S

1.1. OGosHauyum MomHoCTH cTaHaapTHux TunoB INTEGER,
REAL u CHAR wyepes ¢;, cg ¥ Ccy. KaxoBul MOMIHOCTH CJIeAYIOUIMX
npiBeJeHHEIX B OaHHOR raBe B KayecTBe MPUMEpPOB THIOB: Sex,
BOOLEAN, weekday, Petter, digit, officer, row, alfa, complex, date,
person, coordinate, tapestatus?

1.2.’Kax 6n Bb NPEACTaBHIM MepeMeHHble NepeuucaeHHHX B
yap. 1.1 tunos:

a) B maMATH Baule#t MauHHH?
6) Ha doprpane?
B) Ha BauleM J/OOUMOM f3nWKe NPOTPaMMHUPOBAHHA?

1.3. Kakumu nocrenoBaTeqbHOCTAMH KOMaHj Ha Balllefi Mauuumie
npe1cTaBAAOTCA:

a) onepauMM CYMTHIBAHHA M 3aMUCH SJIEMEHTOB YNMaKOBaH-
HHIX 3amHCeA MJIH MacCHBOB?

6) omepauuu Hax MacCHBaMu, BKJawo4as MpPOBepKy Ha INpH-
CYTCTBHE BO MHOMXeCTBe?

1.4, MoxXHO J¥ BO BpeMA BHINOJHEHHS KOHTPOJHPOBATH KOP-
PeKTOCTL HCMOJNBL30OBaHMA 3amucedl ¢ BapuaHTaMu? A Bo BpeMms
TPaHCTALHMH MOMKHO?

1.5. TToyeMy HekoTopble LanHble ONpeAefAlOTCA KaK MocjenoBa-
Te.1bIIOCTH, 2 He KaK MacCHUBHI?

1.6. MimeeTcs »KenesHOAOPOXKHOE pacnucaHue, colepikaiiee CIH-
COK CiNEAHEBHBIX peficOB Moe3l0B Ha MeCcKONbKMX JHHuAX. Halnure
npeicTaBlielHe STHX JAAaHHHX C MOMOIIBIO MacCHBOB, 3anucefi uau
nocne10BaTefbHOCTeR, oO6Jeryaioliiee MOMCK BpeMeHH OTNpaBJeHHA
w1l NPHOLITHA, eC/M 3alaMbl CTAHIMA M HanpaBlenue.

1.7. MycTe sagau B Bume mocaenoBaTelbHOCTH HEKOTOPH TEKCT
I ecTe nBa CNHHCKAa M3 HECKOJBLKMX CJOB B BHAe ABYX MaCCHBOB



88 1. Ocnoanele noHATUR CTPYKTYP OGHALIX

A u B. NpeanonoxuM cjoBa — HeGoJbLIMEe MacCUBH CHMBOMOB, Hx
pasmep HeBenuk # ¢uKcHpoBaH. Hamuuwiure nporpammy, npeotpa.
sylouyio Teker T B TekeT S, myTeM 3aMeHHl KaXAOTO BXOKICEHR
c710Ba A, Ha coOTBeTcTBywillee c/1oBo Bi.

1.8. CpaBuure TP cJelyioiuiue BepcHH NPOTpaMMul ApBOH4HDrQ
noucka ¢ (1.43). Kakasa us Tpex nporpamm Bepnaa? Onpejelire
COOTBeTCTBYIOIME MHBapuaHTH. Kakasi us Bepcuit Gonee s¢pdexTis.
Ha? B nporpaMMe HCMOJB3YIOTCS TaKHe MepeMeHHEle (KOHCTaliTa
N> 0):

VAR1,j, %, x: INTEGER}
a: ARRAY([L, N] OF INTEGER}

ITporpamma A:

Jr= i Ny
REPEAT k:= (1+]) DIV 2;

IF a[k] X THEN i := X ELSE j ;= X END
UNTIL (a[k] = X) OR ({ > J)

[Mporpamma B:

it=1j=N;
REPEAT k := (+j) DIV 2;
IFx < alk] THEN§ := k-1 END =
IF a[k] <X THEN i := k+1 END
UNTILi)j

[Tporpamma C:

i=1j=N
REPEATX := (i+) DIV 2

IF X< alk] THEN j := k ELSEi:= k+1 END
UNTILi >

[Tonckaska: Bce NPOrpaMMbl AOJMMHH 3aKaHUMBATLCA NpH ax == %
eC/IM SJEeMEHT CYUIeCTBYeT, M IIPH ay 5= X, €CJM 3JeMeHTa CO 3H.ue
HHEM X HeT.

1.9. KomMnanna c uenpio onpejeseHus cnpoca Ha cBOIO NpoO, yx-
LMI0 OpraHusyeT HexkoTopulit onpoc. [lpoayruus — naacTuHx:;
3aMKCH 1ATepoB, nauGoJiee NONMyJaApHule waAreps 6YAYT mepeaand
no papuo. Bce onpammuBaeMble AeNATCA Ha ueThIpe TPyNnbl B coQt-
BETCTBHH C MOJOM M BO3pacToM (cKaxeM, MoJdoxe 20 u crapuie 20).
Kaxanlt onpamMBaeMulil fOJXeH Ha3BaTb mATh neceH. [lecty iqen-
THQUIupYoTca HoMepamu oT | no N (nyers N = 30). Pesyan-atul
onpoca KOAMPYIOTCA MOCTeAOBaTeNbHOCTBIO CHMBOJIOB M o6pa:yiof
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nocae0BaTeNbHOCThb, [N ee wTeHHA MOXHO MOJB30BaThCA NMPOUEARY-
pann Read u Readlnt. Jlanunie OTHOCATCA K TaKHM THNaM:

TYPEhit=[0..N-1];
sex = (male, female);

repofise =
RECORD name, firstname; alfag
5. seX;
age: INTEGER,
choice: ARRAY (0. 4] OF hit
END':

VAR poll. Sequence

daith ¢ gaHHeMu 06pabGaThiBaeTCs NMPOTPAMMOIl, KOTOpas OOJXKHa
BLIMHCATD:
1. Cnucok mecen B mMopsigke ux MonmyaspHocTd. Kamzpas crpoka ce-
JepHHUT HOMep MecHM M 4ucao YNOMuHaHuR ee mpu ompoce. [lecuy,
KOTODhIe MM pa3y He YMOMHMHAAHCh, B CIIMCOK He BKJIIOYAIOTCA.
2. UeTnlpe cmucka (B COOTBETCTBHM C TpynmaMu) ¢ uMeHaMu H da-
MHJIHAMM BCeX TeX OTBeTHBUIMX, KOTOphle MOCTaBUIH Ha MepBoe
MECTO OAMY M3 Tpex HauGoJiee MONMYJsAPHHIX MeceH,

Bce nATh CMUCKOB AOJMHH COMPOBOXAATHCA COOTBETCTBYIOIIHMH
3aroJIOBKaMHu.
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2. COPTHUPOBKA

2.1. BBEJEHHUE

OcHOBHOe Ha3HauenHe MAHHOA rJaBH — JAaTb [i0-
GoJbllle NPHMEPOB HCNOJb30BAHUS CTPYKTYP MAAHH:IX,
BBeJEHHHX B npeiHAyilell rjaBe, H NPOAEMDHCTPU)O-
BaTbh, HACKOJbKO rJy6OKO BJIHsieT BHIGOP TOH HJM HIIOK
CTPYKTYPH Ha aJrOpHTMH, pelllalOHlHe MNOCTaBJEHHYI0
3apavy. CopTHpOBKa K TOMY Xe eille H CaMa JOCTaToulo
XopouH#i npUMep 3ajauyH, KOTOPYIO MOXHO PellaTh C lio-
MOIIbI0 MHOTHX pAa3JHYHBIX aJroOpuTMOB. Kaxauf 13
HHX HMeeT H CBOH JAOCTOMHCTBA, H CBOH HeJAOCTATKH. I
BHOHPATb aJrOPHTMH HYXKHO, HCXOAS U3 KOHKPETHO# no-
CTAaHOBKH 3a/1a4H.

B oOfueM copTHpOBKY cJeayeT NOHUMaTb KaK Ipo-
IleCC neperpynnupoOBKH 3aJaHHOTO MHOMXKeCTBa 0OBbeKroB
B HEKOTOPOM omnpelesJeHHOM mnopsake. Llean copTHpoBb-
KH — 06JIerYnTh NoCJeAYIOUIHH NOHCK 3JeMeHTOB B Ta-
KOM OTCOPTHPOBAHHOM MHOXeCTBe. 3TO NOYTH YHHBCp-
cajabHasi, ¢yHAaMeHTaJbHasi AesiTeJbHOCTb. MH BCTpe-
YyaeMCsi C OTCOPTHPOBAaHHHIMH 00beKTaMH B TesedOHIIbIX
KHHrax, B CIHCKaX NOAOXOAHHX HAaJOroBs, B OIJIaBJIeH!{sX
KHuUr, B 6ubauoTeKax, B CJOBapsX, Ha CKJIaJaX — MOYTH
Be3jle, rle HYXHO HCKaTb XpaHHMHe 00BeKTH. [li.xe
MaJjbiliefl yyaT Jep:aThb CBOH BellH «B HNOPSAKe», H OHH
yKe CTaJKHBAlOTCSH C HEKOTODHIMH BHAAMH COPTHPOLOK
3aJ0Jro AO TOro, KaK NO3HAKOMSATCS C a3aMH apH(e-
THKH *).

Takum o6pasom, pa3roBop o COPTHPOBKE BMOJIHE \'\1e-
CTeH U BaXKeH, eCJH peub HAeT 06 o6paboTKe AaHIi:uIX.
YT1o MOXeT Jierue COPTHPOBAThCS, YeM AaHHble? Ten He
MeHee Hall nepBOHAYAJbHHIA HHTEpeC K COPTHPO:IKE

*) MeX1y COPTUPOBKO} M apHMETHKOA HET HMKaKOf Buj: 1o
CBHA3M, [a, MO-BHAMMOMY, H HeBuAuMo#H HeT. CopPTUPOBKA — ticwMi
«NepPBHYHBIAY Npouece geloBeyecKoft AeaTenbHOCTH. — [Tpum. tiepe8s
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caenylouuM o6pasom:

TYPEitet! '8 RECORD key: INTEGERS
(*3nech OMACaHE! APYTHE KOMIIOHEHTbI +) 2.2)
END

[Tox «APYrHMH KOMIOHEHTaMH» NOJApa3yMeBaloOTCs AaH-
Hh€, MO CYIIeCTBY OTHOCALIHECS K COPTHPYeMbIM 3Je-
MEHTaM, a KJIOY NpocTo HAEHTH(HUHpyeT KaKAHR 3Je-
smeHT. [oBOpst 06 asropuTrMax cOpTUpPOBKH, MH 6yaeM
o6pallaTh BHHMaHHe JIMIIb HAa KOMIOHEHTY-KJIOY, ApY-
rge e KOMIOHEHTH MOXHO Jaxe M He OnpeAelsThb.
[TosToMy -3 HalIHX AajbHefilIHX pacCMOTPeHHi BCS
conyTCTByloWlasi HHMOpMalHs OnycKkaercs, H MH CUH-
TaeM, 4YTO THn 3jeMeHta onpefeieH kKak INTEGER.
BuGop INTEGER 10 HekoTOpo#l cTemeHH NpOM3BOJEH.
MoxHO 6HIO B3Tb ¥ APYro#t THI, Ha KOTOpOM oOnpefe-
nsieTcst obLlee OTHOLIEHHe NMOPSAKA. _

MeToa COPTHPOBKH Ha3HBaeTCsl ycTol4usulM, eClH B
npouecce COPTHPOBKH OTHOCHTeJbHOE pacHoJioXeHHe
3/€MEeHTOB C PaBHHMH KJIOUaMH He H3MeHsercsi. YCToi-
YHBOCTb COPTHPOBKM 4acTo ObiBaeT KejaTelbHOH, eciu
peub uaer 06 3JeMeHTaxX, yxe yNoOpsilOYyeHHHX (OTcop-
THPOBAHHKHIX) MO HEKOTOPHM BTOPHYHHM KJMO4am (T. e,
CBOCTBaM ), He BJHSIOLIHM Ha OCHOBHOM KJIIOY.

JaHHylO riaBy He cJelyer paccMaTpHBaTh KaK HC-
YepnuBaloWui 0630p MeroaoB coprupoBkd. Haobopor,
MH nOAPOGHO paccMaTpuBaeM JHIIbL HEKOTOpHE, OTO-
6paHHHe, cnenH¢uyecKHe npHemh. 3a noApoOHHIM 06-
Cy:KleHUeM COPTHPOBOK 3aHHTEpecOBAHHHA YuTaTelb
MOKeT OOpaTHTBCS K BeJIHKOJNENHOMY H BceoObemJionie-
My uccaenoBanuio 1. Kuyra [2.7] (cm. takxke [2.10]).

2.2, COPTUPOBKA MACCHBOB

OcHoBHOe yc/i0OBHe: BHODaHHHA MeTOA COPTHPOBKH
M4CCHBOB JAOJXKeH 3KOHOMHO HCNOJb30BaTh MAOCTYNHYIO
lamgre. 3TO mpeanoJsaraer, YTO NepeCTaHOBKH, NMPHBO-
Asilive 3JleMeHTH B NOPSAOK, AOJXKHB BHINOJHATBCA HA
Tom xce Mecre, T. e. MeTOAH, B KOTOPHX 3JEMEHTH H3
MaccHBa a nepelaloTcsl B Pe3yJbTHPYIOHIHE MaccuB b,
pescTaB/AIOT CYUleCTBEHHO MeHbIIMA HHTepeC. OrpaHu-
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YHB KPHTEPHeM 3KOHOMHH NaMSTH Hall BHOOD HYH1i0r0
MeTola CpeiH MHOTHX BO3MOXHHX, MH OyAeM CHauaia
KJIaCCH(HLUHPOBATh METOAN NO HX 3KOHOMHYHOCTH, T. c.
10 BpeMeHH uX paboTH. Xopolllefi Mepofi 3pPeKTHBHOCT!
MoxeT OnTbh C — yHCJIO HeOOXOAMMBIX CPaBHeHHH K.1:0-
yeil © M — yuCJIO nepechlIOK (nepecTaHOBOK) 3JEeMEeHTO3.
OTH uMcaa CyTh (YHKUHH OT A — YHCIa COPTHPYeMuiX
9JIeMEHTOB. XOTS XOpOIUHe aJrOPHTMH COPTHPOBKH Tpe-
6yloT nopsiAika n =logn cpaBHeHHfl, MW CHayaJja pasfe-
peM HeCKOJIbKO NPOCTHIX H OYeBHIHHX METONOB, HX HA3bl-
BalOT npamuiMu, rae TpebyeTcs nopsiika n? cpaBHeH:lil
kmoyert. Hauunate pa3bop ¢ npAMBIX MeTOAOB, He TpO-
ras OHCTPHIX aJrOPHTMOB, HAc 3aCTaBJSIOT TakHe MNpi-
YUHH:

1. [IpsiMple MeTOAN OCOGEHHO YAOOHH AJsi O6bscClie-
HUSl XapaKTePHbIX YePT OCHOBHHIX NPHHUHMOB GOJbILIII-
CTBa COPTHPOBOK.

2. TIporpaMMH 3THX MeTOJOB JIerkKO MOHHMAThb, 1f OHH
KopoTkH. HanoMHHMM, 4TO caMu nporpaMMH TaKike 3a-
HHMAIOT NaMATh.

3. YcaoxHeHHHEe MeToAhl TpebyOT HeGOJBIIOro uilc-
Jla onepaud#t, HO 3TH onepaudH OOHYHO CaMH GoJiee
CJOXHH, H NMO3TOMY AJsl AOCTAaTOYHO MAJHX n npsmbie
MeTOAH OKa3nBaloTcs GHcTpee, XOT npu 6OJBIIHX T !X
HCNo/b30BaTh, KOHEYHO, He cJaeayer.

MeToaB COPTHPOBKH «KA TOM e MECTe» MOXHO pal-
OHTb B COOTBETCTBHH C OnpelefsIOMIHMH HX NpPHHUMMA-
MH Ha TPH OCHOBHBIE KAaTeropHH:

1. CopTHpOBKH ¢ nOMOWIbIO BKJIOueHus (by inser-

tion).

2. CopTHpoBKH ¢ nomoulbio Buiaesenus (by selcc-
tion).

3. CoprupoBKH ¢ noMompbio o6meHoB (by ex-
change).

Tenepy Mu HccaeayeM 3TH NPHHUMOB H CPABHIM [IX.
Bce nporpaMMH OnepHpPYIOT nepeMeHHOH a, HMeENHO
31eCb XpaHATCHA nepecraBjsieMble HA MeCTe 3JileMeHTH, H
CCHJIAIOTCS Ha THNH ifem (2.2) u index, onpeaelsieMbli
cJeAyoUHM o6pa3omM:

TYPEindex = INTEGER;
VAR a: ARRAY([1 .. n] OF jtem (2.3)
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2.2.1. CopTHpPOBKA ¢ NOMOLIBIO NPAMOr0 BKAIOUEHHS

Takoi#i MeToA LIHDOKO HCNOJb3YyeTCs NpH Hrpe B Kap-
Thl. DJleMeHTH (KapThl) MBICJEHHO AeNATCH Ha yXe «ro-
TOBYIO» NOCJEAOBaTeJbHOCTb a1, ..., di-] H HCXOAHYIO
nocJepoBartesbHOCTh. [IpM  KaXioM 1Iare, HayuHas
¢ I==2 H yBeJHYHBas i KaxAHH pa3 Ha eAHHHLY, H3
HCXOAHOH NOCJe]0BaTeNbHOCTH U3BJeKaeTcs i-it ajJeMeHT
¥ nepekJaAHBaeTcss B TOTOBYI0 noOC/Jel0BaTe/bHOCTD,
npH 3TOM OH BCTaBJIsieTCsl Ha HYXKHOe MecCTO.

Tabauua 2.1. TIpuMep cOpTHPOBKM ¢ NOMOILBIO MPSIMOTO BKJOHEHHS

Havanmsmpie kimout 44 55 12 42 94 18 06 67
44 55 12 42 94 18 06 67
12 44 55 42 94 18 06 67
12 42 44 55 94 18 06 67
44 55 94 18 06 67
12 18 42 44 55 94 06 67
06 12 18 42 44 55 94 67
06 12 18 42 44 55 67 9%
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B rtaba. 2.1 nokasaH B KaueCcTBe npHMepa npouecc
COPTHPOBKH C MOMOLIbIO BKJIOYEHHS! BOCbMH CJy4aiiHO
BHOGpPaHHHX yHcesJ. ANTODHTM 3TOH COPTHPOBKH TaKOB:

FORi:=2TOnDO

x:= i}

6Kl eRUe X Ma COOTRETCTaYIOUee MecTO cpedu a [1]...a[i}
END

B peanbHOM npouecce mnOHCKa nNOAXOASIMIEro MecTa
ya06HO, uepeays CpaBHeHHS H ABHXKeHHsS MO NocJegoBa-
TEIbHOCTH, KaK Obl mpoceHBaTh X, T. €. X CPaBHHBaercs
C OuepeAHHIM 3JeMeHTOM a;, a 3ateM Jub0 X BCTaB-
JseTcst Ha CBOOOAHOe MecTO, 6O a; caBHraercs (mepe-
LaeTcsl) BNpaBO M NpOLECC «yXOAHT» BJeBo. OGparute
BHUMaHHe, YTO OpOLeCcC NPOCEHBAHHS MOXET 3aKOHUHTb<
Cf npu BHINOJHEHHH OJAHOrO H3 JBYX CJEAYIOMHX pa3«
JHYHHIX YCJIOBHM: »

1. Hafigen 3neMeHT a; ¢ KJIOYOM, MEHbIIHM YeM
KJII0Y Y X.

2. JIOCTHTHYT JeBHIil KOHel TOTOBOfl MOCJeJ0BaTebs
HOCTH,
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PROCEDURE Stralghtinsertion;
VAR, J: index; X: item;
BEGIN
FOR11=2TO0DO
X:=all];ef0] s x5 o= 13
WHILE x< fJ-1] DO 2[] := 2[-1]; 1= J-1 END ;
tf]i=2
END

END StralghtInsertion

INporp. 2.1, CopTpoBKa ¢ NOMOLIbIO NPIMOrO BKJIOUYEHHS.

Takofi THNMYHHEA cayyalli noOBTOpAIONIEroCs mpouecca
C JBYMS YCJOBHSIMH OKOHYaHHS NO3BOJIsSieT HAM BOCHOJb-
80BaThCS XOPOIIO H3BECTHHIM npHeMOM «bGapbepa» (sefl-
tinel). 3pech ero Jierko npHMeHHTb, NOCTaBHB Oapbep ag
CO 3HayeHueM X. (3aMmeTuM, yTO AJS 3TOrOo HeobxoAUMO
PaCUIHpHTL AManasoH WHAeKca B ONHCAHHH nepeMeHHOI
a go 0...n) IlogHwfi aJropuTM npHBOAHTCA B
nporp. 2.1 %,

Anaaus meroda npamozo srKirodenus. UHCa0 cpaBHe-
nuft kmouedt (Ci) npu i-M npocenBanuu camoe GoJbllee
paBHO i— 1, camoe MeHbllee-—1; eclJu NpPeANONOKHTD,
4TO BCe MEepecTaHOBKH H3 n KJloyell paBHOBEPOSITHH, TO
CpeAHee YHMCJO cpaBHeHul —i/2. UHciO ke nepechlioK
(npucBauBaHuil 3jementoB) M; paBHo C; -2 (Bkaouas
6apbep ). [ToaTomy obiiee YHCAO CpaBHEHHH W YHCJIO ne-
PeCHJIOK TaKOBHI:

Cain = 1-1 Mmn = 3+(n-1) Q.4)
Cape =(n2 + n-2)/4 Maye = (12 + 90 -10)/4
Crax = (02 + n-4)/4 Mpax = (2 + 3n-4)/2

MuHuMaJibHBe OLEHKH BCTpPEYaloTCs B Cjydyae ykKe yno-
PHIOYEHHOH HCXOAHOH NOCJedOBaTeJbHOCTH 3JIEMEHTOB,
HauxyAalllie Je OleHKH -—KOrjJa OHH NepBOHaYaJbHO
pacnojoXeHn B oOpaTHOM nopsiake. B HekoTtopom
CMBIC/IE COPTHPOBKa C MOMOLIBIO BKJIOUEHHH J1eMOHCTpH-

*) CTOHT OTMETUTb, UTO NPHBEIEHHAS NPOrpaMMa HE COBCEM CO-
OTBETCTBYET €CTECTBEHHOMY XOIY MHIUNEHHA NPH ee NOCTPoeHRH.
EcTecTBeMHRIM KaXKeTcsi BECTH NOHMCK He BAEBO OT Q4epeaHoro npo-
CMATPUBAaEMOro 3/M€MeHTa, a ¢ CaMoro Hauaja roToBOR nocsienoBa-
TenbHocTH. [Ipu sTOM M Gapbep cnelHadbHO CTaBHTb HET HYXKAH,
IlonpoGyitte cocraBute Takywo nporpammyl — IHpus, nepes.
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PROCEDURE BinaryInsertion;
VAR ll ja m, L: R: index; x: ilem;
EEGIN
FORi:=2TOnDO
Xi=glijLi=1iR:=}
m:= (L+R)DIV2;
IF a[m]{= x THEN L := m+1 ELSER {= mEND
END;
FORj:=1iTOR+1BY-1DO0 alj] ;= afj-1] END;
aR]i=X
END
*END Binarylnsertion

[Tporp. 2.2. CopTupoBKa METOLOM LEJEHHs NONOJaM,

pyeT HCTHHHO eCTeCTBeHHOe noBejeHHe. §ICHO, uTO npH-
BeJE€HHBH aJIrOPHTM ONHCHBAeT mnpouecc YCTOHYHBOMH
COPTHPOBKH: NMOPSAOK 3JEMEHTOB C PaBHBIMH KJIOYaMH
npH HeM OCTaeTcsl HEeH3MEeHHBIM.

ANropHTM C nNpSIMBEIMH BKJIOYEHHSIMH MOXHO JerKo
yJyYIIHTb, eCJH O6paTHTh BHHMaHHe Ha TO, YTO rOTOBas
noc/eA0BaTeNbHOCTb, B KOTOPYIO HaJ0 BCTaBHTb HOBHIH
371eMeHT, CaMa Yxe ynopsiaoueHa. EcrectBeHHo ocra-
HOBHTbCSl Ha ABOHYHOM MOHCKe, NpH KOTOPOM JeJsaercs
nonbiTKa CPaBHEHHS C CepelHHOHR TOTOBOH mnocJenoBa-
TEJIBHOCTH, a 3aTeM Npouecc AeJeHHs 1nonojaM HAeT A0
1eX Nop, NOKa He OyAer HafileHa TOYKa BKJIOueHHus. Ta-
Kofi MOAH(HUHMPOBAHHHA aJrOPHTM COPTHPOBKH Ha3bl-
Baercsl merodom c¢ O8ouunbim 8xaovenuem (binary in-
sertion), u OH npeAcCTaBJeH KakK nporp. 2.2.

Anaau3 080ou4n020 BKAO4EHUS. MeCTO BKJIOUYEHHS
ob6HapyxkeHo, eciu L == R. Takum o6pa3oM, B- KOHIe 00-
licka WHTepBaJ AoJXeH OHTb eJMHHYHOH AJIMHH, 3Ha-
YHT, JeJeHHe ero momojsaM npoHasoxuTcs ilogi pas. Ta-
KM o6pasoM,

C=SitI<<ign:llogil
AnnpoKCHMHpYeM 3Ty CyMMY HHTerpaJjioM
Integral(l :n) log xdx =n =+ (logn —~¢) +¢ (2.5)

rae c==loge=1/In2= 14426 ... . Uucjo cpaBHeHu}
¢aKTHYECKH He 3aBHCHUT OT HauyaJIbHOTO NOpsAKa 3JeMeH-
10B. OMHAKO H3-32 TOro, YTO NpH AeeHuH, purypupyio-
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meM npH pas3bueHHH HHTEpBaJa NMOHCKa NOmnoJaM, npo-
KCXOAHT OTOpachiBaHHE APOGHOH 4aCTH, HCTHHHOE YHCJIO
CpaBHEHHN MOKeT OKa3aTbCs Ha eauHHUny GoJblue. Bce
5TO NPHBOAHT K TOMY, YTO B HHMXKHeil yacTu nocJenoBa-
TEJLHOCTH MeCTO BKJIOUEHHS OTHICKHBAaeTCH B CpefHe:!
HeCKOJbKO OHICTpee, YeM B BepXHell YacTH, NO3TOMY
NpelinoyTHTeJbHA CHTYauHs, B KOTOPOH 3JeMEeHTH Uuy-
TOYKy ynopsjaoueHbl. PaKTHUECKH, €CJH B HCXOAHOM CO-
CTOSIHWHM 3JIeMEHTH pacnoJioXeHH B O6paTHOM noOpsiAKe,
norpebyercss MHHHMAaJbHOE YHCJO CPaBHeHHH, a ecan
OHil YyXe ynopsjgoueHhn — MakCHMaJbHoe uHcgao. Cueno-
BAaTeJbHO, MOXXHO rOBODHTb O HeeCTeCTBEHHOM nOBeje-
HI!li ArOpHTMA MOHCKA.

C = n#(logn— loge =+ 0.5)

K Hecuacrtblo, yJayullleHHs, NOPOXIEHHHE BBeleHHeM
JEOHYHOIO MOHCKA, KacaloTcs Juyllb YHCJAa CpaBHEHMHs,
a He yHucJa HeoOXxOAHMHX noaBHxeK uHces. Ilockosbky
IBHXeHHe 3JleMeHTa, T. €. CaMOro KJjioya, H CBsI3aHHOH
¢ HHM HHOOpMAalMH 3aHUMaeT 3HAYUTENbHO GOJiblle Bpe-
MEHH, YeM CpaBHeHHe JBYX KJloueit *), To (akTHYeCkH
yJyulleHHs1 He CTOJb YXK CYyUeCTBeHHB, Belb BaXKHBII
yjed M Tak ¥ nponoJixKaer ocTaBaTthCs nopsaaka n? M ua
CaMOM JieJie, COPTHPOBKAa Yyxe OTCOPTHPOBAHHOIO Mac-
cuBa noTpefyer GOJblle BpeMeHH, YeM B Cjyuae MOcJe-
JOBaTeJIbHOA COPTHPOBKH C MNPSIMBIMH BKJIIOYEHHSMH.
3TOT NpHMep MOKA3WBAaeT, YTO «QYEBHAHHE YJyulle-
HHSA» 4acTO AAIOT He CTOJb yX O6OJbLIOA BHHIPHIL, KaiK
5TO KajKeTcd Ha NepBHi B3IVIsAl, a B HEKOTOPHX CJiv-
Yyagx (CJAyyaloUMXcs Ha CaMOM JeJe) STH «yJydlleHHsi»
MOryT (hbaKTHUECKH MPHBECTH K yxynuleHusM. [locsae Bcero
CKa3aHHOI'O COPTHPOBKAa C MOMOLIbIO BKJIIOYeHHH yxe He
Kax{eTcst CTOJb YAOOHHM MeTOJAOM AJIA LH(pPOBHIX Ma-
IWHH: BKJIOYEHHe OJHOro 3JeMeHTa C MOCJeNYIOuL v
CIABHIOM Ha OJHY MO3HUHIO LeJOH TIPYNNH 3JEeMeHTOB
He skoHOMHO. OcTaeTCs BheuaT/eHHe, YTO JYYLIHH fe-
3yJbTaT AAAYT MeTOAM, Ije MepeiBHXKa, NMyCTb H Ha

*) J10 coofpa’keHHe BEPHO He AJs BCex MawmH, feno B 1oy,
UTO CpaBHEHHE CBf3aHO C NPHOCTAHOBKOH <«KOHBeHiepa» mpoleccopa
A0 TPUHSTHS pelleHHs, a MNepecbulka 3TOT INpoOlecC He Hapyw:aer
¥ HAeT KOCTaToyHo 6blcTpo. OAHAKO 3TO BEPHO AJA caydas ObleT) L1X
Mawnn. — ITpum. nepes.
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GonbuiHe pacCToAHUA, 6y118T CBA3aHa JHUb C OJAHHM-
CAHHCTBEHHBIM 3JIEMEHTOM.

2.2.2, CopTHpoBKa € NMOMOLIbIO NMPAMOro BuGopa

STOT NpHeM OCHOBAaH HA CJEAYIOUIMX NPHUHIHNAX:

1. Bubupaercs ajeMeHT ¢ HaHMEHBLIMM KJIOYOM.

2. OH MeHseTcs MeCTaMH C [epPBHM 3JeMEHTOM aj.

3. 3aTeM 3TOT npouecc NOBTOPAETCA ¢ OCTAaBILIHMHCA
n-—1 sJeMenTaMH, n— 2 3JeMeHTaMH U T. 1. A0 TeX Nop,
loKka He OCTaHeTCA OJAHH, CaMHfi GOJbLIONR 3JeMeHT.

[Ipouecc paboTH 3THM MeTOAOM C TEMH e BOCEMbIO
KJNO4aMH, 4yto ¥ B TabJa. 2.1, npuBesen B Taba. 2.2.
AnropHT™M GOpMyIHpyeTCA TaK:

FOR{:=1TOn-1DO
puceouTs k UHOEKE Naumenssue2o U3 afilw a[n];
nomense Mectamu a il uafk];

END

Taxkot MeTOd — ero Ha3HWBAIOT NPAAbLIM B86160pOM — B He-
KOTOPOM CMBICJIe POTHBOMOJIOXKEH NMPSAMOMY BKJIOUEHHIO.
[Ipn npAMOM BKJIOYeHHH Ha KaXXJAOM Liare paccMaTpH-
B4alOTCA TOJbKO O0Oux OuepefHOH 3JeMeHT HCXOAHOMH
NOC/Ae0BATEJbHOCTH H 8Ce 3JeMeHTH rOTOBOA mocJjeno-
BaTeJbHOCTH, CPeH KOTOPHX OTHCKHBAeTCs TOUKa BKJIO-
YycHHSA; NPH NpPAMOM BHGOpe AJA MOHCKAa OOHO20 3Jie«
MEHTa C HaWMEHbUIMM KJIOYOM IMPOCMaTPHBAIOTCH BCe
3JleMeHTH WCXOJHOH MOCJel0BAaTeJbHOCTH M HafkJeHHHH
noMellaercs Kak OuyepelHOH 3JeMEHT B rOTOBYIO MOCJe-
NoBaTeNbHOCTb. [1OJHOCTBIO aJrOpHTM MpsAMOro BmGopa
npusoaHTCa B mporp. 2.3.

Tabanua 2.2. [IpuMep COPTHPOBKH C MOMOWIBIO NPAMOro BHGOpa

Haammee xmomm 44 55 12 42 9 18 06 67
06 5% 12 42 9 18 44 67
06 12 55 42 9 18 44 67
06 12 18 42 9% 55 44 67
06 12 18 42 94 55 44 67
06 12 18 42 44 S5 94 67
06 12 18 42 44 S5 94 67
06 12 18 42 44 55 67 94
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PROCEDURE StraightSelection;
VAR i, j, k: index; x: item;

BEGIN
FORi:=1TOn-1DO
k=1 x:= o}

FORj:=i+1TONnDO

IF 2fi)< x THEN k := j; x ;= a[k] END
END;
ak):= afi); afi}:=x

END
END StrajghtSelectiont

[Tporp. 2.3. CopTupoBKa ¢ MOMOLIbIO NPAMOrO BHEOPA,

Ananuz npamozo goi6opa. Uucio cpaBHeHHH KJlouei
(C), oueBHAHO, He 3aBHCHT OT HAYaJbHOrO NOPALKA KJIIO-
yefl. MoOXKHO CKasaTh, uTO B 3TOM CMHCJe NOBeJeHHe
3TOr0 MeToja MeHee eCTeCTBeHHO, YeM MOBejeHHe Mpf-
Moro BkJtoueHus. [Iasa C umeem

C=(n*—n)/2

Yucao NnepeCTaHOBOK MHHHMAJIbHO
Mpin=3=*(n—1) (2.6)

B CJyuyae H3HAYaJbHO YNOPALOYEHHHIX KJI09eii H MaKcH-
MaJIibHO

Mmax=n%4+3#*(n— 1)

eCJIM MepBOHAuaJIbHO KJIOYH pacnofarajucb B o6paTHOM
nopsake. Jlaa Toro uto6H onpeneduTb Mayvg, MB JOJXKHE
paccyXiaath Tak. AJrOPHTM NpPOCMaTpHBaeT MaccCHs,
CpaBHHBAs KaXAHH 3JeMeHT ¢ TOJbKO YTO OGHapyxeH-
HOM MHHHMaJbHOR BeJHYHHOMN; eCJH OH MeHblie MepBOro,
TO BHIOJHSETCS HEKOTOpoe NpHCBaHBaHHe. BeposnT-
HOCTb, YTO BTOPOM 3JEMEHT OKaXXeTcs MeHblie MepBoro,
paBHa 1/2, ¢ 3TOR e BEPOATHOCTBIO MPOMCXOAAT NpH-
CBaHBaHUf MHHHUMyMY. BeposTHOCTb, uTO Tperuit 3.e-
MEHT OKaXeTcs MeHblle MepBHX ABYX, paBua 1/3, a se-
POATHOCTb AJS YeTBEPTOro OKa3aTbCA HaHMEHbWAM —
1/4 u 1. 1. TIo3TOMY NOJHOE OXHAaeMoe YHCJIO Mepechi-
JoKk paBHo H,— 1, rae Hn, — n-e rapMoHHyeckoe 4HC.10:

Hy=1+1/24184 ... +1/n 2.7)
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H,, MOXHO BHPAa3HTb H TaK:
Hy=Inn4+g+ 1/2n—1/12n2 4 .., (2.8)

ric g =0.577216 ... — koHcTaHTa dijepa. las nocra-
TOYHO GOJIBIIHX n MH MOXEM HrHOpHpPOBaTb ApoOHBie
COCTABJAAIOLIHE H MOSTOMY aNNpOKCHMHUPOBAThb CpelHee
y1jc.,10 NPHCBAHBAHHH Ha i-M NMPOCMOTpe BhIpaXKeHHEM

Fi=Ini+g+]1

Cpeanee yHcJ0 nepechyiok Mayg B COPTHPOBKE C Bhl«
GopoM ecTb cyMMa F; cioT 1 no n:

My =nx(g+ 1)+ (Si: 1<i<n: ni)

BHOBb aNNpPOKCHMHPYH 3Ty CYMMY IUCKPETHHIX UJIEHOB
HHTErpajoM

Integral(l:n) In xdx=x*(Inx—1)=n=*Iln(n) —n 41
[noJgyyaeM, HaKoOHeEl, HpH6J1H3HTeJIbHOC 3Ha4YeHHe
M”g =n=x(ln(n)+g)

Otclona MOXHO caesaaTb 3aKJIOYeHHe, UTO, KaK MPaBHJIO,
aJaropdTM € NPAMBIM BHOOPOM MNpeiNnoyTHTesbHee CTpO-
roro BkJoyeHHs. OaHako, eC/IH KJIOYH B HayaJje ynops-
LOUYCHBI HMJIH MOUYTH YNOPfAJOYEHH, MNPAMOe BKJIOYEHHE
6yAeT OCTAaBaTbCA HECKOJbKO GoJee GHCTpPBIM.

2.2.3. CopTHpOBKa ¢ MOMOLIbLIO MpsMOro o6meHa

Knaccnipukanus MeTOAOB COPTHPOBKH pelKo OhlBaer
oeybiceHHoR. O6a pa3bupaBLIMXCA OO 3TOrO0 MeToda
MOZ{HO TOXE pacCMaTpHRATb KaK «OOMeHHHEe» COPTH-
ponxu. B naHHOM XKe, OAHAKO, pa3jieie MHl ONHIUeM Me-
TOZ, rae o6MeH MeCTaMH JBYX 3JIeMEHTOB MNpeiCTaBiaseT
cofoil xapakTepuefillylo ocobeHHocTh mnpouecca. HaJjo-
JKeHIILI HHXKe aJrOPHTM MPAMOro o6MeHa OCHOBHIBACTCH
Ha CpaBHEHHH W CMeHe MecT AJf Mapbi COCELHHX dJeMeH-
TOB M HpPOJLOJIXKEHHH 3TOro npouecca 10 Tex MOp, NOKa
e GyAyT yNOpALOYEeHH BCE JEMEHTHI.

Kak 4 B ynoMHHaBLIeMCS MeTOAe NpSIMOro BHGOPa,
MB NIOBTOpfieM MNpPOXOAH MO MacCCHBY, CABHIas KaXAnH
P43 HaHMEHBbUIMH 3JeMeHT OCTaBllefics mnocJeloBaTelb-
HOCTH K JieBOMy KoHUy MaccuBa, Ecau Mu 6ydeM pac-
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Ta6anua 2.3, ITpuMep MyssHpLbKOBOA COPTHPOBKH

=12 3 4 5 6 1 8

44 06 06 06 06 06 C§ 06
55 44 12 12 12 12 12 12
12 55 44 18 18 18 18 18
42 12 55 A4 42 42 42 4
94 42 18 55 44 44 44 M4
18 94 42 42 55 55 55 55
06 18 94 67 67 67 67 67
67 61 67 94 9% 94 94 9%

CMaTpHBaTh MaCCHBH KakK BepTHKaJbHble, a He I'OPH30H-
TaJIbHbE MOCTPOEHHS, TO 3JeMEHTH MOXKHO HHTephpeTil-
pOBaTb KakK My3HPbKH B YaHe ¢ BOAOH, MPHYEM BeC KaX-
JIOro COOTBETCTBYeT ero KJiouy. B sToM ciayuyae npH Kax-
JIOM MNpoXoje OAHH Ny3HpeK Kak O6n MOAHHMaeTcs 10
YPOBHS, COOTBETCTBYIOWIEro ero Becy (cM. Taba. 2.3).Ta-
KO MeTOx IIHPOKO U3BECTEeH MO0J HMeHEM «ny3blpbK0o8aa
copruposka». B cBoeM npocreiilieM Bujie OH NpeACTaBJICH
B nporp. 2.4.

Yayuulenusa 3TOrO aJropuTMa HanpallHBAIOTCA CaMH
cobofi. Ha npuMepe B TaGa. 2.3 BHAHO, YTO TPH mocJjel-
HHX NpoXoja He BJIHAIOT Ha MOPAJIOK 3JEeMEeHTOB H3-3a
TOrO, YTO OHH YXe OTCOpPTHpPOBaHH. OueBHAHHA MpHeM
YJyYHIEHHS 3TOro aJIrOPMTMa — 3aNOMHHATb, OBJIK H.aH
He OBIJIH NMepeCTaHOBKH B MpolecCe HEKOTOPOro MpoXopa.
Ecau B nocienHeM npoxoje nepecTaHOBOK He OHJIO, TO
aJITOPUTM MOXHO 3aKaHUHBaTh. JTO yJyulleHHe OAHAKO,
MOXHO ONATH e YJYYLIHTb, e€cJH 3aNOMHHATL He TOJb-
Ko caM ¢akT, uro o6MeH HMeJ MecCTO, HO H MOJIOXKeHie

PROCEDURE BubbleSort;
VAR, j: index; X: item;
BEGIN
FOR1{:=2TOnDO
FOR{:=nTOiBY-1DO
IF afj-11> a[f] THEN
x:=a-1) afi-1] =2 afi] 1= x
END

END
_END
END BubbleSort

Iporp. 2.4, ITysnprkopass copTHPOBKa,
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(uHpekc) nocaenHero o6meHa. SicHo, u4TO BCce mapH Co-
CeIHHX 3JIeMEeHTOB BHIIE 3TOIO HHAeKCa Kk yKe HaXOLAT-
csl B KesnaemMoM nopsake. I103ToMy mpOCMOTPH MOXHO
3aKaHYHBATL HA 3TOM HHJAEKCe, a He HATH RO 3apaHee
onpele/eHHOro HHXHero npejena s i. BuuMateabHbift
npOrpaMMHCT 3aMeTHT TeM He MeHee 3]eCb HEKOTOPYIO
cpoeobpasnylo acHiMMerpuio. OIHH NJOXO pacHOJOXKeH=
Hulll MY3HpPEeK Ha «TAXeJOM KOHue» B MacCHBe ¢ ofpaT-
HBIM NOPALKOM OyleT NepeMellaTbCH Ha HYXKHOE MecTo
B OJHH NPOXOA, HO MJOXO PAaCNOJIOXKeHHBIt 3JleMeHT Ha
«1€TKOM KOHIe» OyleT mpoCauuBaTbCA Ha CBOe HYKHOe
MCCTO Ha OJHMH Iar npu KaXAoM mpoxoze *). Hampumep,
MAacCCiiB

12 18 42 44 55 67 94 06

¢ NOMOMIBI0 yCOBeplIEHCTBOBAHHONR «Iy3HpPbKOBOR» COp-
THPOBKH MOXHO YMOPAAOYHTb 33 OAHH MPOCMOTp, a AJA
COPTHPOBKH MacCHBa

94 06 12 18 42 44 55 67

Tpebyeycsi ceMb NPOCMOTPOB. Takas HeecTecTBEHHas CHM-
MeTpHS HaBOAHT HAa MHCJb O TPeTbeM YJYYlIeHHH: yepe-
A0BaTb HampaBJieHHe MOCJel0BaTeJbHBX NPOCMOTDOB.
ITonyyalouHACs MPH 3TOM aJrOPUTM MBl COOTBETCTBEHHO
Ha3oBeM «uetkeproti» copruposkol (ShakerSort)**).
TaGauua 2.4 UAJIIOCTPHPYyeT COPTHPOBKY HOBHIM CIOCO-
GoM Tex Ke (TabJ. 2.3) BOCBMH KJIOHeH.

Anaaus nyaeiporosol u wetikeproii copruposox. Huc-
J0 CpaBHeHHi B CTporo OO6MEHHOM aJropHTMe

C=(n%—n)/2 (2.10)

a MHHHMAaJbHOe, CpellHee M MaKCHMaJbHOe YHCJO Nepe-
MelleHHil 3JileMEeHTOB (NMpHCBaHBaHHH) pPaBHO COOTBET-
CTBEHHO

Mpn=0. M, =3s(n?—n)/2, M, =3+ (n’—n)/4
(2.11)

*) [Ipoume 6uAO0 6H CKa3aTb TaK: BCNJALBaeT MysHpeK Cpasy,
3a OIMH NPOX0J, a TOHET OYeHhb MEIJIeHHO, 33 OJHH NPOXOX Ha OAHY
nosuunio, — ITpum. nepes.

*+) HanomuuM, uTO UlefikepoM HasHBaeTCs HEYTO BPOAe ABYX
uaKphIBAIOWHX JAPYr Apyra CTakaHOB, B KOTOPHX BCTPAXHBRHAEM
BBepX-BHH3 rOTOBAT KOKTe#b, — ITpum. nepes.
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Tabnuua 2.4. [Ipumep welikepHoft COPTHPOBKH

L= 2 3 3 4 4
= 8 3 7 7 4
dir= 1 1 T 3 s

AHasu3 Xe yJyYLIGHHHX METOJI0B, OCOGEHHO IIeHKep-
HOM COPTHPOBKH, JOBOJILHO CJIOXeH. MHHHMaJbHOE YliCc/Io
cpaBHeHH# Cmin = n— 1. Kuyr cudtaer, uto ais yayu-
IIeHHOH My3BIPbKOBOH COPTHPOBKH CpejlHee YMCJIO mpo-
XOLOB mponopuHoHaabHo n — kin'/3, a cpeaHee uucjo
cpaBHeHHA mponopuxoHadbHO !/,(n? — n(ke: 4 Inn)),
O6patuTe, OJHaKO, BHHMaHHe Ha TO, YTO BCE€ MepeyHc-
JieHHble BHIe YCOBEpLIEHCTBOBAHHA He BJHAIOT HA YHCJIO
nepeMeuUleHHH, OHM JIHIIb COKPaUIAIOT YHCJIO H3JHIIHHX
IBOAAHEIX NpoBepoK. K HecyacTblo, OGMeH MeCTaMH IBYX
3JIEMEHTOB — yalule Bcero 6oJjiee AOPOrocrosulas omepa-

PROCEDURE ShakerSort;
VAR, k, L, Riindex; x: item;
BEGINL:=2;R:=n;k:=n;
REPEAT
FOR}:=RTOLBY-1DO
IF afj-1]> a[j] THEN
x:= a[j-1]; a[j-1] ;= afili afil := x: k1=
END
END ;
L:=k+1;
FORj:=LTORBY +1DO
IF afj-1] > a[§j) THEN
x:=afj-1}; ai-1]) ;= afi}; afi) ;= x; k=]
END
END:
R:=k-1
UNTILL>R
END ShakerSort

porp. 2.5. lleiikepras copTaposka.
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114f, "eM CpaBHCHHe KJIOYeil, IO3TOMYy HallH, BpPoL2 OYe-
BUJHBle, YJyYllleHHs Jal0T He TakKo# y»K OGosbllofi BH-
WrpHI, KaK MBI HHTYHTHBHO OXHAaJH.

Takofi aHa/JH3 mnoKasbiBaeT, YTO <«OGMeHHasi» COPTH-
pOBKa H ee HeboJblilHe yCOBepLIEHCTBOBAHHUSA MpeEACTaB-
JAIOT cO60H HeUTO CpeliHee MeXJy COPTHPOBKaMH ¢ [MO-
MOHIbI0 BK/IOYeHHR H C NOMOLIbI0O BHGOpa. PaKTHUECKH
B Ny3hIpPbKOBOH COPTHPOBKe HeT HHYEro LEHHOTO, KpoMe
ee MNpHBJIeKaTeJbHOro Ha3BaHHA (Bubblesort). Hlefikep-
Has Xe COPTHPOBKA C yCIHeXOM HCIOJb3yeTc B TeX CJIV-
yafx, KOrjla H3BeCTHO, YTO 3JeMeHTHh MOUYTH YNOpAA0-
YeHH — Ha MpPaKTHKe 3TO OHBaeT BeCbMa PeNKO.

MoxXHO nOKasaTb, YTO CpelHee pacCTOSiHHe, HA KO-
TOpO€ AOJKeH NPOABHUraTbCA KaXAHH H3 N 3/1eMeHTOB
BO BpeMs COPTHPOBKH, paBHO n/3 «MecT». 3rta nubpa
ABJAETCA LeJbio B NOHCKe YJyulleHHH, T. e. B IOHUCKe
6osee athpekTHBHHIX MeTONOB COPTHPOBKH. Bce cTporue
NpHEeMH COPTHPOBKH (haKTHYECKH MepelBHTaioT KaX AHH
3/leMEHT Ha BCAKOM 3JeMeHTAapHOM Lilare Ha OJHY MO3H-
uuio. IloaTtoMy oHu TpebylOT nOpAiKa n? TaKUX LLAroB.
CienoBaTeqbHO, B OCHOBY JIIOOHX YJydlleHHE HOJKeH
OHTbL NOJIOXKeH MPHHIHN NepeMelleHHA HA KaXJIOM TaKTe
371eMeHTOB Ha GoJbliiHe PAaCCTOAHHA.

Jajiee MBI paccMaTpHBaeM TpH YJYYLIEHHRX MeTOJAa:
N0 OLHOMY IJIf KaXJOTr0 H3 OCHOBHHIX CTPOTHX MeTOJOB
COPTHPOBKH — BKJIOUeHHS, BHO6Opa H ob6MeHa.

2.3. YJIVUIIEHHBIE METOIbl COPTHUFOBKH

2.3.1. CopTHpOBKA € MOMOLUBIO BKAIOYEHHH
€ YMEHLIUAOWHAMHCA PACCTOAHHAMH

B 1959 r. [. llleanoM 6HJIO NpeAsoXeHO yCOBeplileH-
CTBOBaHHe COPTHPOBKH C MOMOLIBIO NPAMOrO BKJIOYEHHH.
CaM MeTon obObscHAeTC H JeMOHCTpHpyeTCA Ha HalleM
CTaHaapTHOM npHMepe (cM. Taba. 2.5). CHavama OT-
IeJIbHO TPYNMHPYIOTCA H COPTHPYIOTCA dJMeMeHTH, OTCTOA-
HHe ApPYyr oT Apyra Ha paccroshud 4. Tako#t mpouecc
Ha3bBaeTCA UeTBepHOH COpTHpPOBKOH. B HallleM mpHMepe
BOCeMb 3JIEMEHTOB M KaXjias Ipynna COCTOHT TOYHO U3
AByX 3JeMeHTOB. [locse mepBOro mpoXoaa 3JEeMCHTH Ie-
PerpynnupoBHBAIOTCA — TeNepb KaXJhlii 3/J1eMEHT Ipynnn
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Ta6nuua 2.5. CopTilpoBKa € MOMOWILIO BKJIOYEHHT € yMeHbWaio-
LIHMHCA PaCCTOSHHAMIL

44 55 12 42 9 18 06 67
yeTBepHas COPTHPOBKa AT

4 18 06 42 94 55 12 67
JBOfHAA COPTHPOBKA Haer

06 18 12 42 4 S5 %4 67
OAMHApHAA COPTHPOBKA JaeT

06 12 18 42 44 55 671 94

OTCTOMT OT JPYroro Ha JBe NO3HLHH — H BHOBb COD-
TUpYIOTCA. 3TO Ha3nBaeTcA 1BOHHONA copTHpoBko#. M Ha-
{OHell, Ha TpeTbeM MpoXojJe HJeT OOHYHAS 1JH OJAHHA-
Hast COPTHPOBKa.

Ha nepBnifi B3rJsiA MOXHO 3aCOMHEBATbCsl: €CJH IC-
06X0OAHMO HEeCKOJbKO MPOLLECCOB COPTHPOBKH, MpHYeM B
KaXAKW# BKJIIOYAIOTCS BCe 3JEMEeHTH, TO He A06GaBAT JH
ouH Gosblile paGoTH, yeM CIKOHOMAT? OJHaKO Ha Kax-
JoM 3Ttamne JHOO COPTHPYeTCS OTHOCHTEJbHO Malo 3.e-
MCHTOB, JHOO 3J€MEHTH YXe JOBOJbHO XOpOLIO YMNOpsi-
JloYeHbl 1 TpebyeTcs CpaBHHTEJbHO HEMHOro mnepecta-
HOBOK.

$IcHo, uTO Tako# MeTOA B pe3y/bT4Te AaeT YNopsao-
yeHHB# MaccHB, W, KOHEYHO 3Ke, Cpa3y BHIHO, YTO KaX-
Anlfi MPOXOA OT MPeABAYUIHX TOJNbKO BHHIpHIBaeT (Tak
KaK KaXJasa i-COpTHpoBKa o6belHHAEeT ABe IPYNNH, YXKe
OTCOPTHpOBaHHHE 2i-COPTHPOBKO#A). Tak XKe oueBHAHO,
YTO paccTosHlia B Irpynnax MOMKHO YMeHblUaTh MNO-pas-
HOMY, JIHIIb 6H NocJejHee GHJIO €JHHHYHBLIM, Belb B Ca-
MOM IJIOXOM cJyyae MOCAeJHHH NPOXOA H ciesaeT BCIO.
pa6ory. OnHaKO COBCeM He OUYeBHJHO, UTO TaKOW MpHeM
«yMEHbUIAIOUIHXCA PaCCTOSIHHA® MOXeT AaTh JyullHe pe-
3yJbTaTH, €CJH pacCTOsIHHS He OYAYT CTeneHAMH ABOHKH,
ITosTomMy npHBOAMMAas NpOrpaMma He OPHEHTHPOBaHA Ha
HeKYI0 ONpeaesieHHYI0 NOCJeJoBaTeJbHOCTb PaCCTOSIHHI,
Bce t paccrosauuii 0603HauarTCS COOTBETCTBEHHO hj,
hy, ..., hy, AJS HHX BHNOJIHSIOTCS YCJAOBHS '

hy=1, hyy < B (2.12)

Kaxnas h-copTHpoBKa NporpaMMHpyercst KaK COPTH-
pOBKa ¢ moMoulbio NPsIMOro BkJioueHHs. [IpuueM mpo-
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PROCEDURE SheliSort;
CONSTt = 4;
VARG Lk, 50 indexy
x:item; milats
h! ARRAY [1..1] OF INTEGER;
BEGIN hfl] := 9; h[2] := 5; h[3] := 3; h[4] ;= 1;
FORm:=1TOtDO
k1= h[m]; s:= -k; (+ Mecro Gapbepa +)
FORi:=Kk+1TOnDQ
X =afi);ji=ik;
IFs = 0THENs:=-KEND;
si=s+1;afs] = x;
WHILE x < afj] DO afj+k] := afif; | := kK END §
aff+k]i=
END
END
END SheliSort

Iporp. 2.6. CoptupoBka llenna.

CTOTa YCJIOBHS OKOHYAHHS MOHCKA MecTa AJs BKJIOYEHHs
o6ecneyHBaeTcsi MerodoM GapbepoB. $ICHO, uTO Kaxjas
M3 COPTHPOBOK HYXJaeTcsl B NMOCTaHOBKe CBoero coG-
CTBeHHOTo Gapbepa H NMpOrpaMMy AJIS ONpefe/eHHsl ero
MeCTONOJIOKeHHsI HeoGX0AHMO JesaTh HACKOJbKO BO3-
MOXHO npocTodl. [103TOMYy NPHUXOAMTCS PaCWIHPATH Mac-
CHB He TOJbKO Ha OAHY-eJHHCTBEHHYIO KOMIIOHEHTY ao,
a ga h; komnouent. Ero onxcanHe Tenepn BHIVISAHT TaK:

a: ARRAY[—h, .. n] OF item

Cam agroputM jas t=4 onucuBaercs npoueaypon
Shellsort [2.11] B nporp. 2.6.

Anaaus copruposxku llleasa. Ananus 3Toro ajropur-
Ma MOCTaBHJ HECKOJbKO BeCbMa TPYAHHX MaTeMaTHye-
CKHX mpo6JeM, MHOI'He H3 KOTOPHX TakK eile H He pe-
lieHH. B YacTHOCTH, He H3BeCTHO, KaKHe pacCTOsIHHS
J2I0T HauaydllHe pesyabTaTh. Ho BOT yauBHTe/bHHM
(hakT: oHH He AOMKHH GHTb MHOXHTEJSIMH OAHH ApY-
roro. to Mo3BoJsieT H36exaThb SIBJEHHS yXKe OYEeBHAHOTO
H3 NpHMBeJAEHHOTO BhIllle NpHMepa, KOTAa NpPH KaXAOM
NpoXoAe B3aHMOAEACTBYIOT JABe LEMNOYKH, KOTOpHE [0
ITOr0 HHrAe elle He mepecekanucb. Y AefiCTBHTenbHO,
KeJlaTeJbHO, YTOOH B3aHMOJeficTBHe PasJHYHHX [ENo-
YeK MPOXOAHJIO KaK MoxHO uamie. CnpaBelsiHBa TakKas
TeopeMa: ecJH K-OTCOPTHNOBAHHYIO MOCJEA0BAaTe]bHOCTDb
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i-oTcOpTHpPOBaTh, TO OHa oOCTaeTcd Kk-OTCOPTHPOBZHHOM.
B pabGore [2.8] KHyT nokasnBaer, 4TO HMEET CMBHICJ
HCIOAb30BAaTh TaKVI0 MOC/JeN0BaTeJbHOCTb (OHA 3arif-
caHa B of6paTtHoM mnopsanake): 1, 4, 13, 40, 121, ..., rie
hx—; = 3hx+ 1, hy=1ut = |logsn] — 1. On pekoMmcii-
AyeT H ApPYrylo nocjeigoBateabHocTh: 1, 3, 7, 15, 31, ...
rie hioy =2hx+1, y=1 u t = Llogen] — 1. Mare-
MaTHYeCKHH aHaJH3 MOKa3HBaeT, YTO B MOCJeLHEM C.1y~
Yyae AJA COPTHPOBKH N sjaemeHTOB MeTodoM lllessa 3a-
TpaThi mponopuHoHasbHh n'2. XoTd 3TO YHCJAO 3HAUH-
TeJbHO Jy4Ylle n?, TeM He MeHee MH He OpHeHTHpyeMCs B
JdaJbHeHlIeM Ha 3TOT METOJ, NOCKOJbKY CYHIECTBYIOT elle
Jyulie aJropUTMHI.

2.3.2. CopTHpOBKa C MOMOILBLIO JepeBa

Met101 COPTHPOBKH C MOMOMIbIO NPAMOIO BHGOpa OC-
HOBAH Ha [OBTOPSIOHIMXCA NOHCKAX HAHUMEeHbLIero KJioua
CpelH N 3JeMEHTOB, CpeJH OCTaBIIUXCA m— 1 3JaeMeH-
ToB ¥ T. A. OBGHapy:eHue HaHMeHbllIero Cpeid m 3.jc-
MeHTOB TpefyeT— 3TO OUEBHIHO — N — ] CpaBHeHls,
cpeau nm— | yxKe HYXHO n — 2 cpaBHenu#i H T. A. CymMma
nepsBuix n— | pennlx paBua '/yo(n? — n). Kakx xe B Ta-
KOM CJlyyae MOXHO YCOBepLUIEHCTBOBATb YNOMAHYTHIA Mes
TOJ, COPTHPOBKH? DTOrO MOXHO AOGHTHCHA, TOJBKO OCTAB-
Jds nocJe KaXAoro npoxoia 6oJblie HHMOpMalHH, ucM
NpoCTO HAeHTHPHKAUHA eJHHCTBEHHOrO0 MHHHMAJbHOTO
ajeMenta. Hanpumep, caedaB n/2 cpaBHeHHH, MOXHO
onpeleJuTb B Kaxjo# nape kJawoued Medbwuit. C no-
Moulblo n/4 cpaBHeHHH — MeHbIUHH M3 MapH YXe Bhl-
6paHHBIX MeHbWHX H T. A. [lpomenas m— 1 cpaBHeHui,
MB MOXeM MOCTPOHTb JepeBo BHOOPa BpPOAe MpPeACTaB-
JIEHHOTO Ha pHC. 2.3 ¥ HAeHTH(HULHPOBATbH €ro KOpClib
KaK HY)XXHHI HaM HaHMeHbLIHH KoY [2.2].

BTopo#i 3Tan COPpTHPOBKH — CNYCK BAOJb MYTH, OTMe-
YeHHOTO HAHWMEHbLIUM 3J€MEeHTOM, H HCKJIOueHHe ¢ro
H3 JepeBa nyTeM 3aMeHH JH60 Ha NYCTOH 3JeMCHT
(AnpKY) B caMOM HH3y, JH60O Ha 3JEeMEHT H3 coceaucH
BETBH B MPOMEXYTOUHBIX BepuIHHAX (CM. pHC. 2.4 U 2.5).
DJyieMeHT, nepeJBHHYBLIHNACA B KOPEHb JepeBa, BHOBb 0y-
JeT HaHMeHbUIHM (Tenepb Yxe BTOPHM) KJIOYOM, H ¢rO
MOXKHO HCKJIOuHTh., [lociie nm TakHX WwaroeB aepeso cra-
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Puc. 2.5. 3anonuenune NHPOK.

HeT NMYCTHM (T. €. B HEM OCTaHYTCH TOJbKO IAHPKH), R
npouecc COPTHPOBKH 3aKaHyHBaercs. O6paTuTe BHHMa-
HHe — Ha KaXXJOM H3 @ L1aros BHGOpa TpeGyeTcsl TOJLKO
log n cpaBuenuit. [losaToMy Ha Becb mpouecc NOHamAOGHT-
ci mopsiAka mn«logn 3/MeMEHTapHHX oOmepauuii nJIoC
eule n Laros Ha MOCTpOeHHe AepeBa. DTO BechMa cyile-
CTBEHHOE YyJyyllleHHe He TOJbKO MNpSIMOro Meroja, Tpe-
Oylouero n? maros, HO H jpaxe Meroaa llleana, rze
Hyx®Ho n'2 mara. EcrecTBenHo, coXpaneHHe HOMOJHH-
TeJIbHOK HH(OPMAUHH Jenaer 3aaayy 6oJiece H30LIPEHHOH,
LI03TOMY B COpPTHpPOBKE NO AepeBY KaXAH# OTAEJbHHN
lar ycaoxusiercs. Beib B KOHIe KOHIOB AJIsl COXpaHe<
Hifl  H36HTOYyHCH  HH(pOpMAuHH, MNOJyyaeMOX MpH
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HayaJbHOM MpOXOJe, CO3JaeTcsl HeKoTopas ApeBoobpas-
Hasi CTpYKTypa. Hama cJaenyomas 3ajgaua — HailTH
npHeMn 3¢peKTHBHOR OpraHusauud sToit HH(pOpMAaUHH.

Kouneuno, xoresoch 6hl, B 4aCTHOCTH, H306aBHTBCS OT
IBHPOK, KOTODHIMH B KOHeUHOM HTOre OyJeT 3anoJHEeHO
BCe AepeBO H KOTOphle MOPOXKAAIOT MHOTO HEHYXHHX
cpaBuenuii. Kpome Toro, Hano 6mJo 6B NOMCKaATh Takoe
npeiacTaBieHHe JepeBa H3 n 3JeMeHTOB, KOTOpoe Tpebyer
JHIIb 0 CAHHHL NaMATH, a He 2n— 1, Kak 3To OBLIO
paublile. DTHX ueself AeHCTBHTEJbHO YAAJOCh NOGHTHCS
B Mmerolle Heapsort*), uso6GperenHoM JI. YHJIJbAMCOM
[2.14], rme O6HJO NOJYYeHO, OYEBHAHO, CYHIECTBEHHOE
yayylleHue TPajHIHOHHBIX COPTHPOBOK C MOMOMIbIO Je-
peBbeB. [IHpaMHga omnpeaessieTcsi KakK MOCJAeAOBaTeNb-
noctb Kiawoueit hy, hpqy, ..., hg, Takas, uTo

hy<hy u hy<hy,, o i=L...R/2 (213)
Ecau n1060e ABoHyHOE JepeBO paccMaTpHBATb KaK Macs
CHUB MO CXeMe Ha pHC. 2.6, TO MOXHO T'OBOpPHTb, UTO Je-
peBbsi COPTHPOBOK Ha pHC. 2.7 H 2.8 CyTb MHpaMHAH, a
3jeMedT hj, B 4aCTHOCTH, MX HaUMEHBIUHH 3JEMEHT:
h; = min(hy, hy, ..., hy). IIpeanosoxum, ecTb HeKOTO-
jpasi nMpaMHaa ¢ 3aJaHHBIMH 3JeMeHTaMH hpyy ..., hg
IJsl HeKOTOPHIX 3HaueHHd L U R U HyXHO n06aBHUTBL HO-
BB 3/1eMeHT X, 06pa3ys pacuiHpeHHYio NMHpaMuAay hr, ...
..., hg. Bo3bMeM, HanpHMep, B KaueCTBe HCXOAHOH MNH«
pamuay hy, ..., hy, nokasaunyio Ha puc. 2.7, H J06aBHM
K Heil cieBa sjemeHT h; =44 **), Hosas nupamuaa mo-
JiyyaeTcsi Tak: CHayaJa X CTaBUTCS HaBepX APeBOBHAHOM
CTPYKTYPH, a 3aTeM OH MOCTeNeHHO OMYyCKaeTcsl BHHU3
KaXAb# pa3 MO HaNpaBJeHHIO HaHMEHbLIEro H3 JABYX
NPUMBIKAIOUIHX K HEMY 3JeMeHTOB, a CaM 3TOT 3JEeMeHT
nepeasuraercss sBepX. B npuBeaenHoM npumepe 3uauve-
nue 44 cHauaja Mmensiercss mectaMu ¢ 06, 3ateM ¢ 12 u

*) 3gech MH OCTaBJfieM NMOMBITKH HepeBeCTH Ha3BaMMs COOTBET«
CTBYIOUIMX MeTOROB Ha PYCCKME f3HK, U600 UH yme e Gosee ueM
cOoOCTBeHAHE HMeHa, XOTA B Ha3BaMMAX NepBHX YNOMHHABHIMXCH
MeTofloB emle GUrypupoBast HEKOTOPHH 3JeMeHT OMHCaMUA CYTH Cas
MOro npHeMa COPTHPOBKH. — ITpunm. nepes.

**) DT0 MeCKOMbKO MPOTHBOPEUUT YTBEPKAEHHIO, YTO Niiy ..i
+.+ hp —nupaMuga, o mameeMcs, cam uwMTaTenb pasbepercs, HTO
X0Tes cKa3aTb aBTop. — Ilpum. nepes,
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Puc. 2.8. INpoceuBanue kalo4a 44 yepes nupaMuny.

B pesyabraTe oGpa3syeTcst JepeBO, NpeACTaBJieHHOe Ha
puc. 2.8. Tenepp Mun cchopMyaHpyeM 3TOT CABHraOUIHA
aJrOPHTM TaK: i, j— Mmapa HHJeKCOB, (PHKCHPYIOHIHX 3Je-
MEHTH, MeHsIOIlHeCss Ha KaXXJAOM Iluare mecramu. Yura-
TEJII0 OCTaeTcs JHUb Y6eJHTbCS CaMOMY, YTO MpelJIOXKeH-
HHH MeTOA CABHMIOB AefCTBHTENBHO COXpaHSieT HeH3MeH-
HHM ycaoBHst (2.13), onpelensiioulHe NUpaMuay.

P. ®aofigoM ObJ NpeAJoxeH HEKHH <«JaKOHUYHBIHA»
Cnoco6 MOCTPOeHHsI MHPaMHUAH «Ha TOM Xe MecTe», Ero
npoueaypa CABHra mpejcTaBjeHa Kak nporp. 2.7. 3aechb

! +.. hnp — Heknit MmaccuB, npuyem hpy ... hp (m=
= (n DIV 2) 4 I) yxe o6pasyloT nHpaMuiy, MOCKOJbKY
IHAEKCOB i, j, YAOBJETBODPSIOWIHX OTHOMEHHAM | == 2i
(uau j = 2i + 1), npocTo He CyulecTBYeT. DTH 3JEeMEHTH
0o0pa3yloT Kak OH HHXHHA CJOH COOTBETCTBYIOILErO
ABOHUHOTO JepeBa (cM. pHc. 2.6), Aad HHX HIKaKoH
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PROCEDURE sift(t, R: index):
VAR, j:index; x:item;
BEGINii= L;ji= 2Ly x:=allls
IF(G<R) & (aj+1)< ali) THEN ji= J+1END ¢
WHILE (<= R) & (afj]< ) DO
alili=alliii=iji= 2408
1F (j<R) & (alj+1]< ali)) THEN] 1= j+1END
END
END sift

Inorp. 2.7, Sift,

ynopsiioyenHoct ne Tpebyerca. Tenepb nupamuaa pac-
LIHpsieTcs BJe30; KaXXAWH pa3 A06aBisfeTca H CABHTaMH
CTAaBHTCS B HajJeXaulylo MNO3HIMIO HOBHII 3JeMeHT,
Ta6n. 2.6 uaaocTpupyer BeCbh 3TOT MPOIECC, a MOJy4alo-
mascs nupaMuia nokasana Ha puc. 2.6.

CienoBareabho, npouecc (POpMHPOBAHHA NHPaMuIH
H3 n 3JeMeHTOB h; ... h, Ha TOM e camoM MecTe onil-
CHBaeTCs TaK:

L:=(@n DIV 2)4+1;
WHILEL >1 DO L:=L —1; sift(L, n) END

JJaa TOro 4Tto6Hl MOJYYHTb He TOJbKO YaCTHYHYIO, HO H
NOJIHYI0 YNOPAAOYSHHOCTb CPeAH 3JeMEHTOB, HYKHO Mpo-
[ejaTh N CABHralOMIHX MIaroB, MpHueM MOCJe KaXAoro
Hlara Ha BepUlNHy JAepeBa BHTAaJKHBAeTCs ouepeaHoi
(HanMenbliuit) aneMmenT. M BHOBb BO3HHKaeT BOMpoc:
TAe XPAaHUTb «BCIVILIBAIOUIHE» BEpXHHUE JEMEHTH H MOM:-
HO /W HJH HeJb3s NPOBOAHTb OOpauleHHe Ha TOM xie
mecte? CyulecTpyeT, KOHEYHO, TaKOH BHIXOA: KaMALid
pa3 6paThb NOCJEAHIOI0 KOMIOHEHTY MHPAMHAHN (CKaxed:,
s3To 6yAeT X), mpATaTb BepXHuil 3jJeMeHT NUpaMHAH 1
OCBOGOAHMBIIEMCs] TeNepb MeCTe, a X CABHTaTb B HYXHO:
mecto. B Tabs. 2.7 nprBefeHn HeOGXOAHMBEE B 3TOM CJY-

Ta6nuua 2.6, [TocTpoenre NHpaMuAH

44 55 12 42| 9% 18 06 67
44 55 12| 42 94 18 06 67
44 55| 06 42 94 18 12 67
441 22 06 55 94 18 12 67
G5 42 12 55 94 18 44 67
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j.6muna 2.7, Tlpumep npouwecca coptupoBrd ¢ mnoMouibio Heapsort

06 42 12 55 94 18 44 67
12 42 18 55 94 67 44| 06
18 42 44 S5 94 67| 12 06
42 55 44 67 94| 18 12 06
44 55 94 67| 42 18 12 06
55 671 94| 44 42 18 12 06
€7 94| 55 4 42 18 12 06
94| 67 55 44 42 18 12 06

yae n— | waros. CaM npouecc OMHCHBaeTcsi ¢ MOMOUILIO
npoueldypo sift (mporp. 2.7) TakHM o6pa3oM:

Ri=n;

WHILER>1DO
xi= a[l}; afl} := a[R]; a[R] = %3
R:= R-1i s, R)

END

[IpuMep H3 Taba. 2.7 nokaswBaeT, 4TO MNOJyualomHics
NOpAAOK (akTHuecKH sBjsieTcss o6paTHhM. OAHaKo 3TO
MOXHO JIETKO HCNpPaBHTb, H3MEHHB HalpaBJieHHe <«YMo-
PAAOUHBAIONIErO OTHOUIeHHS» B Npoueaype Siff. B konue
KOHIOB noJyyaeM npouedypy Heapsort (mporp. 2.8),

PROCEDURE HeapSort;
VAR L, R: index; x:item;

PROCEDURE sifty(L, R: index);
VAR, j'index; x: item;
BEGIN{:=L;j:=2+L; x:= a[L];
IFG<R) & (afj] < alj+1]) THEN | := J+1END;
WHILE (j <= R) & (x < a[j]) DO
ali):=afilii:=Ji 1= 24);
IF <R) & (a[) < afj+1]) THEN j := | +1 END
END

END sift;

BEGINL:=(nDIV2)+1;R:=n;
WHILEL>1DOL ;= L-1;sif(L, R) END;
WHILER > 1 DO

x:= g[1); a[1]:= a[R]; a[R] := x}
R:=R-1;sif(L, R)
END
END HeapSort

Tporp. 2.8. Heapsort.
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Anaaus Heapsorf. Ha nepBuii B3risa BoBce He oue-
BUAHO, YTO TAaKOH MeTOJ COpPTHPOBKM JaeT XOpouiue pe-
3yabTaThl. Beab B KOHIle KOHUOB 60JblIHe 3jI€MEHTHI,
npexjie yYeM NOMaAyT Ha CBOe MeCTO B MNpaBOil YacCTH,
CHauaja cjABuralorcsi BJaeBo. UM jeilicTBHTEJbHO, NpPO-
LeAypy He peKOMeHAyeTcsl MPHMeHSITb AJS HeGOJIbLIOro,
BPOAe Halllero npumepa, 4ucjaa sJjeMeHToB, Jlasi 6oJb-
wux xe n Heapsort ouens adpdexktuBHa; ueM GoJblle n,
TeM Jydlle oHa paGotaer. OHa Jaxke CTaHOBHTCS CPaB-
HHMoOH ¢ coptupoBkoil llenna.

B xyawewm cilyuae HYXHO n/2 CABMralOMIMX LIAaros,
OHHM CABHUraloT sJemeHTH Ha log(n/2), log(n/2—1), ...
..., log(n—1) nosuuuit (norapupm (no ocHOBaHHIO 2)
«00pybaeTcsi» A0 cJelyloulero Menbluero nesnoro), Cie-
JI0BaTeNbHO, (pa3a cOpTHPOBKH TpebyeT n— 1 CABMIOB ¢
camoe GoJbuloe log(n—1), log(n—2), ..., 1 nepeme-
HeHdsiMH. KpoMe Toro, Hy*HO emie n— 1 nepeMeuieHtit
IJIsi MPOCAauHBaHHsl CABHHYTOrO 3J€MEHTa Ha HeKOTOpoe
paccrosinde BnpaBo. 3TH coobpaKeHHsl MOKa3WBAIOT, YTO
Haxe B CaMOM MJIOXOM H3 BO3MOXHHX cayyaeB Heap-
sort morpebyer n =log n waros. BeaHKosenHass mpoH3-
BOJAHTEJbHOCTb B TaKHX MJOXHX CJAy4yasiX — OJHO H3 IpH-
BJeKaTeJbHHX cBoHcTB Heapsort.

CoBceM He sICHO, KOTJa CJelyeT OXHAATb Hauxymlleit
(wnu Hauayuueit) npoussogutesbHocTd. Ho Boobuie-To
kaxercs, yto Heapsort «aio6ur» HauaJjbHBHE noOCaAENO-
BaTeJbHOCTH, B KOTOPHX 3jieMeHTH Oojee HJIH MeHec
OTCOPTHPOBaHH B o0paTHOM nopsike. [Tostomy ee mno-
BeJleHHe HEeCKOJbKO HeeCTeCTBeHHO. EcJu MH HMeeM JAelo
¢ 0GpaTHHM TOpPSAKOM, TO ¢a3a NOPOKAEHHS MHPaMHALI
He Tpebyer Kakux-iu60 nepeMeurenuii. Cpelanee uHCIO
nepemerieHuit NpuGIU3UTeNbHO paBHO N/2 #log(n), npu-
yeM OTKJOHEHHsS! OT TOro 3HAa4Y€HHS OTHOCHTEJBHO HeBe-
JHKH.

2.3.3. CopTHpOBKa C MOMOWILIO Pa3AeJeHHs

Pa3o6paBuivch B ABYX yCOBepIICHCTBOBAHHHX METO-
Jlax COPTHPOBKH, MOCTPOEHHBIX HAa NPHHIHNAX BKJIOYC-
HUsl ¥ BbIOOpa, MH TeNepPb KOCHEMCH TPETbero yJy4llew-
HOrO MeTOja, OCHOBaHHOTO Ha o6Mene. Eciu ydecTb, 4TO
ny3npbKOBasi COPTHPOBKa B cpelHeM OHJIa caMO#l Hed(-
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({¢KTHBHOM M3 BCeX Tpex aJrOpHTMOB NpsiMOA (CTporoi)
CODTHDOBKH, TO CJeAyeT OXHAATb OTHOCHTEJNBHO Cylie-
CTBEHHOro yJayutlends. M Bce ke 3TO BHIVIAHT Kak He-
kuil ClopnpHa: yJayyllleHHe MeTOJa, OCHOBAHHOrO Ha 06-
MCHE, O KOTOpPOM MH O6yAeM cefiuac rOBOpHTb, OKa3hl-
B4ETCHA, MPHBOAHT K CAMOMY JyyllleMy H3 HU3BEeCTHHX B
JAHHBIi MOMEHT MeTOJdYy COPTHPOBKH AJsi MaccuBOB. Ero
npON3BOAHTENbHOCTh CTOJb BlieyaTasoula, 4TO H306pe-
ratesnp Y., Xoap [2 5] u [2.6] maxe na3BaJ Metop Osi-
crpoii copruposkoii (Quicksort).

B Quicksort ucxoasT u3 Toro cooGpaxenus, uto AMs
JIOCTHXKeHHs HauJayullelt 5¢(eKTHBHOCTH CHavaJsa Jyuylle
Npol3BOAHTE MNepeCTaHOBKH Ha GoJbllHe PpacCTOSHHS.
TIpeanoJOXKHM, Y Hac eCTb N 3JEMeHTOB, PaCnoJOXeH-
HbiX MO KJloyaM B oGpaTHOM nopsiake. MIX MOXHO OTCOp-
THPOBaTh 3a 1n/2 06MeHOB, CHauyaja NOMEHSTb MeCTaMH
caMbifl JIeBHH ¢ CaMbIM NMPaBBbIM, a 3aTeM NOCJeA0BaTelb-
HO ABHraTtbCsl C ABYX cTOpoH. KoHeuHO, 3TO BO3MOXKHO
TOJBKO B TOM CJyyae, KOrfla MH 3HaeM, 4TO MNOPSAAOK
fedictBHTeNbHO OOpathHwiéi. Ho u3 aroro mnpumepa
MOXXHO H3BJeub H HeyTo JAeACTBHTeJbHO MOYYH-
TeaLHOe.

JaBaiiTe, nonuiTaeMcsi BOCMOJNb30BaThbCS TAaKUM aJro-
puTMOM: BHGepeM Hayraj Kakofi-iu6o 3jeMeHT (Ha30-
BeM ero x) 4 OGyJeM MpPOCMAaTpHBaThb CJeBa Halll MacCHB
J0 TeX Mop, NoKa He OGHAPYXKHUM 3JeMeHT a; => X, 3aTeM
6yaem mpoCMaTpUBAaTb MacCHB cnpaBa, NMOKa He BCTpe-
THM a; << X. Tenepb noMensieM MeCTaMH STH JBa 3Je-
MEHTa M NMPOAOJIKHM Hall Npolecc NpocMOTpa H o6MeHa,
noxa oba mpocMOTpa He BCTPeTsITCS rie-TO B cepelHHe
MaccHBa, B pe3ysabraTe MaccHB OKaxeTcs pa3GHTHM Ha
JeByl0 4acTh, C KJIIOYaMH MeHblle (HJAH paBHHMH) X, H
npaByio — ¢ kjaoyaMu Gosblle (HaH paBHHMH) X, Te«
lepb 3TOT MpolecC pasjeseHHsi NpeACTaBHM B BHIe NP0«
uvenypun (mporp. 2.9). O6GparHTe BHHMaHHe, UTO BMeCTO
OTHOWEHHA > H << HCMOJb3YIOTCA > H <<, a B 3aro-
JoBke nuukaa ¢ WHILE — ux otpuuanust <<u>>. [lpu Ta-
KHX H3MeueHUsX X BHICTyNaeT B poJH Gapbepa AJs TOro
H gpyroro npocmoTrpa. Ecau B3fATb B KauecTBe X
1151 CcpaBHeHHA CpeAHHA Kjalou 42, TO B MaccuBe
Kiouei

44 55 12 42 94 06 18 67
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PROCEDURE partition;
VAR w, x: item;
BEGINi:=1;j:=n:
€Avaaiino eulOpars X;
REPEAT
WHILE afi]<xDOi:=1+1END:
WHILEx< a[i]DOj:=j-1END;
IFi{=3JTHEN
wi=all afi]i= o] afili= wiit= 14110251
END

UNTIL1> ]
END partition

[Tporp. 2.9. CopTHpoBKa ¢ NOMOMUILIO pa3leNeHHs.

AJs1 pa3fie/leHds MOHAAOOATCA ABa oGMeHa: 18 «—» 44 i
6 <> 55

18 06 12 42 94 55 44 67

nocJjeHHe 3HayeHHS HHIEKCOB TaKOBH: i =25, a j=3.
Kniouu aj ... aj_; MeHblle HJIH DaBHH KJIIOUY X = 42,
a KJIOYM aj4) ... 3, OoJblile uaH paBHu X. CiefoBa-
TeJIbHO, CYLIEeCTBYeT ABe YaCTH, 3 HMEHHO

Ak: 1k <ita, <x

2.14
Ak:j<k<mix< g @19

OnucaHHHA aAropuTM OYeHb MPOCT H aq)q)exmaeﬂ no-
CKOJIbKY IVIaBHHE CpaBHHBaeMble BeJHYHHH i, j H X MOX-
HO XpaHHTb BO BpeMs NpPOCMOTpa B 6ucrpux perucrpax
MauMHe. OJHAaKO OH MOXeT OKa3aThCsi H HeyAAauHbiM,
YTO, HANPHMep, MPOHCXOAMT B CJyyae n HAEHTHUHDBIX
KJIouefi: AJs pa3fieJleHHss HYXHO n/2 o6MeHOB. 3Tux
BOBCe HeOOs3aTeJbHHX 0OMeHOB MOXHO H30eXaTb, eCaH
OmnepaTophl MPOCMOTPA 3aMEHHTh Ha TaKHe:

WHILE a[i] < =x DO {:=i41 END;
WHILE x < =a[j] DO j:=j—1 END

OnHaKo B 3TOM cJjyyae BHOPDaHHHH 3JI€MEHT X, Haxons-
IHIACH CpelH KOMMOHEHT MacCHBa, yXKe He paboTaer Kax
6apbep AJs AByX NMPOCMOTpPOB. B pe3yJsibTaTe MpOCMOTpHI
MacCHBa CO BCeMH HACHTHYHBIMH KJIIOYaMH MNpHBEAYT,
eCJIM TOJbKO He HMCMNOJb30BaThb 6oJjee CJOXKHHE YCIOBHA
HX OKOHUYaHHS, K epexojy uepe3 rpaHuus Maccusa. [1po-
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CTOTa YCJOBHH, ynotpe6JjeHHHX B nporp. 2.9, BnoJue
ollpaBJHBaeT Te AONOJHHTeJbHbBEe OGMEeHH!, KOTOpHe Npo-
LICXOAAT B CPeJHEM OTHOCHTeJbHO peAKOo. MoXHO elne
HEMHOTO COKOHOMHTb, €C/IH H3MEHHTh 3aroJIOBOK, yNpaB-
JAl0LHA caMHM OGMeHOM: OT i << | mepeitT Kk | <C j. Oa-
HAKO 3TO H3MeHeHHe He JOJIKHO KacaTbCs JBYX omepa-
qopoB: i:=1i+4 1, j:=j— 1. TlosToMy AN HHUX MnOTpe-
OyeTcsl OTAeJbHHH YCJOBHH{ omepaTop. ¥G6ednTbcst B
[IPaBHJIbHOCTH aJTOPHTMa pasjejieHHs MOXHO, YA0CTO-
BEepPHBIUHCh, 4TO OTHOWeHHs (2.14) mpeacraBasioT co6oi
HHBapHaHTH onepartopa uHkjaa ¢ REPEAT, Buauane npu
i=1H j=n HX UCTHHHOCTb TPHBHaJbHA, a NpH BHXOJe
Ci>>j OHHM JalOT KakK pa3 MeJaeMHH pe3yjbTar.
Tenepr HanoMHuM, 4TO Halla neJb— He TOJbKO MNpO-
BECTH pa3jieieHHe Ha YaCTH HCXOAHOTO MacCHBA 3JeMeH-
TOB, HO H OTCOPTHPOBaThb ero. COpTHPOBKY OT pa3jeJieHHs
OTAeNsieT, OAHAKO, JHUIb He6GOJBIIOA Llar; HYXHO MNpH-
MEHHTb 3TOT MNpOoUEeCC K MNOJYUYHBIIUMCH JBYM 4YacCTSM,
3aTeM K 4acTfAM yacTefl, H Tak A0 TexX Mop, [OKa Kaxjaas
13 uacrefi He 6yAeT COCTOATH H3 OAHOrO-€AHHCTBEHHOIO
3/1eMeHTa, JTH AeHCTBHS ONUCHBAIOTCA nporpammoft 2.10.
[Mpouenypa sort pekypcuBHO obpamjaercss cama K
cebe. PekypCHH B aJArOpHTMax — 3TO OYeHb MOUIHHH Me-
XaHH3M, ero Mn OyaeM paccMaTpHBaTh B I, 3.

PROCEDURE QuickSort;

PROCEDURE sort(L, R: index);
VAR, j: index; w, x: item;
BEGINi:=1L;j:=R;
x:= a[(L+R) DIV 2]
REPEAT
WHILE a[i]< x DO1:= [+1END;
WHILE x< afj] DO j ;= j-1 END;
IFi<=jTHEN
1= afi]; afi] :=a[i]; al) := wili= 1415 o= 51
D

UNTILi> j;

IFL <jTHEN sort(L,J) END ;
IFi< R THEN sort(i, R) END
END sort;

BEGIN sort(1, n)
END QuickSort

Mporp. 2.10. Quicksort.
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Bo MHOrHX «CTaphix» s3bIKax MNPOrpaMMHPOBAHHA OT
PEeKYypCHii MO HEKOTODBIM TEeXHHYECKHM NpHUYHHAM OTKa-
3nBaJHCch. [I03TOMYy MH Tenepb NMOKa)eM, KakK TOT e
aJTOPHTM MOXHO BHIPA3HTb H HEPEKyPCHBHOM MpOLeAy-
poit. Peulenue, oueBMAHO, 3aKJIOYaeTcss B TOM, 4TO pe-
KYDCHIO HYXHO 3aMeHHTb HrepauHed. IIpH 3TOM nNoHa-
JOGATCS,, KOHEYHO, HEKOTOphle AOMOJHHTEJbHBE Olepa-
I{HH MO COXpaHEeHHIO HYXHOR HH(POPManHH.

CyTb HTEpaTHBHOrO pelleHHs! 3aKJyaercsi BO BBeje-
HUH ChmHCKa TpebyeMHx pasfeseHHff, T. e. pa3aejeHHi,
KOTOphle Heo6XoAuMo npoBecTH. Ha KaxxjaoM 3Tane BO3«
HHKalOT JBe 3ajaud no pasaenexuo. M Toabko K OAHOH
H3 HHX MB MOXeM HemoCpeACTBEHHO Cpa3y Ke NpHCTY-
NUTb B OyepelHOR HTepayHH, ApPYyras Ke 3aHOCHTCS B
YNOMAHYTHHA CNHCOK. Ilpu 3TOM, KOHEYHO, CYUIECTBEHHO,
4YTO TPeGOBAHHSA H3 CNMHCKA BHIMOJHSIOTCS HECKOJBKO CIie-
uHpUyeCKHM 06pa3oM, a HMeHHO B o6paTHOM MOpsAke.
CrepoBaTesbHO, NepBOe H3 MePeYHCJEHHHX TpeGOBaHHM
BHIIOJIHACTCH MOCJAedHHM, H Haobopor. B npuBoAHMO#A
HepeKypcHBHOR Bepcuu Quicksort kaxpaoe TpeGoBaHHe
3a/laeTCsl MPOCTO JIeBHIM H MPaBHM HHAEKCAMH — 3TO
rpaHMub 4acTH, Tpebylomed AajbHefllero pasjaeieHlis.
Takum 06pa3oM, MH BBOAHM NepeMeHHYIO-MacCHB 1OJ
HMeHeM Sfack M HHJeKC S, YKa3biBalOUIHA Ha CaMylo no-
CJeHIOI CTPOKY B creke (cM. mporp. 2.11). O ToM, KakK
BHIOpaTh NOAXOASUIHA pa3Mep cTeKa M, peub mofiger npH
anaJuse paboru Quicksort.

Anaauz Quicksort. as HcciaenoBaHHsl NPOH3BOJH-
TesbHOCTH Quicksort cnauasna neo6xoaumo pasoGpaTbes,
KaK HJeT npouecc pasaeneHus. Bub6paB HeKoTOpoe rpa-
HHYHOE 3HAueHHe X, MH 3aTeM MPOXOAHM UEJUKOM [0
BceMy MaccHBy. CiegoBaTesqbHO, MPH 9TOM BHIOJHSICTCS
TOYHO N cpaBHeHHil. Uuc.10 e 0O6MEHOB MOXHO Ompcre-
JHTb H3 CJEeAYIOHIHX BepPOSATHOCTHBIX coobpaxeHuil. [Ipi
3a/laHHOfl TpaHHLEe 3HauYeHHA X OXHAaeMoe UYHCJO Ofe-
pauuii o6MeHa paBHO YMCJY 3JEMEHTOB B JIEBOH 4ACTi
pa3zessieMOfl MOCJIeJOBaTeJbHOCTH, T. €. n— 1, YMHOZ:<CH-
HOMY Ha BepOSITHOCTb TOro, YTO MNpPH oOMeHe KaXbiil
TAKOH 3JeMeHT nomajaer Ha cBoe Mecto. O6MeH mp-ic-
XO[HT, €CJH 3TOT 3JleMeHT MNepel 3THM HAXOAWJCS B
npaBoii uyacTd. BeposiTHOCTL 3TOrO0 paBHa (nN—(X—
—1))/n. TlostoMy oxuaaemMoe 4YHCJIO OGMEHOB CCTb
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PROCEDURE NonRecursiveQuickSort;
CONSTM = 12;
VAR, L, R: index; X, w: item;
s (0. M]:
rtack: ARRAY [1..M]OF RECORD L, R: index END ¢
BEGIN s = 1; stack[1]L : = 1; stack[s].R := n;
REPEAT (» Br1Sop 3 cTeKa NOCIEHETO 3apoca +)
L := stack[s].L; R := stack[s]R; s :=s-1;
REPEAT (+ paspenenue afL]..a[R]+)
ir=Lj:=R;x:=a(L+R)DIV2};
REPEAT
WHILE o[i]< xDO{:={+1END;
WHILEx< aj] DOj:= j-1 END;
IFi<=j THEN
w:= ali]; afi] .= a[j]; afj] := w; 1= 1413 =1
END

UNTILI> |
IFi{< R THEN (*32mich B cTEK 3a1poca K3 MpaBoii YacTH * )
§ = s+1; stack[s].L :=: {; stack[s}R := R
END;
R:=J (s rencps L M R OrpauHuHBaior JICBYI0 4acTh )
UNTILL>=R
UNTILs =0
END NonRecursiveQuickSort

ITporp. 2.11. HepekypcuBnas sepcua Quicksort,

CpefiHee 3TUX OXKMAAeMHIX 3HaueHHH AJA BCeX BO3MOX-
HBIX TPaHHL X.

M e [Suilgxgn: (x-1)«(a-(x-1))/n}/n
= [Su; 0 ugn-1; us(n-w))/
= n+(n-1)/2n-(20%-3n + 1)/6n = (n-1/n)/6 {2.15)

[IpeacraBum cebe, u4TO MH CYACTJAHBUHKH H HaM
BCErAla yAaercst BHOpaTh B KayeCTBe IPAaHHLB MedHaHY,
B 9TOM CJyuyae KaxAHH Npouecc pasiesneHHst pacuien-
JsileT MAacCHB Ha JABe MOJOBUHH H [Jsi COPTHPOBKH Tpe-
Gyercs Bcero log n npoxodos. B pesysibTaTe o6uiee 4uCJI0
CpaBHeHHA paBHO n #logn, a obulee 4HCJAO O6MEHOB —
n«log(n)/6. Henbass, kOHeuno, OXHAATb, YTO MH KaXK-
Aplfi pa3 6yAeM BHOHpaTh MeAHaHY. BepoATHOCTb 3TOro
CocTaBJsieT TOJbKO l/n. YAuBHTeNbHH{, OAHAKO, (aKT:
cpeaHsisi NPOU3BOAHTebHOCTL Quicksort npu cayuaiinom
BrIGOPE FPAHHIB OTJHYAETCH OT YIOMSHYTOIO ONTHMAJb=
HOro BAapHaHTa JHWb KOIpQHuHeHToM 2+I1n(2),
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Kax 6bl To Hu 6BITO, HO Quicksort mpucyuH Ii HEKOTO-
pbie HeAOCTAaTKH. ['aBHBIH H3 HIIX — HeJOCTAaTOUHO Bbi-
COKas NPOH3BOAMTENBHOCTh NPl HCOOJBMINX n, BIpOYEM
3THM rpemar BCe yCoBepLICHCTBOBaHHble meToAbl. Ho me-
pel ApPYriiMH YCOBEpUIEHCTBOBAHNBIMH MeTOAaMU 3TOT
1MeeT TO MpeHMYHIECTBO, yTo s 06paboTkil HeGOAbIIX
yacrefi B Hero MOKHO JIerKO BKJIOYHTb KakKoll-1Mbo 13
NpSMbiX METOAOB COPTHUPOBKIL. IT0 ocobenHO YA06HO He-
JaTh B CJyuae DPeKyPCHBHOH BepCHH MPOrpPaMMbi.

OcTtaercst BCe elle BONPOC 0 CaMOM IJIOXOM C.Jayuac.
Kak Torpa oyper paborath Quicksort? K necuactblo,
OTBET Ha 3TOT BOMPOC HeyTellHTeleH H JeMOHCTPHPYeT
oaHO HempHsATHoe cBoHCTBO Quicksort. Pasbepem, cka-
JKeM, TOT HeCHaCTHBHIH CJayyai, Korja KaxAeH pa3 I.s
cpaBHeHHsi BHOHpaercsi HauOboJjbliee H3 BCeX 3HauCHIII
B YKa3aHHoft yactH. Toroa Ha kKa)XAoM 3Tamne CerMeHT M3
n aneMeHTOB OyAeT paculenysiTbCsl Ha JIeBYIO YacTh, CO-
CTOAINYI0O H3 n— | 3/1eMeHTOB, H NpaByio, COCTOSIHIYIO
#3 OJLHOro-eJHHCTBEHHOTO 3JeMeHTa. B pe3yabTrare no-
tTpebyercs n (a He log n) pa3aeneHult U Hauxynuas npo-
H3BOAHTENBHOCTh MeTOJa OyJeT mopsiika n2.

$1BHO BUAHO, UTO IV1aBHOe 3aKJioyaercst B Beibope aje-
MeHTa ANsl CpaBHeHHs — X. B Haule#d pejakuuu UM Cra-
HOBHTCS CpeflHHil 3J1eMeHT. 3aMeTHM, OJHAKO, 4YTO MOHTH
C TeM Xe yCnexoM MOXHo BHOHpaTb MepBHA HJH flO-
caennufi. B aTHx cayuasx xy:e Bcero 6yaer, ecau Mac-
CHB OKaXeTCs MepBOHAYaJbHO YxXe YNOpsLOuUeH, Belb
Quicksort ompeneneHHO «He JIOGHT»® Takyld TPHBUAJb-
uylo paboTy W mpeanoyHTaeT HMeTb J€10 C Heymopsao-
YeHHBIMH MacCHBaMH. Buibupasi cpelHHH 3JeMeHT, Mh
Kak On 3aTylleBHBaeM 3Ty CTPaHHYI0O OCOGEHHOCThb
Quicksort, MockOJbKY B 3TOM CJyyae MepBOHAYAJIbHO
YOOpsiACUEHHHH MaccHB OyleT yKe ONTHMAJbHHM Ba-
puantoM. TakuM 06pasoM, (hakTHUeCKH CpelHsAs MPOH3-
BOAMTEJBLHOCTE NPH Bhi6Ope CpelHEr0 3JieMeHTa YYTOUKY
yayyuwaercsi. Cam Xoap mpejnosaraer, 4TO X HaJ0 Bbi-
6upaTth cayya#Ho, a JAJsi HeGoJbUIHX BbIOOPOK, BpOAC
BCEro Tpex KJIouefl, OCTaHaBAUBATLCSA Ha Meauane [2.12,
2.13]. Tako# pasyMHHil BLIGOD MaJO BJIMsieT Ha CPEJHION0
npou3BOAUTENbHOCTh Quicksort, HO 3aTo 3HauYUTEILHO
ee yJayylllaeT (B HaMXyAlIux caysasix). B Hekoropou
CMHICJIe ObiCTpasi COPTHPOBKA HAaMOMHHAeT a3apTHy!d
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irpy: BCeraa CJjeAyeT YYHTHBATb, CKOJbKO MOXHO MpoO-
HTpaTh B CJydYae HeBe3eHHS.

M3 sTHX cooOpaKeHHH MOXHO H3BJeub OJHI Baxk-
HBHIi YPOK, Kacalomuicst HelnocpeaCTBEHHO MPOTpaMMUpo-
paHus. UTO XKe ciaenyeT u3 YNOMSIHYTOrO CJy4asi CaMOro
NJIOXOr0 noBefe.udst nporpaMmu 2.11? Mpi ee mocTpouu
TaK, 4TO KaxXJAOe pa3jejieHue 3aKaHuuBaercs 0Opa3o-
BaHHEM NpaBo#l yacTu, COCTOsIMleH JHLIb H3 eIUMHCTBEH-
HOrO 3JIeMeHTa, H Tpe6GOBaHHe MocJenylouled COPTHPOBKH
3TOH dYacTH 3aHocHTcsl B cTeK. (CJenoBaresbHO, MaKCH-
MaJbHOe YHcJao TpeGoBaHuH, T. e. oGWIMA pa3Mep cTeKa
TpebOBaHuK, paBHO n. KoHeuHO, Kak mpaBHJO, 3Ta rpa-
HHIA He paocTuraercs. (3aMeTHM, 4TO ¢ peKYyPCHBHOM
BepcHeil NporpaMmHbl 1ejg0 OOCTOMT He Jydlle, a Laxe
XyXe, MNOCKOJbKY CHCTEMH, JONycKaioulide peKypCHB-
Hble obpauleHusi K MpoLelypaM, aBTOMAaTHYeCKH COXpa-
HSIIOT 3HaYeHHsA JIOKAJbHBIX NEepeMeHHBIX H MNapaMeTpoB
BCcex axTHBaluii TakMx npouenyp. Jas atoro HCl’IOJIbSYlOT
HEKOTODH il HessBHHIA CTeK.)

BHXOJ H3 MOJIOXKEHHS 3aKJI0Yaercs B TOM, YTO B CTeK
Hajf0 NpsATarb TpeOGOBaHHe COPTHPOBKH AJs GOJee AJIHH-
HOMt 4aCTH M Cpa3y xe NPOAOJKAaTb pa3jeNeHHe MeHb-
mwefl vactH, B 3TOM cayuae pasMep creka M MOKHO
orpanuuuTh yHcaoM logn. Bce wu3MeHnenus, KoTOpHe
HYKHO BHeCTH B nporpammy 2.11, cocpenoToyeHH B pas-
nese, yCcTaHABJHBAaIOUleM HOBHe TpeGoBanus., Tenepp OH
BRITJISIAHT TakK:

IFj~L<{R-1THEN
IF1<{ R THEN (*3amach » crex 3ampoca Ma coj; sHpOBKY NpaBoii 1acT »)
= s+1; stack[s).L ;= {; stack[s]JR := R,
END;
= § (*HpOROMKEHHE COPTHPORKH JIEBOH YaCTH +)
ELSE (216)
IFL ¢S THEN (+3amics B ¢Tex 3ampoca Ha COPTHPOBKY Nepok 4acTH +)
= §+1; stack[s]L := L; srack[s]R : =
END:
L= (*1popomkeHue COPTHPOBKHU ITPABOI HaCTH » )

OONT
-—N

2.3.4. Haxoxpgenne MeaHaHbI

Meduanoid ANt n 3/71eMeHTOB Ha3hBaeTCs 3JeMeHT,
MCHBWHA (MJAH paBHBA) NOJOBHHE H3 N 3JIEMEHTOB M
Goabwufi  (uu paBHHf) Apyrofi MOJOBHHE H3 n 3Jes
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MeHTOB. Hanpumep, MegHana pJs ajeMeHTOB
16 12 99 95 18 87 10

pasHa 18, 3apaua noxcka MeguaHH TecHO CBsi3aHa
¢ npo6JeMoii COPTHPOBKH, MOCKOJIBKY OYeBHAHHIA MeToa
onpejeneHysi MelHaHB 3aKJouaercss B TOM, YTOOH OT-
COPTHPOBATb n 3JEMEHTOB, a 3aTeM BHOGpaTb cpelHHH
snemenT. OJHAKO pasjesieHHe, BRIMOJHseMOe MNpOrpam-
Mot 2.9, No3BOJIsSIeT NOTEHUHAJBHO OTHICKHBATb MeAHaHY
3HAYHTeJbHO OnicTpee. 3TOT NpueM MOXKHO Jerko 06006-
WHTb H AJs MOHCKA CPelH n 3JeMeHTOB k-ro HauMeHb-
wero yucja. B 3ToM cjayyae nouck MeAHaHH — IPOCTO
yactHH# cayyalt k = n/2. AaropuTM, NpeAJOKeHHBil
Y. Xoapom [2.4], paboraer caeaywouuM o6pasoM. Cua-
waja npuMensieTcs omepauus paspenenust us Quicksort
¢ L=1u R==n, B KauecTBe pasfejsioulero 3HayeHs
x Gepercsl ax. B pesysbraTe mnojydyaeM HHAEKCH | H j,
YAOBJIETBODSIOILHE TAKHM YCJIOBHSAM:

l.ap <x aas scex h<i

. (2.17)
2. ay>x paaa Beex h > j
3.i>]
an 3TOM MH CTaJJKHBAaeMCsd C OJAHHM H3 TaKHX Tpex
cJyyaeB:

1. Pasgeasioulee 3naueHdHe X OBIJIO CJHIIKOM MaJo,
H FpaHHLa MeXAy ABYMsl YacTSMH JIEXKHT HHXKe HYXHOM
BeJHUHHH k. [Tpouecc pasaeseHdst NOBTOPsieTCsl /IS aJie-
MEHTOB a; ... ag (pHc. 2.9).

{ < [ > 1
$ 44 4 4
{ i1 & r

Puc. 2.9. FpaHuna caumKoM Mana,

2. Bubpannas rpanuuna x 6nlia CJAHIIKOM GOJIbLIOH.
Onepauun pasjeieHusi cJeayer NOBTOPUTL AJf 3JeMeH-
TOB aL ... 3 (puc..2.10).

] < [ > |
1 Tt
1 k I i r

Puc. 2.10. Ipanuna caumkom Benuka
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3. ] < k < i: aeMeHT ax pa3jensieT MAacCHB Ha JBe
4aCTH B HYXKHOH NPOHOpLHH, CA€A0BATENbHO, 5TO TO, YTO
nyxHo (puc. 2.11).

C < > I

‘T
!

~.
X -

Puc. 2.11. Bepuas rpanuua.

Ilpoueccn pasaeneHuss MNOBTOPAIOTCA 10 TeX I0p,
NOKa He BO3HHKHET TpeTHA cayuafi. CaMu HTepauHu
ONMMCHBAIOTCS CJaeRyOW UM ¢parMeHToM MAPOrPaMMHL:

L:=1:R:=1n;
WHILEL<RDO (218)
1= a[k]; pazdeachue (a[L].. a[R]]:
IFj{kTHENL:=jiEND;
IFK<iTHENR:= JEND
END

3a <¢opMaJibHHM J0Ka3aTelbCTBOM KOPPEKTHOCTH
3TOr0 aJropuTMa MH OTCHJIAE€M YHTATEJNs K OPHTHHaJb-
HOit paGoTe camoro Xoapa. Temepb Jerko mnogayuyaercs
u Bcs nporpamMma Find. Ecin npeRnoJIOXHTb, 4TO KaXe
10e pa3jelieHHe B cpeRHeM pa3buBaer 4acTb, I'le HAXO0<4

PROCEDURE Find(k: INTEGER);
VAR L, R, |, j: index; w, x: item;
BEGINL:=1;R:=n;

WHILEL< R DO
x:=ak;ii=L;j:=R;
REPEAT

WHILE a[i]{xDOi:={+1END}
WHILEx< afj]DOj:= j-1END;
IFi<= jTHEN
wi= alif; ali]:= afi}; ali] = wi i {41 1= L
END

UNTILi> §2
IFj{kTHENL:=1END;
IFK<{THENR := JEND
END
END Find

ITporp. 2.12. [Mouck k-ro nauGonmmero sneMenTa.



124 2. Copruposca

IHMTCS XKejaeMas BEJHUYHHA, NONOJIAM, TO 4uCJo Tpebye-
MBLIX CpaBHEHHHA paBHO

n+n/24+n/44 ... +1=2n

T. €. OHO NMOpsiAKa N. JTO H OGBIACHIET «MOUIHOCTb» APO-~
rpaMMmbl Find B ¢yd4asX HaXOXKAEHHS MeEAHAaHBl H APy«
X nOJAOGHLIX BEJHYHH H €€ IIPeBOCXOACTBO HaR Mps-
MHIMH MeTOJaMH, e CHauaJja COPTHPYeTCs 5Ce MHOXKe-
CTBO KaHAHAATOB, a 3aTeM Yyxe BoibupacTess k-# 3/€MeHT
(B syumieM cayuae Ha 3To noTpe6yercs nopsaka n=log (1)
onepanuit). OnHako B caMoOil HeGJIarONpHATHON CHTYa-
IHH KaXAblf 1uar pasfeneHHs GyAeT yMeHbIlaTh MHO-
XKECTBO KaHJHAATOB TOJILKO Ha €MIHHIY, H B pe3y.LTaTe
notpebyercs nopsinka n? cpasHeHnii. M1 BHOBb Hanomu-
HaeM: €/Ba JIH CTOHT IOJIb30BaTbCs 3THM aJrOPHTMOM,
€CJIH YHCJIO 3JIEMEHTOB HEBEJHKO, CKaxeM nopsaxka 10*)

2.3.5. CpaBHeHHe METOJ0B COPTHPOBKH MAaCCHBOB

3akaHyuBas Haw 0630p METOAOB COPTHPOBKH, MH IO~
nbTaeMess cpaBHHTb HX 3¢dexTuBHOCT,. Kak u paHblue,
N — YHCJO COpTHPYeMHX 3jeMeHToB, a C H M coOTBeT-
CTBEHHO YHCJIO HeOOXOAUMHX CpaBHEHHH KJilOYeid H 4YHC.10
o6MeHOB. [l/1s Bcex NpsIMbIX METOJ0B COPTHPOBKH MOKHO
1aTh TOYHHE aHaJHTHYeCKHE (hopMyan. OHH npHBOASTCS
B Taba. 2.8. Cron6usl Min, Avg, Max onpexessior coor-
BETCTBEHHO MHHHMaJIbHOE, YCPEJHEHHOE H MaKCHMaJbHOe
no BceM n! MepecTaHOBKAaM H3 11  3/JeMEHTOB 3HAUEHHsI.

Jnsi ycoBepuLleHCTBOBaHHLIX METONOB HET CKOJIBKO-
JHGO0 OCMBICTEHHHX, NPOCTHIX H TOYHHX dopmya. Cyuie-
CTBEHHO, OJH3aKO, 4YTO B cCJyuae copTupoBku Ilenna
BLIUHCJIMTEJbHbIE 3aTpaThl COCTaBJflOT C+n'2? a paa
Heapsort u Quicksort —c+#n=«logn, rae ¢ — cooTser-
cTByIolIHEe KO3DDHIHEHTHI.

It ¢$opMyJbl NPOCTO BBOAAT TIpybylo Mepy Ias
APOU3BOJHUTEIbHOCTH KaK (DYHKUHH NI H NO3BOJSIOT paj-

*} ABTOp, Kak NpaBHJO, He YYHTHBAeT B OLEHKaX KO3¢pdHUHeH-
TH, BXOAAIHe B OLEHKY NPOH3BOAHTENAbHOCTH. IIpH HeGoabWIHX n
OHH MOTYT Hrpath GOJbLIIYIO DOJb, YeM CaMH NPHBOAHMEE TEOPETH-
yecKHe oueikH. Oco6eHHO 3TO CYWIECTBEHHO MPH HCMOJL30OBAaHHH pe-
KyPCHBHuX npoueryp. Jlaxe npH crneuHaAbHOM apXHTEKTYpe, OPHEH-
THPOBaHHOH Ha HCNOAb30BaHHEe NpOUExYP, HTEPAaTHBHHE METOALI
Jydiie pPeKypcHBHRX, — [Ipum. nepes,



2.3. Yayqwennste merodol copTuposKu 125

Ta6anua 2.8. CpaBHeHHe NPAMHX METOJOB COPTHPOBKH
Min Avg Mag

Tlpsmoe C= =1l (n2+n-2/4 (n2-n)/2-1
Bkaoyere M= 2(n-1) (n2-9n-10/4 (n2-3n-4)2

Mpamot  C= (n2-n)/2 (n2-n)/2 (n2 - n)/2
BhIGOp M= 3(@l) ne(lnn + 0.57) n2/4 + 3(n-1)
TIpamoit C= (m2n)2 (n2n)2 (n2-n)/2
ofMex M= 0 (n2-n)+0.75 (n2-n)+1.5

GHTb aJrOpHTMH COPTHPOBKH Ha NpPHMUTHUBHHE, NMpsiMHe
METOAHN (n?) W Ha YCJOXHEHHHE HJH <«Jorapudmuye-
ckue» MeToAH (n=#log(n)). ORHaKO ANS ApPaKTHYECKHX
uejed MOJEe3HO HMETb HEKOTOphle 3KCHepHMEHTaJbHHE
JdaHHHe, cnocoGHHE NMpOJHTh CBET Ha Te KO3((HIHEHTH
¢, KOTOpHIMH ORHH METOR OTJHuYaercs OT Apyroro. BoJee
TOro, GopMyJH HE YUHTHBAIOT APYrHX 3aTpar Ha BH-
YHCJIEHHS, KPOMe CpaBHEHHS KJiouefi W MepeHOCOB 3Je-
MEHTOB, TAKHX, HalpHMep, KaK YlpaBJeHHe LHKJIAMH
H T. & $lcHO, YTO 3TH (aKTOpPH BO MHOrOM 3aBHCAT OT
OTRENbHOA BHYHCJIHTENbHOA CHCTEMH, HO TE€M He MeHee
pe3yNbTaTH 3KCNEPHMEHTOB JMOBOJbHO HHQPOPMATHBHH,
B tab6a. 2.9 co6paHn BpeMeHa (B ceKyHAax) paboTH,
o6CyXaaBUIHXCA BHIUE METOROB COPTHPOBKH, pealiH3o-
BaHHHX B cHcTeMe Moayna-2 Ha nepcoHaabHoil DBM
Lilith. Tpu cronbua comepaT BpeMeHa COPTHPOBKH
yXe YHNopsiAOYeHHOro MaccHBa, cJyyahHOH NepecTaHOBKH
H MaccHBa, pacnoJoxeHHoro B o6paTHoM nopsiike. B Ha-
Yaje NpUBOAATCH UHPpH Aas 256 3/€MEHTOB, a HHXKe —
a5 2048. UeTko mpocnexHBaeTcs OTJIHYHE KBajpaTHH-
HHIX MeToJOB OT Jorapu¢muyeckux. Kpome toro, 3acay-
MCHBAIOT BHHMaHHA clepylouiine 0co6eHHOCTH. _

1. ¥YayuineHHe ABOHYHOrO BKJIOYEHHS MO CPaBHEHHIO
C NpAMHM BKJIOYCHHEM JAeACTBHTEJbHO MOYTH HHYEro He
JaeT, a B cay4yae yNopsAo4YEHHOTO MaccHBa Aaxe MOJy-
yaercs OTpHIaTeJbHHA 3¢deKT.

2. Ily3npbkoBass cOpPTHPOBKA ONpEAEJEHHO HaHXyn-
11as U3 BceX CpaBHHBaeMHIX.

Ee ycoBepllieHCTBOBaHHas BepcHs, IUeflkepHass cop-
THPOBKa, MPOJAOJAKAeT OCTaBaTbCA MJIOXOHA MO CPaBHEHHIO
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Ta6axua 2.9. Bpems paGoTw pa3nHYHuX NPOrpaMM COPTHPOBKH

Ynopajio- Cnyuait- B oGparHom
yelIHbY HbIH TIOPAJIKE

n= 256
StraightInsertion 0.02 0.82  1.64
BinaryInsertion 0.12 0.70 1.30
StraightSelection 0.94 0.96 1.18
BubbleSort 1.26 2.04 2,80
ShakerSort 0.02 1.66 2.92
ShellSort 0.10 0.24 0.28
HeapSort 0.20 0.20 0.20
QuickSort 0.08 0.12 0.08
NonRecQuickSort 0.08 0.12 0.08
StraightMerge 0.18 0.18 0.18
n = 2048
StraightInsertion 0.22 50.74 103.86
BinaryInsertion 1.16 37.66 76.06
StraightSelection &8.18 58.34 73.46
BubbleSort 80.18 128.84 178.66
ShakerSort 0.16 104.44 187.36
ShellSort 0.80 7.08 12.34
HeapSort 2.32 2.22 2.12
QuickSort 0.72 1.22 0.76
NonRecQuickSort 0.72 1.32 0.80
StraightMerge 1.98 2.06 1.98

€ NpsIMHIM BKJIOYEHHEM H NpSMHM BHGOPOM (32 HCKJIO-
YeHHEM MNaTOJOTHYECKOTO CJyyas Yxe YMOpAHOYEeHHOro
MacCHBa).

3. Quicksort nyuyme B 2—3 pasa, uem Heapsort. Ona
COPTHPYET MAacCHB, pacnojOXeHHHA B o6paTHOM Ho-
PARKe, MPAKTHYECKH C TOM e CKOPOCTbIO, YTO H yXe
yrnopsAAOYEHHHIH.

2.4. COPTHPOBKA ITOCJIEJOBATEJIbHOCTEH
2.4.1. Npamoe cauaHue

K COXaJCHHIO, AaJTrOpHTMH COPTHPOBKH, MNPHBEACH-
HBl€¢ B MNpEABAYINEM pa3feie, HEBO3IMOXKHO HNPHMCHATDH
AN AAHHBIX, KOTOpHE€ H3-3a CBOE€ro pasMepa He nome-
LlanTca B onepa‘rnsﬂoﬁ NaMATH MAalIHHB H HaXOAATCHAy
HanpHuMep, Ha BHECWIHHUX, NMOCAEAOBATEJbHEX 3aNMOMHHAIO-
LIHX yCTpOﬁCTBaX NaMATH, TaKHX, KaK JEHTH HJH RHCKH.
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B TakoM cJjyyae MB FOBOPHM, YTO faHHHE MPeACTaBSIOT
coboft (mocaenoBaTenbHHB) Gaia. [Ias HEro XapaKTepHo,
yTO B KaXAHH MOMEHT HENOCPeACTBEHHO AOCTYNHa OJHa
y TOSbKO ORHa KOMIIOHEHTa. DTO BecbMa CHJIbHOe Orpa-
HilueHHE, eCJIH CPaBHHBATh C BO3MOXKHOCTAMH, NpelOCTaB-
JsiCMBIMH MAaCCHBaMH, H NO3TOMY HpPHXORHTCS HOJb30-
BaTbCA JPYTHMH METOJLaMu cOpTHpOBKH. HauGoaee Bax-
HHl H3 HHX — COPTHPOBKaA ¢ NoMolubio caunxus. Causinue
osHadyaer obvelHHeHHe ABYX (uau GoJjee) HOCIENOBa+
TeJIbHOCTEH B OJHY-€AHHCTBEHHYI0O YNOPSAAOYEHHYIO MO+
cJ1el0BaTeIbHOCTL C NOMOINBIO MOBTOpSioLlerocs BuGopa
13 ROCTYNHHIX B RaHHHHA MoMeHT 3neMeHTOB. CiansHHe
HaMHOrO IMpollle COPTHPOBKH, H €ro HCHOJb3YIOT Kak
BCAOMOraTebHYyl0 onepaunuio B 60Jee CAOXKHBX MpoLec+
cax COpTHpPOBKH nocjejoBatenbHocTell. OpHa H3 COpTH<
POBOK HAa OCHOBE CJIHSHHSI Ha3BBAETCA NPOCTHLIM CAUR-
Huem. OHa BHIOJHAETCA CaeAylomuM o6pa3oM:

1. IocnenoBaTenbHOCTD @ pa3GuBaeTcd Ha ABe MOJO-
BHHH: b U C.

2. Yactu b u ¢ cAMBAIOTCS, ApH 3TOM OAHHOYHEIE 3J€-
MeHTH 06pa3yioT YNopsAoYeHHHE AapH.

3. INoayuennass nociefoBaTENLHOCTb NOR HMEHEM @
BHOBb 06pabaTHIBAaeTC Kak yKka3aHO B HyHKTax 1, 2;
IpH 3TOM YAOPSAAOYEHHHE NMapH NEpeXOolAT B TaKHE Xe
uyeTBEPKH.

4. TloBTOpsAa MNpeABHAYyWIHE IIard, CAUBaeM YeTBEPKH
B BOCbMepKH H T. A., KaXAHA pa3 «yaBauBasi» JJIHHY
CANTHX NOAMOCTENOBATENLHOCTEH R0 TeX MOp, AOKAa He
Oyser ynopslo4YeHa LEJHKOM BCS HOCJER0BaTENbHOCTD,

Bo3sMeM B KayecTBe npHMepa TaKylo NMOCJAEAOBaTeNbe
HOCTb!

44 55 12 42 94 18 06 67
[locne pasbuenuss (war 1) nosyyaeM MOCAEAOBaTENb-
HOCTH

44 55 12 42

94 18 06 67
CinsHHe ORMHOYHBIX KOMHAOHEHT (T. €. YNOpSAROYEHHBIX

110C/lefOBaTENbHOCTE! AJHHH 1) B yNOpAJOUYCHHHE NMaph
daet

44 94’ 18 55°.06 12' 42 67
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Jens 3TY NOCA€AOBATEJbHOCTDb MONOJAM H CJAHBAA YHO-
psiloYCHHBIE Maphl, MoJyyaeM

06 12 44 94’ 18 42 55 67

TpeTbe pasnesieHHe W CJIHSIHHEe MNpPHBOIAAT HAcC, HaKOHeI,
K XeJaeMOMy pe3yJbTaTy:

06 12 18 42 44 55 67 94

Je#icTBHA NOo oRHOKpaTHOM 06GpalOTKe BCErO MHOXKECTBA
JaHHHX Ha3nBaloTcAd ¢asold. Haumenbiunid XKe Noanpo-
mecc, MOBTOPEHHE KOTOPOrO COCTaBJSET MPOLECC COPTH«
POBKH, Ha3blBaeTcsi npoxodom unu sranom. B npuBeneH-
HOM NpHMEpe COPTHPOBKa MPOUCXORHMT 33 TPH APOXORa,
KaXABA H3 KOTOPHX COCTOHT H3 (a3n pas’fejeHHsd H
¢asH causHug. a8 BHIOJHEHHS TaKOR COPTHPOBKH
HYXHB TPH JICHTH, [03TOMY OHAa HAa3BIBAETCH TPELXALH«
TOUHOIM CAUSHUEM.

®a3n pasgeneHHs HaKTHYECKH HE OTHOCATCH K COp-«
THPOBKE, B€Ab B HHX 3JEMEHTH He MepecTaBJAlOTCA.
B HeKOTOpOM cMHIC/Ieé OHH HEApPOAYKTHBHH, XOTSl H 3a-
HHMAlOT MNOJIOBHHY BceX onepauuit mo nepenucu. Ecau
OGBeAHHHTL pasfeieHHe CO CJHSHHEM, TO OT 3THX me-
penucel MOxHO BooGule u36aBuThbcA. BMecTo caugHug
B ORHY MOCJEROBATEJbHOCTb PE3YJAbTaTH CJAHSHHS GyaeM
cpa3y paclpelesTb MO ABYM JEeHTaM, KOTOpHe CTaHyT
HCXOAHHMH I AOCAeAyloulero npoxofa. B orauume or
YNOMSTHYTOH J8yxcha3not COPTUPOBKH C MOMOLUBLIO CJHS-
HUs GydeM Ha3HBaTb TaKYyl0 COPTHPOBKY 00HOga3Holl.
Ona, OueBHIHO, Jyuyllle, NOCKOJbLKY HeOOXOAHMa TOJbKO
MOJIOBHHA ONepaliil N0 MepermucH, HO 33 3TO MPHUXORHUTCA
«[AJaTHTb» YETBEPTOH JIEHTOH.

Tenepp NepefineM k 6Gojee ReTalbHOMY paccMOTpes
HHIO MporpaMMu CJHsiHHSA. JlanHHe MH 6yaeM mnpe/-
CTaBJSITb Kak MacCHB, obpallleHHe K 3JE€MEHTaM KOTO-
poro, OAHAKO, HIET CTpOro mnocJenoBaTesbHo. [locie-
Ayiomas BepCHs COPTHPOBKH cJiusiHHeM Oyner yxe
OCHOBaHa Ha MOC/1e10BaTeNbHOCTAX, — 3TO MO3BOJIHT HaM
CpPaBHHTb ABe NOJYYHBIIHECS ApOrpaMMH H AOAYEPKHYTb
CTPOry10 3aBHCHMOCTb NpOrpaMMuB OT BHOpaHHOro mpen-
CTaBJ€HHSA AN RAHHHX.

Ecan paccmatpuBaTh MaccHB Kak MOCJ€ROBaTeb-
HOCTb 3JIEMEHTOB, HMCIOIIHX ABA KOHIA, TO €r0 BECbMa
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BXOIHOH MaccHB BBIXO[IHOH MACCHB
11 [ 1 HEN 1
) 4
i I k 4
1)
cusHIe _/ pasbremme

Puc. 2.12, CxeMa COPTHPOBKH NPSMHM CJHSHHEM MJS ABYX Mac-
CHBOB.

pOCTO MOXHO HCHOJb30BaTb BMeCTO ABYX MOCJ/elO0Ba-
TeqbHOCTE. MH 6yaeM npu causHHU 6paTh 3S/E€MEHTH
¢ ABYX KOHIIOB MAacCHBA, a He H3 JABYX BXOJAHHX ¢aifi-
goB. Takum o6pasom, ofmas cxeMa oOGbeaUHEHHOR
¢asbl caHsHHA-pa36HeHHs] HMeeT BHJ, MOKAa3aHHHA Ha
puc. 2.12. HanpasJjieHHe NMepecHIKH CJOHBAeMHX 3JEMeH-
TOB H3MeEHseTcs Ha MNepBOM MpOXORe HOCJAe KaXROil
ynopsA0YeHHOA MmapH, HA BTOPOM — MOCJe KaxKaofl yno-
psIROYEHHOA ueTBEPKH H T. 1., PABHOMEPHO 3aNOJHSA
JlBé BHIXOAHBHIE MOCJEAOBATEJIbHOCTH, HNpPEACTABJISAEMEE
IBYMsl KOHIaMH ofHoro MaccuBa. ITocme kaxamoro mpo-
X0Ja MACCHBH <«MCHSIOTCA pOJSMH», BHXOAHOH CcTaHO-
BHTCA BXOZHHM H Hao60poOT.

Ecau o6bepauHHTL ABa KOHLENTYaJbHO pPasJHYHBIX
MaccHBa B ORHMH-eIHHCTBEHHHH, HO ABOMHOrO pasMepa,
TO mporpaMMa eme 6onee ynpomaercs., B sTom cayuae
JaHHHe MpeACTaBJSIIOTCS TaK:

a: ARRAY[1.2+n] OF item (2.20)

ViHaeKcH i M j (HKCHPYIOT ABa BXOAHBIX 3J€MeHTa, k u
L — apa BHXOAHHX (cM. puc. 2.12). Hcxomnmmu pau-
HbIMH 6YRYT, KOHEYHO K€, 3JeMEHTH a, ... d,. Kpome
3TOro, OYEBHAHO, HYXXHO BBECTH AJS YKAa3aHHS Hanpas-
JIeHHS NepecHJKH GyJneBcKylo mnepeMmeHHylo up. Ecan
Up WCTHHHA, TO B TeKYyUleM MPOXOJAe KOMMOHEHTH

8 ... an OBHXKYTCA HA MECTO dn41 ... dzn, €CAH XKe
HCTHHHO BHIpaXeHHe ~up, TO dn4i ... d2q [OEPECCH-
JSI0TC B @) ... dn. MEXAY NOCJHEROBATENbHEMH PO+

XOAaMu 3HayeHHe WUpP H3MEHSeTCs Ha MPOTHBOMOJIOX-
Hoe. 1 B 3akaiouenue HaM ellle MoTpebyercs mepemeH-
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Has p, 3ajpaiomas paamep obbeaHHAEeMBIX IOCJEROBa-
teabHocTefi. HavanbHoe 3nauenue p paBHO 1, W nepep
KaXAHM MOCJEAYIOIHM MNpOXOAOM OHAa YABAaHBaeTCs,
Jns npocTOTH MH NpeAnoJaraeM, 4To BCera N paBHO
creneHd ABOHKH. Takum o6Gpa3oM, mepBas BepcHS Mpo-
rpaMMbel COPTHDOBKH C MOMOIbIO HPOCTOTO CJOHSHHS
liMeeT TAKOH BHA:

PROCEDURE MergeSort: (.21)

VAR, j, k, L: index: up: BOOLEAN; p: INTEGER;

BEGINup:=TRUE; p:=1;

REPEAT unuyuanua undexcon; )
JIFupTHENi:=1:j:=mk:=1n+1; =2
ELSEk:=1;Li=n;i:=n+1j:=2n
‘END ;
cAuInue p-nabopoe ui i~ U j-6x0doa a &« U L-asixoder;
up = ~up;pi=2+p

UNTILp =n

END MergsSort

Chnepyomuii 3Tan — yTOYHEHHE ONEpaToOpOB, Bhife-
JEHHEIX KypCHBOM. $CHO, yTO Npomecc CJAHSHHA n 3Je-
MEHTOB CaM MOpeiCcTaBAsf€T COOOH NOCAEROBATENLHOCTD
CIMAHMA nocaefoBaTenbHOCTEd, T. €. p-Habopos. Ilocie
KaXaoro Takoro YaCTHYHOrO CJHSHHS BBHIXOA Nepeiio-
Yaercs C HHXKHEro Ha BEDXHHA KOHEL BBIXOJHOr0 MacCH-
Ba*) W Hao60OpOT, YTO rapaHTHPYeT ORHHAKOBOE pacrnpe-
nejneHne B 060UX HanpaBJieHHAX. Ecau caHBaeMue sJje-
MCHThHl HalpaBJAOTCA B JEBHIf KOHElW BHIXOLHOTO
MaCCHBa, TO HanpaBJ€HHe 3ajaercs HHAeKCOM K, H
A0C/e NEpEeCHUIKH OYEPERHOTO 3JE€MEHTa OH YBE/IHYH-
BaeTcs Ha eRMHHIY. EcCan ke sJeMeHTH HanpaBJsioTCA
B npaBulfi KOHEL, TO hanpaBJ/iCHHE 3aRA€TCA HHACKCOM
‘L ¥ OH KaXAn# pa3 yMmennwaercs. ns ynpouieHHs
(aKTHYECKOrO onepaTopa CJOHAHHA GyAeM CUYHMTaTb, 4TO
HanpaBJeHHe Bcerja 3afaercs HHAekcoM k, HO nocie
CAHAHHA p-Habopa 6yaeM MEHATb MECTaMH 3HayeHHA
k u L, npupauenue xe Bceria ofo3nayaercs yepes h,
uMelouee sHayenne au6o 1, au6o —1. BricKkaszanub€
coo6paXKeHHs MNpPHBORAT K TAKOMY YTOYHEHHIO [pO-

*) Tounee, ¢ JneBoro KoHua Ha nNpaBuit. HyxHO wucnpaBasaTb
AH6O pHCYHOK, JAH60 TeKcT, Mu BuOHpaem nocaefHee, — [Tpuse
nepea,
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rpaMMu:

BI=1M1= 0 (sM-IACTO CIMBAEMBIX NEMEHIOB +) (2.22)
REPEAT¢:=piri=pim:=m-2+p;

CLAHKE § 21eMEHTOS U3 [-6X00a C ¥ IMeMeNTaMU U3 [ 6X00d;

wnoere guxoda k, 3areM k yeeauuusaercs wa I}

hi=<htke L
TNTILm =0

JlanpHefililee YyTOYHEHHE BEAET yxe K (OpMYJIHPOBAHHIO
camoro onepatopa causuus. Ilpn sToM caepyer yuutsl-
BaTb, YTO OCTATOK NOANOCJEAOBATEAbHOCTH, OCTaBLIUACA
nocsie CAHSTHHS HENyCTofi NOANOCEA0BATENbHOCTH, 106aB-
J5IeTCS NPOCTHIM KONUPOBaHHEM K BHIXOAHON nocjenoBa-
Te.IbHOCTH.

WHILE(Q # 0)& (r # 0) DO
117 ali] < alj] THEN (2.2%)
Q1eMeNT u3 §-6x00a nepecvinaerca Rak-ewx0d; 1 u k npodsuzaorcn;
q:=q
FLSE
aze.ueulr uz j-6x00a nocvlaaerca Ha k-6eixod, fu k rpodsuzaiorca;
Ti=1T"
D
END;
KOHUPOGARUE XBOCTA §-MACCUGA; KONUPIGAHIUE XUOCTR | -MACCUUG

Ecnu Tteneph yTOUHHTH ONe€pauHH KONHpPOBAHHUS OCTAT-
KOB, TO NporpaMMa CTaHeT coBepuleHHO TOuHOH, Ogf-
HAKO, NMpeXae yeM CheJaTh 3TO, MH XOTHM H36aBHTbCH
or OrpaHH4YC€HUs Ha 0O: NOKa OHO AOJXKHO 6LiTL CTene-
Hpio ABOAiKH. Ha Kakue yaCTH aJaropHT™Ma BJHSJIO 3TO
ycnosue? Jlerko y6eauts cebs, 4yTO HaHAyyulHit cnocob
cnpaBuThcs ¢ Gojee obuiedl CHTyauHel— NpoROJKaThH
ZelicTBOBaTb, HACKOJLKO 3TO BO3MOXHO, [10-CTapPOMY.
B nannoft cuTyauuu 3TO O3Hauaer, yTo Mu 6yAeM mnpo-
J0.;1;KaTh CJAHAHHE p-HaGOpOB 10 TEX NOp, NOKa HE OCTa-
HyTcsa NOCJIEROBAaTEJLHOCTH pa3MEpPOM Menee p. 3to0T
npouecc 3aTparuBaeT TOJbLKO Ty 4acTb, A€ Onpepe-
JAAtoTCA 3HAYEHHA U I — AJHHH CJAHBaeMbix NOCJa€A0-
BaTespHOCTEll, BMecTo Tpex onepaTopoB

Q:i=p; I:=p; Mi=m—2*p
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HCNOJb3YIOTCA 4eThipe, 3(OEeKTHBHO, KaK 3TO MOXno
3aMEeTHTb, pealu3ylolIHe ONHCAHHYIO BHIle CTpaTerHig,
Yepes m 3aecp oGo3Hayaercs obuiee YHCJIO 3JEMEHTOR
B JABYX BXOAHHX [M0CJ€A0OBAaTCAbHOCTAX, MNOAJEXKAUIHX
CJIHSAHHIO.

IFm>=pTHEN(q:= pELSEq!=mEND;

m:i=m-q,
3JFm>=pTHENI:=pELSEr:=mEND
m:=m-r

Kpome TOro, ans rapanTHH OKOHYAaHHS NPOrpaMMH yc-
JuBHE p ==1, ynpaBasiouiee BHEUIHHM LHKJIOM, 3ame-
HsieTCs Ha p == 0. [lpogenas Bce 5TH MOAH(HKALHMH, MK
MOXeM Teneph ONHCaTh BeChb aJrOPUTM YiKe Kak nosj-
Hyl10 nporpammy (nporp. 2.13).

Anarua copruposxu ¢ nomouypto causrus. ITOCKOJIb-
KY Ha KaXJOM NpOXORe p YABaHBaeTcs H COPTHPOBKa
3aKaHYHBaeTcs Npu p => n, T0 Bcero Tpebyercs [logn]
npoxonoB. Ha kaxaoM npoxoze no ONpeleNeHHUIO KOMH-
pyloTCS no OAHOMY pa3y Bce N 3jaeMeHTOB. [losTomy
obuiee YHCAO NEpecHJIOK

M=n=«[logn] (2.24)

Uueao cpaBHennit kawouefi C paxe Menbuwre M, no-
CKOJIbKY NpH KONHPOBaHHH OCTATKOB HHKAaKHX CpaBHe-
HHUt He npou3BOAHTCA. ORHAaKO MNOCKOJbKY COPTHPOBKH
CIHAHHEM OGLIYHO YNOTPe6AAIOTCS B CHTyalHsX, TCAe
NPUXORHTCA NOJb30BAaTbCS BHELUIHHMH 3aNOMHHAIOUIMMH
YCTPOHCTBaMH, TO 3aTpaThl Ha ONEPAalHH NepeCchIKH Ha
HECKOJIbKO NOpAAKOB NpEBHILIAIOT 3aTpaThi Ha CpaBHe-
Hus. TlosToMy peTaabHb#t aHaJH3 yYHCJaa CpaBHeHHH
ocoboro  NpaKTHYeCKOro HHTepeca He  NpeACTaB-
nAfeT.

AJrOpHTM COPTHPOBKH CIHSIHHEM BHAEpIKHUBAET CpaB-
HEHHE JaXe C YCOBEepLIEHCTBOBaHHBIMH METORAMH, pas3-
6upaBuliMHCs B npeabiaymeM pasfnene. OpHako, XOTS
3R€Cb OTHOCHTEJbLHO BLICOKH 3aTpaThi Ha paboOTy C HH-
ILeKCaMH, peulalouiee 3HayeHHe Hrpaer HeoO6XORHMOCTb
pa6otaTb ¢ naMaThi0 pa3mepom 2n. IlosToMy cOpTHPOB-
Ka CIHSIHHEM AJsS MacCCHBOB, T. €. AJs JaHHHX, pa3me:
I[aeMBIX B ONEPaTHBHOA NaMATH, HCNOJbL3YeTCS PERKo.
B nocneapnefi ctpoke Ta6a. 2.9 npHBOgHTCH IJs Cpas-
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PROCEDURE StraightMerge:
VAR, j, K, L, t: index: (* mmanmason munexcos 1., 2sns)

h, m, p, q, r: INTEGER: up: BOOLEAN;

BEGIN up := TRUE; p:=1;
REPEATh:=1,;m:=n;

IFUpTHENi:=1;}:=nk:=n+1l:L:=2m

ELSEk:=1;L:=n;i:=n+l;j:=2n

END;

REPEAT (# cniuneve cepwit H3, {-H j-BXOJIOB B K -BHIXO/L*)
IFm>=pTHENq:=pELSEq:=mEND;
m:=m-q;

IFm>=pTHENT:= pELSEr:=mEND:
m:=m-;
WHILE(q # 0) & (r # 0) DO
IF a[i) < a[j] THEN
alk]:= afi; k:=k+h; 1= i+1;q:=q-1
ELSE
akl:= i ki=k+hiji=JLri=r1
END
END.
WHILEr> 0 DO
ak]:=afjl k:=k+h;J:i=§Liri=11
END ;
WHILEq > 0DO
ak]:=afib k:=k+hil:=141;q:=¢-1
END;
h:=-ht:=kk:=L;L:=t
UNTILm = 0;
up := ~up; p:= 2sf
UNTILp>=n;
IF ~up THEN
FOR1:=1TOnDO a[i] ;= ali+n] END
END
END StraightMerge
ITporp, 2.13. IMpsamoe causiHHe B MacCHBe.

HeiHs BpeMsi palOTH ajJrOpHTMa COPTHPOBKH C .NOMO-
wpio causuus (Mergesort). Ono ayuure, yem y Heap-
sort, HO xyxe, ueM y Quicksort.

2.4.2. EcTecTBEHHOE CJOHAHHE

B cayyae npaMoro CJHHSIHHA Mbl HE MOJyyaeM HHKa-
KOro [peHMYLIECTBa, €CJH JaHHBI€ B Hayajae Yyxe€
YaCTHYHO YNOpPAAOYEHHL. Pa3amep cauBaeMbX Ha k-M
npoxone NnoanoCAeROBaTENLHOCTE MeHblile HJH paBeH
2% 4 HE 3aBHCHUT OT CYUIECTBOBaHHUSA 60J€e AJHHHBIX yxKe
ynopaa04€EHHBIX noanocJeaoBaTeJbHOCTEH, KOTOpHIE
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MOXHO OblJIo 6H npocto OGBEAHHHTb. PakTHUYECKH
Jio06pi€  ABe YNOpsAAOYEHHLIE MOANOCJAEA0BATENbLHOCTH
NJIHHOA m M N MOXHO Cpa3y CJHBaTb B OAHY nocjaeno-
BaTeJbHOCTb H3 m -+ 0 3.aementoB. COpPTHPOBKa, npu
KOTOpOH Bc€rga CJAHBAlOTCA ABe CaMbleé QJHHHBIE H3 BO3-
MOXHHX NOANOC/]EA0BAaTEJbHOCTEH, HA3LIBAETCS ecCTe-
CTBEHHOIM CAUAHUEM.

YnopsaaoueHHble NOANOCJAEA0BAaTEIbHOCTH YacCTO Ha-
3nBalOT CTpoKasmu. ORHAaKO TaK KaK CJOBO «CTPOKa»
eule yaue ynorpebasercs AJs Ha3BaHHA NOCJA€AOBaTeb-
HOCTH CHMBOJIOB, TO MH AJA YNOpSROYEHHEIX NOANOC/]E-
NOBaTebHOCTER O6YyAeM HCNOAL30BaTb TEPMHH <«CEPHS»,
TakuM o6pa3oM, NOANOCAEROBATENbHOCTD af ... @), YAO-
BJETBOpSIOUIas YCJIOBHIO

(@~ >a)&(Ak i<k <jia,<Cag ) &(a; > a;) (2.25)

Ha3BIBACTCA MAKCUMANLHOL cepueil WlH, KOpOYe, cepueil.
[TosTomy B copTHpOBKE ecTeCcTBEHHHIM CJHSHHeM OGbe-
RUHAIOTCH (MaKCHMaJbHEIE) CEepHH, @ HE NOCJCROBATENDb-
HOCTH (UKCHpoBaHHOH (3apanee) aauHBL. Ecam cau-
BalOTCA JABE MNOCJAEAOBATENbHOCTH, KaXjaas H3 0N CEpHi,
TO pe3yJbTHPYIOUas COREPHKHT ONATb DOBHO N CEpHi.
CaepoBaTenbHO, npH KaxaoMm npoxope obfuiee 4icio
CepHH YMEHbLIaeTCs BABOe H obuiee YHCJIO NepechuIOK
B CaMOM NJIOXOM caydyae paBHO ns[logn], a B cpen-
HeM Jaxe MeHbule. OXHpaeMOe Xe YHCIO CpaBHEHHH,
OJHAKO, 3HAYHTENbHO OOJblI€, NOCKOJAbKY KPOME CpaB-
HEHHH, HeOOXORUMHX AJA OoT6Opa 3JEMEHTOB IIpH CJHS-
HHH, HYXHH enie AONOJHHTEJNbHbIE — MEXAY I10CJER0BaA~
TEJbHBIMH 3J€MEHTaMH Kaxaoro ¢ahaa, utobun onpe-
DIeJHTh KOHELl CEpHH.

ChnenylomM HalulMM ynpaxXHeHHeM GOyldeT CO3JaHHe
aJropuTMa €CTeCTBEHHOrO CJAHSIHHSI ¢ NMOMOUIbIO TOTO Xe
npHeMa NoularoBOro YTOYHEHHS, KOTOPHIA NpHMEHAJCA
npH OOBACHEHHH &JNrOPHTMa NpAMOro CAHAHHA. BmecTto
MacCHBOB 3JleCb HCNOJb3YIOTCS MOCAER0BATENbHOCTH, H
peub HAeT O HecbaJaHCHPOBaHHOH, ABYX(a3HOA COpTH-
pOBKe CJHSHHEM ¢ TpeMs JeHTaMH. Mul npeanonaraeM,
YTO NEepeMeHHas ¢ npeacTaBaseT co6OH HauajpHylO N0-
CleR0BaTeNbHOCTL 3JieMenTOB. (B peaabHux nponeccax
06palOTKH JaHHBIX HayalbHH€ JaHHLHIE, €CTECTBEHHO,
CHayaja KOMHUPYIOTCA M3 HcxoaHoro daftia B ¢; 3T0
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a a
[ [ ¢
b b b
'_Y"'-\'H—-" daza oARHS
a3a pacrpefieNiCHAA
1 v — N / \~ _ . ;
npoxon 1 npoxop 2 nipoxop n

Puc. 2,13, ®asn cCOpTHPOBKH ¥ NPOXOAH.

zenaercs Aas  GesonacHoctH *). Kpome Toro, a
b — BcnoMoraTeNbHBl€ NE€PEMEHHLIE-N0CJeR0BaTENLHOCTH.
KaxXaHfi npoxold COCTOHT H3 (a3nl pacnpeleieHHs ce-
piii M3 ¢ NOpOBHY B a H b M (a3nl caHsiHHSA, OOBERH-
Hawoued cepud U3 a U b BHOBL B €. 3TOT Npouece HIATIO-
crpupyercs puc. 2.13

B kauectBe npuMepa B Taba. 2.10 npuBenen dafa ¢
u3 20 yucen B ero HCXORHOM COCTOSIHHH (nepBas CTpOY-
Ka) H nocje KaXARoro H3 NpOXOAOB COPTHPOBKH C NO-
MOILBIO €CTECTBEHHOro causuus (cTpoku 2—4). Obpa-
THT¢ BHHMaHHE: BCEro MNOHaAOGHJOCL TPH NpPOXOAA.
Ilpouecc cOpTHPOBKH 3aKaHYHBAETCS, KaK TOJLKO B C
yHCJIO CcepHii cTanerT paBHuM eaunuue. (IIpemnona-
raercsd, 4yTo B HayaJbHOH NnocJaeROBaTEbHOCTH €CTh MO
kpafinefi Mepe oana Henycras cepus.) Ilostomy nas
CyeTa yHCJa CepHit, HanpaBJAsieMBIX B €, MBI BBORHM
nepeMennyio L. Bocnoab3oBaBIUHCL THNOM NOcjael0Ba-
TeNbHOCTH (Sequence), BBeACHHHM B pa3f. 2.11, MOXHO

Ta6nnua 2.10. Tlpumep COPTHPOBKH € NOMOIULIO €CTECTBEHHOIO
CIHAHKA

17 31'05 59'13 41 43 67 11 23 29 47°03 07 71'02 19 57'37 61
05 17 31 69'11 13 23 29 41 43 47 67'02 03 07 19 57 71'37 61
05 11 13 17 23 29 31 41 43 47 69 67'02 03 07 19 37 57 61 71
02 03 05 07 11 13 17 19 23 29 31 37 41 43 47 57 59 61 67 71

*) Hcxoauuii ¢afin Moxer GHTb HECKONbKO CRelUH(DHUECKHM, K
€ro, KaKk NpaBHJO, HeJb3s HCMOJIb30BATh B KAUECTBE <«MOC/e[0BATE/]b-
Hoctu», Hanphmep, 9T0 MoxeT OHTb <nepdoieHTOYHHIA» dain, —
{pun. nepes.
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HanucaTp Takylo nporpammy (2.27).

VARL: INTEGER; 3,b,¢: Sequence

REPEAT Reset(a); Reset(b); Reset(c):
Pacnpedeacruc; (* ¢ pacnpesiensiercas a v bs) (2.27)
Reset(a); Reset(b); Reset(c);
L:i=0; crusnue (*a Hb cMBUIOTCA B C %)

UNTILL =1

JlBe ¢a3bl ABHO BHIRENAIOTCH KaK ABa Pa3JHYHHIX Ofe-
patopa. Tenepb HX HajA0 YTOYHHTb, T. €. NEpENHCaATh
c 6oabluefl Aeranu3anued. YTOYHEHHOE ONHCAaHHE pac-
npedesenus (distribute) npusomurcs B (2.28), a caus-
rus (merge) — B (2.29).

REPEAT copyrun(c, a);

. IF ~c.eof THEN copyrun(c, b) END (2.28)
UNTIL c.eof

REPEAT mergerum; L= L+1

UNTIL b.eof; (2.29)

IF ~a.eof THEN copyrun(a, ¢); L : = L+1 END

Takolt MeToa pacnpelfeneHHs NPHBORHT MNpPERNOJOXH-
TEJNbHO K CAeaylouieMy pe3yabTaTy: AH60 B a H b Gyner
nopoBHy cepufi, 1n6o B a 6yaer Ha ORHY Goabule. ITo-
CKOJIbKY COOTBETCTBYIOIHE naphl CepHA  CJAHBalOTCH
B ORHY, TO B a MOXeT OKa3aThCHA eule ORHA JHIIHAA Ce-
pHsl, €e HYXHO NpOCTO CKONHpoBaTb. OnepaTopwl CAUA-
Hue .u pacnpelesedue GOPMYNHPYIOTCS B TEepMHHAX
YTOYHEHHOrO Oneparopa cAuUfHUe ceputi ¥ NORYHHEHHOH
NpoueaAypul copyrurft, Ha3HayeHHe KOTOPHIX COBEpIICHHO
nousTHo. [InrTasicb npomenats 3Ty paboTy, MHI CTaJKH-
BaeMCs € Cepbe3HBIMH TPYRHOCTSMH: AJAA TOro y4toOH
ONpele/UTh KOHEI CEPHH, HYMHO CPaBHHBAaTh KJIOYH
ABYX MOCJefOBaTENbHEX 3JeMeHTOB. Ofnako npHpola
NI0CN€A0BATENLHOCTEA TaKOBa, YTO HENOCPEACTBEHHO RO-
CTYN€H TOJBKO OAHH-€AHHCTBEHHHIA 3JeMeHT. [losTOMy
HEBO3MOXHO H36eXaTb «3arJsALIBaHHA Bnepel», T. €.
C KaXnOH NOCJAeROBaTENbHOCTHIO HYXHO CBSI3aTb HEKHH
6ydep. B HeM conepiKuTcs nepBHIl, €ule He CYHTAHHKIH
3JIEMEHT NOCNeA0BaTENbHOCTH, T. €. Oydep nanomuHaer
OKHO, CKOJIb3sillee BROJNbL NOCJE€10BaTEIbHOCTH.
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BMecrto TOro yrtoGnl NpOrpaMMHUPOBaTb SIBHO STOT
MeXaHH3M B Hallleft nporpaMMe, MBI [peRNOYHUTaEM
onpeleNHTh €lle OfHH YpoBeHb aberpakuuu. dto Gyner
HOBHIi MOZYJL ¢ UMEHeM Sequences, RS N0JbL30OBaTENs
OH- 3aMeHHT Moayab FileSystem. Kpome Toro, Mu onpe-
ReasieM COOTBETCTBEHHO H HOBHIR THN AJAA NOCJeROBa-
TEJIbHOCTH, HO OH Oyaer cchllaThcs Ha Sequence u3
FileSystem. B 3ToM HOBOM THNEe GyReT (HHKCHpPOBaTbCH
HE TOJIbKO KOHEL MNOCJAER0BaTEeJbHOCTH, HO H KOHEI ce-
PHH H, KOHEUHO XK€, NePBHHA 3JEMEHT OCTaBllefcs yacTH
nocaenoBaTeNbHOCTH. HOBHIA THN H CBS3aHHbIE C HHM
onepaiud 3ajalOTCH TaKHM MOJAYJEM OnpeReJeHui:

DEFINITION MODULE Sequences;
IMPORT FileSystem;
TYPEitem = INTEGER;

Sequence =
RECORD first: item;
eor, eof: BOOLEAN;
f: FileSystem.Sequence
END;
PROCEDURE OpenSeq(VAR s: Sequence);
PROCEDURE OpenRandomSeq(VAR s: Sequence; length, seed: INTEGER);
PROCEDURE StartRead(VAR s: Sequence);
PROCEDURE StartWrite(VAR s: Sequence);
PROCEDURE copy(VAR %, y: Sequence):
PROCEDURE CloseSeq(VAR s: Sequence);
PROCEDURE ListSeq(VAR s: Sequence);
END Sequences,

Heo6XoaHMO caenaTh HECKOJbKO JROAOJHHTEIbHHIN
nosicHeHHl, Kacaiowuxcs BuOopa mnpoueayp. Kak Mu
yXe BHAENH, aJrOpHTMH COPTHPOBKH, O KOTODHX 3J€Chb.
H [03)Ke MONAET peyb, OCHOBaHH HAa KOMHPOBAaHHH 3Je-
MeHTa H3 OAHOA mocaeaoBaTenbHOCTH B apyrywo. [lo-
3TOMY BMECTO OTAEJbHHX ONEpanuii YTEHHS W 3anucH
MH BKJIOY3aeM ORHY HNpOLERYpPY KOmHpoBaHHsg (cCopy).
[Tocne oTkpuITHS ¢altna HeOOXOQHMO BKJIOUHTb Mexa-
HH3M «3arJsRbBaHHA Brepea», pabora KOTOpOro 3aBH«
CHT OT TOro, YHTaercss JH B AaHHHH MoMeHT ¢aitn uIH
numerca. B nepBoM cayvyae NepBHiH 3Je€MEHT He06xo-
AUMO 3anucaTth B «onmepexawuuii» Gydep first. ITosro-
My BMecTO mnpoueaypu Reset U3 FileSystem 3pech Hce
nonb3yercsa StartRead u StartWrite.
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Eule nBe A0OMOJHHTENbHBHIE MPOLEAYPH BKJIKOYEHH B
MOAyJ/ib €IHHCTBEHHO pagu ypo6ctBa. [lpouenypy Open-
RandomSeq wmoxHO ucnoab3oBath BMecTo OpenSeq,
€CJIM HOCJEeR0BATENbHOCTL, HYXHO HHHIHHPOBATL KakH-
MH-THO0 yucaaMu B cayvailtHom nopsake. Ilpouenypa
x)e ListSeq ¢opmupyer pacrmeyaTKy YKas3anHOH mocJe-
JOBAaTENbHOCTH. IJTH ABe npoueaypel 6yayt ymorped-
JATLCH NPH TECTHPOBAHHH pacCMaTpPHBAEMOro aJrophT-

IMPLEMENTATION MODULE Sequences;
FROM FileSystem IMPORT
File, Open, ReadWord, WriteWord, Reset, Close;
FROM InOut IMPORT WriteInt, WriteLn;

PROCEDURE OpenSeg(VAR s: Sequence);
BEGIN Open(s.f)
END OpenSeq;

PROCEDURE OpenRandomSeq(VAR s: Sequence; length, seed: INTEGER);
VAR i: INTEGER;
BEGIN Open(s.f);
FOR 1:= 0TO length-1 DO
WriteWord(s.f, seed); seed ; = (31+seed) MOD 997 + 5
END
END OpenRandomSeq;

PROCEDURE StartRead(VAR s: Sequence);
BEGIN Reset(s.f); ReadWord(s.f, s.first); s.eof ;= s.f.eof
END StartRead;

PROCEDURE StartWrite(VAR §: Sequence);
BEGIN Reset(s.f)
END StartWrite;
PROCEDURE copy(VAR £, y: Sequence);
BEGIN y.first : = x.first;
WriteWord(y.f, y.first); ReadWord(x.f, x.first);
x.eof : = x.f.eof; x.eor ;= X.eof OR (x.first € y.first)
END copy;

PROCEDURE CloseSeq(VAR s: Sequence);
BEGIN Close(s.f)
END CloseSeq;

PROCEDURE ListSeq(VAR §: Sequence);
VAR {, L: CARDINAL;
BEGIN Reset(s.f); i:= 0; L := s.f.length;
WHILEi<LDO
WriteInt(INTEGER(s.f.a[i]), 6); 1 : = 1+1;
1FiMOD 10 = 0 THEN WriteLn END
END;
‘WriteLn
‘END ListSeq;
END Sequences.
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ma. Peanusauus 3THX KOHUeNUWH MpeAacTaBleHa B BHURE
cjepymolero MoayJis. Mu o6pamiaem BHHMaHHe, YTO
B npoueaype copy B node first BhIXOAHOA MOCJ€Q0Ba~
TEJbHOCTH XPAHHUTCA 3HaYEHHE MOCJAEAHEr0 3amHCaHHOTO
sneMmenta. Takum obpa3oM, noas eof u eor npeacraB-
JAA10T coboit pe3dyabratel paGoTH copy, MOAOGHO TOMY
KaK eof Obla oONpepelleHa pe3yJabTaTOM OMEpalHH
YTEHHS.

BepneMcs K mpoueccy yTOuHeHHs paGOTH €CTECTBEHHOTO
causinus. [lpouerypa copyrun u omepatop causuue Te-
nepb yno6HO 3anuchmBawTcs B Buge (2.30) u (2.31).

PROCEDURE copyrun(VAR %, y: Sequence);
BEGIN (##3XB Yy ) (2.30)
REPEAT copy(x, y) UNTIL x.eor
END copyrun
(somsuMeH3 a Hb B ) (2.31)
REPEAT ’
IF afirst € b.first THEN
copy(a, ¢);
1F a.eor THEN copyrun(b, ¢) END
ELSE copy(b, ¢):
1F b.eor THEN copyrun(a, ¢) END

END
UNTIL a.eor OR b.eor

ITpouecc cpaBHeHUs W BHGOpa Kaoued NpU CAHSHHH Ce-
pHA 3aKaHYHBaercsi, KaK TOJbKO HCYePNaercs ORHA H3
aByx cepufi. [locne 3toro ocraBllasgcs HeHCYepHaHHOA
cepHs ApPOCTO MepelaeTcs B pe3YJbTHPYIOLIYIO CepHIO,
TOYHee KONHpYETCS ee «XBOCT», DTO ReJaercs ¢ MOoMo-
wbo o6GpalleHHss K NpoOLeRype copyrun.

Boo6uie-Tro Ha 3TOM coO3RaHHE COPTHPOBKH C MOMO-
LIbI0 €CTECTBEHHOTO CJHSHHA CJeR0oBas0 OB 3aKOHYHTB,
K coxaneHdlo, OueHb BHHMATEJNbHHI YHTaTelb MOXET
Oo6HapyXHTb, YTO NporpamMma HeKoppekTHa. Ee u3ban
B TOM, YTO B HEKOTOPHX CJyYasX OHa He MPOBOAHT COp-
THPOBKY ROJXKHHM 06pa3oM. Bo3bMmem, Hampumep, cie-
AYIOLIYIO MOCJ€R0BATENbHOCTb BXOAHBIX A3aHHBIX:

03 02 05 11 07 13 19 17 23 31 29 37 43 41 47 59 57 61 71 67

Pacnpenensis nociepoBaTenbHBHEe CepHH MO MOCAER0Ba-
TEJbHOCTAM a U b, moayuyaeM

a=03" 07 13 19’ 29 37 43’ 57 61 71"
b==02 05 11" 17 23 31" 41 47 59’ 67
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O6e 3TH NOC/JEROBATENbHOCTH Cpa3y Xe «CJAHBAITCH»
B ORHY CEpPHIO, H COPTHPOBKAa YCMNELIHO 3aKaHYHBAETCH.
DTOT NpUMep, XOTs H HE NPHUBOAHT K HENPABHJBLHOA pa-
6oTe nmporpaMmul, AEMOHCTPHpYyeT, YTO paclipeaejeHnHe
cepuu MO HECKOJbKHM HOC/IeIOBATE]bHOCTAM MOXKET
1aTh B pe3yJpTaTe B CyMMe MEHbLIe CepHH, ueM HX
6bj10 BO BXOAHOI NOC/1€10BaTELHOCTH, JTO APOHCXORHT
H3-3a TOro, YTO NEpBHA 3JeMeHT i 4 2-fi cepun Mmoxer
okasaTtbecs 0oJibile, yeM NOCAERHHA 3JjieMeHT i-H cepHi,
YTO MPHBORHT K aBTOMATHYECKOMY CJIHSIHHIO 3THX ABYX
CepHit B OZHY-€AHHCTBEHHYIO CEpHIO.

XoTs MH CcyHTaeMm, YTO mNpoUeaypa pacnpelenenus
AOpOBlY paclnpeaenseT CcepHH B JBe MNOCJel0BaTE/Nb-
HOCTH, BCJIGACTBHE OTMEUYEHHOIO SBJEHHS YHCJO Ce-
pHH B NOC/HENOBaTENbLHOCTAX a M b MOXKeT OKa3arncs
cyulecTBeHHO pasjuyHeM. Opgsako Haula npoueaypa
CIHBAa€T TOJbKO Mapul cepHii H 3axkaHyuBaer paborTy,
Kax TOJbKO Oymer npoyurata MNOCJIEA0BATE/]bHOCTb b,
ApDH 3TOM MOXHO MOTEpPATL OCTAaTOK OAHOA nocjeloBa-
TeJLHOCTH. Bo3bMeM, Hanpumep, TaKyl BXOAHYIO HOCJe-
AoBaTtelbHOCTh. OHa CcOpTHpyeTcd 3a ABa Npoxoja, HO
yacTep ee Tepsaercs:

Tabauua 2.11. Hesephuit pesyabrat paboTsl nporpammel Mergesort

17 19 13 57 23 29 11 59 31 37 07 61 41 43 05 67 47 71 02 03
13 17 19 23 29 31 37 41 43 47 57 71 11 59
11 13 17 19 23 29 31 37 41 43 47 57 59 71

Ora oulMb6ka THUNMYHA IAA nporpamMupoBanus. Oua
Dbhi3BaHA TEM, YTO H3 BHAY YIIYCKaeTcs OAHO U3 BO3MOIK-
HBIX MOCMEACTBHi, Ka3aaoch O, NpocToil onepaiiu.
Tunuuna ona U B TOM CMEHICJE, YTO CYLIECTBYET HECKO.JIb-
KO cnocoGoB ec HCNpaBJEHHs M HYXHO BHOpaTp Kakoii-
HUOynb omMH. BooGuie roBops, CyumIeCTBYIOT ABe NpPHH-
IHNOHaJIbHO O1JIMYHBE OAHA OT APYrofi BO3MOXHOCTH:

1. Mu o6napyxuBaeMm, 4YTo Omepauus pacnpeaese-
HHsl 3aNpOrpaMMHpPOBaHa HEBEpHO M HE YNOBJETBOpSET
YCJIOBHIO, YTOOLI HHC/IO CEPHA OT/iMYaJoCh He Gosee uem
na eaununy. CoxpansieM BH6panHHYIO paHee cXemy aeil-
CTBHA M COOTBETCTBYIOLIMM 00Opa3oM nonpam/sieM HeBep-
HYIO npoueaypy.

2. Mp ofnapyxuBaeM, Y4To HCIpaB/ieHHE HEBepHOil
YACTH (DHBOJAHT K CYUIECTBEHHBIM MEpeAe/iKaM, W MH-



2.4. Coprupoaxa nocaedosarevnocredl 141

MODULE NaturaiMerge;
FROM Sequences IMPORT item, Sequence, OpenSeq, OpenRandomSeq,
StartRead, StartWrite, copy, CloseSeq, ListSeq;

VAR L: INTEGER; (* yHCRO CliMBaeMBIX cepHil +)
a, b, ¢: Sequence;
ch: CHAR;

PROCEDURE :: )yrun(VAR x, y: Sequence);
BEGIN (*H43 x B Y #)

REPEAT copy(x, ) UNTIL x.eor
END copyrun;

BEGIN OpenSeq(a); OpenSeq(b); OpenRandomSeq(c, 16, 551);
ListSeq(c);
REPEAT StartWrite(a); StartWrite(b); StartRead(c);
REPEAT copyrun(c, a);
IF ~c.eof THEN copyrun(c, b) END
UNTIL ¢.eof;
StartRead(a); StartRead(b); StartWrite(c);
L:=0;
REPEAT
LOOP
IF a.first < b.first THEN
copy(a, €);
IF a.eor THEN copyrun(b, ¢); EXIT END
ELSE copy(b, ¢);
IF b.eor THEN copyrun(a, ¢); EXIT END
END
END ;
L:=L+1
UNTIL a.eof OR b.eof;
WHILE ~a.eof DO copyrun(a, ¢); L:= L+1END;
WHILE ~b.eof DO copyrun(b, ¢); L := L+1 END
UNTILL = 1;
ListSeq(c); CloseSeq(a); CloseSeq(b); CloseSeq(c)
END NaturaiMerge.

[Tporp. 2.14. EcTecTBennoe cansanue.

TaeMcs HafTH, KaKHe 4aCTH aJropHTMa MOXHO H3Me-
HHTb, YTOOH CKOMHOEHCHPOBaTb pabOTy HEKOppEKTHOIl
YacTH MpOrpaMMHL.

B 06imeM-TO nepBHi MyTb BHIAAAUT 6GOjNlee Hapex-
HbiM, SCHBIM H 60J€e YECTHHM, OH B ROCTaTOYHOH Mepe
CcBOGOAEGH OT HeNpeRYCMOTPEHHHX HROCAeRCTBHR W 3any-
TaHHHX NO6OYHHX 3¢d¢exToB. [losToMy 06HEHO peko-
MeHAyeTCsl HMEHHO TaK HCOpaBJAThL OWHOKH.

OnaHako Hapo 3aMeTHTb, YTO He Bcerga Hand OTKa-
3biBaThbCA H OT BTOPOH BO3MOXKHOCTH. HMIMeHHO mosTOMy
MBl MPOAOJNIKHM Halll NpUMEp H MONpaBHM ReJNO, MOoApw-
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(QHUUUPOBAB MpOLUERYPY CJHMAHHA, a HE H3HAYaJbHO He-
BEPHYIO NpPOLEeRypy pachpegeseHHs.

DTO O3HayaeT, YTO MH OCTaBJ/isieM CXE€MY pacmpefe-
JIEHHs, HO OTKa3biBa€MCH OT YCJOBHSA, YTO CEpHH pac-
npeaensiloTcss moposHy. B pesynsTaTe NMpOM3BOAHTENb-
HOCTL MOMET OKa3aTbCs MeHblle ONTHMaJsbHOA. ORHaKo
B HaHXyplileM cjiyyae NpPOM3BOAHTEIBHOCTL HE H3Me-
HHTCA, a CYIIECTBEHHO HEepaBHOMEpPHOe paclpegesieHHe
CTaTHCTHYECKH MaJioBepoATHO. [lostomy coobpaxenus,
CBfA3aHHbIE C 3 (HEKTHBHOCTHIO, HE MOTYT MPENATCTBOBATHL
NpeRJIOXKEeHHOMY pEeLIeHHIO,

Ecnu ycnioBusa paBHOro pacnpepnenenusi cepuit 690.1b-
e He CyUIeCTBYeT, TO HPOUERYpPY CJHSAHHA CJHERYET H3-
MEHHUTb: MOCJe AOCTHXKEHHA KOHLA ORHOro H3 d¢aiiion
HYXHO KONHPOBaTh He OJHY CEpHIO, a BCIO OCTaBUIYHCH
yacTb APYroro. DTO NPHBORUT K YETKUM H OYE€Hb NpO-
CTHIM AO CPAaBHEHHIO C MORHM(pHKauuedA NpOUERypH pac-
npedenerus uamenenusaM. (YUuratenn Mmoxer cam yle-
LHTbCA B CAPABEQJHBOCTH TaKoro yTeBepiaenus.) I[lepe-
CMOTpEHHAsl BepCHA aJropuTMa CJHAHHA BKJIOYCHa B
ye moaHyw nporp. 2.14, npuuem NpouUeRypH, K KOTO-
pbiM O6pallalTCcs JHLlb OAMH pa3, NpsAMO MOACTABJEHH
B COOTBETCTByIOI€E MECTO.

2.4.3. C6anancupoBaHHOC MHOromyTeBOe CJAHSHHE

3aTtpaThl Ha J106yI0 NOC/AEROBATE/AbHYI0 COPTHPOBKY
NpONOPUHOHA/ILHE YHC/Y Tpe6yeMEIX NMPOXOAOB, TaK Kak
no ONPEAEJEHHIO NPH KaxKAOM H3 NPOXOAOB KOMHPYIOTCA
Bce paHHbie. OauH U3 cnOCOGOB COKPaTHTL 3TO YHCJIO —
pacopenenaTo cepud B 6onee yeM JBe MOCJIEROBaTe/b:
Hoctd. Causinne r cepuii moposHy pacmpefenensnix B N
nocjenoBaTeNbHOCTel Ract B pesyabrate I'/N cepnfl.
Bropoi#t mpoxoa yMeHbWIMT 3TO u4Hcao jpo /N2, Tpe-
it — 8o r/N?® u . 1., nocae k mpoxonos ocraHercs r/N¥
cepuil. [TosTomy obuiee yucao MPOXOROB, HEOOXOAHUMLIX
L8 COPTHPOBKH N 3JE€MEHTOBR ¢ momousio N-nyresoeo
causnusn, paBuo k = [lognn]. TlockonbKy B KaxaoM
npoXoje BHNOMHAETCS N ONepauuil KOMHpOBaHUA, TO B
caMOM MJIOXOM cayyae nmoHanobutca M = n«[logyn]
TaKHX onepanuf,

B kauectBe caepyloumero mpumepa Ha NpOrpaMMH-
poBaHHe MBI HauHeM pa3pafaThiBaTb NpOrpaMmmy cop-
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THPOBKH, B OCHOBY KOTODOH MOJOXHM MHOrOMmyTeBoe
cauande. YTO6H MORYEPKHYTb OTJHYHE HOBOA MpOrpam-
Mbi OT MpEXHeH €eCTeCTBEHHOH AByxdasHOA npoueaypu
causHHA, Mb  OyneM ¢GOpMyJHpOBaTb MHOTOMyTEBO@
cAlAHHE KaK COaNaHCHPOBaHHOE CAHAHHE C ONHOMH-edHH«
CTBEHHOH ¢a30fl. ITO Mpepnosaraer, Yto B KaKAOM MpoO-
XOle yuacTByeT paBHO€ YHCJAO BXORHBIX H BLHIXOXHBIX
¢ aita0B, B KOTOphle MO OYEepeRH pachnperesioTcs MOCc/es
poBaTe/lbHHe cepHH. Mu 6ymeM Hcmoab3oBaTh N 1o«
caenoBatenbHocTelt (N — 4yeTHOe YHCJO), MO3TOMY Hall
anroput™M 6yner GasupoBatbcs Ha N/2-myTeBoM caus-
nuu. Cenys paHee U3JIOXKEHHON CTpaTerH, Mul He GyaeM
o6palaTb BHHMaHHe Ha aBTOMAaTHYeCKOe CJHsIHHE RBYX
CAEeAyIOUIHX OAHa 3a JApYyrofl NocJeROBaTeNbHOCTEd B
opny. [losToMy MBI mocTapaeMcss ApOrpaMMy CJOHSHHSA
He ODHEHTHPOBATh Ha YyCJOBHE, YTO BO BXORHHIX MOCJ]E:
ROBATEJbHOCTAX HAXORUTCSA NOPOBHY CepHH.

B Haweft nporpamMe Mu BrHepBhHEe CTaJKHBaeMcCH
C eCTEeCTBEHHBIM MNpHJOXEHHeM TakKOo# CTPYKTypH JaH«
HHIX, KaK MaccuB ¢ainoB. M B camOM Jnene, naxe ynH-
BHTEJNbHO, HAaCKOJbKO 9Ta MNporpaMMa OTJHyaercs OT
IpeAbRyIIeH, XOT MH BCErO JHIUb OepelllH OT ABYX«
NyTEBOrO CJHSHHS K MHOronyTeBOMy. Takoe OT/iHYHE —
pe3yJbTaT YCJAOBHA, YTO NMPOLECC CAHAHUA MO HCYepNaHHH
OJIHOT'O M3 BXOJOB ellle He 3aKaH4yuBaeTcs. [103TOMy HyXK~
HO XpaHHTb CHHCOK BXOAOB, OCTAaIOUIUXCH aKTHBHBIMH,
T. €. BXOAOB, KOTOpHeE elle He Hcuepnaguch. [Toasasercs
H eule OAHO YCJOMHEHHE: HYXHO MOCJ]e KaXAOro INpoe
X0la MepeKkJloYaTb TpYNAH BXOAHBIX M BBIXOAHBIX IO«
cl1en0BaTENbHOCTEH.

MH HayHeM c OnpeleNeHHA H K ABYM YK€ 3HAKOMBIM
THNaM item W Sequence n06aBuM THN

seqno =1 .. N] (2.33)

SIcHo, 4TO HOMepa NOCJEROBaTENbHOCTEA HCHOJb3YIOTCA
KaK HHAEKCH [AJs MacCHBa MOCJAE€AOBAaTEJbHOCTEH, CO«
CTOSIIMX M3 3JeMeHTOB. ByaeM cunTaTh, 4TO HavajbHasA
MOCJeAOBaTENbHOCTD 9J1€MEHTOB 3ajaeTcsl MepeMeHHOR
f0: Sequence (2.34)

H AJ13 npouecca COPTHPOBKH HMeeM B CBOEM pacropsiiKes
HHH N JEHT (N — YeTHOe)
f: ARRAY seqno OF Sequence (2.35)
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Jns peuleHUs 3agayd MNEPEKJIOUEHHS JIEHT *) MOXHO
PEKOMEHIOBaTh TEXHHKY KapThl HHAEKCOB JeHT. BmecTo
ApAMON ajpecalldd JIEHTH C MOMOINbIO MHAEKCA OHa al-
pecyetcs uepes Kapty t, T. e. Bmecto f; M Oynem mu-
caTb ftl, fNpHyeM cama KapTa (map) onpeaensercs Tak:

t: ARRAY seqno OF seqno

Ecau B nayane t; =i ansa Bcex i, TO nepekaoUeHHe NpeER-
craBaser CO60i O6MEH MecTaMH KOMIOHEHT 1y < tnnyi
aas Bcex i =1 ... Nh, rae Nh = N/2. B stom cayuyae
MBI Bcerja MOXEM CUHTaThb, YTO ft‘, i, ftNh— BXOJIHbIC
tNnar ftN— BEIXOAHKIE. ([a-
Jiee BMECTO ft, MBl 6yReM NPOCTO TOBOPHTH: <«MOCJAERO-

BaTeapHOCTb j»). Tenmepb MOMXKHO AaThb MepBHH «Habpo-
COK» aJIropHTMa.

MOCJEeROBATEJLHOCTH, a f

MODULE BalancedMerge;
VAR {,j: seqno;
L: INTEGER; (*wuicnio pacniperiensieMbIX cepHit *).
t: ARRAY seqno OF seqno;

BEGIN (+ pacnipepienetse nawansisix cepnit 8 t{1]..4{Nh] +) Qan
j:=Nh;L:=0;
REPEAT

IFj<NhTHENj:=j+1ELSEj:=1END;
xonupocanue oonoli ceputl u3 0 @ nocacdoeareashocTs J;
L:=1+1
UNTIL f0.eof;
FORi:=1TONDO tfi]:= { END;
REPEAT (# cnustime w3 t[1]...t[nh] B t[nh+ 1]..t{n] )
Yeranoexa 6Xoduslx nocaedosarenshocred;
L:=0;
ji=Nh+1; (+j -Hnnexc BLIXOHOI TIOCTEIOBATEMHOCTR )
REPEATL:=L+1;
caunnue a cepuii ¢ 6x0008 b 6 1fjj;
IFj<NTHENj!= j+1ELSEj:= Nh+1END
UNTIL 8ce 6x00s1 Ucyepnaiisl .
nepexaoueruUe NocAedoGaTensHOCTel
UNTILL =1
(* oTcOpTHpOBaHHAA JIOCTENIOBATENLHOCTE B t[1]+)
END BalancedMerge.

*) Hapno oTMeTHTb, 4TO caMa 3aiaya elle He ONHCAHA H He SACHO,
KaKkue 3/1eCb MOryT GWTh npoGnemu, — ITpum, nepes,
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[Ipexizie BCero YTOUHHM ONepaTop MepBOHaua]bHOro pac-
gpeaciienns cepuit. Mcnonssys onpenenenne mocaenosa-
reabHOCTH (2.26) W npouenypu copy (2.32) sameHsieM
xoniposarue o0nol cepuu ua [0 8 nocaedosareabHoCTy |
ga onepartop

REFEAT copy (f0, f{j]1) UNTIL {0.eor

KonupoBaHHe cepHH mpeKpamaercs Jaubo npH obHapy-
JKeHHH MepBOro 3JeMeHTa CJeayioulesi cepuH, au6o mo
JOCTHXEHHH KOHIIa BXORHOro (paiia.

B Hnailem aJropuT™Me COPTHPOBKH OCTaJOCh Ompene-
auTb 6oJiee AeTalbHO CACAYIOUHE OnepaTOPHL:

|. YcraHOBKAa Ha Hayajo BXOAHHEIX MOCJ€AOBaTe]b-
nocred.

2. CnusiHHe OBHOHA cepuH U3 BXOAa Ha t).

3. IlepexJioueHHe NOCA€A0BATENLHOCTEH.

4. Bce BXOAH HCYEpNaHH.

Bo-nepBuiX, HeO6XOAHMO TOYHO HAEHTH(QHIHPOBATH
TeKyllHe BXOAHHE NocaenoBarelbHOCTH. O6paTHTe BHH-
MaHHe: UYHCJO GKTUBHbLX BXOAOB MOXeT OKITb MeHbLle
N/2. ®akTHuecKH MaKCHMaJbHOE YHCJO BXOAOB MOMeT
6biTh PaBHO YHCJAY CEpHil, H COPTHPOBKA 3aKaHYHBaeTcs
KaK TOJbKO OCTaHeTCs OJHa-eAHHCTBEHHas MOCJEROBa-
TesbHOCTh. MOMeT OKasaTbhCs, YTO B Hauaje MOCJERHEr0
NpOX0ja COPTHPOBKH 4HCJIO cepuit 6yner MeHbile N/2.
[losTOMy MBI BBOAHM HEKOTOPYIO NMepEMEHHYIO, CKaKeM
k1, 3apalomyio dakTHuecKoe YHCI0 pabOTAIOIHX BXOROB.
Wununanus k1 BraOuaercs B onepaTop ycraHosxka 8xo0-
HoLx nocaedosaresvHocTeli TakuM 06pa3oM:

IFL<NhTHENKI := LELSEKI ;= NhEND;
FOR i:= 1 TO k1 DO StartRead(f[t]i]]) END

[lonsTHo, uto onmeparop (2) Mo HcuepmaHUH KaKoro-au6o
BXORa poJxkeH yMeHnbilath kl. CaemoBaTenbHO, HpeRH-
Kar (4) MOXHO JlerKO NPEACTAaBUTL OTHOLIEHHEM
kl = 0. Yrounuts xe onepatop (4), ORHAKO, HECKOJLKO
TPyAHee; OH BKJIOYaeT MOBTOPSAIOIIHICA BuIOOp HaHMeHb-
MI€ro W3 kJioueH H OTCHUIKY €ro Ha BHIXOA, T. €. B TEKy-
IYio BHXOAHYIO MOCJAENOBATENLHOCTb. K TOMY Xe 3TOT
ipoyece ycaoxusercs Heo6XOAHMMOCTLIO ONMpPERENsiTh KO-
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Hell KaXao# cepud. KoHen cepud gocturaercs aubo (1),
KOrAa OYepeRHON KJI04 MeHbLIe TEKYLIero KJioua, JuGo
(2) no mocTHKeHHH KOHua Bxoaa. B mocineaHeM caydae
BXOZ HCKJIOYaercss M3 paborbi u k1l yMenblilaeTcs, B mep-
BOM K€ 3aKpbiBaeTCs CepHA, 3JEMEHTbi COOTBETCTBYIO-
el NOCNeROBaTENbHOCTH yXe He y4acTBYIOT B Bh6ope,
HO 3TO MPOROJKAETCS JHUIb A0 TOro, Kak byaer 3akoy-
YeHO CO3faHHe TeKylled BuixoaHod cepuu. Otcioma cie-
AyeT, YTO HyXHa elle ORHa NepeMeHHasA, cKaxeM k2,
YKa3blBawIllas YHCJO BXOAOB HCTOYHHKOB, AEHCTBHTENB-
HO HCNOJb3YeMBIX NPH BHOOPE OYEPEIHOTO 3JEMEHTa.
B Hauane ee 3HaueHHe ycraHaBJHBaercs paBHbIM kl u
yMeHblilaeTC BCAKHH pa3, Korpa Hu3-3a ycaosus (1) ce-
pHs 3aKaHYHBaeTCH.

K coxXaJjeHunio, HelOCTaTOUYHO BBECTH mepemeHHYIo k2,
Ham Heo6x0aHMO He TOJBKO 3HATb YHCJO MNOCJEROBA-
TEJIbHOCTEH, HO H 3HATh, KaKHe H3 HHX AECHCTBHTENBHO
ucnoabsylorcs. OueBHAHOEe  pelleHHE — HCAOJb30BaTh
MaccHB GyJeBCKHX KOMMOHEHT, ONpeReJsIOMHX ROCTYI-
HOCTb nocaefoBateabHOcTed. "ORHaKO Mbi BHOHpaeM
Jpyroft MeTtoa, OH mpHBeAeT K GoJjee 3¢ deKTHBHOM
npoueaype Bubopa, a 3TO B KOHEYHOM cuere HaH60+
Jee 4yacTO MNOBTOPAIOMAACS dacTb aJjropurMa. Bmecro
6yJleBCKOrOo MaccHBa BBOJHM BTOpPYIO KapTy IJsA JIEeHT
—ta, Ora Kapra Hucmoab3dyerca BMecTo t, npHueM
ta, ... taxa— HHAEKCH JOCTYRHBIX HOCJEROBATENbHO-
crefi. Takum ofpa3om, omepatop (2) MOXKHO 3amHcaTthb
CJeRyIOIHM 06pasoM:

%2 =k1t
REPEAT @b160p MUHUMANLERO20 RAIOUE
ta[mx] ~ HOMeEp nocaed0eaTenbRaCTy, 20¢ Ol ¢CTY;
copy(flta[mxI}, fItHIN: (2.39)
IF f{ta[mx]].eof THEN ucrcarovenue nenmne
ELSIF f{ta{mx]].cor THEN 3axpuitue cepuis
END
UNTILK2 =0

Tak Kak YHCJO MOCJeRoBaTeJbHOCTEH B JI060M NpakTH-
YeCKOM HCIONb30BaHHH OOHMHO ObIBaeT ROCTaTOYHO
MaJlo, TO B KauecTBe ajropuTMa BeI6Opa, KOTOpHIA HaM
HYXXHO ONpeNeNHTb Ha OYEPENAHOM 3Tame YTOUHEHHS,
MOXeT ObIThb HCNOJb30BaH NPQCTOH JHHEHHHIH MOHCK:
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OuepaTop UCKANOHUTS AEHTY MPeAnojaraer YMeHblIeHHE
kl u k2, a Takxke nepeynopsinoueHue HHAEKCOB B Kapre
ta. OnepaTtop 3akpuiTy Cepuro APOCTO yMeHbilaeT k2 H
nepeynopsfouHBaeT COOTBETCTBYIOWHM obpasoM fa. [le-
TaJlli NOKa3aHul B Aporp. 2.15— pe3yJbTaThl yTOUHEHHUH,

MODULE BalancedMerge;
FROM Sequences IMPORT iter, Sequience, OpenSeq, OpenRandomSeq,

StartRead, StartWrite, copy, CloseSeq, ListSeq:

CONSTN = 4; Nh=NDIV2;
TYPE seqno = {1. NJ;
VAR i, j, mx, tx: seqno;
1, K1, k2: CARDINAL;
min, X! item;
1, ta: ARRAY seqno OF seqno;
0: Sequence;
f: ARRAY segqno CF Sequence;

‘BEGIN OpenRandomSeq(f0, 100, 737). ListSeq(f0);
FORi:=1TON DO OpenSeq(f[i]) END ;
(* pacniperierntertie HayabHBIX cepuit t[1]...4[Nh] +)
TOR { ;= 1 TONh DO StartWrite(f[i) END ;
jr= Nh; L:= 0; StartRead(f0);

REPEAT
IFj<NhTHENj:=j+1ELSE]:=1END;
REPEAT copy(f, {[j) UNTIL f0.¢0r;
L:=L+1

‘UNTIL f0.eof;

FOR1:=1TONDOU]i]:=1END;

REPEAT (+ cnusiie #3 t[1]..t[oh] 3 t[nh+1]..t][n] «)
JFLC(NhTHENKI := LELSEKL:= NhEND;
FORi:=1TOKI DO

StartRead(f[t[i]]); tafi] ¢ = t{i]

L:!=0; (#TMOI0 cIMBAaEMEIX CEPHI #)

Jt=Nh+1; (+j-uHmexc BXONHOE MOCHENOBATENBHOCTH *)

REPEAT ( * cruane BxoAHbIX cepii B t[j] #)
L:=L+1;k2:=Kl;

REPEAT (+ BbIG0p MUHHMATLHOIO KOG ¢
i:=1; mx:= 1 min;= fJta[1]}first;
WHILE i < k2 DO

i:=i+1; % := fltafi]].first;
IF x{ min THEN min : = x; mg = { END
END;
. copy(fta[ml], 0
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IF f{ta[mx]].éof THEN (* MCKITioueHHe JIeHTBI ¥ )
StartWrite(f[talmx])); ta[ms] : = ta[k2];
iak2] 1= ta[k1]}; k1= k1-1; k2 := k2-1
ELSIF flta[mx]).eor THEN (# 2axprizuo cepisst #)
tx 1= talmx]; ta[mx] i = ta[k2]: ta(k?2] := tx; k2 1= k2L
END
UNTILK2 =03
JFj<NTHENj:=j+1ELSEj:= Nh+1END
UNTIL K] = 0;
FOR1:=1TONhDO
1% 3= tfif; tfi] 1= t{i+Nh]; ti+Nh] 1= tx;
END

UNTILL=1;

ListSeq(f[u11])

(% OTCOpTHpOBARHAK LOCHEAOBATENbHOCTL B t[1]+)
END BalancedMerge

Mporp. 2.15. CopTupoBKa ¢ nomouybio c6aNaHCHPOBAHHOrO CARSHuS,

HauHHawlHuXes ¢ (2.37) no (2.39). Onepartop nepexaro-
4eHus nocaedosareAbHOCTU HANMHMCaH B COOTBETCTBHH
C AaHHBIMH paHee MOSACHEHUSIMH.

2.4.4. MHoroga3Has COPTHPOBKA

Mu yxe MO3HaKOMHJIHCH ¢ HEOGXOAHMEIMH MpHEMa-
MH H B ROCTaTOYHOH Mepe rOTOBH K HCCJAELOBAHHUAM H
NporpaMMHPOBAHHIO, CBSI3aHHHIM C HOBHIMH, Gosee 3d-
(ekTUBHBEIMH, 4YeM c6aJaHCHpPOBaHHas COPTHPOBKaE, aJ-
roputMamMH. B c6anaHcHpOBaHHOA COpPTHPOBKe HcyesJa
HeOOXOAHMOCTL B UYHCTHIX ONEpPauHsiX KOMHPOBaHHS,
KOTla pacHpeRejieHHe H CJHSHHe OKasaluch OObeRHHeH-
HEIMH B OJHY ¢ha3y. Bosnukaer Bonmpoc: a Heab3s JH
elle 3¢ ¢dekTHBHEe paboTaTh ¢ AaHHHIMH AOCJEeR0BaTe/b:
HocTsIMHP? OKa3hBaercsi, MOXHO, B OCHOBe Hallero oue-
PERHOrO YCOBEPLICHCTBOBAHHSA JEXHT OTKa3 OT KecT-
KOro MOHATHA NPOXOAa H Nepexon K 6oJiee H3OLIPEHHOMY
HCHOJb30BaHHIO MOCAEeROBaTeabHOCTEH. Mul GoJgblile He
GyaeM cuHTaTh, 4TO ecTb N/2 BXOZOB H CTOJBLKO XKe BH-
XON0B H OHH MEHAIOTCA MecTaMH [ocje KaXAJoro OT-
aeapHoro mpoxoaa. BoJee toro, yxe caMo noHsTHe OPO-’
X0Aa Aenaercss pacnanBYaTeiM, HOBHA Meron 6wl H30-
Gperen P, Tnacragom [2.3] u HasuBaercs muozoda3anod
copruposkoii (Polyphase Sort),
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1 f2 13
13 B Meurst 1 12 43 4 15 16
| D
16 15 14 12 8
5 0 8 I | | | P
L__’__l ¥
8 7 6 4 0 8
o5 3 l [ L l
P j
! q 3 2 a 4 4
3 2 0 1 | | | |
l__l_‘ 7
2 1 a 2 2 2
02 L L1 ]
l_r__l ¥
1 a 1 1 1 1
o 1 1 | | L1 1]
{__l_l ¥
1
1 0 0 )] 0 o] 0 o]
Puc. 2.14. Muorodas- Puc. 2.15. MHorodasHass COpPTHPOBKa
Has COPTHPOBKZ CJHS. cansiiwem 65 cepwit Ha wecTH Repe-
HieMm 21 cepuu Ha Tpex MEHHRIX-NOC/NE0BATEALHOCTSX,
nepeMeHHu X ~-N0OCe] 0"
paTe. TbHOCTAX.

CHauasna ApOAEMOHCTPUpYEM ero Ha npuMepe ¢ Tpe-
M [OCJeRO03aTeNbHOCTAMH. B  KaKAbii MOMEHT cau-
BalOTCA 3JEeMEHTH H3 JABYX HCTOUHHKOB H IHLIYTCH B
TPETLIO HEepPEeMEHHYIO-MOCAeR0BAaTENbHOCTL. KaKk TOJBKO
0ZHA H3 BXORHHIX MOCJEROBaTEJbHOCTEH HCUEPNbIBaeTCd,
OHa cpa3y e CTaHOBHUTCA BHIXORHOH RJS omepauuH
C/ISHHUSA M3 OCTaBLIEHCA, HEHUCUEPNaHHOH# BXOAHOH MO-
C/leJOBaTENBbHOCTH U NMPERLIAYILEN BHXORHOM,

[TockonbKy H3BECTHO, UTO N CEPHil HA KaX(OM H3
BXOLOB TPaHC(OPMHPYIOTCA B N CEePHi Ha BHIXOAE, TO
HYXXHO TOJBKO RE€PXKaTb CHOHCOK H3 UYHCJa CepHiA B
Kaxnoil M3 nocjefoBaTeJbHOCTEH (a HE ONpeReasiTh HX
AeficTBUTENbHBIE KJaloun). Byaem cuurath (puc. 2.14),
YTO B HauaJje AB€ BXOAHhIe MOCJEROBAaTENbHOCTH iy H fy
conepxart cooTBercTBeHHO 13 u 8 cepuit, Takum o6pa-
30M, Ha mepBoM mpoxoie 8 cepuit u3 f; u i; cauBalorcs
B f;, Ha BTOpOM — 5 cepuli u3 f3 u i, cauBaiorcs B Iy
H 1. . B KoHue koHIOB B f; OKa3nBaercs OTCOPTUPO-
BaHHAS NOCJEA0BATENLHOCTD,
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Tabnuna 2.12, HMaeanshoe pacrpenenexue cepuii Mo AByM Rocaeno-
BaTeJIbHOCTAM
L, 20 20 sumal

0 1 0 1
1 1 1 2
2 2 1 3
3 3 2 5
4 S 3 8
5 8 5 13
6 13 8 2L

Bo BTOopoM npuMepe MHorodasHas COPTHPOBKa Hper
Ha 6 nocaenosarenpHocTsix (puc. 2.15). CHauana B f;
Haxoputcs 16 cepmit, B f— 15, B f3— 14, B §4,— 12 u
8 cepuit B f5. Ha mepsoM uacTHuHOM mpoxoje caHBalOTCH
u nonapawlot B g 8 cepuil, a B KOHue f; comepHT Bce
OTCOPTHPOBAHHOE MHOMKECTBO 3JE€MEHTOB,

MHorogasHas coptHpoeka GoJee 3¢p¢eKTHBHA, ueM
cbanancupoBaHHasi, NOCKOJbKY OHa HMeeT J€10 ¢
N — l-nyreBniM causinueMm, a He ¢ N/2-myTeBhiM, ecJH
OHa HauHuHaercsi ¢ N nocienoBarenbHOcTed. Beap uHcno
HEOOXORUMEIX NMPOXOAOB MPUGMH3UTENHHO paBHO lognm,
rae M— YHCIO COPTHPYEMBIX 3JeMmeHTOB, a N — cTeneHs
onepauHH CJAHSHHSA,— 3TO U OMpeAE/aseT 3HAYHTEJbHOE
APEHUMYILECTBO HOBOTO METORA.

KoHneuHo, Al 3THX NMPUMEPOB Mbi TILATEJIbHO BbiGH-
pajH HauyajbHOe pacnpeleneHHe cepuii. Bubupas pac-
ApefeseHue AaA xopouled pabOTH aaropHTMa, MbI LLIH
«C KOH[a», T. € HayHHaJH ¢ 3aKJIOYHTEJLHOro pacmnpe-
JeseHHa (mocjenHedi ctpokd Ha puc. 2.15). Ilepenuch-
Baf TaK TaljHUbl AJ8 HauluX ABYX NPHMEPOB H «Bpa-
Imas» KaXxAyl0 CTPOKY HAa OZHY MO3HLHIO OTHOCHTEILHO
npeabiAylle# CTPOKH, moayuyaeMm Ttaba. 2.13 u 2.14, co-
OTBETCTBYIOLHE LIeCTH IMPOXOAaM AJsf TPeX H LIeCTI
MOCJE€R0BATENBHOCTEH.

M3 tabn. 2.12 npu L >0 MOXKHO BHEIBECTH COOTHO-
LICHHs

a(21.+1) — a(IL) 240)
allHD — oll) 4 o) @

a a®=1, a®=0. Cuuras f

i>0
f

1= al), noayuaeMm a1

ip=h+ i, f=L1=0 (241
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TaGsiuna 2.13. Mneanbnoe pacnpepeliense cepHii Mo NATH nocieno-
Ba1C.IblIOCTAM

L 30 aD) aL) a2y al) Sumal)

0 0 1
5
9
17
33
65

100 b b
o0 O
= ONWN -

ARV HO

MWD HO
a3 b

6 5 4 2

910 peKypcHBHME npaBHaa (HJIH peKypCHBHBIE OTHOLle-
Hus1), onpeReasioOllHe TaK Ha3wBaeMble 4ucaia Pubo-
Hawyy:

i=0112 3,5, 8, 13, 21, 34, 55,...

Jlio6oe u3 uucen OuGoOHaAyuH — cyMMa [BYX npealle-
crayiomux. CJienoBaTe/bHO, 1Ji1 Xopolled paboTH MHO-
roQa3HoON COPTHPOBKH Ha Tpex MNOC/eA0BaTEJbHOCTAX
HCOOXOAHMO, UTOGH 4YHCJa HadaJbHHX CEpPHH B JABYX
BXOAHBIX MOCJIENOBATEbHOCTAX GHIJIH ABYMS COCCAHHMH
upc.iaMi QubOoHauuy,

A 4TO MOXHO CKasaTb MO MOBOAY BTOPOro MpHMepa
C WIECTbI0 NOCJ/efOBaTelbHOCTAMU (Ta6u. 2.13)? OmnaTthb
JICTKO BBIBECTH NpaBuJia 06pasoBaHHd AJiA UHCJa CepHi:

a‘5L+')=- a(lL)
al{L+l)= a(IL) + afiL)= a(IL) + a(IL—I)
a(3L+|)= a(lL) + a‘4L)= a(IL) + a(IL—I) + a(IL-?) (2.42)
ale.+|)= a(lL) + ag”= a(IL) + a(IL—I) + a(lL-'-’) L a(lL—a)
3(1L+”= a(IL) + agzL)=l a(lL) + afl‘—') + a{L—'z) +
+alt=3 4 5L-d

loacrapass f, sMecto al’, mosyuaem
=t i+ o+ g+ an 14
fi=1

fi=0 13 i<4 (2.43)

TakHe yHC/la HA3bIBAKTCA 4YHCAaMH QuGOHAYYH YeTBep-
Toro nopsaka. B obmem ciaydae wucsa Pubonawqu
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nopadka p onpeielsiOTCs CleayrolluM 06pasoM:
)
AR S IS S S O
s iz=p
) —
P =1 (244)
P =0 aan 0<i<p

3ameruM, 4To O6bluHbe uHcsia PuGOHaUYH — YHCIA nep-
BOro nopsiaka.

Tenepb yx<e sCHO, YTO HauvasibHBlE yHcJda cepuil s
COBepIICHHOK MHOrogasHo#t copTupoBkH ¢ N nocJeno-
BaTeIbHOCTAMH MNpPEACTAaBJAIOT CcO060f1 CYMMH JI06hx
N—1, N—2 ..., 1 nociepoBateqbHuX uHces Ouéo-
Hayuu nopsinka N—2 (cM. taba. 2.14). Orciona sBxo
cjeipyer, YTO Hall MeETOL NPHUMEHHM JIHIIbL 1/ BXOIOB,
CyMMa cepHii Ha KOTOpHX ecTb cyMMa N — 1 TaKux uu-
cesl Pu6OHayyu. A 4to AeJsaTh, €cJM YHCJO HayaJbHHIX
CepHil OT/IHYaeTcs OT TaKOH uaeatbHON cyMMu? Ortser
npoct (M THOHYeH /8 nOAOOGHHEIX CHTyauHui): Oynem
CUHTaTb, YTO y HAC €CTb THNOTETHYECKHE NYCTHIE CEPHH,
NpHYEM CTOJILKO, YTO CyMMa NYCTHIX H PealbHBX cepuil
paBHa HaeaJsbHOHl cymMe. Takne cepuu 6yneM HasmBathb
npocto nycteimu (dymmy runs).

OnHako (paKTHYECKH 3TOT BHIXOA H3 NOJIOXKEHHS He-
yIOBJIETBOPHTE/IEH, NOCKOJLKY OH Cpasy e NOpoxIaeT.
HOBH# H 6Osiee TPYyAHH BONpOC: Kak y3HaBaTh BO Bpe-
Ms CJHSHHA TaKHe nycthle cepHH? [lpexnae ueM oOTBe-
1aTh Ha TaKO# BONpoOc, CHauaJja HccaeayeM npobiemy

Tabnuua 2.14. Yucno cepuit, ponyckaiouiee wujgeanbHoe pacnpese-
JNeHHe

2 3 5 7 9 11 13
3 5 9 13 17 21 25
4 8 17 25 33 41 49
5 13 31 49 65 81 97
6 21 57 94 129 1161 193
7 34 105 i1 253 321 385
8 55 193 349 497 636 769
9 89 355 673 977 1261 1531
10 144 653 1297 1921 2501 3049
11 233 1201 2500 3777 4961 6073
iz 377 2209 4813 7425 9841 12097
13 610 4063 9289 14597 19521 24097
14 987 7473 17905 28697 38721 48001
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HauaJbHOro pacnpene/eHuss GakTHYEeCKHX H NYCTHIX Ce-
puit Ha N — 1 sienrax *).

OnHako B NOHCKax NOAXOAAUIEro npaBHJIa pacnpene-
JleHHs HeO6X0QHMO npexje Bcero 3HaTh, Kak 6yayT CJH-
paTbCsl NYCTHIE H peaJibHBe CepHH. SIcHO, uTO ecau MH
6yneM CUHTaTb CEPHIO H3 NOCJe10BaTEJbHOCTH [ NyCTOH,
TO 3TO NMPOCTO O3HauaeT, YTO B CJAHAHHH OHa He yya-
cTByeT W OHO (cJjusiHMe) npoxoaut He u3 N — 1 nocJe-
JIOBaTeJIbHOCTEH, a H3 MeHbllero Hx uucsaa. CiusHHe my-
cThiX cepuit Ha Bcex N-— | HCTOUHHKOB O3HayaeT, 4YTO
HUKAKOro peajibHOr0 CJHAHHA He MPOHCXOAHT, BMECTO
Hero B BHIXOAHYIO [0CJ€10BaTE/NbHOCTL 3aNHCHIBAETCH
pesyJsbTHpyromas nycras cepust. OTciona MOXKHO 3aKJli0-
YUTb, YTO NYCTHIE CEPHH HYIKHO KaK MOxHO 6oJiee paB-
HOMepHO pacnpeneisite no N — | nocjeqoBaTe/IbHOCTSM,
BeJlb MHl 3aHHTEPECOBaHH B peajibHOM CJHSHHH H3 Kak
MOKHO 60JiblI€ro YHcJa HCTOYHHKOB.

Tenepr Ha HeKkoTOpoe BpeMs 3abyaeM O NYCTHX ce-
pHAX H pAacCMOTPHM 3ajauy pacnpeaeeHHs HeH3BecT-
HOro uHcJsa cepHit 1o N — 1 nocseoBaTeNbHOCTAM. $ICHO,
4TO B NpOLEcCe pacnpeneseHHs] MOXKHO BHUHCJSTL YHCIa
®ubonauyn nopsaaka N — 2, onpeneisiioline xesarelp-
HOE UHCJIO CepHil B KaxJIOM H3 HCTOUHHKOB. [IpemnoJo-
JKHM, HanpuMep, uto N = 6, H, cchladgch Ha taba. 2.14,
HauHeM pacnpeneysTs CepHH, KaK YKasaHO B CTPOKe
cuaaekcom L=1 (1, 1, 1, 1, 1); ecaiu ecTh ellle cepHH,
TO Nnepexo]HM KO BTOpPOH CTpoKe (2, 2, 2, 2, 1), ecqu Bce
elle ocTawTcd CcepHd, TO OGepeM TpeTb) CTPOKY
(4, 4, 4, 3, 2), u T. 1. Bynem Ha3nBaTh HHIEKC CTPOKH
yposrem. QOueBHAHO, ueM O6OJplle YHCJIO CepHH, TeM
Bhillle ypOBeHb uyHces (PuOOHayuH, KOTOPHIH B JaHHOM
cjlydae paBeH KOJIHUECTBY NpOXOJ0B HJIH nepeKJIoueHHH,
HeOOXOMMMBIX 1JI1 nocJenyiouleit coptHpoBkH. Torna B
nepBoM nNpHOJHIKEHHH MOXHO C(QOpMYJHPOBAaTh TakoH
ajJITOPHTM pacnpefe/eHHs:

1. ITycte Hamwa uesnb — NOJYYHTb 0pH pacnpenele-
HUH yHcia Pubonauun mopsaka N—2 u ypoBus 1.

*) Pa3smewatb HeJoCTaloliue NYCTHeE CEPHH B OJHOM NocJefoBa-
TEJILHOCTH HE HMEET CMuIc/a, H6O aJropHTM MOXKeT MPOCTO 3aUMK-
AuTbcA, CnefoBaTeIbHO, HX HYXHO KaK-TO NEpPeMElIHBaThb C peaJib-
HEIMH HA BcexX JieHTtax. — ITpum. nepes,
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2. IlpoBoaumM pacnpenesienue, CTPEMSCh IOCTHUbL
HeJIH.

3. Ecoin mesns nOCTHrHyTa, BHIYHCISEM CJeqYIOLIHi
ypoBeHb uHces1 QPHO60HAy4H; pa3HOCTL MEKIAY ISTHMH
YHC/JAaMH H YHCJIaMH Ha NpeAblAylieM YPOBHE CTaHOBHTCS
HOBO# LeJIbI0 pacnpeneeHds. BosBpalllaeMcs K wary 2,
Eciu nesd HeBO3MOXHO  1OCTHYL H3-32 TOro, 4TO
BXOJHble JaHHbLlE€ HCUEpPNaHH, 3aKaHYHBaeM pacnpeue-
JIeHHE.

[TpaBusia BHyHC/IEHHS cJeayiollero YpOBHS YHCeJ
®ubonauuH cojepkaTcsl B HX onpenesenuu (2.44). Ta-
KHM 006pa3oM, MH MOXeM CKOHLUEHTpPHPOBaTb BHHMa-
HHe Ha ware 2, rae, HMes Ueab, HeO6XOAMMO pac-
ApelesaTb OAHYy 3a JAPYrOod nocTynarmuHe CepHH no
N — | BHXOLHHM nNOC/N€AOBaTENLHOCTAM. HIMEHHO B 3TOT
MOMEHT B HAWIHX pacCyXACHHUAX H NOABJAIOTCA MNYCTHE
CepHH.

[TpepnosoxumM, noBhinas ypoBeHb, MhH BBOAHM HO-
BHI€ LI€JH C NOMOLIbIO0 pa3HocTedt dy pigi=1... N—1,
rae d, o603nauaer yucJlo CEpUi, KOTOphie HYKHO Ha AaH-
HOM liare HanpaBHUTb B nocJjenoBaTesnbHocTh i. Tenepb
MOJKHO CYHTaTh, 4TO Cpa3y noMeuiaeM d, NyCTHIX CEpHH
B M0CJe10BAaTeNLHOCTL i, @ 3aTeM paccMaTpHBaeM no-
cjeqymlollee pacnpejejieHde Kak 3aMeHy NYCTHX CepHi
Ha peaJibHhbE€, OoTMEUas Ka)XAyw 3aMCHY BbHIUHTaHHEM 1
u3 cueruvka d,. Takum o6pa3om, no HcuepnaHHu BXOI-
HOro MCTOYHHMKa d; OyldeT yKasnBaTb YHCJO NYCTHX Ce-
pH#t B nocJe10BaTeNbHOCTH 1.

KaKko#i ajsropuT™M BeaeT K ONTHMaJjbHOMY pacnpene-
JICHHIO, HEH3BECTHO, HO H3JjlaraeMblii HHXKE€ aJIrOPHTM
AaeT BecbMa xopowHe pesysabrarthl. OH HasbiBaercss 20-
pu3onTansheim pacnpedesenuem (cM. Knyr, T. 3, c. 322);
3TOT TEPMHH CT4HOBHTCS NOHSATHHIM, €CJIH NpeACTaBHTb
cebe CcepHH CJIOMEHHBIMH B nupaMHay, Kak 3TO NOKa-
3aHO Ha pHC. 2.16 nas N = 6 ypoBus 5 (cM. taba. 2.14).

Ilis toro uTo6H NOJyYHTH paBHOMEpHOe pacnpene-
JICHHE OCTalOUIHXCA NYCTHX cepuit HaHbosee OLICTPHIM
cnocoboM, OyaneM cuHTaTb, YTO 3aMEHH Ha peaJjlbHhIE
CEpHHM COKpallalT pa3Mep NHpaMHABI: NYCTHe CepHH
BHIGHpAIOTCS W3 MUpaMUAK cJeBa HanpaBo. IIpu TakKoM
cnocobe cepHu pacnpeaessioTcd No NOCJeL0BaTe/]bHO-
CTAM B NnOpsijKe HOMEPOB, NPHBEIAEHHHX Ha pHc, 2.16,
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Puc. 2.16. Topusontanbhoe pacnpejenenne cepuil.

Teneps MH yxXe B COCTOSHUH ONHCAaThb ajJrOpHTM B
BHIE Npoueaypnl ¢ HMeHeM select, K KOTOpoi# o6pa-
AIOTCH KaXABld pa3 nocje KOMHPOBAHHs, KOTrAa HYKHO
BuGHpaTh, Kyaa OTNpaB/ATh HOBYI0 cepHio. ByneMm cuH-
TaTb, 4YTO €CTh MepeMEHHas j, yKa3nBalollas HHIEKC
TeKyllesi BHIXOJHOH MOCJEeNOBaTeIbHOCTH, a a3, H dj—
qucJa HAeajJbHOrO M «IYCTOTO» pachnpejelieHUs AJsa Mo-
C/1€/10BaTeNbHOCTH i.

IB seqno;
a, d: ARRAY seqno OF INTEGER
level: INTEGER

OTH NepeMeHHhle HHHIHHDYIOTCS TaKHMH 3HaueHHSIMHU:
a=1,d=1p1ai=1...N—1
ay=0, dy==0 (nycTue)
j=1, level =1
OtMeruM, uTO Select AOJIXKHO BEIUHCJIATH OYEPENHYIO
cTpoKy TabJ. 2.14, 1. e. 3sHauenusa{® ... all) npu Kax-
OM yBeJHYEHHH YypOBHS. B 3TOT ke MOMEHT BHIUHC-
JAIOTCA W CJeAylolHe LelH — pa3HocTH d = all) —

- a‘,""”-ﬂpuaeuennuﬁ aJITODHTM OCHOBAaH HA TOM, YTO
pesyJbTHpylolllee d, NpH YBE&JIHUEHHH HHAEKCa YMeHb-
waercs (BeAylllHe BHH3 cTyneHH Ha pHc. 2.16). O6pa-
THTe BHHMaHHe, 4TO mepexold oT ypoBHf O K ypoBHio |
npeacrapiaser co60H HCKJOYEHHE, MO3TOMY aJirOpHTM
MOXHO HCIO0JIb30BaTh, HauyHHas ¢ ypoeHs 1. Paora
select 3akaHuHBaeTcs yMeHbllenHeM d; Ha 1, 3sTa ome-
palHs cOOTBETCTBYeT 3aMeHE€ NyCTOH CEpHH B MmocJjelo-
BaTeJbHOCTH | Ha peaJsibHYIO CEPHIO,
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Byaem cudTaTh, YTO Y Hac ecTb MPOLEAypPa KOMHpO-
BaHus cepuu c Bxoxa fo B f;, Torna Mm MOXeM cdop-
MYJHPOBaTh (pa3y HayajbHOrO paclnpeiesieHHs cJleayo-
mHM obpasom (mpennoJiaraercs, 4YTO €CTb MO KpadHeH
Mepe OJlHa cepHd):

REPEAT select; copyrun
UNTIL £0.eof

Onnako 3jech cJielyeT Ha MrHOBEHHE 3aaepikaTbes H
BCIOMHHTb, YTO NPOHCXOIHJIO NpH paclpefeseHHH CepHi
B paHee pa3fHpaBlIeAcs COPTHPOBKE €CTECTBEHHHM
C/IMSIHHEM: J1Be MOC/e0BaTe/bHO AOCTYMalUlHe Ha OJHH
BHIXO/L CEpHH MOryT NpEBpaTHTLCS B OJHY-€IHHCTBEH-
HYIO, YTO ApHBEAET K «HapyWeHHIO» OXHA3eMOro 4HcJja
cepuit. Ecoiu MBI HMeeM €70 ¢ aaropuTMOM, MpaBHJIb-
Hasg paboTa KOTOpPOro H€ 3aBHCHT OT 4YHCJla CEpH#, TO
Ha Tako# no6ouHbf 3¢ deKT MOxHO OblJIO He O6pamarh
BHHMaHHA. OpHaKe B MHOro¢asHo#i COPTHPOBKEe MH
0co6eHHO 3a60THMCS O TOYHOM HHCJe CepHi B Kaxa0d
nocJiea0BaTe/bHOCTH. [losTOMy MH He MOXeM oOTMax-
HYTbCcSl OT 3(eKTa Takoro cay4aHHOro CJHSHHA U NpH-
XONAMTCS YCJOXHATL HalWl aJrOpHTM pacnpeneseHHus.
HyxHO 1715 Bcex noc/ief0OBaTeJbLHOCTEH XPaHHTh KJlIOY
NOCJIEAHEr0 3JIEMEHTa nocjaenHest cepud. K cuacrbio,
Halla peaJsH3anHst MoAyJ/sl Sequences 3TO NpeaycMar-
puBasa. B cayyae BHIXOJHBIX MOCJ€I0BaTeJbHOCTEH,
f. first npencraBnser nocaenHMH 3amMCaHHHA 3JIEMEHT.
OuepenHas nonbiTKa HanucaTh aJITOPHTM pacnpenelie-
HHSI MOX(ET BHIMVIAAEThb TaK:

REPEAT select’ (2.48)

TF f[j].first < = f0.first THEN #podoAsears crapyio cepuro END 3
copyrun
UNTIL f0.eof

QuepHaHnasa owHn6ka — 3abuiin, yro f[i].first umeer ka-
KOe-TO 3HayeHHe JIMIIb N0C/ie KOMHPOBAHUSA AEPBOro aJe-
menta. [IpaBusipHO OBLIO GBI pacHpeneJHTb NO OJHOH
cepun B N — 1 BHIXOAHBIX f10CJIe10BaTE/bHOCTEH, He 06-
pamasich K f[j].first ¥). OcraBwnecs ke cepun pacnpe-

*) Hagmo eule ydecTb, YTO NPH TAKOM HAYa/bHOM <€3aCEHBAHHH»
cepuyu MOryT KonuuTbcal — ITpum. nepea,
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AEJSI0TCA B COOTBETCTBUH ¢ (2.49).

WIHILE ~[0.¢0f DO (2.49)
select;
IF fj]. first <= £0.first THEN
copyrun;
1F f0.eof THEN d[j] : = d[j] + 1 ELSE copyrun END
ELSE copyrun
END
END

Tenepp Mbl HaKOHEI MOXKEM NPHCTYNHTb K CaMOMYy rJiaB-
HOMY a/ropHTMy MHOroasHoii COPTHPOBKH CJIMSIHHEM.
Ero ocHoBHasi CTpYKTypa nmofo6Ha r/jiaBHOA 4acTH mpo-
rpaMMel N-nyTeBoro CJHAHHA: BHEIHHH IHKJ CJHBaeT
CepHH, NOKa He 6YAyT HcuepnaHB BXOAH, BHYTPCHHHH
C/HBAET OJHHOYHHEIE CEpHH M3 KaXKJOro HCTOYHHKaA, a ca-
MEIH BHYTpEHHHH IHKJ BHIOHpaeT HadaJbHBH K04 H
nepechljlaeT BKJIOUaeMBI 2JeMEHT B LeJeBOl ¢aJl.
[IpHHIMAHAJILHEE OT/IHYHS XK€ B CJeAYIOLLEM:

1. B KaxnaoM Hpoxojae TOJbLKO OfHA BHIXOAHas IHO-
CJIENOBATENLHOCTb, @ HEe N/2,

2. BMecTO nepekJiloueHHss Ha KaxjaoM npoxoae N/2
BXOAHHX H N/2 BHXOAHBIX MOCJIE€JOBAaTEJbHOCTEN Ha
BRIXOJ MOJAK/I0YaeTcss OCBOOOAHMBIIAACA HOCJENOBaTE/b-
HOCTb. JTO J€/1aeTCA C MOMOIIbI0 KapThl HHAEKCOB MOCJe-
JoBarteJibHOCTef.

3. Udcsio BXOAHHIX IOCJ€A0BAaTEJILHOCTEH MEHSETCA
OT CepHH K cepHH. B Hauase Kaxjo#t cepHH OHO Ompe-
JeJIIeTCA MO CYeTUYHKaM NMYCTHIX cepHi di: ecylH /18 BCeX
i d >0, To neraeM Bux, uto ciauBaeMm N— 1 AyCTHX
CepHit W co3paeM MYCTYIO CEpHIO Ha BHIXOAE, T. €. IPOCTO
ypesivuuBaeM dn- A/ BHIXOAHOA MOCJ/I€AOBATEJbHOCTH.
B npoTusnoM cisyyae ciHBaeTCs MO OAHOM CEpPHH H3
BCeX HCTOUHHKOB, riae d, =0, a d, aaa ApYrHx yMeHb-
aercd Ha €IMHHLIY; 3TO O3HAYaeT, YTO H3 HHX B3SATO
no nycTto# cepuu. YHC/I0 BXOAHBIX mOCJ/eA0BATe/bHOCTEH,
YUacTBYIOILHMX B CJHSHHH, 0603Hayaercs 4yepes k.

4. OnpenensTe OKOHuaHHe (pasbt no kKoHuy N — 1-it
NoCJ/IeI0BaTE/ILHOCTH YK€ He/Ib3sl, NMOCKOJbKY H3 3TOrO
HCTOYHHKa MO)KeT TpeGOBaTbCs CJHSHHE NYCTHX cepHil,
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BMecTO 3TOro TeopeTHuecKH HEOGXOJHMOE UHCJO CepHi
onpeaensiercs no koadpduuuentaM a. Camu Koapdu-
IUEHTH a; BHIUHCJSIIOTCS Ha 3Tane pacnpeic/ieHHd, Te-
nepb OHH MOCYT BHOBbL NE€PEBHIUHCJATLCA.

Tenepb B COOTBETCTBHH ¢ ITHMH NpPaBUJAMH MOX{HO
HamHcaTb rJgaBHY 4acTb MHOrogasHo# COpPTHPOBKI,
Cuuraercst, utTo Bce N — 1 nocJieqoBaTe/sbHOCTEH C 1iC-
XONHBIMH CEPHSIMH HAaxOAATCA B COCTOSIHHH UTCHHS,
a KOMNOHEHTH KapThl JIEHT t; = i.

REPEAT (* cmmsume 13 113, 4[N —~1] n {[N]#») {59
2:= a[N-1]; a[N] := 0; StartWrite(Ft{N]]);
REPEAT Kk := 0; (» s ORHOM CepHH +)
( » ompeiernienie HCIA AK TUBHBIX BXOLIBIX TTOCTIEXOBATCIBHOCTCH )
FORi:=1TON-1DO
IFdi]> O THEN dfi] := d[i]- 1
ELSEK := k+1; tafk] : = t[i]
END
END;
IFk = 0 THENd[N]:=d[N] + 1
ELSE  caugtue 0Onoli peanviiol cepuu us 1f1] ..4{k] & #[N]
END ;
z:=121
UNTILz=0;
StartRead(f{tN]);
no8OPOT 6 KapTe t; swiyucaerue afil Jan caedyrouje20 yposnn;
StartWrite(f[t{N]]); level ;= level -1
UNTIL level = 0
(» oxcoptponaunlit pesyabrar B t{1]+)

@ aKkTHYeCKH oOnepanus CJAHAHHA [OYTH HACHTHYHA
TOH K€ OmepalHH B COPTHpPOBKE C nomouio N-nyTte-
BOrO CJHSIHHS, PA3HHLA TOJLKO B TOM, YTO 3/€Ch aJaro-
PHTM HCKJIOYEHHS TOCJeJ0BAaTeNbHOCTH HECKOJbLKO Npo-
me. IToBOpOT KapT MHAEKCOB NOCJEN0OBaTENbHOCTEN H
COOTBETCTBYIOUINX cuUeTYHKOB d; (TakKe Kak H MEpeBH-
yuc/IeHHe KO3(PGHUHEHTOB a, NpH nepexone Ha HHU3WHI
YPOBEHb) OUEBHJEH, C 3ITHMH AeHCTBHAMH MOXHO Je-
TaJ/JlbHO MO3HAaKOMHTbLCS B nporp. 2.16, koTopas M mpen-
cTaBjisieT co60# nNOJIHHHA alrOpUTM MHOrogasHofi cop-
rupoBkH (Polyphase sort).
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M ODULE Polyphase$
FROM Sequences IMPORT {tem, Sequence, OpenSeq, OpenRandotSeq,
StartRead, StartWrite, copy, CloseSeq, ListSeqs

CONST N = 6
TYPEseqno = [1..NJ;

VAR 1, §, mg, tn: seqno?
k, dn, 2, level: CARDINAL:
x, min: {tem;
2, d: ARRAY seqno OF CARDINAL;
1, taz ARRAY seqno OF seqno;
10: Sequence;
f; ARRAY seqno OF Sequence}

PROCEDURE sefect;
VAR i, 2: CARDINAL:
BEGIN
IFd[]<d[j+1] THEN{:= j+1
ELSE
1F dfj] = 0 THEN
fevel := fevel + 1:2¢= 1]
FOR1:=1TON-1DO
il :=z + afi+1] - of]s ali] 1= Z 4 eL+1]
END

¥ND ¢
ji=1L
END;
dfi] :=dff]-1
END select;
PROCEDURE copyrun; (+23 {0 2 f[j] +)
BEGIN
REPEAT copy(f, f[i[) UNTIL f0.cor
END copyrun;

TEGIN OpenRandomSeq(f0, 100, 561); ListSeq(f0)s
FOR{:=1TO N DO OpenSeq(fli)) END 3
( * pacipefiesiexue HATUTBHBIX CepHH #)
FOR}:=1TON-1DO ,
afi]:= 1; d[i] : = 1; StartWrite(f[i]).
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level:= 13 :=1; a[N] := 0; d[N] = 0; StartRead(f0X:
REPEAT select; copyrun
UNTIL fO.e0of OR (j = N-1);
WHILE ~f0.eof DO
select; (# {[j].first = mocnenuwil, samicannni B £[j] aneMenT « )
1F f[j].first <= f0.first THEN
copyrun;
IF f0.eof THEN d[j] : = d[j] + 1 ELSE copyrun END
ELSE copyrun
END
END;

FOR|:= 1 TO N-1DO t]i] : = I; StartRead(f[i]) END ;
tN}:=
RFJ’EAT(#annHHc w t[1]..4[N~1] 8 1[N]«)
2 := alN-1}; d[N] : =0; StartWrite(f{t{N]]);
REPEAT K := 0; (*CrvMsnHie ool cepui » )
FORi:=1TON-1DO
IF d{i]> 0 THEN d[i] : = d}i) -1
ELSEk := k+1, ta[k] : = t[i]
END
END;
IFk = CTHEN d[N]¢= d[N] + 1
ELSE (*cnusnue opuoi peanssoit ceputi 13 111]..4[k] 3 t[N] -)
REPEATi:=1imx:= 1; min.= f{ta1]}.first;
WHILEi< kDO
= i+1; x 1= f[tafi]] first:
IF x < min THEN min ;= x; m% ;= { END
END;
copy(fltalmx]], fIL{N]):
IF fltalmx]].eor THEN ( c6poc¢ 37010 HCTOWHKA #)
talmx] : = talk]; k i = k-1
END

UNTILk =0

END;

zi=12-1
UNTILz =0
StartRead(f{t[N]]); (*1oBopoT NoCNEROBATEILHOCTE  +)
= YN]; dn:= d[N]; z:= a[N-1];
FORi:= NTO2BY-1DO

tli] s = ti-1); d[i] 1= d{i-1); ali] 7= ali-1) - 2
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END?
tf1]:= tn; 801) = dn; &3] := 2:
StartWrite(f[UN]]); level := level~ 1
UNTILlevel =03
ListSeq(f[1ll);
FOR1:=1TO N DO CloseSeq({{l]) END
END Polyphase.

Ilporp. 2.16. Muorodasnas copTHpoBKa.

2.4.5. PacnpenenéHne HauyaAbHHX cepuit

MH NpUIIH K CJOXKHHBM [pPOrpaMMaM MNoOCJeR0Ba-
TeJbHOR COPTHPOBKH, MOCKOJbKY 60Jiee MPOCTHE METOAH,
paboTaolllie ¢ MAacCHBaMH, HpeRmoJaraior, Y10 y Hac
€CTb JOCTATOUHO 6OJblIas MaMATb CO CJYYaAHHIM 10CTY-
fIOM, B KOTOPOH MOXHO XpaHHTb BCE COPTHpPyeMble AaH-
Hele, QueHb YacTO TaKo NaMaTH B MallliHe HET, H
BMECTO Hee MPHUXOAHTCH NOJb30BATLCA AOCTATOYHO GOJb-
IO MNaMATHI0O HAa YCTPOHCTBAX C MNOCJEAOBATENbHBIM
[OCTYMOM. MH BHEesnH, yTO METOAH MOCaeAOBaTebHOM
COPTHPOBKH He Tpe6YIOT MpaKTHUECKH HHKaKOi omepa-
THBHOH NAMATH, eCJH He cuHTaTh GydepoB aaa ¢aitnoB
H, KOHeuHo, caMoil nporpaMMu. OHaKO faxe Ha CaMHX
MaJeHbKHX MallHHAX eCTb ONMEpPaTHBHAs MaMATb CO CJY-
yafHHM JOCTYIOM [0 pa3MepaM, NOYTH BCeria MpeBH-
umlailomas naMsaTb, Tpelyollylocs AJs CO3RaHHA HAMH
3lece nporpaMM. HempoctuteinHo 6HJI0 GH He MONH-
TATbCA HCHOJb30BAThb €€ ONTHMAJbHHM OGPa3OM.

Pelenne 3akaiouaercs B 06beAHHEHHH METONOB COp-
THPOBOK 1JI1 MAacCHBOB H J1Jis1 NOCJEAOBAaTEJbHOCTEH.
B yacTHOCTH, Ha 3Tame pacnpejeNeHHs HayaJbHHX
CepH# MOXKHO HCNOJbL30BaTh KaKylo-JH60 cHenHaJbHO
IpHCAOCOGJECHHYI0O COPTHPOBKY MAacCHBOB AJs  TOIO,
yTO6H NOJYYHTh CEPHH, AJHHA KOTOPHX L O6HJja OH
NpHOGJH3HTEILHO paBHa pa3Mepy AOCTYNHOH omepaTHB-
HOH maMaATd. SIcHO, YTO B MOCJERYIOWMX MPOXORax, BH-
NOJIHAIOWHX CJHSIHHE, HUKAKas RONOJHHTE/NbHAs COpPTH-
pPOBKa, ODHCHTHPDOBAaHHas Ha MAacCCHBH, YJYYIICHHH He
JdacTt, TaK Kak pa3Mep cepHil HOCTOAHHO PAacTeT H BCerna
lipeBLILIAET pa3Mep AOCTYMHOH OMEPATHBHOH MaMSTH.
TlosToMy MBH MoOXeM HOJHOCTHIO COCPENOTOYHThH BHHMA-
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CocTOsAHHE 10 NeperavH JEMEHTa :
1) fo

LRSICH R I T2 1

Puc. 2.17, Ilponecc npocenBaHRS KMOYA Yepes NHPaMHAY.

HHE Ha YJyYWEHHH aJAropuTMa (OPMHPOBAHHA Hadalbs
HHX CepHH,

EcTtecTBeHHO, MH cpa3y e of6paulaeMcs K Jorapug-
MHUECKHM aJrOPHTMaM COPTHPOBKH MaccHBOB. Hanbo-
Jiee NOAXOASILHMH H3 HHX NpPEACTABJSIOTCS COPTHPOBKA
no pepeBy Hau Metox Heapsort. IIlupamuny MoxHO pac-
CMaTpPHBAaTh KaK HEKOTOPOTrO poja TYHHENb, YEpPe3 KOTO-
PHiA [OJXHH HNPOHATH BCe 3JEMEHTH — OfHH OHCTpee,
JApyrue MenieHHee. HauMeHblHfi KJ104 JierKo H3BJje-
KaeTcs € BepIUHHH NHPaMHAH, a ero 3aMelleHHe —
oueHb 3¢ddexTHBHHA npouecc. «PuabTpaLHA» BJAECMEHTA
H3 BXOZHOH nocienoBateiabHocTH {0 uepes Bcio HEpa-
Muny-tTyHHeab H B BHXomHyio nociepoBaTeabHocThb f[j}
NpOCTO ONHMCHIBAETCA TAKHMH OMNepaTopaMH:

WriteWord(f[1], H{1]); ReadWord(10, H[1]); sift(1, n) (2.51)

ITponece sift (mpocenBaRHe) yXe ONHCHBAaJCA B
pasa. 2.2.5, o npegHasHayeH AR HOPOCEHBAHHS BHOBb
HOCTYRAlomero sjaeMenta H, BHH3 DNHpaMHAH, Ha CBOE
Mecro, OrmertnM, uto H;— HauMeBbIIH 3J€MenT H3
HaxoaAmMxcs B nupamuje, Ha puc, 2,17 gan npumep
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9TOro npouecca. [lporpamma B KOHeyHOM cueTe mnoJay-
yaeTcsi 60Jaee CJAOXHOH, HOCKOAbKY:

1. B navane nupaMuan H nycra u ee HyxHO npex-
Je 3anOJIHHTh.

2. Bawxe K KoHmy paGoTH nupamupa GymeT 3amos
HeHAa JIMIIb YaCTHYHO, a 3aTeM BOOGile ONMYCTOLIHTCS.

3. HyxHo coxpanstb HH}OpMAIMIO 0 HAyalax HOBHX
cepHH, yTOGH BOBpEeMs MEHATb MHAEKC BHXOAA j.

[Mpexkae Bcero ¢GopMaibHO ONHIIEM MEPEMEHHHE,
ABHO YYaCTBYWIHE B HalleM mpomuecce.

VAR f0: Sequence;
f: ARRAY seqno OF Sequence;
H: ARRAY .. m]OF item; .52)
L, R: INTEGER

rie m— pasmep nupamuan H. Has o6o3saueHHs Bes
JUYHHH m/2 ucnoab3yeM koHctanty mh; L H R — HH-
ZIeKCHl, OrpaHHyHBaloille nupamuay, Ilpoumece ¢uabrpa-
HHH MOXHO pasfesIHTh HAa NATb pa3JHYHHX yacTel:

1, Urenne nepBux mh sjeMentoB ¢ Bxoaa (fp) u pas-
MecllleHHe KX B BepXHe#l NOJIOBHHe MHpaMHAH, TAe He
rTpe6yeTcs HHKAaKOH YyMNOPANOYEHHOCTH KJloueidl,

2. Urenue caepyomux mh 3]€MeHTOB H pacCTaHOBKA
§X B HHXKHed nOJIOBHHE NHPaMHAH, NMPHYEM KaXKAHH
5JIeMEHT MPOCEHBAETCS HA CBOE MeCTO (MOCTPOECHHE MHs
paMuaH ).

3. Maaekcy L npHcBauBaeTcsl 3Ha4yeHHe m, H JJa§
BCEX OCTaBLIHXCH 3JIeMEHTOB fy MpOAeNHBAIOTCH CJex
ayioune ward: Hy nepechaeTcs B COOTBETCTBYIOILYIO
BLIXOZHYIO MOCJACROBATEALHOCT. EC/HM ero K/ioy MeHb-
Ile HJH paBEH KJIOUY CJAeAYIOIIero 3JieMEeHTa BXOLHOH
MOCAeR0BATENLHOCTH, TO 3TOT 3JEMEHT NpHHALJICKHT
TOH 2Ke caMOR CepHH H €ro MOXKHO MpoceATb Ha COOTBET-
CTBYIOllee MecTO. B MpOTHBHOM cJyuae Haj0 COKpPaTHTb
pasMep MHpPaMHAB H MOMECTHTh HOBHl 3JIeMEHT BO BTO=
Py, BepxHIOI0 NMHpPaMHAy, KOTOpas CTPOHTCA AJA CJe-
Aywowed cepud. I'pannuei MexxAy nHpaMHAaMH CJYXHT
nunekc L. TakuM o6pa3oM, nHXKHAs (TeKyuias) mHpa-
MHZA COCTOHMT H3 3JeMenToB H; ,.. Hi, a Bepxusaa (cie-
Rywowana) — 43 Hi4y ... Hm. Ecau L == 0, 10 BHXOA ne-
pekJioyaeTcs H m BHOBb NpHCBaHBaercs L.

4, Bxon Hcyepnan, IlepBoe, mpucBauBanue R 3Hage-
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HUs m, 3aTeM c6pOC HHXKHEH YacTH, 3aKaHYHBalOuleH
TEKYUIYI0O CEpHIO H OJLHOBpPeMEHHOEe NOCTPOCHHE BepXxHeh
YaCTH H MOCTENEHHOE ¢€e nepeMelleHHe B MO3HIHU
Hiy1 ... Hsg

5. dopMHpPOBaHle 113 OCTABIUHUXCA 3JEMEHTOB MNHpa-
MHAH MoCJeAHell CepHH.

Tenepb Mbl MOXXeM NOAPOGHO ONHCATb 3TH NATH IUa-
roB B BHJe 3aKOHUEHHOH nporpaMMbl, KOTopas B clydae
KOHLA CEepHH, KOrja HYXKHO H3MEHHUTb HHAEKC BBLIXOAHOMN
nocleAOBATENbHOCTH, O6pautaercs K npoueldype select,
B nporp. 2.17 BMeCTO HEe HCNOJBL3YeTCA «NYCTAafA» MPo-
nenypa («3arJyluika»), npocTo cuuTamuas 4ucac cdop-
MHpPOBAaHHHX cepHil. Bce 3JeMeHTH 3aMHCHLIBAIOTCA B Mo-
CleAOBATENbHOCTD .

Ecau teneps MH nonbiTaeMcs OGBbeAHHHTL 3Ty npo-
rpaMMy, HanpuMep, ¢ MHoro¢dasHo# COpPTHPOBKOH, TO
BCTPETUMCSA € Cepbe3HLIMH 3aTpyAHeHHAMH. HayanbHas
YacTb MNpOrpaMMbl COPTHPOBKH BKJKOYaeT AOBOJbLHO
CJOXKHYIO NPOLEAYPY NEPEKJIOYEeHHS NepeMeHHbIX-NOCHae-
ROBATEeJbHOCTEH M pAaCCYHTaHa Ha HCNOJb30OBaHHE MNPO-
NeAYpHl COpyrun, KOTOpas 3anHUCLIBaeT B BhLIGPAHHYIO
HOCJAe0BaTeNbHOCTh TOUHO OAHY cepHIo. [IporpamMma xe
Heapsort B cBolO 0oYepelb CHAOXKHASN NPOUEAYPa, pacCyH-
TaHHas Ha o06oco6JeHHYyI npouenypy select, mpocto
BLIOHpAIOLLYI0O HOBOE HanpaBjJeHHe Nepeculakd. He 6nlio
6ol HHKakdux npobaeM, ecau 6ol B opHo#t (au6o AByX)
nporpaMmax TpebyeMas npoueaypa Bbl3biBajach B Ol-
HOM-¢IHHCTBEHHOM MeCTe, HO Belb OHa Bhi3biBaeTcd
B HeCKOJbKHX MeCTaX 06GeHX mnporpamm.

B rakoft cuTyalHH Jyuylle BCEro BOCMHOJL30OBATHCA
TaK Ha3blBaeMLIMH conpozpammamu, NpH COCylleCTBOBa-
HHH HECKOJbKHX MPOLECCOB HMEHHO HX U HAAC HCMAOJb-
3oBaTb. Hau6Gonee THMNHYHBIA cayyadl — cOBMeCTHAsl pa-
6oTa npouecca, NopoXaamuero NOTOK HHPOpPMAaLHH 1A%
pas3qHUHLIX O6BEKTOB H HEKOTOpOre mpouecca, notpeb-
Jgowere 3ToT NOTOK. B3auMooTHOWEHHe NpPOH3BOIH-
TeJA — NOTpeGUTeNs Jerdye BCero BLIPA3HTh B TEPMHHAX
COMpOrpaMM, OJHA H3 HHX MOXeT GLITh caMO# raaBHOH
nporpaMmoit. ConporpaMMy MOXHO paccMaTpuBaTh Kak
npouece, UMelWHA OJHY HJIH HECKOJBLKO TOUEK pasphiBa.
Ecnau BcTpeyaercss Takas TOYKa pa3sphliBa, TO ynpasJe-
Hite BO3Bpawaercs K NporpaMMe, aKTHBHpOBaBIIed AaH-
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Hyl0 conporpaMMmy. Ecau npoucxoaut HOBoe o6pallieHHe
K COnporpaMme, TO BHINOJHEHHE BO30GHOB/AETCH € 3TOH
TOYKH pa3phiBa. B Hamem cayuae Polyphase Sort mox-
1o O6b10 6l pacCMATPHUBATL KaK [JAaBHYIO NPOTpaMmy,
ofpawalollLyocs K copyrun, Kotopas 0dOpMJeHa Kak
conporpaMMa. OHa COCTOHT H3 OCHOBHOre TeJa
nporp. 2.17, B KotopoM Kaxnce obpawenue K select
BOCNPHHHMAaeTCd KaK TOYKa pasphiBa. [IpoBepky Ha
KoHell (paftna Tenepb cAedyeT Be3de 3aMeHHUTb Ha MpoO-
pepKy JNOCTHIKEHHS CONpPOrpaMMOfi KOHLEBOH TOUKH.

Anaau3 u 3aKkarovente. Kakoft xe npoH3BOAHTENbHO-
CTH MOXHO OXHIAaTb OT MHOroasHolt COPTHPOBKH C HA-
1aJbHBIM pacnpeleneHueM cepuit ¢ nomomsio Heapsort?
CHavana pasbepeM, KaKHe yJAy4lleHHS MOMHO MOJYYHTb
OT BBeJeHHS NUPaMHALL

B nocienoBaTelIbHOCTH €O CJaOyYaifiHO pacnpeleseHs
HHIMH KJIOYaMH CpelHAs AJuHA cepuii paBHa 2. KakoBa
A&e AJuHA cepHil, NpOdHALTPOBAHHLIX 4epe3 NHUpaMHAY,
pasMepoM m? Kasanoch 6bl, oHa AoqkHa GHTL M, HO,
K CYacTbi0, BEPOATHOCTHLIA aHAJH3 AaeT 3HAYHTENLHO
Ayyituii pe3yabTaTr, a HMeHHO — 2m (cM. Kuyt, T. 2,
c. 304). IlostoMy oxunaeMbli KO3(pGHUUHEHT yayulieHH
paBeH m.

Ouenky mnpOH3BOAHTENbHOCTH MHorodasHnoit copTH-
POBKH MOXHO MOJAYYHTH U3 Taba. 2.15, rae ykasaHo Mak-
CHMaJIbHOE YHCJIC HAayajJbHbIX CepHH, KOTOpble MOXHO
OTCOPTHPOBATH 32 3aJAHHOE YHCJO YACTHYHLIX NPOXONOB
(ypoBue#t) ¢ 3anannbiM udcaoM (N) nocnenoBateabHo-
creli. Hanpumep, ¢ wecTbi0 NOCAeACBATENbHOCTAMH H
aupaMuiol pasMepa m = 100 MoxxHO 32 10 yacTHYHBIX
IIPOXOACB  OTCOPTHpPOBaTh (aily, coaepxauHid a0
165680 100 HavaabHhX cepHil ¥, 3Tc 3aMeyaTelbHas
1ipOH3BOJAHTEAbHOCTD.

BosBpauwasgcs BHOBb K KOMGHHAIHH MHorogasuoi
coptupoBkd ¢ Heapsort, Heb3s He MOPa3uTLCH ee CAOK-
HOCTH. A Belb OHa pellaeT Ty XKe caMylo mpocto chop-
MYJHPCBAHHYIO 3aJayy YNOPSAACYCHHS MHOMXECTBA 3JI€+
MEHTOB, YTO H J106asf U3 HeGOJbWIHX NPOrPaMMOK, OCHO-

*} B gefcrBHrenbHocTd 32 10 mpoxonoe Gyler OTCOPTHPOBAHO
ToibKko 192 100 cepwit, a ykasaHHOoe 4HcJO cepuil —3a 20 npoxo-
408, — ITpum. nepes.
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MODULE Distribute; (s ¢ moMompto Heapsort o)
FROM InOut IMPORT Writelnt, WriteLn}
FROM FS IMPORT File, Open, ReadWord, WriteWord, Res¢t, Close;
CONST m = 16; mh = m DIV 2; (# paaMep mupaMuast &)
TYPE jtem = INTEGER;

VAR L, R: CARDINAL;
count: CARDINAL;

x: item;
H: ARRAY [1..m] OF jtem; (+nEpaMupas)
10, f1..File;

PROCEDURE select:

BEGIN countt : = count + 1 (+nycro»)

END select;

PROCEDURE sify(L, R: CARDINAL);
VAR i, j: CARDINAL; x: item;
BEGIN{:=L:j:=2sL: x:=H[L]
IF(i<R)& (H{j] > HE+1) THEN [ = J+1 END;
WHILE( <= R) & (x> H{j)) DO
Hli}:= H[jli i:=j; J 1= 2sj;
IF J<R) & (H[i]> Hj+1D) THEN ] =1+ 1 END
END;
Hii]:=x
ENDssift;

PROCEDURE OpenRandomSeq(VAR 5: File; length, seed: INTEGER);
VAR i: INTEGER;
BEGIN Open(s);
FOR i := 0TO length-1DO
WriteWord(s, seed); seed ;= (31+seed) MOD 997 + 5
END
END OpenRandomSeq3

PROCEDURE List(VAR s: File);
VAR {,L: CARDINAL:
BEGIN Reset(s); { := 0; L := s.length;
WHILEIKL DO
WriteInt(INTEGER(s.ali]), 6); 1 1=2 1+1;
1FiMOD 10 = 0 THEN WriteLn END
END;
WriteLn
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END List

BECIN count 2= 0; OpenRandomSeq(f0, 200, 991); List(f0);
Open(fl); Reset(f0);
select;

(x 3xan 1; 5a0TAeRKE BEPXHcH MacTH MIpaMBmLL « )
Li=m;

REPEAT ReadWord(fo, HILI;; Li=1-1
UNTILL = mh:

( + 5Tam 2: 3an0NHeRHe RIKHeiE YACTH IHPAMITEN)
REPEAT ReadWord(f0, H[L)); sit(L,m); L i=L-1
UNTILL = 0;

(+ 5Ta1L 3; HPOMYCK /1eMEATOB Nepes MAPaMAY+)

L := m; ReadWord(f0, X);
WHILE ~{0.eof DO
WriteWord(f1, H[1]);
IFH[1]{= x THEN
(+x npunamexar Toit ke cepune) H[1] = x; sifi(1,L)
ELSE (* Hauano ouepemmoi cepum #)
H[1]:=H[L]: slfu}, L-1); B[L] := X3
IF L <= mh THEN sif{(L,m) END ;
L:=1-1;
IFL = 0THEN
(+ TIpamMEpa DOTIAY; RA%AIo HOBOK Cepuns) L = 10} select
END
END:
ReadWord(f0, x)

END;
{* 3ran 4* c6po¢ wbiell NACTH THPAMUTIRL +)
R:=m;
REPEAT WriteWord(f1, H[1]):
H[1]:= HIL] sifQQ, L1y H[L] := BRE R (= R-1;
IFL<= nh THEN sif(L,R) END ;
L:=1-1
UNTILL = 0;
(+ 31t 52 ¢GpOC BepXIei JacTH MHPAMH/BI +)
selects
WHILER> 0 DO
WriteWord(fl, H1]); HI1]:= H[R]; R := R-1: sifi(1,R)
END}
List(f1),
Close({0); Close(f1)
END Distribute,
Uporp. 2.17, Pacnpelesnenwe Hayadbhibix cepuil C NOMOIIBIO NHpa+
MH DI,
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‘BaHHBIX Ha MNPOCTHX MPHHLUHNAX COPTHPOBKH MacCHBa.
IlosToMy ¥ Bcsl 3Ta raaBa 6bla HanucaHa, YyTo6Gbl Npo-
AEMOHCTPHUPOBAaTh cJedyiollec:

1. MexAy aJropuTMOM H CTPYKTYpOH AAHHLIX, C KO-
TOpbIMH OH paboTaeT, CYWECTBYET oOYeHb raybokas
CBAI3b: CTPYKTYyPa AAHHBIX BJHAET Ha BHJ MNPOTPAMMHI,

2. YcnoxHAS nporpaMMy, MOXHO YJYYIIHTbL €€ Mpo-
H3BOJAHTENbHOCTb, Hda}e eCJH CTPYKTypa HAaHHLIX (No-
cJel0BATEJbHOCTH, 4 HE MAaCCHBBHl) IJS 3TOro He 0Co-
6EHHO NOAXOMHUT.

YITPA)KHEHHS

2.1, Kakue w3 aJropuTMOB, NpEACTABJEHHHX NPOrpaMMamu
2126, 2.8, 2.10 u 2.13, oGecneunBaloT YCTOHWYHBYIO COPTHPOBKY?
2.2. byaer au nporpamma 2.2 nmpaBuabHO paboTaTh, €CAH B 3a-
rososke uukaa L < R samenuts Ha L << R? Bygmer ax oua npa-

BuibHO paboTarb, ecau onepatopp R:=m—1 u L:=m+41
ynpoctHth A0 L:=m #u R:= m? Ecau Her, 10 npuseanTe nocie-
ROBATEJbHOCTb 1 ... 8n, HA KOTOPOif H3MEHEHHAs nporpamma Oyger

pa6oTaTh HENpPaBHJILHO.

2.3. 3anporpamMMupy#Te TPH METOJa NPAMOH COPTHPOBKH H H3-
MepbTe Ha Bale#d mawmwHe Bpems Hx pabotb, Onpelenure Kosdhdu-
UMEHTR, HAa KOTOpHe HaJo ymHoxatb C u M, 4ro6b nOAYyYHTH
OLEHKH AJS PeabHOro BpeMeHH paboTH.

2.4. Onpenennre WHBADHAHTH B TPeX MeroJax NpPAMOA COPTH-
POBKH.

2.5, [lepen Bamu «oueBHAHAN» Bepcus nporpammu 2.9. Haiaure
nocne0BaTe bHOCTb 3Ha4e€HHA 3y ... @), NPH KOTOPOH nporpamma
paGoTaeT HENpaBHJbLHO.

i=1ji=n;x:=anDIV2)
REPEAT

WHILE g[i]{xDO1{:={+1END;

‘WHILEx< a[j]DOj:=§1END;

W= afi}; ali] = afj]; aff] = w
‘ONTIL1) j

26. Hanuwnre nporpammy, rae ajropHrtMbl GRCTPOH H My3Hpb-
KOBOii COPTHDOBKH CKOMGHHHDOBAaHH caeaylomHm oOpasom. Quick-
sort ucnosib3yercs [OJs noJydeHuss NOANOCTENOBATElbHOCTH (HEOT-
copTHpoBaHHOi) AawHH m (1l << m < n), a 3akaHuuBaercs COPTH-
POBKA METOAOM NY3HIphKa. 3amerHM, YTO HocAefHsAsT COPTHPOBKA
MOXET HPOXOAHTh MO BCeMY MAacCCHBY H3 N 3J7E€MEHTOB, NpPH 3TOM
MHHHMH3IHpYETCH ynpabjenxe. Ha#aute 3HaueHue M, MHHHMH3UPYIO-
uiee ofllee BpeMsl COPTHPOBKH. 3aMedaHue: $CHO, 4T0 ONTHMAJhHOE
3nagenwe m Oymer AOCTaTOYHO MaAJ0, MO3TOMY MOKHO NO3BOJHTh
cefe ToynO M — | NPOXOAOB NO MAcCHBY, @ HE TPATHTb NOCAEAHHH
HpOxOJ Ha -$MKcauuio Toro ¢akra, Yr0 HHKAKHX 0OMeHOB He OHLIO,
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2.7. lpopeanre TtakKWe e SKCHEPUMEHTH, Kak ¥ B ynp. 2.6,
HCMO0J1b30BAB BMECTO MY3biPbKOBOINl COPTHPOBKH MErOA NpPSMOTO. Bbi-
Gopa. KoHedHo, sra cOpTHpOBKa He MOXeT NPOXOAHTL MO BCEMY
MAaccHBY, MO3TOMY OXHAAEMOE BpeMs MAHHOYJSAUMH C HHICKCAMI
6Gyaer HeCKoAbKo GoJbuie.

2.8. Hanmmure pexypcusHyio nporpammy Quicksort, Hcxoas u3
NPEAYC/]OBHS, 4Yr0 MEHbWHH noimaccuB o6pabarmBaercs paHbiue
Goawuwero. [lepoe AefictBHe BHNOJAHHTE ¢ MOMOIUBLIO HTEPALHH, 3 AR
BTOPOr0 HCHO/Mb3y#TE pEKypcHBHOe o6painenwe, (Takum o6pasom,
BalWla NPOrpamma cOPTHPOBKH Oyjer cofepXaTh OJHO PeKypPCHBHOE
ofpailenwe B orawgue OT nporpammu 2.10, coaepxkamesi ABa 06Gpa-
IeHHs, ¥ nporpammu 2.11, rae ux Boo6ite Her.)

29. Haitiure nepecraHoBKy kaoueik 1, 2, ..., m, mpH KOTOPOR
Oucrpas COPTHDOBKA BeAer cebs HauxyMwHM (Hauayqwium) obpa-
som (n=5,6,7).

2.10. Hanuwsure nporpamMmy ecTeCTBEHHOTO CAHAHHSH, AHAJIOTHY-
HYI0 nporpamme npocroro ciausuus (mporp. 2.13) u paboraiomylo
C MacCHBOM YABOGHHOTO pa3mepa, NMpHYEM Npouecc uAer ¢ ABYyX
KOHIOB K cepennne. CpaBHHTE NPOW3BOAMTENLHOCTh Baimiei npo-
rpammbl ¢ NPOH3IBOAHTEAbHOCTBIO nmporp. 2.13.

2.11. OGpature BHMMAHHE, 4TO Npu ABYXMNYTEBOM E€CTECTBEHHOM
CAMAHHH MBI HE NPOCTO CJeno BHOHPaeM H3 HMeWMXCH Kaloued
HAHMEHbLIMH, @ KOTJa BCTPEYAaeTCs KOHEL CEPHH, TO OCTATOK BTOpOR
CepuH KOMMpyeTcs B BHIXOAHYI0 NOc/ieqOBaTeAbHOCTb. Hanpumep,
CAHAHHE JBYX NOCJAENOBATENbHOCTEH

2,4,5, 1,2 ...
3,6,8297...

J2eT NOC/eN0BaTe/bHOCTD
2,34568251,2,...

a He MOCJEN0BATEbHOCTD
2,3,451,2678359,..,

Kotopas BHIasaut Gojee ynopspouenuofi. [ToueMy mu OCT2HOBHIuCH
Ha TAKOH cTparteruu?

2.12. CymectByer METOA COPTHPOBKH, NOXOXHiA HA MHOTOGhAa3e
HYI0O COPTHPOBKY — KacKkaiHoe causuuwe [2.1 u 2.9]. Ilpu Hem caus-
HHE MAET TaK: ec/H, HANPUMEp, peub MAET O WIECTH MOCAEJOBATENbs
HOCTHAX, TO, HauWHAs C <HACAJbLHOrO pacnpefiefeHus cepuil» Ha mo-
cnepoBareabocrsx T1, ..., T6, cuauana npoBoguTcs NATHOYTEBOE
causnwe T1 ... T5 na T6, no tex nop noxka He craHeT nycro
nocaenoBatenbHocte T5, 3atem (T6 yxe He Tporaercs) npoBOAHTCH
yeThpexnyTeBoe causiiue Ha TH, zarem TpexnyTeBoe Ha T4, AByx-
nyteBoe Ha T3 u xonupoBanue w3 T1 B T2. Caenyiowuit npoxon .pa-
6oTaeT NO aHAJOrMYHOH CxeMme: Bce HAYMHAGTCH ¢ NATHOYTEBOro
caugaus uwa Tl u 1. 4. XOoTA Takas cxema BLITASAHT XxYX€ MHOro-
tha3Horo eNHAHHsA, NOCKOJIBKY HEKOTOPHE MOC/EN0BaTEe/NbHOCTH <NpO-
CTauBalOT», W ecTb NPOCTO ONepaluu¥ KOMHPOBAHMs, TeMm He MEHee
OHa, 4TO YIMBHTENbHO, OKa3nlBaeTcs Jydile MHOroa3HoR COPTH-
poBkH npx oueHb Goabwiux (afnax W wecTH waAu Gojee NOCNENO-
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RaTeNbHOCTAX. Hanummure nporpaMmy TaKOro KACKaJHOro CAHAHHA
€ YETKO BHJE/IEHHOH CTPYKTYPOIl.
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3. PEKYPCHUBHDBIE AJITOPUTMbI

3.1. BBEAEHHE

Pexypcugnoim Haspisaercs 06bEKT, YACTHYHO COCTOS-
INHA HJH oflpefeisieMufi ¢ moMolsio caMoro cebs. Pe-
KYpPCHSI BCTpeuyaeTCd He TOJbKO B MareMaTHKe, BCTpe-
yaeTcs OHa M B MOBCEeAHeBHOM xH3HH, KTO He BHIen
PeK/JaMHOH KapTHHKH, coAepiKameH cBoe co6CTBEHHOE
n3obpaxeHue?

B yacTHOCTH, peKypCHBHHe OMNpeleseHHs NpeACTaB-
Asi0T cobofl MOWMHBIA anmnmapat B MateMaruke. BOT Hes
CKOJIbKO OOI1eH3BECTHRIX NPHMEpOB: HATypajibHHE YHCe
Jia, 1epeBbsl H ompele/ieHHBe (DYHKUHH,

1. HarypanpHuie uucna:

(a) 0 ectb HaTypasibHOE YHCJIO,

(b) uucno, ciaenyioumee 3a HAaTypasibHLHIM, eCTb Ha-
TypaJibHOE YHCJIO.

2. IlepeBbs:

(a) O ecTb [HepeBO (ero Ha3LIBAlOT «HYCTHIM Jepe-
BOMD»),

4 OO O [0000

J

Puc, 3.1, Pekypcupnoe oto6paxenne,
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(b) ecnu tl u t2— nepeBbsi, TO AOCTPOEHHE, COAEp-~
}Kalllee BeplIMHY C ABYMS HHXXe pDAacloJ/IOXXKECHHHMH Je-
PEBbAMH, ONMATb Xe AepeBo.

3. OyHukuua «dpaktopHan» n! (A5 HCOTPHLATEJbHEIX
HesBIX yHcedn),

(a) Ol=1,

(b) n>0: nl=n=(n—1)!

MoOUIHOCTL pEeKYPCHBHOTO OMpeAesicHHS 3aKJI0UaeTcs,
OUEBH]HO, B TOM, YTO OHO MO3BOJIAET € MNOMOLIBIO KO-
HEYHOr0 BLICKA3LIBAHHS OMpENeJIUTL GeCKOHeUYHOe MHO-
KECTBO OGDBEKTOB, AHAJIOTHYHO C MOMOLIBIO KOHEUHOMH
PEKYPCHBHOH mporpaMMBEl MOXHO OmHcaTh G€CKOHeuHOe
BHIUHC/IEHHE, MpHUeM HporpaMMa He OyAeT COAEpKaTb
ABHEIX nOBTOpeHHH. ONHAKO pEKYpPCHBHHIE aJITOPHTMH
Jlyullle BCEr0 HCMOJIb30BaTh, €CJAH B pellaeMof 3ajaue,
BHUHC/ISIeMOA (QYHKIHMH HJAH CTPYKType ob6pabarhiBae-
MEIX JaHHBIX DEKYPCHA YyXe ApPHUCYTCTByeT fiBHO. B 06-
HEeM BHAE PEKYPCHBHYIO mporpaMMy P MOXHO BHIDA-
3UTb KAK HEKOTOPYIO KOMMO3HIHI0O P W3 MHOXeCTBa omne-
paropoB S (He colepxawux P) u camofi P:

P = P[S,P]

Jina BHIpaxeHHs PeKypCHBHHX MpOrpaMM Heo6X0IUMO
H JOCTaTOYHO HMeTb NOHATHE MpPOLEAYpPH HJH MAOAMPO-
rpaMMbl, AOCKOJIbKY OHH HO3BOJIAIOT AaThb JIIOGOMY ome-
paTtopy HM#A, C MOMOLILIO KOTOPOTO K HEMY MOXHO
obpawmatbest. Ecnv HekoTopas npoueaypa P colaepxHT
ABHYIO CCBUIKY Ha caMy cefs, TO ee Ha3HBAIOT APAMO
pexypcusnoll, ecnn xe P ccblnaercs Ha Apyryio mpo-
ueaypy Q, comepxautyio (NpAMYI0 H KOCBEHHYIO) CCHUI-
Ky Ha P, To P Ha3uBaloT Kocsewro pekypcusHoi. [lo-
3TOMY N0 TEKCTY MpOrpaMMBl peKypCHBHOCTL He BCerld
SIBIIO ONpelesHMa,

Kax npasuno, ¢ npouenypoit CBA3LIBAIOT MHOXECTBO
JIOKaJbHHX OOBEKTOB, T. €. MHOMECTBO MeEpPeMEHHBIX,
KOHCTAHT, THAOB H MPOHENYp, KOTOphie OMpeAc/eHb
TOJIbKO B 3TOH mpOLeAype H BHe e€, He CYUIECTBYIOT HJIH
He HMeloT cMbicsia. lIlpn kaxnao#t pexKypcHBHOR akTHBRA-
IHH TakoH HApoLeAypH MOPOXKAAETCS HOBOE MHOXECTBO
JIOKa/JbHEIX, CBA3aHHEIX AepeMeHHHIX. XOTA OHH HMEIOT
TE e CaMbie HMeHa, YTO H COOTBETCTBYIOLIHE 3J1€MEHTHI
JIOKAJbHOTO  MHOXECTBA MPEARAYIIEr0 <«MAOKOJEHHA»
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9TOH NpoueAypH, HX 3HAUEHHs OTJHUYHH OT MOCJEAHHX,
a yno6ue KOH(JHKTH NO HMeHaM paspellalTcs ¢ [o-
MOIIBLIO MpaBuJl, ONpeAensiomux o06jacTh IeACTBUSA
HAEHTH(PHKATOPOB: HAEHTH(QHKATOpP BCEraa OTHOCHTCSA K
caMoOMy MoOC/eAHEMY IOPOXAEHHOMY MHOXECTBY Mepe-
MEHHBIX, JTO e MpaBH/IO COpaBelJIHBO H M/ MNapa-
METPOB NpPOLEAYDPH, N0 ONpele/eHHIO CBA3AHHBIX C Ca-
MOH ApoleAypo#.

[lono6no omepaTtopaM LHK/IA, PEKYPCHBHHIE MpOIe-
AYpH MOTYT OpPHBOJHTb K H€3aKAHYHBAIOLHMCS BHIYHC-
JICHHAM, H [O3TOMY Ha 3Ty mnpobiieMy cieldyeT ocobo
o6paruTs BHUMaHHe. OueBHAHO OCHOBHOe TpeGOBaHHE,
uTo6H peKkypcHBHOe ofpamueHue k P ynpaejsanock He:
KOTOPHIM ycsioBHeM B, xoTopoe B KakOfA-TO MOMEHT CTa-
HOBHTCH JIOXHHIM, [losToMy 6osiee TOUHO CxXeMY pekyp-
CHBHBIX aJIFOPHTMOB MOXHO HpEACTaBHUTL B J1060# H3
cjaeayomux ¢opM:

P =IF B THEN P[S,P}] END 3.2)

P = P|S,IF B THEN P END]J (3.3)
OcHOBHOR cnmoco6 N0Ka3aTeNbCTBa KOHEUHOCTH HEKOTO-
poro MOBTOpSAIOLIErocs Mpolecca TaKOB:

1. Onpenensierca  ¢ynkuus f(x) (x — MHOXeCTBO
epeMeHHKIX), Takas, 4To H3 f(x)<< 0 cneayeT HCTHH-
HOCTb YCJIOBHSI OKOHYaHHs LHK/JA (C NMpedyCJOBHEM HJIH
MOCTYCJIOBHEM) .

2. Jloxa3eiBaeTcs, 4YTO HNPH KaXIOM HAPOXOXACHHH
uukaa f(x) yMeHbluaercs.

AHaJOrHyHo JMOKa3hiBae1Cs H OKOHYdHHE peKyp-
CHH — nokasuipaercs, uto P yMensbwaer f(x), Takylo, 4to
u3 f(x) <0 creayer ~ B. B uyacrHocTH, HaHubonee Ha-
JeXHbIR crnocob o6ecleydTb OKOHYaHHE MpOLEdypH —
BBECTH B Hee HEKOTOpHIA mapaMerp (3HaueHHe), Ha30BeM
ero 1, H MNPH peKypcHBHOM obpameHuH K P B kauecTBe
napaMerpa 3aaaBath n— 1. Eciu B 3TOM ciyuae B ka-
yectBe B ucnonb3ayercs n > 0, TO OKOHuUaHHe rapaHTH-
poBaHo. DTO OMATb Ke BHIPAXKaeTCs ABYMS CXeMaMH:

P(n)=1IF n>0 THEN P[S,P (n —1)] END (3.4)

P(n) = P[S,IF n>0 THEN P (n — 1) END] (3.5)

B npaxkTHuecKMX MNPUJIOXEHHSAX BaxXHO y6eAnThbCs, 4TO.
MakcuMa/bHaa rjy6HHa peKypcHH He TOAbKO KOHEeuHa,
HO W J0CTaTouHo masa. [eno B TOM, uTO Kaxaas
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peKypCHBHAs akTHBauus mpoueAypbl P Tpebyer maMATH
VI pasMelllcHHs ee nepeMeHHBIX, KpoMe 3THX JioKa/b-
HHIX NepeMeHHEIX HYXHO ellle COXpaHATb TeKylllee <«Co-
CTOSIHHE BHIYHCJAEHUA», yTOOH MOXHO OLUIO BEpPHYTbCA
B HEro Mo OKOHYUaHWH HOBOA akTHBauMu P, C Tako#t cu-
Tyauuefl Mbi yxe BCTpedasHchb B ri. 2 NMpH pa3paboTke
npouenypu Quicksort (6ricTpas copTHpoBka). M 06-
HapyXHJH, 4TO OpPH APSAMOJIMHEHHOM COCTaBJ/eHHH Ipo-
rpaMMbl, pasiessiomledl n 371eMEHTOB Ha JBe YAaCTH, H
IBYX PEKypCHBHHX oOpalleHHsax I/ COPTHPOBKH 3THX
yacTed B XyMlleM cjaydae TIy6HHA peKypCHH MOXeET JO-
crdrath n, [IpH pa3yMHHX NOAX04ax OKa3ajoCb, YTO
MOXHO OrpaHHuYHTb TIay6rHy uHcioM logn. PasHHua
MeXJy 3HaueHHSMH n 4 logn BROJHE JAOCTaTOYHa, YTO-
6bl OT csayuas, KpadHe He NOAXOAAWIEro A5 APHMEHcC-
HHS pEeKypCHBHOH HpoLeaypH, NepediTH K cayudaio, Koraa
OHO (NpHMeHEHHE) HMeeT NPAaKTHYECKHH CMHICH,

3.2, KO'IA PEKYPCHIO HCIIOJIB3OBATb
HE HY)XHO

PekypcusHble aJrOpUTMHL OCOOEHHO MOAXOAAT ISl
3ajau, riae o6palaTbiBaeMble JAHHhEe ONpENESIOTCS B
TepMHHAax pekypcud, OnHako 3TO He O3HayaeT, 4TO Ta-
KO€ pPEeKypCHBHOE oOfmpeje/ieHile NaHHEIX rapaHTHpyeT
6eccnopHOCTL yHOTpeOJieHHA 1715 pelleHHS 3aaud pe-
KypcHBHOro anroput™Ma. PaxTHyeckH OODBSCHEHIE KOH-
HeMuiud peKypCHBHBIX aTOPHTMOB Ha HENOAXOAALIMX
IJ151 3TOrO MpUMepax H BHI3BAJIO WHPOKO pacHpoCTpaHeH-
HOe npeldyGex/cHHe MPOTHB HCHOJ/Ib30BAaHHS pEKYpPCHH B
APOrpaMMHPOBAHHH; HX JAdXe cAeJaiH CHHOHHMOM He-
3 HEeKTHBHOCTH.

[IporpaMMbl, B KOTOPHX cJedyeT H3beratb aJjrophT-
MHUYeCKOH peKYpPCHH, MOXHO OXapakTepH30BaTb HEKOTO-
poit cxeMofl, oTpakaiomeHd HX CTpOeHHe. IDTO cxema
(3.6) u skeHBaseHTHaa efl cxema (3.7). Cneundnuno,
4YTO B HHX €CTb €AHHCTBeHHOe oOpalleHne K P B KOHIie
{unn Hauasie) BCeMl KOHCTDPYKIHH.

P =IF B THEN S; P END (3.6)
P=s; IF B THEN P END (3.7)



3.2. Ko20a pexypcuio ucnoab3osutt He HymHO 173

Taxkue CxeMhl eCTeCTBEHHH B CHTYalHSX, e BHYHC/sE-
Mbl€ 3HAYEHHSA OMNpele/flOTCA € AOMOLLLI0 MPOCTHIX pe-
KYPPeHTHBHIX OTHOIWIcHHH, Bo3abMeM xopollo H3BeCTHHA
ApUMep BHYHC/eHHs (aKTopHaJia

i=0,1,234s5,... (38)
f,=1, 1,2 6, 24, 120, ..,

[lepsoe H3 uHcen onpenaessercs sasHo —ip=1, a no-
C/lelyIOIHE OMNpEeNe/SIOTCS PpEKYpCUBHEIM o06pasoM o
NOMOIIbLIO HPCIIHICCTBleILlCFO yucsia:

=0+ 1) (3.9

Takoe peKyppenTHoe OTHOWIEHHe MpeAnosiaraeT peKyp-
CHBHHI aJrOPUTM BHIYHC/IEHHS nN-r0 (aKTOpHAJIbHOTO
yucna. Ecnin Mul BBedeM ABe nepeMeHHue I u F, o6o-
3HavalomHe i H f; Ha i-M ypoBHe pekypcuH, TO oGHapy-<
KHM, 4TO JJIA MEpPexona K CIeAyloWEMY YHCAY MOc/es
noBaTenbHOCTH (3.8) HYXKHO mpogesaTb TaKHE BHIYHCA
JICHUA:

Ii=I41; Fi=1IxF (3.10)

u, noacrasasa (3.10) smecto S B (3.6), monyyacM pe-
KYPCHBHYIO NpOrpaMMy

P=IF I <n THEN I:=1I+41; F:=12F; P END

[:=0;F:=1P {3.11)
B npuHATHX HaMH 0603HayeHHAX HNEpPBYI0 CTPOUKY
(3.11) MoxXHO nepenucaTb TakK:

PROCEDURE P;

BEGIN

IFI<nTHEN I:=1+41;, F:=[2F; P END
ENDP (3.12)

B (3.13) npuBeacHa 6onee uyacTo ynoTpefsisieMas u
MOJIHOCTHIO SKBHBAJIEHTHAs ei 3amuchp, rae BMecTo P,
ApHBeREHA TAaK Ha3nBaeMas npoyedypa-pynkyus, T. e,
npoueAypa, € KOTOpOf CBA3KIBAeTCS 3HAuEHHE-PE3yJib-
TaT W KOTOPYI) MO3TOMY MOXKHO IPHMEHATb APSAMO Kax
COCTABJAIOIMYI0 BripaxkeHus. B sroM ciyuae nepeMe-
Haa F cTaHOBHTCA uH3JuIUHEHA, a posb | ABHO BHIMOJIHAED
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napaMeTp MpoueRypHI.
PROCEDURE F (I1:INTEGER): INTEGER;

BEGIN
IF I >0 THEN RETURN I+F (I — 1) ELSE RETURN 1 END
END F (8.13)

Tenepp yxe fACHO, YTO B HAWIEM NpHMEpe PeKypcHs
KpafiHe MpPOCTO 3aMeHsieTCs HTepauHed. DTO mpoAenaHo
B TakoH mporpamme:

[:=0; F:=1; (3.14)
WHILE [ <n DO Il:=1+41; F:=I1«F END

B o61eM-To nporpaMMEL, NOCTPOEHHHE MO cxemaM (3.6)
H (3.7), HYXXHO HepenHCHIBATb, PYKOBOJACTBYACH CXEMOH

P = [x:=x0; WHILE B DO S END] (3.15)

KoHeuHo, cymecTByioT H 60Jiee CJIOXKHBIE CXEMB PEKyp-
CHH, KOTOpPHIE MOXHO H HEOGXOIHMO NEPEBOAHTH B HTE-
paTuBHyl0 ¢opMy. BosbMeM B KauecTBe npuMepa BHI-
yucaeHHe wucen Pubonawuu, ONpeleseMbIX peKYpCHB-
HBEIM COOTHOILUEHU EM ’

fib, = fib, + fib s 0> 0 (3.16)

n-1

u fiby =1, fibg=0. IlpsAMoe, «HaHBHOE» MNepenHUCHBA-
HHe NPHBOJMT K PeKyPCHBHOH mporpamme;

PROCEDURE Fib(n: INTEGER): INTEGER; L EAY)]
BEGIN

IFn = 0 THEN RETURN 0

ELSIFn = 1 THEN RETURN 1

ELSERETURN Fib(n-1) + Fib(n-2)

END
END Fib

Briuncnenue fiby nyrem o6pamenus x Fib(n) npusoaut
K PEKYPCHBHHIM AKTHBAaLHAM 3TOH MpOLEAYPHI-(YHKLHH.
Kak uwacro sto mpoucxoaut? Kaxaoe o6pamenue ¢
n > 1 NpuBOAMT ellle K ABYM o6pallicHHsM, T. e. oblee
YHCJIO BHI30BOB PACTeT 3KCMOHEHLHANBHO (CM. pHc. 3.2).
SIcHO, 4TO TaKas MPOrpaMMa MPAKTHYECKOro HHTepeca He
ApeACTaBJsIET.

Oauako, K cyactbio, uncia QPUGOHAUYH MOMKHO BHL-
YHCJATL K N0 HTePaTHBHOA CXeMe, rle C MOMOUIbLIO BCAO-
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Puc. 3.2. 15 obpamenusi x Fib(n) npu n = 5,

MoraTeJbHHIX NepeMeHHux X == fib, u y = fibi-, ynaercs
n36eXXaTb MOBTOPHHEIX BHIUHCJIEHHA OAHOA M TOH XKe Be-
JHUHHBL;

=1 x:=1; y:=0, (3.18)
WHILE i<n DO z:=x; X!=x+4vy; yi=z; li=141 END

3ame«anue: TlpucBauBaHwe NepeMeHHBIM X, Y, Z MOXHO 3aNucaTe
¢ noMoWbIO ABYX ONMEpaTopoB, HE HCNOAbL3Yys BoOOWE NepeMeHHO# Z:
X:=X+4YV,yi=X—y,

Hrak, ypok TakoBs: caelyeT u3bGeraTb peKypcHit Tam,
rie ecTb OYEBH/HOE HTEpALHOHHOe pelleHHe. OJHAKO 3TO
He O3HayaeT, YTO OT PeKYypCHH ciaeAyeT u36aBJAATHCA JIO-
6o#t ueno#i. CyuiecTByer MHOTO XOpOIUHX MPHMEPOB MpH-
MCHEHHS DEKYPCHH, 4YTO MBI H NPOAEMOHCTPHpPYEM B
noc/JeAyIoUIHX pa3nenax H rjasax. To, 4TO CYuUIECTBYIOT
peajsH3anHi pEeKYPCHBHHX Npouenyp Ha (akTHueCKH He-
PCKYpCHBHHIX MaIUHHAX, AOKAa3hBaeT, 4TO JJIS MPaKTH-
YeCKHX [eJiefl JI06YI0 peKYpPCHBHYIO NpOrpaMMy MOXHO
TpaHcGOpMHPOBATL B YHCTO HTepaTHBHYyl. OnHako 3To
TpebyeT ABHOH pabOTH CO CTEKOM IJISl PEKYpCHH, mpH-
yeM 3TH JeHCTBHA 4acTO HACTOJbKO 3aTYMaHHBAIOT CYTb
iporpaMMul, 4T0 ee GniBaeT TPYAHO NOHATL. BuiBoa: aJ-
TODHTMBI, PeKYPCHBHEIE MO CBOe# mpuponae ™), a He uTe-
paTHBHHE, HYXHO (OpMYJHDPOBAaTb KaK pEeKYpCHBHEE
npoueaypsl. as Jjyulllero NOHHMaHHS 4YHTAaTeNI0 Npeln-
JlaraeTcs cpasHUTbL nporp. 2.10 u 2.11.

OcraBlyiocst 4acTh IViaBel MH NOCBATHM pa3paboTke

*) 3nect HeoGXOQMMO YTOUHHTb BHPaXKeHHE «NO CBOell IPHUPO-
Aes. CkaxeM, (haKTopua] DeKypPcHBEH Mo CBOEH NPHPOAE HJK HTe-
patuBed? — ITpum. nepes.
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HEKOTOPHIX PEKYPCHBHHIX NpOrpaMM Ajs 3aaay, TAe HCe
NoJb30BaHHE 3THX PEKYpCHH BnoJHe ompaBaaHHO. Kpo-
Me TOro, B /. 4 Mbi TakXe GyAeM HHTEHCHBHO MOJb-
30BaTbC PEKYPCHBHHIMH METOJaMH, €CJH, KOHEYHO,
CTPDYKTypa RaHHEIX OYJeT A€/1aTb HX €CTECTBEHHHIMH H
OYEeBHIHBIMH,

3.3. IBA TIPUMEPA PEKYPCHBHbLIX [IPOTPAMM

CuMnaTHYHBA Yy30p Ha pHC. 3.5 COCTOHT H3 Ccynep-
NO3HLUHH NATH KPHBHIX. DTH KPHUBHIE COOTBETCTBYIOT He-
KOTOpPOMY peryaspHoMy o6pasy, H CUYHTaercs, 4TO HX
MOXHO HapHCOBaTb Ha SKpaHe JHCMJess HJIH Ha rpago-
NOCTpPOHTEJE MNOJ YNpaBJcHHEM KaKOA-IHG0 BRIYHC/IH-
TeJIbHOA MaluuHu. Hama 3agnaya — HaWTH peKYpCHBHYIO
cXeMy, N0 KOTOpOH MOXHO Ohl10 6bi cO31aTb NpOrpaMmy
AJ1a Takoro pucoBaHus. PaccMaTpHBas pHCYHOK, MEI 00-
Hapy»XHBaeM, YTO TPH HAJIOXKEHHHIe APYr Ha ApYyra KpH-
Bbie HMEIOT $QOpMY, NOKa34aHHYIO Ha pHC. 3.3, 0603HaUUM
ux uepes H;,, H, u Hs. Buagno, uro Hy, noayuaercs
COe/lMHEHHEM UYEeTHIpeX 3K3eMnJsapoB H; BiBoe MeHbluero
pasMepa, MNOBEPHYTHX COOTBETCTBYIOWHM o6pa3oM H
«CTAHYTHIX» BMECT€ TpeMs MNPAMBIMH JIHHHAMH. 3aMe-
THM, uT0 H; MOXHO cuHTaTh cocrosulefi H3 yerHpex
BXoXAeHHH nyctoil Hp, cOeAHHEHHHIX 3THMH Xe TpeMms
gunuaMu. Kpusasa H; HasuBaercs xpusod I'uavbepra
i-ro mopsinka B uecTb ee nepBooTKpuBareas M. Inib-
6epra (1891 r.).

H' Hf’ H3

Puc. 33, Kpusue [uanlepra nepsoro, BTOporo u TpeTbero Imo-
pAAKOB,
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[Tocko/ibKy kaxnas KpuBas H; COCTOMT M3 uyeTHpex
BABOe MeHbWIHX Hi.), To mpoueaypa ajs pucoBaHus H,
GyaeT BKJIOYAThb 4YETHpe OOpalleHus A58 pPHCOBAHHS
H;-1, cOOTBEeTCTBYIOHM 06pa3oM NOBEPHYTHIX H YMEHb-
lWcHHBIX BABOe. Jljis HarjsiaHOCTH Mbl OGO3HAuUHM 3TH
yeTnipe uacTu uepes A, B, C u D, a npouenypHs, pucyio-
uiHe COeHHHTEJIbHBIE NpsAMbe, 6yneM 0603HaYaTh CTpe-
K4MH, YKa3hBalOUIMMH B COOTBETCTBYIOLIEM Hampa,Jjie-
HUH. 83 31)‘01»1 cilyyae noOsABJAETCA TaKas CXxeMa PEKYpCHH
(puc. 3.3).

A De Al A9 B
B: Ct B+ B{ A
C: B4+ Ct Ce D
D: Al DeD1rC

[TpencrasuM cebe, yTo ANA DHCOBaHHA 4YAaCTH NpAMOMR
B HallleM pacnopsiXeHHH eCTb npoueaypa line, nepensu-
raiouas nepo B 3aAaHHOM HanpaeJeHHH Ha 3ajaHHOE
paccrosinne. Ilas yno6ecTBa GyneM npeanoJsaraTb, 4TO
HampaBJieHHe 3alaeTCsl LEeJBIM MapaMeTpoM | Kak 45«i
rpaaycos. Ec/H €QHHHUHYI0O IJIMHY NpAMOA OGO3HAYHTb
yepes u, TO C MOMOLLbIO peKYPCHBHEIX O6palleHHil k aHa-
JIOTHYHO COCTaBJIEHHHM npoueaypaM ana B u D u k ca-
MOl A J€rKO HanmucaTb NpPOUEAYPY, COOTBETCTBYIOLLYIO
cxeme A.

(3.19)

PROCEDURE A(i: INTEGER):
BEGIN
IFi> 0 THEN
D(i-1); line(4, v):
A(i-1); line(6,1);
AEi-lg; line(0, u); (3.20)
B(-1)
END
END A

dta npoueaypa HHHIHHPYETCA raaBHOH mporpaMmof
10 OMAHOMY pa3y IJs KaXao#h Hu3 kpuBuX [Hib6epra,
00pa3ylomHX NpUBEIEHHLIA pUCYHOK. I'1aBHas nporpam-
Ma ompenesieT HadyaJbHYI0 TOUKY KpHBOH, T. e. ucxoa-
linie KoopAHHaTH nepa (Px u Py) W eaunuunoe npupa-
nicune u. Ksanpart, rae pucyercs KpHBas, nomeutaercs
B cepelHHE CTPAaHHIH, 3aAaHHON IUHDPHHOH H BBICOTOM,
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MODULE Hitberts
FROM Terminal IMPORT Read;
FROM LineDrawing IMPORT width, height, Px, Py, clear, line;

CONST SquareSize = 5123
VAR 1,%0,y0,ur CARDINAL; ch: CHAR,;

PROCEDURE A(i: CARDINAL);
BEGIN
IFi> 0THEN
D(i-1); line(4,u); A-1); line(6,u);
A(i-1); line(Q,u); B(-1)
END
END A;

PROCEDURE B(i: CARDINAL);
BEGIN
IFi> QTHEN
C(i-1); line(2,u); BGi-1); line(0,u);
B(i-1); line(6,u); Adi-1)
END

END B;

PROCEDURE C{i: CARDINAL);
BEGIN
JFi> 0 THEN
B(i-1); line(0,u); C(1-1); line(2,u);
C(i-1); line(4,u); D(-1)
END

END C}

PROCEDURE D(i: CARDINAL)
BEGIN
1IF1> OTHEN
A(i-1): line(6,u); DG-1); fine(4,u);
D(i-1); line(2,u); CG-1)
END
ENDD;

BEGIN clear;
X0 ;= width DIV 2; y0 : = height DIV 2;
u ;= SquareSize;i:= 0;
REPEATi:=i+1;u:=uDIV2;
%03= X0 + (uDIV 2); y0:=y0 + (WDIV 2);
Px:= x0; Py : = y0; A(i); Read{ch)
UNTIL (¢h = 33C)OR (i = 6);
clear
END Hitbert,

Mporp. 3.1. Kpusne 'uabbepra.
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Puc. 3.4. Pamxa ans KpHBhix,

OTH mapaMeTpH, TaK Xe KaK H npoueaypa pHCOBaHHA
npsMOA, HaxoxaTcs B Moayse ¢ HassanHeM LineDraw-
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5 S;

Puc. 3.6. KpuBue CepnHHCKOro NEpBOro H BTOPOTO NOPAAKA.

[Nono6Hullt, HO 6Gosiee CAOXKHBIA H 3CTETHYECKH YTOH-
yeHHHA npHMep NpHBOAMTCA Ha pHc. 3.7. OH Taxxe mno-
JydeH NyTeM HaJOMEHHA APyl Ha JApyra HECKOJbKHX
KpHBHIX. [lepBHle ABe H3 HHX I[OKasaHbl Ha pHC. 3.6.
Kpusas S, nasuBaercs kpugod Cepnurckozo i-ro no-
paaka. KakoBa ke pekypcHBHAs cXeMa 3THX KPHBHX?
[Tonpo6yeM B KaueCTBE OCHOBHOIO CTPOHTENbHOIO 6J10Ka
B3aTb S, BO3MOXHO, 6e3 oAHOro pebpa. IDTO He IpHBe-
JeT Hac K peiulendio. ['1aBHoe oTsaHuHe kpuBo# CepnuH-
ckoro oT kpHuBo#t ['mnbbepTa B TOM, uYTO nepBas 3am-
KHyTa (M B Hedl HET mepeceyeHHi#). DTO O3HAUYAET, 4TO
OCHOBHasi pPeKYpCHBHAs CxeMa JOJXHAa AaBaTb pa3oM-
KHYTYIO KPHBYIO, HEThIpe YaCTh KOTOPOH COCAMHAIOTCA
JHHHAMH, He NPHHALJIEKAIIHMH CaMOMY pEKYPCHBHOMY
o6pasy. W neficTBHTeJabHO, 3TH 3aMHIKalOUIHE JHHHK
npeAcTaBasior cobod OTPe3KH NPSIMBIX B YETHIPEX BHel-
HHX yrjax, Ha pHC. 3.6 OHHM BBIAEJEHbl XHUPHBIMH JIH-
HUSIMH. MOXKHO CYHTaTh, YTO OHH NpPHHAJJEXAT K He-
nyctoii HayanbHOH KPHBOH S — ¥Bajparty, «CTOsUIeMY»
Ha OAHOM yrjy. Tenepb Jierk0 COCTaBHTb PEKYPCHBHYIO
cxemy. UeTnlpe COCTaBJIsIIOIHX 06pasa BHOBb 0GO3HAUHM
yepes A, B, C, D, a casbBaiollue JHHHH GydeM PHCO-
BaTh sBHO. OO6paTHTe BHHMaHHe: YeThipe PEKYPCHBHBIX
o6paza 1O CYWIECTBY HAEHTHYHH, HO JIHIIb NOBEPTH-
BaloTca Ha 90°.

OcuoBuoit 06pa3 kpHuBHX CepnuHCKOro 3amaercd

cXeMO#H

S AuVBv CR DA (3.21)
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a PeKyPCHBHBHIE COCTaBJsIOUIHE (rOPH3OHTAJbHHE M BEp-
THKaJbHbBle OTPe3KH — ABOHHOM AJHHBI):

Ar ANBa DAA
p: Be CL ANB
C: CRDe«Be C (.22)
7 D2AT CRD

FEc/n HCNOAb30BaTh T€ XK€ NPHMHTHBH DHCOBAaHHsA, 4YTO
it B cayuae kpuBHX I'uab6epTa, TO NMPHBEAEHHBIE PEKYp-
ciiBHHE CXeMbl 6e3 Tpyaa TpaHcopmupyloTCcs B (npsaMO
{JIH KOCBEHHO) PeKYPCHBHHIH aJrOpHTM,

PROCEDURE A(k: INTECER); (3.23)
PEGIN
IF x> 0 THEN
A(k-1); line(7, h); B(k-1): line(0, 2+h);
D(x-1); line(, h); Ak-1)
END -
ENDA

3Ta npoueaypa NmopoxAaeTcsi M3 MepBOA CTPOKH pe-
KypcHBHOH cxeMnl (3.22). AHaJOrHUHO MOJIyYalOTCA H
pouelyprl, cooTBeTcTBYIOMHe o6pa3aM B, C u D. I'aas-
Hasg nporpamMma ctpoutrca mo obpasy (3.21). Ee 3ana-
ya — YCTaHOBHTb Haua/bHble 3HAUEeHHA AJAS KOOPAHHAT
PHCYHKA M 3a/aTb eJHHHUHYIO AJHHY JHHHA h, — 3TO Bce
saBHCHT oT (popmara G6ymaru (mporp. 3.2), Ha puc. 3.7
npHBejeH pe3yabTaT pa6GoTh TaKOH MNpOrpaMMnl €
n=4,

jIcHO, uTO B 3THX mMpHMepax PEKYPCHs HCNOJAb3yercs
37eraHTHHM crnoco6oM. [1paBH/IbLHOCTb NMpPOrpaMM Jerko
NIOATBEPKAAETCA HX CTPYKTYpOH M (QOpMHpyeMHMH 006+
pazamu, Kpome Ttoro, ynorpe6senie B COOTBETCTBHH CO
cxeMoil 3.5 IBHOro napamerpa A5 yPOBHS rapaHTHpyeT
OKOHu2HHe pa6oThl, TaK Kak rMy6HHa peKypcliH He MO-
#eT 6biTh 6oablie n. [1o cpaBHEHHIO ¢ TAKHM PEKYypPCHB-
HLIM MOCTPOEHHEM 3KBUBAJEHTHbIE NMPOrpaMMbl, FAe H3+
Gcranm  ynotpebieHHs pPeKypCHH, BLIMAAAT KpaHHe
CT0XHBIMH M 3anyTaHHbiMd. [lonbiTafiTech MOHATH mpo-
IpaMMbl, NpHBeAeHHbe B pa6oTe [3.3], H BB CaMH B 3TOM
VOenuTCCh.,
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MODULE Sierpinski:
FROM Terminal IMPORT Read;
FROM LineDrawing IMPORT width, keight, Px, Py, clear, line;

CONST SquareSjze = 512;
VAR {,h,x0,y0: CARDINAL; ch: CHAR;

PROCEDURE A(k, CARDINALY);
BEGIN
JF k>0 THEN
A(k-1); line(7, h); B(k-1); line(0, 2+h);
D(k-1); line(1, h); A(k-1) )
END
END A;

PROCEDURE B(k; CARDINAL);
BEGIN
JFk> 0 THEN
B(k-1); line(5, h); C(k-1); line(6, 2sh):
A(k-1); line(7, h); B(k-1)
END
END B;

PROCEDURE C(k: CARRINAL);
BEGIN
IFk > 0 THEN
C(k-1); line(3, h); D(k-1); line(4, 2¢h);
B(k-1); line(5, h); C(k-1)
END
ENDC;

PROCEDURE IXk: CARDINAL);
BEGIN
IF k> 0 THEN
D(k-1); line(1, h); A(k-1); line(2, 2+hY
C(k-1); line(3, h); D(k-1)
END

END D;
BEGIN clear; { := 0; h := SquareSize DIV 4;}
%0 : = CARDINAL(width) DIV 2; y0 ; = CARDINAL(height) DIV 2 + h;
REPEATi:=i+1;x0:= x0-h}
h:=hDIV2;y0:=y0+h; PX .= X0; Py := y0;
A(I): Iine(7,h); B(i); line(5,h);
C(I); line(3,h); D(i): line(1,h); Read(ch)
UNTIL (i = 6) OR (ch = 33C);
clear
END Slerpinski.

[porp. 3.2, Kpupnie CepmiHcKoro.
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Oco6enno HHTpHrylomias o6GJaacTb mnporpaMMHpoBa-
HHA — 3a/l1ayH TaK HA3bIBAeMOro «HCKYCCTBEHHOTO HHTeJ-
JekTa». 34ecb Mbl HMeeM [eJO C aJrOPpUTMaMH, HILy-
LIMMH pellleHHe He NO 3aJaHHLIM NpPaBHJaM BBRIUHCJ/IEHHH,
a nyTteM npo6 u owH60kK. O6bIuHO mpolece npob H OliH-
6ok pasnensieTcs Ha OTAeJbHule 3aAayH. Yacto 3t 3a-
Aaun HauboJjiee eCTECTBEHHO BBHIPAXalTCA B TepMHHaXx
pekypcHH H Tpe6yIOT HCCIeAOBAaHHA KOHEYHOro YHCJIa
noasanay. B o6ieM Buie Bech MpOLECC MOXHO MBICJAHTD
KaKk npouecc MOHCKa, cTposmuit (M ob6pesaloiiuit) ae-
peBo noasajnauy. Bo MHoOrux npo6aemMax Takoe AepeBO
noucka pacTteT ovyeHb OLICTPO, pOCT 3aBHCHT OT napa-
MEeTpOB 3aJayM H uacto GuBaeT 3KCMOHeHUHa bHHM. Co-
OTBETCTBEHHO yBeJHUYHMBaeTCs M CTOMMOCTb noucka. HMHo-
ria, MCNOJb3ysi HeKOTOpHe 3BPHCTHKH, JepeBO IOHCKA
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yaaeTcsi COKpPaTHTb W TeM CaMbiM CBEeCTH 3aTpaThl Ha
BbIYHCJEHHA K Pa3yMHHIM OpejesaM.

Mpl He cTaBusH cBOeHl ueabl0 OGCYXAeHHe B 3TOH
KHHTe O6LIMX MpaBuJ 3BPHUCTHKH. Bosnee Toro, cefiuac Mbl
HCXOAHM JHIIb H3 NPHHIMNA, YTO 3a7a4a HCKYCCTBEHHOTO
HHTeJ/ekTa pa3buBaeTcsi Ha NoA3ajgaud, H o6cyxpuaem
npuMeHeHHe NPH 3TOM pekypcuu. HauHeM c aeMoHcTpa-
LIMH OCHOBHBIX MeTOJOB Ha XOpOLIO H3BECTHOM MpHMe-
pe —3azmaue 0 xode KOHA.

Ilana npocka pasMepcM nXn, T. e. colepxawas
n? nosefl. BHayane Ha moJje ¢ KOOpAHHATaMH Xo, Yo MO-
MellaeTcs KOHb — (QHrypa, nepemeuiampoumascs no o6niy-
HbM lIaXMaTHHM MpaBuaaM. 3ajava 3akKjJloyaercs B
MOHCKE [MOCJeN0BaTEeNbHOCTH XONOB (€CaH OHa cylie-
CTByeT), NpPH KOTOPOH KOHb TOYHO OAHH pa3s noGhiBacT
Ha Bcex MoJsix AockH (oGoijaeT MOCKY), T. e. HYXHO Bbl-
yucauth n? — 1 x040B.

QueBHIHLHII nNpHeM YNPOCTHTbL 3adauy o6xoaa n? no-
Jell — peiliaTh 6oJiee MPOCTYIO: JHOO BHINOJHHTL OYyepes-
HOfi X0J, JH6O AOKa3aTb, YTO HHKAKOH XOJ He BO3MOIKEH.
[TosToMy HauHeM c onpejeleHHs aJropHTMa BBINOJHe-
HUs odepeAHoro xopaa. Ilepswii ero BapiHaHT NpHBEACH
B (3.24).

PROCEDURE TryNextMove: 3.24)
BEGIN ununuaiuzayus eufopa xoda;
REPEAT 61160p 04CPeOR020 KAHOUQAT] U3 CHUCKE X00083
IF nooxodur THEN
santce Xo0a;
1F docka e sanoayena THEN

TryNextMove; .
1F neydaya THEN Vuuutoxcenue npedurdyieso xoda END

END
ND
UNTIL (Gota ydauntiii x00) OR (xanduoaros 5oavkie Her)

END TryNextMove

Ecai MB XOTHM ONHCaTh 3TOT aaropntMm 6o.ce Ac-
TaJbHO, TO HYXKHO BHIGpAaTb HEKOTOPOE npeICTaBJCHHE
A4 daHublx. Iocky, caMoe mpocToe, MOXKHO NpeicTas-
JATb Kak MaTpHIy, Ha3oBeM ee h. BeedeM, KpoMe TOrO,
THI AJf HHAEKCHPYIOUIHX 3HAYCHHH:

TYPE index=1[1 .. n}; (3.25)

VAR h: ARRAY index, index OF INTEGER
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H3-3a TOoro 4T0 MBl XOTHM 3HaTb HCTOPHIO MpPOABH-
XeHHs MO AOcKe, [OJA ee GyaeM NpeAcTaBJsATb LEJILIMH
YyHcJaMH, a He GyJeBCKHMH 3HaueHHAMH, NO3BOJISIOLIH-
MH JIHIIb OnpeAe/nTh 3aHATOCTh moas. OueBHAHO, MOXKHO
OCT2HOBHTbCSl H2 TaKHX COrJallIeHHAX:

h[x,y]==0: nosne (x,y) eiue ne noceuia1ocs (3.26)
h[x,y] =1 none (x,y) nocewanocs Ha i-M xoay

Tenepp HyXHO BHI6paTh COOTBETCTBYIOLIHE MapaMer-
pel. OHH AOJMXKHB ONpeAe]siTh Haua/bHblE YCJIOBHS CJe-
Aylouiero xoja H pesyabTat (ecaH xoj caenan). B mep-
BOM CJyyde JOCTATOYHO 3aAaBaThb KOOPAHHATH NOJA
(x,y), oTkyna csaeayeT XoA, M udCIO i, yKa3miBalollee
HoMep xoaa (as1a dukcauuu). Jlas pesyabTaTta Xxe Tpe-
6yercsi GysneBcKHH MapameTp; ecIH OH HCTHHA, TO XOR
6Bl BO3MOXKEH.

Kaxue onepaTopnl MOXHO YTOUHHTb HAa OCHOBE MpPH«
HATBIX peweHuii? OueBHJHO, yC/JIOBHE «JOCKa He 3aM0J-
HeHa» MOXHO mepenxcaTbh kKak i << n, Kpome Toro, ecan
BBECTH JiBe JIOKaJbHble MepeMeHHble U H v JJA BO3MOXK-~
HOro X0Aa, Onpeje/sieMOro B COOTBETCTBHH C MpPaBHJaMH
«IpLIXKKA» KOHSA, TO NMPEAHKAaT «AONYCTHM» MOXHO Npes-
CTABHTb KaK JIOTHUECKYIO KOHBIOHKUHIO YCJ0BHI, YTO HO-
BOe MOJie HaxoAuTcs B npedenax Aockd (l<Cus<Cn u
1 << v={n) u eue He noceuwanocs (huww =0).

Oukcauus JONYCTHMOro XOA2 BHINOJHsETCS C MO~
MOLLbIO MpHcBansaHuA hyy :=1i, a OTMEHa — c MOMOLUBIO
huy :=0. Ecau BBecTH JIOKaJabHYIO MepeMeHHYy0 ql H Hc-
noJb30BaTh ee B KaueCTBe NapaMeTpa-pe3ysabTaTa MpH
PEKYpPCHBHBIX OGpAlUEHHAX K 3TOMY aJroputMmy, 10 gl

3 2

Y I3

1

Puc. 3.8. BocemMp BO3MOXKILIX XOROB KOHS.
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MOXXHO MOACTaBHTb BMECTO «€CTb XOA». Tak Mbl NPHXO-<
AuM K Bapuanrty (3.27).

PROCEDURE Try(i: INTEGER: %, ¥: index; VAR q: BOOLEAN):
VAR u, v: INTEGER; q1: BOOLEAN;
BEGIN  unuyugyus ssi6opa xoda;
REPEAT <,v> — KOOpOUKarsi c1edywoue20 Xodd,
onpedeaneMo20 NPaGUAAMU aXMAT;
FA<=w)&U<=n) &L=V & <=n)& (h[uv] = 0) THEN
hiuvj:=1i;
1IF i< nen THEN Try(i+1, 4, v,ql);
IF ~ql THEN h[u,v}:= 0 ELSEql := TRUE END
END
END
UNTIL g1l OR dpy2ux x0008 Her;
g:=ql
END Try

Ewe oauH war geTaiusauyd — v NOJYYHM Y¥Ke Npo-
rpaMMy, MOJHOCTbIO HaMHCAaHHYIO B TepMHHAX Haliero
OCHOBHOTO si3blKa MpOrpaMMHpoBaHHA. 3aMeTHM, 4TO AO
3TOr0 MOMEHT2 MporpamMma Co3AaBaJjachb COBEpLIEHHO Hes
3aBHCHMO OT MpaBHJ, YNpPapJsiOUHX ABHMKEHHEM KOHS.
Mbl Brno/He YMBIUJIEHHO OTKJaAhiBaJH paccMOTPEHHE
YyacTHHIX oco6GeHHOCTell 3apaud, Tenmepb camoe Bpems 06-
paTUTb HAa HHX BHHMaHHe.

Ecnu 3apana HawasabHas nmapa KOOpPAHMHAT X, Y, TO
LJs CJAeAylOlLero xXoja u, v CYyLUIeCTBYeT BOCeMb BO3-
MOXHBIX KaHgugaTtos. Ha puc. 3.8 oHH npoHymepoBaHb
or 1 po 8. [Tonyuats u, v U3 X, Y O4YeHb NIPOCTO, AOCTa-
TOYHO K MOCAeAHHM A06aBJAATL Pa3HOCTH MEXAY KOOp-
JHHATaMH, XpaHsauHecs JH60 B MaccHBe pa3Hocred, Jau60
B ABYX MacCHBax, XpaHAIHX OTAeNbHble pasHocTH. O60-
3HauYNUM 3TH Maccusbl uepe3 dx u dy W Gyaem cuHTarh,
4YTO OHH COOTBETCTBYIOLIHM 06pa30oM HHHIHHpPOBaHH. Jlas
HyMepaLHH O4YepPefHOro XOAa-KaHJHUAATa MOXHO HCMOJb-
3oBaTh HHAekc k. [Toppo6HocTH mokaszanw B nporp. 3.3.
[TepBulfi pa3 k peKypCHBHOH npoueaype o6pawaloTcs
napamerpaMi x0 ¥ y0 — KkoopaHHATaMu NOJA, C KOTO-
poro HaunHaercs 06x04. TOMY MOJIO AOMKHO GHITH MpH-
CBOEHO 3HaueHHe I, oCTaJbHble MOJA MapKHPYIOTCH Kak
cBO6OAHBIE:

h [x0, y0] :=1; try (2, x0, y0, q)
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MODULE KnightsTour;
FROM InOut IMPORT
ReadInt, Done, WriteInt, WriteString, WriteLn:

VAR i, j, n, Nsqr: INTEGER; q: BOOLEAN;
dx, dy: ARRAY [1.. 8] OF INTEGER;
h: ARRAY [L..8],[1 .. 8] OF INTEGER;

PROCEDURE Try(i, X, y: INTEGER; VAR q: BOOLEAN);
VAR k, v, v: INTEGER; q1: BOOLEAN;
BEGINKk:=0;
REPEAT K := k+1; ql := FALSE}
vi=X 4 dx(kl; vi=y + dy[k];
JF(<=w) & u<=n}&Q<=¥) & (¥ <= p) & (h[u,v] = 0) THEN
hluy)i=i;
JFi<Nsqr THEN Try(i+1, %, v, q1)}
IR ~qL THEN h[u,v] := 0 END
ELSEq]l := TRUE
END

END
‘UNTIL q1 OR (k= 8):
q:=gql
END Try;
BEGIN
all):= 2;a[2] ;= 1 al3]i=-1; ald] 1= -2;
a[s]:=-2; al6] :=-1; a[7] = 1; o[8] 1=2;
B[1]:= 1;b[2]:= 2;b[3]:= 2; b[4]:= 1}
B[5] 1= -1; b[6] 1= -2; b[7] 1= -2; D[8] 1= =1}
LOOP ReadInt(n);
IE ~Done THEN EXIT END ;
FOR{;=1TOnDO
FOR {:=1TOa RO b[Lj]:= 0END
END:;
ReadInt(i); ReadInt(j); WriteLn:
Nsqr:= nsn; b[1,1):=1; Try(2,1,}, @t
IF q THEN
FOR1:=1TOnDO
FOR j := 1 TO n DO WriteInt(b[i,J}, 5) END ;
‘WriteLn
END
ELSE WriteString(" 1o path™): WriteLn
END
END
END KnightsTout.

[Tporp. 3.3. O6x0a noas xXOAOM KOHs.
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Heab3s ynyckarh euie ogHy Aeranb. [lepeMeHHas hy,y
CYLLeCTBYET TOJBKO B TOM CJjydae, ecld H U, H V Jexar
B AuvanaszoHe uHAekcos l..n. CheaoBaTesbHO, Bhipaxe-
HHe B (3.27), noAacTaB/JeHHOe BMECTO «AONYCTHM» H3
(3.24), ocMbicieHHO, TOJMbKO €eC/H ero ueTbipe nepsbie
cOCTapasAlouIHe NCTHHHL. VIMeHHO NO3TOMY BaXKHO, UTO-
6nl cocrapasiouwast huyy =0 Ona nocneanedi. B ta6a. 3.1
NPHBOAATCH pelleHHs AJA TpeX HCXOAHBIX MO3HIHIL:
3,3»u2,4)nmpun=>5ul,1) npu n=4~6.

Kako#t ke BHIBOA MOXHO cllelaTh H3 3TOrO NpHMepa?
Kakoii cxeMe MH B HEeM C/1€J0BaJiH, THOHYHA JH OHA AJs
aJropUTMOB INOHCKAa pemieHHA? Yemy 3TOT nmpuMep Ha-
yuun Hac? XapakTepHOe CBOHCTBO TaKHX aJrOPHTMOB
3aK/IOYaeTcs B TOM, YTO B HHX feNaloTcsl Liard B Ha-
nApaBjeHdH O0uLero peuleHHsA, HO Bce OHH (DHKCHPYIOTCA
(3anncniBaloTcst) TakHM 06pa3oM, UTO MO3XKe MOXKHO Bep-
HYTbCsl BCHOATb, OTOpachiBasi TeM CaMbiM lHard, KOTOpLie
BEAYT He K OOueMy pelleHHio, a 3apOAAT B TYNmHK. Ta-
KOil mpouecc Ha3blBaeTcs 8038parom uau orxarom (back-
tracking). Ecar npeAnosoKuTb, 4TO YHCAO MOTEHI(HAJb-
HBIX W1aroB KOHEYHO, TO H3 cXeMu (3.24) MOXHO BhiBe-
CTH YHHBEPCAJbHYIO CXEMY

PROCEDURE Try;
BEGIN unuyuayus evifopa Kanouoara;
REPEAT ebi60p ouepednoo; (3.28}
IF nooxoour THEN
€20 3anucs;
IF pewenue nenonnoe THEN Try:
IF neyogug THEN crupanue sanucu END
END
END
UNTIL ydavg OR xanoudaros 6oasbuie Her
END Try

B peasbHBIX MOpOrpaMmax MOryT, KOHEYHO, BCTpe-
4yaThCsd H JpyrHe BapHaHTh, MOJYYaloOLIHECS H3 CXeMbi
(3.28). Yacro, nanpumep, BcTpeuaercsi nOCTPOeHie ¢ sB-
HbIM NapaMeTpoM JAJs YPOBHSA, KOTA32 YKa3biBaercs Ly-
GHHa peKypcHH. JTO MNPHBOAHT K MNpPOCTbIM YCJIOBHAM
OKOHuaHHA paboTH. boJee Toro, ecnin Ha kaxAoM liare
YHCJIO HeCcaeAyeMblXx NyTed ¢GHKCHPOBaHO (NyCTb OHO
paBHO M), TO MOXHO Np!IMEHATb €LLe OJHY BbIBEJEHHYIO
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TaGauna 3.1, Tpun Bo3MoXHuX 06X0AAa KOHEM

23 10 15 4 25 23 4 9 14 25
16 6 24 9 14 1¢ 15 24 1 8
it 2z 1 38 3 8 22 3 18 13

6 1317 20 13 8 16 1t 20 7 2
2t i1z 7 2 19 21 6 17 12 13

1 16 7 26 11 14
34 25 12 15 & 27
17 2 33 g8 13 10
32 35 24 21 28 5B
23 18 3 3o 9 20
36 31 22 19 4 =29

cxemy — (3.29). K Heil Hapo ofpamatbcf ¢ NOMOILbIO
onepatopa Try(1).

PROCEDURE Try(i: INTEGER):
VAR k; INTEGER;
BEGINk:=0;
REPEAT k := k+1: eu6op k-20 xandudara;
1F nodxodur THEN (3.29)
€20 3anucs;
IFi<nTHEN Try(i+1):
IF neydava THEN crupanue sanucu END
END
END
UNTIL ydaua OR (k = m)
END Try

B ocrasuieiics yactu 3TOH IMaBH MH pa3bepem eme TPH
npuMepa. B HHX HCRO/B3YIOTCS pa3JiHYRHE peajH3alnHH
abcTpakTHO# cxeMbl (3.29), H MH XOTHM emle pa3s mpoje-
MOHCTPHPOBAaTb YMeCTHOe HCROJIb30BAHHE PEKYpPCHH.

3.5. 3AJAYA O BOCbMH ®EP34X

3anaya o BocbMH ¢hep3six — XOpOLIO H3BeCTHHA RpH«
Mep HMCHOJb30BAHHS METOAOB npo6 M OWHGOK H &/1ro-
puTMOB ¢ Bo3ppatamu. B 1850 r. aty 3axzauy ucciegosan
K. &. Taycc, oninako NOJHOCTBIO OH ee TaK H He pelHi.
910 HMHKOro He RONKHO YAMBASTL. Jas nofo6HHIX 3a-
lay xXapakTepHO OTCYTCTBHE AHAJHTHYECKOro peHleHHs.
Onn  Tpe6yror OTPOMHOrO KOJIH4ECTBA H3HYDHTEJNbHOA
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pa6oTH, TepneHHsi H aKKypaTHOCTH. [103TOoMy TakHe sa.
Jayd CTaJd NOYTH HUCKJIOYHTEIbHO MPepOraTHBOH 3JeKT«
POHHLIX BLIYHCJHTEJbHLIX MallHH, BeAAb HM 3TH CBOHECTBa
NpHCYIIH B 3HayHTeJbHO OGoJbluel CTENEHH, YeM 4Yesos
BeKY, NYCTb H TeHHaJLHOMY.

3anaua o BocbMH ¢hep3sx ¢GoOpMyJaHpyeTCs CAeAylo-
muM o6pasom (cM. Takxke [3.4]): BoceMb ¢ep3ell HYXKHO
paccTaBHTb Ha WAXMaTHOH JOCKe TaK, YTOGH OAHH dep3b
He yrpoxaJa jpyroMy. Bocnosnb3oBapuinch cxeMOH 3.29
Kak Wa6JoHOM, Jerko nojyyaeM rpyGHiH BapHaHT pe-
HIeHHs:

PROCEDURE Try(i: INTEGER);
BEGIN
uHUYUayus 8viBopa NoaoxKeHus i-20 Pepan;
REPEAT gu160p 0uepedn020 noaoXeRur;
IF 6e3onachoe THEN noctagurs fepsns
1Fi< 8 THEN Try(i+1);
IF neyoaya THEN yOpart gepzn END
END
END
UNTIL ydaya OR MecT Gonviie Her
ENDTry

Uro6u HATH Jajblle, HYXHO OCTAHOBHTbCS H2 KaKOM-«
an60 mpeacTaBaeHUd Aas AaHHBIX. [lockosabKy H3 mmax-
MaTHBIX NPaBUJ MBl 3HaeM, 4TO (ep3b Ober Bce GHLYPH,
HAaXOJsLIHeCs] Ha TOH XKe CaMoifl BepPTHKAJH, FOPH3OHTaJH
WJIH AMAroHaJH, TO 3aKJAKOYaeM, 4TO Ha KaXJoifi BepTu-
KaJH MOXET HaXOHHTbCH OJAHH H TOJbKO OJHH (hep3b,
NI03TOMY IPH MOHCKe MecTa AJs i-ro dep3si MOXKHO orpa-
HUYUThH cebs JHlIb i-H BepTHKaAblo. TakuMm o6GpasoM, ma-
paMeTp i CTaHOBHTCH HHAEKCOM BEPTHKaJ/H, a IMpolecc
BEHI6OpPa BO3MOXHOrO MeCTONOJIOXEHHsi OrpaHHYHBaeTCH
BOCEMbIO JAONYCTHMBIMH 3HAaYeHHSMH JJs HHAEKca ro-
PH30HTAJH j.

OcTaercss pelluTb BONPOC: KaK IpeiCTaBJsATh Ha
JOCKe 3TH BoceMb ¢ep3eii? O4eBHHO, AOCKY BHOBb MOX-
HO ObLIO Gbl NpeJACTaBHTb B BHIE KBaJpPaTHOH MaTpHLH,
HO mocse He6OoJbIIHX pa3MbIlJIeHHH MB OGHapyXHBaeM,
YTO 3TO 3HAYHTEJbHO YCJAOXHHJIO 6nl mpoBepky Gesomac-
HOCTH noJsi. KoHeuHO, nofl06HOe pelileHHe HexXeJaTesbHO,
MOCKOJILKY TaKas omnepauHsi BBIMOJHSETCH OUY€Hb 4acToO.
TTosTomMy xOTesoch Gbi OCT2HOBHTBCH HAa TAKGM Jiped-
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¢TaBJeHHH JaHHBIX, KOTOPOe, HACKOJLKO 3TO BO3MOXKHO,
VIIpOCTHJO Obl npoBepKy. B aToil cuTyauuu Jyuime Bcero
Jc.1aTh HEMOCPEACTBEHHO JOCTYNHOA HMEHHO Ty HHGOP-
1410, KOTOpast AeACTBHTENbHO Ba)Ha H 4apie BCEro
nenodb3yeTcs. B HameM caydae 3TO He 1NOJs, 3aHATHIe
(pcp3siMH, 2 CBEJleHHA O TOM, HaXOZHTCH JH YyxXe ¢ep3b
Ha JAaHHOH TOPH30HTaNH HJAM AuaroHand. (Mu yxe
:HaeM, UTO Ha Kax Joi k-i Beptukanu (1 << k << i) crout
|)OBHO ONHH ¢ep3b.) ITH cooGpakeHHs NPHUBOAAT K Ta-
KItM ONMHCAHHAM MEepPeMeHHBIX:

VARX: ARRAY[1.. 8] OF INTEGER:
aUARRAY [1.. 8] OF BOOLEAN;
b: ARRAY [bl.. b2] OF BOOLEAN; (3.31)
¢ ARRAY [cl .. ¢2] OF BOOLEAN;

11e
X; 0603Ha¥aeT MecTonoJoXenne Ppepas Ha i-ii BepTHRAJK;
a; yKasnBaeT, 410 Ha j-it ropu3onTtasn depas Her,
bk ykaapiBaeT, 4T0 Ha k- /-guaroHaad ¢ep3s Her,

¢, ykasmBaet, uyto Ha k-t \\-Auarona;ad ¢epas Her.

Bhi6op rpaHHL HHAeKcoB bl, b2, cl, c¢2 onpegensiercy,
ICXOAs1 H3 cnoco6a BhIYHCAEHHN HHAEKCOB AJs b W ¢, HA
/-AHaroHaJH y Bcex noJell mOCTOsSiHHA CyMMa KOOPAHHAT
I H j, a Ha \\-IHaroHanu NOCTOsiHHA HX pasHocThb. Co-
UTBETCTBYIOLIHE BBIYHCJICHHS NpuBeleHn B nporp. 3.4
Ecin ™Mb yxe onpeieauau Tak AaHHbie, TO ONeparop
«IToctaBuTh ¢ep3si» mpeBpaliaeTcss B TaKHe ONEepaTOphI:

x[i}:=], aljl:=FALSE, b[i 4 jl:= FALSE;
cli —jl:=FALSE (3.32)
a onepatop «Y6parth dep3d» B Takue:

a[j}:= TRUE; b[i 4+ j]:= TRUE; ¢[i — jl:= TRUE  (3.33)
XC.HOBHQ «6e3onacHo» BBINIOJIHAETCA, ecJH IoJie C KO-
opaHHaTaMH (i, j) JIeXKHT Ha FOPA3OHTAJH H BePTHKAJH,

KOTOpHle eule He 3aHATH. CnenosaTeano, €My COoOTBET-
CTByeT JIOTHYECKOe BhipaXeHHe

afjl&bli+jl&eli—j] (3.34)
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J4ODULE Queens:

FROM InOut IMPORT WritelInt, WriteLn}
VAR {: INTEGER; q: BOOLEBAN:

a: ARRAY[1., 8] OF BOOLEAN:

b: ARRAY [ 2., 16] OF BOOLEAN:

€: ARRAY [-7 .. 7] OF BOOLEAN;

%x: ARRAY[1, 8]OF INTEGER;

PROCEDURE Try(i: INTEGER; VAR q: BOOLEAN);
VAR J: INTEGER;
BEGIN{:=0; »
REPEAT | := j+1: q!= FALSE:
IF afj] & bli+]] & cfi-]] THEN
xl:=4
a[j] : = FALSE; b[l+]] := FALSE; c{l-]] : = FALSE;
JFi<8 THEN
Try(i+1,q):
JF ~q THEN
afjl := TRUE; b[i+] := TRUE; cfi-]] ;= TRUE
END
ELSEq:= TRUE
END
END

UNTILOR ( = 8)
END Try;

FORi:= 1TO 8DOafi]:= TRUEEND ;

FORi:= 2TO16 DO bfi]:= TRUEEND ;
FOR{:=-7TO 7DOcli]:= TRUEEND;
Try(1.9);

FORi:=1T0 8 DO WriteIni(x[i], ) END ;
‘WriteLn,
END Queens,

Mperp. 3.4, PaccTakuska scewbMu depied.

Ha »3tom co3aaumne a.ropirMa 3akaHyuBaerTcd; mno.i-

HOCTBIO OH mpeAcTaBJjeH B mporp. 3.4. Ha

puc. 3.9 apu-

BelCHO moayycHHoe pewenne x =(1,5,8,6,3,7,2, 4).
[Ipexxne ueM 3aKOHYMTb pa3b6op 3alay, «NOCBALICH-
HBIX» lWAXMaTHOM JlOCKe, Mbl BOCRO.1b3yeMcfl 3ajgavefli O
BOCbMH (ep3fiX H NpeiAcTaBHM OJHO BaxHoe obobuienne
ajqroput™Ma npo6 W ownbok. B o6iux cloBax, peub HIET
0 HaXO0XIeHHH He OAHOro, a écex pelieHHA ROCTaB/jeH-

HOW 3alayk.
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Puc. 3.9. OnAo 13 peweAn?t 3a%a¥s 0 BOCLMH ¢episx.

Takoe o6o6iuenne nonyuaercss AoBoAbHo Jaerko. Ha-
1IOMHHM, 4TO (pOpMHpOBaHHE BO3MOXKHHX KaHIH1aTOB
NPOHCXOAHT peryasipuniM o6pa3oM, rapaHTHPYIOWHM, 4TO
HH OJMH KAaWAHMAAT He BcTpeTurcs Gosee yeM OAHH pas3.
Taroe cBoficTBO aaropuTMa ofecneuWBaeTc TeM, HTO
NOHCK HAET NO JepeBy KaHAHWAATOB Tak, YTO KaXias M3
cro BeplIHH APOXOAHTCA TOYHO OAHH pa3. ITo NO3BO-
J15€eT, ecAH HaRlleHo H JAOMKHHM 06pa3oM 3adHKCHpO-
BaHo OMHO pellleHHe, NPOCTO NEPeXOAHTb K CaeayioweMy
KaWAuAaTy, NpenraraeMoMy YROMAHYTHIM [pOLecCOM CH-
crematnueckoro nepebGopa. O6wyio cxeMy Taxoro npo-
necca (3.35) MoXHO «pHBecTH» H3 cxemu (3.29).

PROCEDURE Try(l: INTEGER);
VAR k: INTEGER;
BEGIN (3.35)
FORKk:=1TOmDC
evtbop k-20 xardudara;
1F nodxodur THEN e20 3anucs;
1F i< n THEN Try(i+1) ELSE nevarars pewenus END ;
cTupanue sanucu
END
END
ND Try

O6paTuTe BHHMaHHe: H3-32 TOTo, YTO YC/OBHE OKOHYa-
il B npollecce BhGOpa CBEJOCh K OAHOMY OTHOLIEHHIO
k =m, onepatop nosTopenns co caoBoM REPEAT 3a-
»CHHTCA Ha onepaTop uvkia ¢ FOR. Yausuteanho, uto
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MODULE AllQueaens:
FROM InOut IMPORT Writelnt, WriteLn:

VAR i; INTEGER;
a; ARRAY [1,. 8] OF BOOLEAN:
b ARRAY[2,,16] OF BOOLEAN:
¢: ARRAY [-7,. 7] OF BOOLEAN;
%! ARRAY [1.,'8] OF INTEGER;

PROCEDURE print;
VAR k: INTEGER;

BEGIN
FOR k :=1T0 8 DO WriteInt(xk]. 4) END ;
WriteLn

END print;

PROCEDURE Try(i: INTEGER);
VAR j: INTEGER;
BEGIN
FORj:=1TOBDO
IF afj] & Y{i+]] & cfi-j] THEN
X[i] =1
afj] 1= FALSE: b[i+J] 1 = FALSE: c[i-]] 1= FALSE;
IF {< 8 THEN Try(i+1) ELSE print END ;
alj] 1= TRUE,; b[i+]] 1= TRUE; ¢(i-j] := TRUG
END

END
ENDT1y:

BEGIN
FORi:= 1TO 8DOali]:=TRUEEND :
FOR{:= 2TO16 DO b[i]:=TRUEEND
FORi:=-7T0O 7D0O¢[i]:=TRUEEND;
Try(1)

END AllQueens.

[Tporp. 3.5. Paccranoska BoceMu Gepseit (Bce peluelns),

MOHCK BCEX BO3MOXHBIX pelleHHH BhinoJgHseTcs 6o.rec
NpocTOi nporpaMMoi, 4eM B cayuae NuHCKa OJHOTO-eJHH-

CTBCHHOTO peluedus *),

*) Ecan G nporpaMma oOTuickhsana sk 12 npunummn,h io
pa3THuHLIX peweluil, NpHyem aenana il 370 MAKCHMAAbIO GLICTRN,
TO M Ofia cama, il JaHuble, KOTOPLIMIt ONla HOAAHa Aua OHul vavie
NYAKRPOBATh, GKa3aduch Obi 3nandTensuc 6odec Cagmutasu, — [Jpiit

nepes.
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Tidmiua 3.2. JIBeHanuath pelleHHH 3ajadud BockMu (hepaeii
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OG6o6iieHHbI anropuT™, npupeldeHHb B nporp. 3.5,
OTHICKHBAeT 82 pellleHus 3ajlaud o BocbMH depssix. Oa-
H4KO MPHHUHMIHAJILHO pa3/MHYHLX pelleHHH# Bcero 12—
liallla pOrpaMMa He yYHTHIBaeT cuMMeTpHio. B tabua. 3.2
npusefeHn nepBbole 12 peuienudt. [lpuBefenHoe cnpasa
uliC/10 M YKa3HBaeT, CKOJbKO pa3 mpoBOAH/IACH NpoOBepKa
ia «6esonacHocTb» noss. CpellHee uHc/10 Ans Bcex 92 pe-
u:eHHH pasBHo 161,

3.6, BAJAYA O CTABWJ/IbHbBIX BPAKAX

[lpeAnonoXuM, ecTb [Ba HEMCPECEKAIOUIHNCS MHO-
«ectBa A W B oanmnakoBoro pasmepa n. HyxHo HafiTi
MHOXECTBO H3 n map {a,b), Takux, 4To a npuHajAIe-
#HT A, a b npHHaAneXHuT B, H OHH yAOBJETBOPAIOT HEKO-
TOpHM ycaoBHaM. Jlasi Bb6Opa TaKHX Map CyLIeCTBYeT
MHOrO pa3/IHYHBLIX KpHTepHeB; OAMH H3 HHX Ha3biBaeTCs
«APAsUAOM CTAOUAbHBIX OPAKOB>.

[1peanonoxuM, uto A — MHOXKeCTBO MyXKuHH, 2 B —
JKCHIIHH. Y KaXAHX MYXYHHB H JKEeHUHHb eCTb pas-
JIYHBle MpaBuJa NpeJNoyYTeHHs BO3MOXHOIO MapTHepa.
Ilcn cpean n BHGpaHHBIX Map CyULeCTBYIOT MYXKUHHBI H
JKEHIIMHB, He COCTOsiHIMe MexXAy co6ofi B Gpake, HO
TipeAnounTalouiHe Apyr Apyra, a He CBOHX (PaKTHUECKHX
CYNpyros, TO TaKOe MHOXeCTBO GpaKOB CUHTAeTCs HecTa-
OunbHBEIM. Ecsn Xe TakHX Nap HeT, TO MHOXeCTBO CUH-
Taercsa cTabuibHBM. Takas CHTyalHs XapakTepHa AJs
MHOTHX NMOXOXHX 3a/lay, T/le HyXXHO NpOBOAMTL pachpe-
Jlc/IeHHe B COOTBETCTBHH C HEKOTOPHIMH [MpaBHJIaMy
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npeanoutenns, Tak, nanpumep, HAer BHOOp CTyAclTa-
MH — yuye6HuIX 3aBelleHHll, NPH3LBHHKAMH -— POi0H
Bofick ® T. n. [lpumep ¢ Gpakamu BHOpaH HaMH MOYTi
HHTYHTHBHO, NpHYeM 3aMeTiIM, YTO NpPaBHAa Npeanoure-
HHA MOCTOAHHH H B Mpouecce BHGOPa He H3MEHATCA.
St10 ynpoumaer 3alayy, HO CHJIbHO HCKaXaeT AeficTBi-
TeJbHOCTb (KaK BcAKan abeTpakuua).

OauH H3 nyTell noncka pewenua: npo6osatbh 06b-
eAHHATb B NapH SJEMEHTH ABYX MHOXECTB AO Tex nop,
noxa oHu He 6yayt ncyepnann. HamepcBasnch HafiTh ECe
YCTOAYNBHE pacnpeiedeHHA, MH MOXeM .Jerko na6pc-
caTb HEKOTOpoe pellieHHe, HCNOJAb3yA B KauyecTse 06pasLa
cxemy nporpammu (3.35). Ilyctb Try(m) — anroput
NOHCKA CYNpPYrH AJA MYXYMHH mM, NPHYEM STOT MOHUCK
HAET B NOpPAAKE CMHCKA NPEANOYTEHHA HMEHHO 3ITOro
MyXunHb. [lepBHil BapnanT nporpaMmbl, OCHOBaHHLL}
Ha STHX Npeano.noxenuax, Takos (3.36):

PROCEDURE Try(m: man);
VAR r: rank;
BEGIN (3.39)
FORr:=1TOnDO
endop r-it nperendenrxn 0.3 mi}
1P nooxodur THEN semucs Opaxa;
IF m — ue noc.aeonuii THEN Try(successor(m))
E.SE aznucan cradumncs sMiaoxecrco
BoD:
OTTINY SR
BD
EXD
EDT 7

Kax 1 paibwe, M3 He MOXKeT CABHHYTBCA C 3TOli TOY:H,
no:a l¢ DOWM, K3K NpelcTaBIATh JaHHue., Beezem Tpu
CKa SIPHEIX THOA 11 1J1R APOCTOTH GYACM CYllTaTh, 4TO
OHIl ApIH:IMalOT Ueshle 3HavdeHna or | Ko n. Xors Qop-
MaJbHO 3T TPU THNA HAGHTHYHH, O1HAKO paslHuHbe
MX 1IMSHa 3HAYiiTe.TbHO «APOACHSAIOT» CYyTb Ac.1a. B uacrt-
HOCTH, Cpaiy I[OHHTHO, 4YTO O3HauaeTr Ta W Apyraf
nepeMenius.
TYPZ manas |1 .. 0k
womzi=s [l .. n]; (3.37)
rank=1{1.,n]
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Ta6auua 3.3. TIpuMep HCXOAHHWX AAHHMX AAf WMI H MWr
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Vicxoanbie laHHHe ApeACTaugsioT COGOH ABE MaTpHUH,
3ajlaloliHe ApeANOYTHTEJbHLX RApTHEPOB AJA MYXUHH
Il JKEHIIHH.

VAR wmr; ARRAY man, rank OF woman

(3.38)
mwr: ARRAY woman, rank OF man

COOTBETCTBEHHO WMIm OGO3HayaeT CAHCOK MApeAnoYH-
TaeMhX A MYXYHH M, T. €. WMlm, r — XKEHILHHA, CTOSA-
was Ha I-M MeCTe€ B CMHCKE AJs MYX4HHW m. AHaJjo-
THYHO, MWy — CAHCOK MpeAMOYHTaeMKX NapTHEPOB AJsA
AeHIHHHN W, a mwry, — ee Kauaujaar. B ra6n 3.3
NpHBEACH NPHMEpP TaKHX MCXOAHMX AaHHHIX.

PesysbTar — MaccHB MeHIUHH X, MPHYEM Xm COOT-
BeTCTBYyeT MapTHeplue AJs MyXuuHw m. Jas nonmaep-
JKaHHSI CHMMETDPHH MeXAY MYXYHHAMH H KEHLIHHAMH
BBOJAMTCS AOMOJIHMTEJbHHHA CAHCOK Y, H Yy 3aAaeT napr-
Hepa AJsl MKEHIHHH W,

VAR x: ARRAY man OF woman

y: ARRAY woman OF man
@®aKTHYCCKH MAaCCHB Yy H3JHIIEH, MOCKOJbKY XpaHallasca
B HeM MHQOpMauHs yXe cyuiectsyeT & X. SIcHo, uTo AAA

HaxoJsIHXC B GpaKe MYXYHHB M KEHIUHHH ChpaBel-
JIHBH PaBEHCTBA

Xy =W, Yy =m (3.40)

(3.39)

TakuM o6pa3oM, 3HAUCHHE Yy MOXHO ONpEAEJHTb € NO-
Mowbio npocroro npocmorpa X. O4RaKko HeT COMHEHH,
YTO HaJHuHe y ROBHILaeT 3pPeKTHBHOCTb aJropHTMa.
Beab uHdoOpManus, 3aKI0OUAOMIAACA B MACCHBAX X H Y,
HyXXHa AJA onpeAeseHHs CTaGHJIbHOCTH RpeAJTaraeMoro
MHOXecTBa 6pakoB. [TOCKO/IbKY 3TO MHOXECTBO CTPOHTCA
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lar 3a 1WaroM M mocjae KaxJAaoro mpeanaraemoro 6paxa
npopepsieTcsi CTabHIbHOCTb, TO X H Y HCMOJb3YIOTCS CLIC
Jlo toro, Kak GyAyT onpeaeJeHh BC€ HX KOMMOHEHTH,
Jna toro yto6W 3HaTh, KAKHE KOMMOHEHTH YXKe onpe-
Aesienbl, MOXHO BBeCTH GYJIeBCKHE MACCHBH:

singlem: ARRAY man OF BOOLEAN
singlew: ARRAY woman OF BOOLEAN

HctunHocTh 3Hayedusa singlemm O3Ha4aeT, 4TO Xm YXKC
onpeaeneHo, a singlew, — uyro onpeaenedo yw. [lpo-
CMaTpHBas NPEANOXKEHHH aJrOpHTM, MHl, ORHAKO, JIErKO
BLIACHSIEM, YTO ceMeflHOe MOJIOXKEHHe MYXYHHH m onpc-
Jle/IsieTCH PaBeHCTBOM

~ singlem[k] =k < m (3.42)

3.41)

CnenopatenbHo, MaccHB singlem Moxiuo y6paTb, COOT-
BETCTBEHHO H MMA singlew coxpaiaerca 1o single. Bee
3TH COrJaileHHA MPHBOAST HAC K YTOUHCHHOMY aJiro-
purmy (3.43). MNpeankar donycTumo MOXKHO NPeACTABHTL
B BHJE KOHBIOHKUHH single u stable, rae stable — pyux-
LU, KOTOPYIO HYHO enie ompeneniiTh,

PROCEDURE Try{m: man);
VAR r; rank; w: woman;
BEGIN (3.43)
FORr:=1TOnDO
wi=wmim1};
JF single[w] & stable THEN
X[m] : = w; y{w] : = m; single{w] : = FALSE?
IF m ¢ n THEN Trj{successor(in)) ELSE record set END ;
single[w] : = TRU:
END

END
END ity

B stor momeHT Bce ewe npogo/Kaer Gpocathbes B raasa
Gosbioe cxoactso ¢ nporp. 3.5. Tenepb ocnosHas 3aja-
Y3 — yTOYHHTb aJIFOPHTM ompejeseHns crabuabHOCTH.
K coxanenuio, crabuibHOCTD HCBO3MOXKHO MpeACTaBHTH
C MOMOILBIO TAKOTO € MNpPOCTOr0 BHIPAXKEHHS, KaKiM
XapakrepHsoBanach 06€30MacHOCTb Moast ads ¢epss B8
nporp. 3.5. [1pexkje Bcero cieayer #iMCThb B BHAY, HTO MO
OnpeeeHHI0O  CTabHJbHOCTb CBSI33Ha €O  CpaBHEHHeAM
npeanoytiiTeIbHLCIH napTHepoB (paHroB). OAH4aKO paH-
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Tl MYXYHH H JEHIUMH HMIAE B HaWHX AaHHLIX ABHO HC
¢urypupyior. KoneuHo, panr XeHWHHH W C TOYKH 3pe-
HHA MYXUYHHH M MOXHO OnpeAesaHTb, HO AJA 3TOrO HY-
XEH «prnoemxnm NMOHCK 3HAYCHHA W B MACCHBE WIMIy,,
[lockosbKy BHYHCNeRHA CTa6HIBHOCTH — OYEHb 4aCTO
BCTpEYAlolWancA onepaunn, To xorenoch, 4To6H 3Ta HH-
tpopmaunn Guna Goaee pocrynHa. Ins sroro BocnoJib-
3yeMcsi AByMA MaTpHUAMH:

rmw: ARRAY man, woman OF ran;

44
rwm: ARRAY woman, man OF rank (3.44)

IPHYEM [MWpm, w O3HAYACT PAHT KEHIUMHH W D CONHCKC
iIPEANOYTEHHA MYXKYHHGL M, a TWMw, m— PAaHT MYX4ll-
{H M B CNHCKe XEHWHHRH w. $cHO, 4TO 3HAYEHHA 3THX
RCMOMOTaTeJbHHX MAacCHBOB CYTb KOHCTAHTH, H HX MOX-
110 ONMpeAe]HTb B CAMOM Hayaje Mo 3HAYEHHAM WM
1 mwr,

lNpouecc Bhiuncaennn npeankara stable renepb Mox-
110 BECTH B CTPOTOM COOTBETCTBHH C €ro MepBOHAYAJbHLIM
onpenenenneM. BenoMunM, 4To MH nHTaeMcA onpeaeauTb
O3MOXKHOCTb Opaka MeXAy m M W, rjie W= Wrifm,r,
7. € W CTOHT B CMHCKE m Ha r-M Mecre. Byayuu onthmi-
cTaMH, MW BHauasne GyaeM npeanoJjaratb, 4TO CTaOHJIbL-
1OCTb coXpaHseTca, a 3aTeM Yyxe nonurtaeMcs kafiTi
RO3MOXHBE HCTOYHHKH HenpuaTHocted. e oun wMmc-
ryT Tautbca? CylecTBylOT ABE CHMMETPHUHHE BC3MOK-
1iOCTH:

1. Moxker cyuiecTBOBaTh MEHWHHAa pwW, KoTopzs AAA
I NPEANOYTHTE/bHEE W, MpHYeM AJA pW M MPEAnouT::-
Tc/bHee ee cynpyra.

2. MoxeT cymecTBOBaTb MYX4YHHa pm, KOTOpHil AnA
W MpeAmoYTHTENbHEe m, MPHYCM AJAA pm W MNpeasouyri-
TeJIbHEe ero CynpyrH.

Hccnenys nepeuifi HecTOUHHK HenpuaTrOcTed, MU cpac-

HUBAEM DAHMH IWMpy, m H FWpw, v, ATH BCEX MKCIUUIM,

OTOPHIX M NpeANoYHTaeT w, T. € Afd Keillty, yAoD-
.CTBOPSIIOLIUX YCJOBHIO PW = Wmrn  0OpH i< r. Mu
sHaeM, YTO BCC 3TH MCHILHHK YXXe Obi1l TalAaHibl 3aMYyX,
14K Kak ecan Onl ofHa H3 HiIX 6bl1a cuie OIHHOKGI, TO
1 Be6pan 6 cc. OnHcaHHHI{T npouece MOXKNO CHIpMy-
111pOBaTh KaK npocTofl JuHeRHHA nNOUCK, S GsHauacT
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CcTab6HJIbHOCTD.

8:="TRUE:i:=1;

WHILE({< 1) &s DO
W= wmrmil 1= i41;

IF ~single[pw]} THEN s : = (3.45
D pw] 5 )

rwm[pw,m] > rwm[pw, y{pw]] END

B nouckax HempusTHOCTell BTOpPOro BHAA MBl JOJIKHEI
IPOREpPHTb BCEX KaHAMAATOB pin, KOTOpBe AJs W INpei-
MNOYTHTE/bHEe «CYXEeHOMy», T. e. BCEX NPEeLNOYHTaeMbIxX
MYXUHH PmM = MWIw, 415 1 < [WMw, m. Kak 1 0pHu Hc-
cjeloBaHiy HeNpUATHOCTeH NepBOro BHAA, HYXHO Cpae-
HHBATh PAHTH TMWpm, w C TMWpm, x, - OnHako 3iecb HalO
OHTh BHHMaTe/bHEIMH H He NPOBOAHTb CPaBHEHHE C Xpm,
eclH pm eule He XxeHat. [ 3TOro MOXHO BOCHO.b30-
BaTbcA MpPOBEPKOH pm < m, Tak Kak H3BeCTHO, 4TO Bce
MYXUHHBI, mpeAllecTBYIOWIHE M, YXKe XKEHaTH.

[Toanwit anroputm npeacraBjed B nporp. 3.6, a B
Ta6.1. 3.4 npuBeleHbl AeBATb CTAaOHJbHBIX pelleHHH, Mo-
JIYYEHHBIX Ha OCHOBE HCXOAHHX WMI H mwr H3 TabJa. 3.3.

Hai anropuT™M NOCTpPoeH MO NMPOCTOH cXeMme MOHCKA €
BO3BpaToM, Ero s eKTHBHOCTb 3aBHCHT IJ1aBHHIM 00pa-
30M OT TOro, Ha CKOJIbKO yJauHO BhifpaHa cxeMa ycede-
HHs fAepeBa pelleHHd. Maksutu H Yuacon [3.1, 3.2}
NpeaJoXHIH HecKoJbKo GoJiee GHICTpHIA, HO 3aTo OoJjee
C/JIOXHBIA H MeHee «NPO3payHHii» aJrOPHTM; K TOMY Xe
OHH pAacnpoCTpPaHH/IH ero Ha ciaydyafl MHOXeCTB pasJ/Hy-
HOTO pasMepa.

AJIrODHTME TaKOro THINa, KaK HCMO/Nb30BaHHbIE HAMH
B MNOCJEAHHX ABYX NpHMepax, (opMmHupylouiHe Bce BO3-
MOXHble pellleHHs HEKOTOpoH 3ajauu (npH onpeleleH-
HEIX OTPaHHYyeHHAX), YacTto ynoTtpebasioTcs AJ1s BHGopa
OJHOTO HJIH HECKOJbKHX B KaKOM-TO CMHIC/e ONTHMAaJb-
HHX pelleHdfi. B npuBeaeHHOM npuMepe TAaKHMH MOTYT
ObiTh, CKaXeM, pelleHHs, B cpelHeM OouJblile yA0BJIETBO-
pAIOIIHE MYXKUYHH HJH XeHUIHH WJIH H TeX H APYTHX.

O6patute BHMMaHHe, yto B TalbJ]. 3.4 npHBedeHH
CYMMHl DaHroB BCeX XEHUIHH H3 CMHCKOB MNpeAnouTeHHsA
HX MyXeHd H CyMMB paHroB BcCeX Myxefl H3 CIHCKOB
NpeANOYTEeHHA HX XeH, IDTH BelHYHHH ONpefeJsioTcH
TaK:

rm=Sm:1<m<n:rmwm_xm

(3.46)
TW=8m:l <mniIwmg m
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*1ODULE Marriage:
TRCM InOut IMPORT
PeadCard, WriteCard, WriteLn>

CONSTn = 8;
TYPEman=[L.0];
woman = [1..nj;
rank=[l.n);

VAR m: man; v; woman; r: rank;
wrar; ARRAY man, rank OF woman;
1awr: ARRAY woman, rank OF man;
rmw: ARRAY man, woman OF rank;
Twm: ARRAY woman, man OF rank:
x: ARRAY man OF woman;
y: ARRAY worman OF man}
single: ARRAY woman OF BOOLEAN?
h: CARDINAL;

*XOCEDURE priat;
VAR m: man; rm, rw: CARDINALS
REGINMm = 0; rw:= 0;
{ORm:=1TOnDO
WriteCard(x[m], 4):
‘= pmwm. x[m]] 5 m; 1% i = rwm[xim], ] + 1w
=D:
“/riteCarc(rm, 8); WriteCard(rw, 4); WriteLn

€D print;

PRCCEDURE stabic{m: man; w: woman; : rank): BOOLEAN
VAR pm: man; pw: woman;
{, im: ran¥; S: BOOLEAN:
PIGINS = TRUE:;l:= 1;
VHILE(1<r) &S DO
pw: = wmimil = 1+1,
1P ~single[yw] THEN S ;= rwm[pw,m] > rwm{pw, y{pw]] EN'
END;
ii=1;im = rwm[w,ml;
WHILE (1< lim) & S DO
pm= mwarw,il; i:= I+12
IFpm< tn THEN § : = mw{pm,w] > mav[pm, x{pm]] END
END,;
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RETURN S
END stable;

PROCEDURE Try(m; many);
VAR w; woman, I: rank,
BEGIN
FORr:=1TOnDOW:= wmim,r],
IF single[w] & stable(m,w,r) THEN
x(m) : = w; y[w]:= m; single{w] : = FALSE;
IF m < n THEN Try(m+1) ELSE print END ;
single[w] := TRUE
END
END
END T1y:

BEGIN
FORm:=1TOnDQ
FORr!=1TOnDC =T
ReadCard(h); Wor[m,r] ¢ = he rmw{m, win{m,tl =
END
END3
FORW!=1TONDG
single{w] 1= TRUE;
FORT:=1TOnDO i -
ReadCard(h); mwrlw,r] 1= h; rwmlw, mwy fwilli=
END
END :
Try(1)
END Marriage.

TTporp. 3.6. BuiGop cradunbhbix Gpakos.

Tajauua 3.4. Pewenne 3a1a4nd o0 crabunbHMX 6pakax

X1 X2 X3 X4 X5 Xg X7 Xg m 1w c
1 7 4 3 5 1 5 2 6 16 32 21
2 2 4 3 3 i 5 7 6 22 27 A49
3 2 4 3 1 7 5 8 6 31 20 59
4 G 4 3 8 1 5 7 2 26 22 62
5 6 4 3 1 7 5 8 2 35 15 47
6 6 3 4 8 1 b 7 2 29 20 143
7 6 3 4 1 7 5 8 2 38 13 47
8 3 6 4 3 1 5 7 2 34 18 768
9 3 6 4 1 7 5 8 2 44 1 34

€ — yHeno NpoBepok ycroHunpocty.
PercHye 1 — ouTHMansHoe IUIH MyXYHH,
PELICIAC 9 ~ FUTHMITLHOC [UTA WCHILKH,
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PelenHe ¢ MHHHMAa/IbHRIM 3HaueHHeM I'M Ha3biBaeTcs
CTABUABHBIM U ONTUMAABHOIM UASL MYNCHUH, 4 C CAMHM
MaJeHbKHM 3HauUeHUEM T'W — CTAOUAbHBIM U ONTUMAAb-
Hoim Oan oeruwjun. TIpupoaa wnaweidl crtpaTerud BuHGopa
Tak0Ba, 4TO MepBHIMH (OPMHPYIOTCA pelieHHA, GoJblic
VIAOBJIETBOPSIIOIIHE MYXKUHH, a pelleHHs, XOpoliHe ¢
TOUKH 3PEeHHSl JKeHILHH, MNOABJAIOTCA TOJbKO B KOHILE.
B 3TOM cMbiciie ajaropHT™M OpHEHTHPOB2H Ha CHJbHHI
noJ. Ero MoxHo GHCTPO nepeopHeHTHPOBATb, €CJIH CH-
CTEMATHYECKH MEHATh POJAMH MYMKUYHH M JKEHLHH, T. €,
NPOCTO 3aMEHHTb MWTI Ha WMr H Hao6opoT.

Mb He GyneM yxXe YCIOXKHATh Jajblie Hauly [po-
rpaMMy H OCTaBHM MOHCK ONTHMAJILHOTO pelleHHs IJd
cjelyilouero, Tenepb, HaKOHel, MOCJEJHEro mnpHMepa
aJropHTMa C BO3BPAaTOM.

3.7. 3AIJAYA OIITUMAJIBHOTI'O BBIBOPA

Haw nocnenuufi npuMep anroputMa ¢ BO3BpaTOM —
Joruyeckoe o6GobuieHHe MOCJAEAHHX IBYX NMpPHMepoB, HO-
CTPOeHHHX no obutefi cxeMme (3.35). BHauane Mb moabu-
30BaJIMCh MPHHIIMIIOM BO3BpaTa AJsl NOHCKA eJHHCTBel-
HOTO pelleHHs NOCTaBJeHHOH 3anaud. [IpuMepamu Obl1H
06X04 AOCKH XOAOM KOHfl H pasMeuleHHe BOCbMH ¢ep3eil.
3aTeM MHl NOCTaBHJH cebe I1eJabi0 MOUCK BCeX pelleHHii
1leKOTOpOifl 3anayu U paszobpanu 3ajnauy BOoCbME (ep3cit
Il crabHabHBIX OpakoB. Temepb MbI XOTHM 3aHATbcA IO-
ICKOM OnTuMAAbHO20 pellieHds. Ilas 3TOro Heo6XOAHMO
¢opMHPOBAaTL BCe BO3MOZKHbBIE peuleHHsl H B mpoluecce HX
110/1Y4UeHHSl OCTaBJATb OJAHO, B HEKOTOPOM ONpedeseHHOM
cMBIC/IE onTuMaJjbHoe. [IpeAmno/io:kHM, ONTHMaJbHOCTh
OLIEHHBAETCA C IMOMOLIbI0O HEKOTOPOH MO0.10KHTeJNbHOMH
(yukuuu f(s). B atom cayuae, 3amensas B cxeme (3.35)
ONMepaTop «NeyaTh pelleHHA» 11a oneparTop

[F f(pewenue) > f(ourumym) THEN ontumyr :== pemeniie END
(3.47)

ME MoJyuaeM HOBHI aJaroputd. B nepemeinHoil optimum
XPAHHUTCA Jyulllee U3 MOJYUEHHbIX K 3TOMY BpeMeHH pc-
wennii. PasymeeTcs,, mepeMeHHYI0 HYXHO COOTBEICTBYIO-

LiiiM  o0pasoM HHHUHMEpOBaTb. J3Haueunz [(oplimum)
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vioOHee XpaHHTb eule B OAHOM mepemeHHOH, 4TOOB! 113-
0exaTb 4aCTOro ¢ro nepeBbIYUC TeHHS.

B xavectse npumepa o6wefi npobaeMb noxcxa of-
THMa/JbHOIO peuleHHs Mbl BHIGHpacM TaKyl0 BaXXHYIO U
YacTo BCTpevaloulyiocs 3ajauy: HYXKHO HaiTi, pyKOBOZI-
CTBYACh HCKOTOPBIMH OrDaHWUEHHAMII, ONTHMAaJbHYIO Bhi-
JOpKYy 113 3aJaHHOTO MHOXKeCIBa 00bekToB. Brdopkh,
npelcTaB/asiiOIHe NpHeMJIeMEie pelleHMd, CTPOsATCS Io-
CTEMEHHO: OAHH 33 OAHHM MNPOCMATPHBAIOTCA OTAEJNbHBbIE
©8DbeKTb! H3 HCXOJAHOTO MHOXecTBa. [lponeaypa Try onu-
ChIBAET MPOLECC HCCJAENOBAaHHS NMPHTOJHOCTH OJHOTO OT-
5ieJIbHOro O6beKTa — OHA BHI3HIBAaeTCsl perypciBHO (117
1iCCcaeloBaHHs OYepeJHOro o6beKTa) — A0 TexX Mop, HOKa
pce OHH B2 OYAYT paccMOTPeHbL.

Mbr BP1IAUM, YTO MPH PaccMOTPEHHH Ka){AOro o0beKTa
{B mpelbAyIlHX NpUMepax MbI Ha3biBaall HX KaHiHAa-
TaMH) BO3MOXKHHE JABa 3aK/IOUeHHs, a HMCHHO: Jubo
LKI04aTh ficcaeayeMbli O6BbeKT B TeKYULYI0 BHIGOPKY,
760 He BKJOYaTh. B Takoil cuTyamiu omepaTop IUKIa
Vie He FOJNHTCS, BMECTO 3TOr0 HYXHO SIBHO OMiicaTb 06a
BapuanTa. ITOT mpollecc omicaH B (3.48), npuueMm 34ech
00bEeKTB NPOCTO HYMepyIOTes 1, 2, ..., n.

PROCEDURE Try{i: INTEGER),
BEGIN
IF exmoucnue npuesaemo THEN er.iwuchue i-20 ¢0veKTd:
IF i <0 THEN Try(i+1) ELSE npogepxa ontumatvhocry END ;
UCKMOUCHUC §-20 00BeKTa
END:
IF npucmaeso nesxmouciie THEN
IF i< n THEN Try(i+1) ELSE npocepra ontusaasiocru END
END
IEND Try

(3.48)

H3 cxembr BHIHO, YTO CYylLleCTBYeT BCero 2% BO3MOMXHHX
BbIOOPOK, I03TOMY HYXHO HCIIOJNB30BaTb TaKOH KpHTe-
PHH IpHEMJIEMOCTH, KOTOPHH 3HaYHTEbHO Obl COKpaTIL?
yIca0 nepebupaeMbiX KaHAHMAATOB, JInsl NOsICHEHHS 3TOrV
npouecca BO3bMEM KOHKPETHBIE NpIMep NOCTPOEHUS Bhi-
6oprH. [lycTh xaxabifi U3 n OOBEKTOB ay, ..., an Xa-
pakTepH3yeTcsl BecoM H LeHHOCTbio. OnTumaJlbHOi Ha-
30BeM BBIGOPKY C MakCHMaJbHOH cyMMO# IEHHOCTEH A
CyMMOH BeCOB, OrPAHHYCHHOH HEKOTOPHM MpeiesoM.
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C rakoft npobaeMofi cTankiBaeTcsl JIOGOH myTellecTBeil-
HIK, YIAKOBLIBAamOU{l YeMOAaHBI ¥ cTpeMsuiHiics BL-
6paTh TaK I NpeAMETOB, YTOOb LEHHOCTb HX Oblna oI~
THMaJbHOH, a oOuHil BeC He mpeBbiiaJ KaKoro-to Aony-
CTHMOrO npejea.

Tenepp HaM Hajo pewHTb, a KakK Xe BCE 3TO Npek-
CTaBHTb B BHAC ONPEAGNCHHBIX AaHHBIX, K3 Bbiuiecka-
3aHHOIO JICTKO CJCAYIOT Takue onucauus (3.49):

TYPEmndex = [1 .. n}:
object = RECORD weight, value: INTEGER END :
VAR obj: ARRAY index OF object; (3.49)
limw, totv, maxv: INTEGER:
$, opts: SET OF index

[Tepemeunbie limw W {0{v COOTBETCTBYIOT NpEAEJIbHOMY
BeCy H ofuiefl LeHHOCTH Bcex n 06bekToB. B npouecce
NOCTpoeHHs BHIOOPKH 3TH jB€ BEAHYHHB (aKTHUECK!
OCTaloTCcs nocTosiuubiMH. HYepei s obo3HaueHa Tekyias
pbl6OpKa, 34eChb KaXAbH H3 O0GBLEKTOB I[IpeJCTaB.JICH
CBOMM HuMeHeM (HHAEKCOM); opfs — onTuMa.lbHas BL-
0opKa, moay4yeHHasi K AAHHOMY MOMEHTY, a8 maxy — 2
LIEHHOCTb.

KakoBb e KpHTEepHH mnpHeMIeMOCTH OOBbeKTa 11
Tekyulelt BhIOOpKH? Ecaif peyb HAGT 0 BKJIKYEHHH, TO
06bEeKT MOXHO BK.JII04aTh B BBIGOPKY, ecJi 0U HOANOIHT
10 BECOBBIM OlpaHHueHHAM. Ecall oH He HOIXOANT, T
NONHTKH 1062BITH ewe OAHH OOBEKT B TEKYLIYI0 Bhi-
60pKY MOX(HO npekpaTuTb. Ecay, o1Hako, peuyb nier of
HCKJIOUCHUH, TO KpHTEPHEM IpieMJeMOcTi, T. €. BOI-
MOMHOCTH NPOAOJKCHHS INOCTPOCHHA Texyllefl BoiOOpPKI,
Oyaer To, u4TO nocJae AAHHOro IcKJaOueHns obuias neu-
HOCTb GyaeT He MeHbUIEe MO.JYYCHHOro A0 3TOr0 MOMEHTA
onTHMyMa., Bejab ecai cyMMa MCHble, TO NPOAO/LKCHEC
NOHCKa, XOTs OH H MOXEeT AaTb HEKOTOpOC pelicHHe, he
npHBeleT K ONTHMaabHoMy peuennio, CiegoeaTeasbno,
daapEeflIHil NOUCK Ha TekyweM nytd Oecrnogeded. ki
3THX JABYX YCJOBHII MBI ONpejAeNsieM BeNYHHbl, KOTOpLIC
HYXHO BHUYHCIATH Ha KasKa0oM lare npouecca O7-
6opa:

l. O6wuit Bec fw BBHIGOPKH, MOJyYeHHOH K JaHHOMY
MOMEHTY,
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2. Ofmas 1LeHHOCTh qu TekylieHd BHOOPKH, KOTOPYIO
MOXKHO elle JOCTHYb.
OTH ABe BeJHYHHB YAOOHO mNpeACTaBAsATh KakK napa-
MeTpht npoueaypw 7Try. YcCaoBHe «BKJIOUCHHE MpPHEM-
JAemo» B (3.48) MoxHO Tenepb CGOpMYJAHPOBaTb Tak:

tw -+ a[i].weight < limw (3.50)

a nocJaejyruast npoBepka Ha ONTHMaJbHOCTb BBITJIAJAHT
cacayrouium O6p230M5

IF av) maxv THEN (* 110BBifl OIITMMYM, €10 33MHCD * ) .
opts = §; Maxy .= av (3.51)
END

[MocneaHee npucBaWBaHHe OCHOBAaHO HAa TOM coobpaxe-
HHH, 4YTO JOCTHXHMOE 3HadeHHe OyaeT AOCTHraTbcs
TOMBKO nocJde 06paboTKH BceX OGBCKTOB. YCJOBHE «HCe
KJaoueHHe npuemJsaemo» B (3.48) Bhlpaxaerca Tak:

ReadCard(obii] weight); ReadCard{obj{i]. valie):
totv ;= oty -+ objlil.value
END;
ReadCard(Weightlnc); ReadCard(WeightLimit);
[Nockoabky nonyuennoe sHauenne av— ali].value BHOBb
HCHOMB3yeTCsA, OHO, YTOOH H30exaTb nepeBhlYHCACHHS,
«COXpaHseTCA» B nepeMeHHol avl.

U3 cxempr (3.48) u ¢dparmestoB ¢ (3.49) o (3.52)
nonydaeM, A06aBHB COOTBETCTBYIOLIHE OnepaTophl HHH«
IHanHH rnobanbHBIX [IEPEMCHHBIX, BCIO IIPOTPaMMYy I1es

Ta6nuua 3.5, PeayasTaTsl paGoTH mporpaMMbl ONTHMaJdbHoro BH6opa

Ben 10 11 12 13 14 15 16 17 18 19
Yemoers 18 20 17 19 25 21 27 23 28 24
10 *» 18
20 . 27
243 . . &%
40 * ® . 7@
&0 * = . - 84
60 ™ - * . * 89
70 = » - - . 11§
80 “ s % - . & 134
q0 » - - - * 5 13§
100 - * %* - = » - 157
110 . x ] % = * ] - 1734
120 ® ® » * » * . s 183
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MODULE Selection;
(% MOKCK ONMTHMANBHOTO EbiGOpa 06BEKTa P OTPAHHYEHHH #)
FROM InOut IMPORT
ReadCard, Write, WriteCard, WriteString, WriteLn;

CONSTn = 10;

TYPEindex =[1..n];
object = RECORD value, weight: CARDINAL END ;
ObjSet = SET OF index;

VAR {: index;
obj: ARRAY index OF object;
limw, totv, maxv: CARDINAL;
&, opts: ObjSet;
WelghtIne, WeightLimit: CARDINAL;
tick: ARRAY [FALSE.. TRUE] OF CHAR}

PROCEDURE Try(i: index; tw, av: CARDINAL);
VAR avl: CARDINAL;
BEGIN ( nonsitka BKITOUEHHS + )
IR tw + obf[ilweight {= limw THEN
8:=s + ObjSet{i};
IRI<n THEN Try( +1, tw + obj[f]l.welght, av)
ELSIF av > maxv THEN magv := av; opts 1= &
END;
8 := 5~ ObjSet{i}
((# IONBITKA HCKITIOYEHHS #)
IR av > maxy + obj[i} vatlue THEN
IRi< 1 THEN Try(i+1, tw, av = obj[il valug)
ELSE maxy := av - objfi].value; opts := 8
END
END
END Tiv:

BEGIN totv ;= 0; limw := 0;
tick[RALSE] : = " *; tick[TRUE] : = "+";
FOR{:=1TOnDO
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WriteString(" Welght');
FORi:= 1TO nDO WriteCatd(obj[ilweight, 5) END §
WriteLn; WriteString("Vatue );
FORi:=-1TO n DO WriteCard(obj[il.value, 5) END ;
WriteLng
REPEAT limw ;= limw + WeightInc; maxv 1= 03
s 1= Ovjset{}; opts 1= ObjSet{}: Try(L, 0, totv):
WiriteCard(limw, 6);
FORi:=1TOnDO
WriteString(*  ); Write(tick[l IN opts])
ENDs
WriteCard(magy, 8); WriteLt
UNTIL timw, >= WeightLimit
END Selectiona

[Tporp. 3.7. OnTuMmanpHeil BHEOD.

ankoM. ClejpyeT 3aMeTHTb, UTO /s BKJAIOUEHHS H HC-
K/JIIOYEHHs H3 MHOXECTBa S 3/eCh OYeHb YA00HO MOJb30-
BaTbCsl OMNepauHsMH Haj MHoxectBaMd. B Taba. 3.5
NpHBOAATCA pe3yabTaTh pafoTel mporp. 3.7 ¢ AOMyCTH-
MBIMH Becamu ot 10 g0 120.

Takasi cxeMa ¢ BO3BpaTaMH, HCIOJb3YIOULIasl HEKOTO-
pbie orpaHHuYeHHs [15 YMeHbUIEHHs POCTa IOTEHUHa.lb-
HOro JepeBa MOHMCKa, Ha3biBaeTcs aaropuTrMom BerBefl H
rpaHHIL

YITPAJKHEHHSI

3.1. Xanoiickne GawHd. Jlawel TpH cTepkHA H N JUCKOB pa3-
JuuHoro pa3mepa. JMckid MoXIO HajJeBaTh 11a CTep:KHu, o6pa3ysd
H3 mux Gawnn. Ilycts BHauade ua crepxHe A B yGuiBaioieM rno-
PAAKe pacno.J0XKeHo, ckasxed, TpH Aucka (puc. 3.10), 3azaua 3a-
KJlloyaeTcd B TOM, uToObl NepeHecTil N AHMCKOB cO CTepxHA A Ha

Z 7 7

A B c

Puc. 3.10. Xaioilckde 6GaLuHH,
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ctepxkenb C, COXpaHHB HX nepBOHauaibHEIR mopajok. [Ipw mepe-
foce HEOGXOIHMO CJeOBaTh TaKHM NMpaBHAaM:

I. Ha ka:kgom wiare co CTEDXKHA Ha CTEPKERb MEDEHOCHTCH
TOYHO OAHNH JHCK,

2. Jluck Henb3s mOMellaTh Ha JHCK MEHbLIErQ pa3Mepa.

3. Jlas npome:KyTo4Horo XpaHEHHA MOXHo HCMOJb30BaTh CTep-
skenb B. Haiinute anroputM peuwenus sToil 3agaun. Bamnio yjnoGuee
paccMaTpHBaTh KaK COCTOMILYIO H3 OZHOrO BEpXHEro AXHCKa H Gaul-
Hi, o0pa3oBannoil ocTaBWIKHMHCA AHCKaMH. ONHWIHTE afropHTM Kax
PEKYPCHBHYIO Mporpammy.

3.2. Hanuumre npoueaypy ¢opmMHpoBaHHA Ha TOM 3IKe MecTe
pceX Nl nepecTanoBoK AJA Nt SJeMEHTOB 4y, ..., 85 T. €. 6e3 zHo-
nonngrenbHoro maccesa. [locie QopmupoBanus oyepeproit nepe-
CTAHOBKH MOXHO, HanpHMep, o6paTuTbcA K npoueaype Q (¢ mapa-
METPOM), KOTopaf HanejataeT NOJY4EHHYIO MEPecTaHOBKY.

Ykazande: 3aiauy (opMHPOBAHHA BCEX MNePeCTAHOBOK 3JeMeR«
TOB 81, ..., m MOXKHO CYHTaTh COCToslledl H3 m mojsajgad Gopmu-
POB&HHA BCEX MePECTAHOBOK AJA 3JEMEHTOB ai, ..., dm-i, 33 KOTO-
DHIME CclieAyeT -an,. IlpuwemM B i-ff nom3aiade BHavajle MeHAOTCH
MECTaMH VIeMEeHTH 4, H apm.

3.3. OnpenenuTe DeKypPCHBHYIO CXeMy ZAJS HOCTPOEHHS KDHBOR
Ha puc. 3.11. DTo pe3yabTaT HaJOXeHHA deThpex KpuBmx Wi, W,,
Ws, W, Ona moxomxa ua kpusyio Cepnuuckoro (3.21) u (3.22).
Paso6paBimuch B PeKyYPCHBROM e€e CTPOECHHH, HanHUIHTE PEKypPCHBHYIO
nporpaMMmy AJs YepyeHHA TaKoil KDHBOH.

cﬁ:ﬁ i
é[’} A

i =

e 5y
= Ty
g1 Tt
0 ol W
RN s AL
e,

Puc, 3,11, W-KpHBHe nopaikos 1—4.

[

L ]




212 3. Pekypcusnsle arzopuriiol

3.4. 13 92 pewennii, nojayyanwwKxca ¢ NOMOILBIO OPOrpaMMel 3.5
LA 3ajaul O BOChbMM (hep3siX, ToAbko |2 no cywecTsy pas3fiHYtb:,
Bce apyruc pewedya MOXKHO [OJAYYHTb € NOMOILBIO OCEBOI 1l
UeHTpaabHoil cuMMmeTpHi, Hannuwiite nporpammy A1 1OJYUEHHA
HME@HHO 3THX OCHOBHHIX 12 pemrenuii. O6patuTe BuuMmaline, 4TO Io-
HCK Ha nepeoil BEPTHKAMI MOXKEO OrpaHdyliTh no3uuusivu |—4.

3.5. Mamennrte tak nporpammy yctofiungblx Gpakos, UTOGH OHa
HaxomJa OnTHMaJabHoe PeleHue (A7 MYKukH ¥ KCeRmmH)., 1o
03HayaeT, YTO OHa CTaHeT moxoxefi Ha nporpammy 3.7, paboTalomyio
10 METOAY «BETBEil H rpaHilLs.

3.6. Hekotopasn kene3HOLOpOXHAA KOMnaHusa 0oGCAYy:KHBaeT
n ctaHuii Sy, ..., Sn. Ona npefnonaraer yayuwuth Hidopmauion-
HOoe 06c/ayKHBalHHe KJAHEHTOB, YCTAHOBHB TEPMHHAJLI, YmpaBJfieMbie
Bbiufic/AHTENbHON MalHHOA. C TepMHHa/a K/AHEHT BBOAHT Ha3BawHe
CBOEil CTAHUMH OTHPABAEHHH Sp K CTAHUMH Ha3uaueuud — Sp, a eMy
LONAKHO BHAABATbCcA pacmucaHie moe3foB, OOecneuHBAaIOMMX MHHII-
MajbHoe Bpemf noe3nkd. Hamnikte nporpammy AAs noJyuYeHH:
HyXx1iofl uHopmaunu. Pacnucanne (3To Baw GaHK JaHHBIX) Npej-
CTaB.1€HO JAHHBIMH HEKOTOpOil CTPYKTYDHI, [A€ MepeyHcaseTcs BpeMs
oTnpapieHus (npHOLHITHA) Bcex moe3fon. PalymeeTcs, He Mexay
BCEMil CTAUUHAMH €CcTb mpsAMoe coobiueHue.

3.7. Oyuguua Akxkepmana A onpegenserca AJs BCEX HEOTpHUa-
TeNLlLX UeIHX apryMEeHTOB M H N Takum oBpa3zom:

A(O,n)= n‘}‘ ]
Aim, 0)= A(m—1, 1) (m > 0)
Am,n)= A(m—1, A(m,n— 1)) (m,n > 0)

Hannwite nporpasMy, BhuMcAs©Omyro A(m, n), peKypcuiO He Hc-
noJanayiitel

3a ofpazeun BospMuTe nporpammy 2.11 — HepeKypcHBHYIO Bep-
cdio OuicTpoil copTiipoBrd. Omnpejeniite npasuaa obmero npeofpa-
30BaHHs PERYPCHBHBIX NPOrPaMM B HTEDATHBHLIC,
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4. JAHHBIE C JHHAMHWYECKO¥
CTPYKTYPOM

4.1. TUIIbl PEKYPCHBHbBIX IJAHHDBIX

Bo BTopo#i riaBe Mbl BBeJH KaK OCHOBHblE CielylolHe
CTPYKTYpH! AJs AaHHBIX: MaCCHBH], 3anMHCH H MHOXeCTBa.
OHH Ha3BaHBl OCHOBHBIMH, ROCKOJ/IbKY H3 HHX MOXHO 06-
pa30BRIBAaTh 0oJee CJAOXKHBIE CTPYKTYpbl H TaK Kak OHH
yaule BCero BCTpeyaloTcs Ha npakrthke. Lleab onucaHus
TANA [JaHHBIX H MOCJeAYIOLLEro ONpeaeseHHA HeKOTOpPHIX
nepeMeHHBX KaK OTHOCALLIMXCA K 3TOMY THIY COCTONT
B TOM, YTOOH pa3 H HaBceraa 3adUKCHpPOBATb AHANA30H
3Ha4eHHuil, mpucBaHBaeMblX 3THM mepeMeHHBLIM, H COOT-
BETCTBEHHO pa3Mmep BwifeasieMoil nas HuUX namsartH. [lo-
3TOMY O TaKHX MepeMeHHHIX TOBOpPAT KaK O CTATUYECKUX
nepeMeHHbix. CyuiecTsyer, OJAHaKo, MHOrO 3ajady, KOTO-
pble Tpe6yIoT NaHHBIX ¢ GoJsee CA0XHOH cTpyKTypoH. [las
HHX XapakTepHO, YTO B MpoOLeCCe BHIYHCAEHHS H3MEHSIOT-
csl He TOJbKO 3HaYeHHs NMepeMeHHBbIX, HO JaXe HX CTPYK-
Typa. [loaToMy TakHe mepeMeHHble CTalH Ha3blBaThCs
JaHHBIMH ¢ JuHamudeckold cTpykTypoti. EcTecTBeHHO, 4TO
KOMNOHEHTH TaKHX OObeKTOB Ha HEKOTOPOM YpOBHE [e-
TaJH3aUHH NpeldcTaBasioT coboii cTaTHueCcKHe OOBEKTH,
T. €. OHH MpHHAAJNEXAT K OAHOMY H3 OCHOBHBIX THIIOB
AaHHBIX. JTa rJaBa NOCBAULEHA KOHCTPYHPOBAHHIO AaH-
HbIX C AHHAMHYECKOH CTpPYKTYpO#, KX aHaaudy u pabote
C HHMH.

TlpuMeuaTe/bHO, 4TO CYLIECTBYIOT HeKOTOpble OJIH3-
KHe aHaJOTHH MeXJy MeTOAaMH, ynoTpebJsieMbiMH INpH
ROCTPOEHHH aJrOPHTMOB, H COOTBETCTBYIOILHMH MeTO-
AaMH [Js NOCTpOeHHS AaHHBIX. Kak u npH /mo6ux aHa-
JOTHAX, MEXAY HHMH ecTb KaKHe-TO pa3/HyHs, OAHAKO
cpaBHeHHe MeTOJOB NOCTPOEHHS NMporpaMM H JAaHHBIX TeM
He MeHee MpOJIHBAeT CBeT HAa OYeHb MHOrHE BONpOCHI.

dneMeHTapHbIM, He pacnajalwUMcs Ha COCTaBHbie
YacTH onepaTopoM SABJSETCA ONepaTop NPUCBAUBAHUA
3HayeHHs BhIpaXKeHHs HekoTopoil mnepemenHodl, Cpean
LAHHLIX eMy COOTBETCTBYIOT AaHHbie CKaJfpHEX THNOB,
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T. e. AaHHHe, He uMewowmic cTPpyYKTYpu. H Te u apirua
ABAAIOTCA aTOMAPHHMH CTPOHTeNbHHIMII 6.J0KaMu L1i
06pa30BaHHs COCTaBHHX ONEPATOPOB H COCTGBHHX THAGH
Aannbix. CaMble npocTHe O6pa30Bailis, MOJYYAIOLLICC:
C NOMOUIbIO MEpeyHCAEHHS HJH cael0Baiiis, — 3TO CC-
CTaBHHC OnepaTtopn H sanucH. O6a cOCTOAT M3 KO:CY-
1:oro (06HYHO HeGOMBIIOTO) KOMHYECTBA SBEO MNepeuHc-
JEeHHHX KOMMOHEHT, KOTOpHE caMH MOryT OTAMYaThC:
oaHa OoT ApyroR. Ecau e KOMNOHeNTH HACHTHYHHE, TO
DHNHCHBATH HX NO OTACAbHOCTH HEeT HeOOXOa!iMOCTH: 219
T0ro 4yro6u OMHCHBATb MOBTOPEHHS, YHCJIO KOTOPHIX {i3-
BECTHO H KOHEYHO, MH NOJIb3yCMCS ONCPAaTOpPOM Miii.1a
¢ napamerpom (FOR) u wmaccusoM. Bubop oapnoro i3
ZBYX HAH Oo.nec BapHAHTOB BHIPaXaeTcs ¢ MOMOWIbID
YCJIOBHOrO Onepatropa HJAH ONepaTopa BapHAHTa, 11 1M
CCOTBETCTBYeT 3anucb ¢ Bapuantamu. H nakoneu, nostc-
penne 3apaHee HeH3BECTHOe 4HC.10 pPa3 (NOTEHUHA.1LHO
Aaxce GeckoHCYHOe) BHpaKaeTcss onepaTtopamit NOBTOPC-
g ¢ npeaycaosiicn (WHILE) uan  nocrycaosien
(REPEAT). My cooTBeTcTByeT Taxas CTPYKTypa laH-
HHX, Kak nociaeaoBaTcabHOCTb (alll) — npocreiiuvian
CTDYKTYpa, AOIycKawolmlas NOCTPCCHHC THNCB GeckoHoe:-
HOR MOLUHOCTH.

BosuitkacT BONpoc, a cymecTBYCT Jii CTPYKTYpa Aali-
HHX, TaKHM Xe 06pa3oM cOOTBeicTBYIOWAas OnepaTory
npoueaypu. EctecTBenno, nau6osce HHTepecHOe I HOLOe
B 3TOM OTHOIIEHHH CBOKCTEO [pOUeAYyD — peKyplus-
nocte. [1o aHanorus ¢ npoueaypoil. coaepmaiteft oibe
11an Goaec obpameHift K camoit ccde, BelHuRiH, OVifO-
cAUiCcCA K TAKOMY PEeKYDCHBHOMY THOY, ROJSKHHW Gusi
6H cocTOATb M3 OAHON uan 60.¢C KUMIOHENT, OTHOSI-
WHXCS K TOMY e THRY, yTO i cama BeanunHa. [1oaoGko
npoilcaypaM, OnpefeseHus Takix THAOB JaHHEIX MOr-i
66l GHITb ANSIMO HAIl KOCBEHHO [eKVDCHAHHIMIA.

[Mpocrosi aipisep obhekTa, rOTOpOMY 60abulie BCC: O
NoaX0ANI0 OH PeKypciiBlOe ONpCACIeKe THRA, — gDiidh-
MeTHI¢CKOe RLIpaXKeHHe, BCTpcualoulcecss B A2WKax npo-
rpa:1MiipoBaHus. PekypcHss B 9TOM cayuyae OTPamacT
BO3* OX{IIOCTb RJIOMEHHOCTH, T. €, 1ICNO.1L3OBAHHSA B BHDii-
e X B KayecTBe ONMEPaHAOB 3aKJIIOHEHHHX B cKod:i
noz:wpaxenuft. Onpepe M HedOpManbHO BhipaxeH:s
cleaylomuM o6pasoM:
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Buipasxcenue cocTOMT U3 Tepma, 32 KOTOPHIM caefyer
3HAK onepauHH, 32 KOTOPHM onATb HAET Tepm. (TepMbl
{IpeACTaBJsIOT cOGOM omepaHAb YKa3aHHOH oOmepaluH.)
Cam 7epm — 370 NuGo mnepeMeHHasi, 0O603HayeHHasd Ka-
KHM-I060 HAEHTHHHKATOPOM, JHOO 3aKJI0UEeHHOe B CKOO-
KH BhIDAXXEHHe.

Tun naHHbIX, 3HaYeHHAMH KOTOPHIX ABJSIOTCH TaKHe
BbIPaXXeHHA, MOXHO JIerKO ONHCAaTh, €CJH K y¥e AOCTYyN-
HBIM BO3MOXXHOCTSIM 10GaBHTb peKypCcHIO *),

TYRE expression = RECORD op: operator;
opdl, opd2; term
END

TYPE term = RECORD (4.1)
CASE t: BOOLEAN OF
TRUE: Id: alfa|
FALSE: subex: expressiott
END
END

3amewanue: Vicnoabaya Moayay-2, ME JOAXKHH YNOTpeGASTb He
ycaosHLe KOHCTDYKIUHH, KOTOpLI€ HA3RIK 3anpellaer 3hecb 0OpUME-
HATH, 8 BapHaHTHL

CienoBaTesbHO, KaXaas NepeMeHHas THNA ferm CO-
CTOHT U3 ABYX KOMIOHEHT: MMOJIA MpH3HaKa f H, ecau {—
HCTHHa, noJs id, uHaue — noas subex. PaccMoTpum B
KageCTBe MPHMEPOB TaKue YeThipe BbIpaXKeHHA:

l.x+y

2 x—(y*2) (42)

d x+y)x(z—w)

4 (x/(y+z2)+w
OTH BHIpaXXeHHS MOXHO «HapHCOBaTb» TaK, Kak Ha
puc. 4.1. B 3TOM cayuae sBHO BHIAHH BJIOXEHHOCTb, pe-
KYPCHBHOCTb HX CTPYKTYph H cnoco6 HX pasMelleHHA
B NMaMsTH.

Bropoii mpuMep pekypcHBHOH CTPYKTYpH HHpoOpMa-
IIHH — reHeaJsiornueckoe Jepeso. [lepeBo omnpepensercs
KaK HMs YeJOBEKa MJIOC [ABa JepeBa ero pojuresnei,
Tako: ompeleneHHe Ge3ycJOBHO BefeT K OeCKOHeuHOH
cTpykrype. OAHaKO peasbHble reHea/lorHuecKHe AepeBbs,

%) Takoe onpejefdeHHe G0oJbllle COOTBeTCTBYET BLIpaXKeHNHAM B

npedHKcHOM BHZe, B TO BpeMs Kak Buile Ol onpejeden nudHKCs
UWE BHI BHpaxeHHil, — [Tpum. nepes.
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1 + j 2 -
T X T X
y .
F Y
z
3 . 4, .
+ /
F X T X
Y F +
- F \
F z Z
w T w

Puc, 4.1. O6pa3 pacnonoxenus B namard 3amuceil ¢ pexypcushofl
CTPYKTYpOH.

€CTeCTBEHHO, KOHeuHbl, Bellb Ha KaKOM-TO ypOBHe cBeje-
HHf O NpelKax OTCYTCTBYIOT. MH MOXeM yuyecTb 3TO
coofpaxeHde, ecJH BHOBb BOCNOJb3yeMCH CTDYKTYpOfl
¢ BapuaHTamu (4.3).

TYPEped = RECORD
CASE known: BOOLEAN OF
TRUE: name: aifa; father, mother: ped | 4.3
FALSE: (snycrgjs)
END

END

OGpaTHTe BHHMaHHe, UTO Ka)xJas NepeMeHHasl Tuna ped
COAECPXHT NO KpaihHeH Mepe OJHY KOMIOHEHTY — MO0J€
NpH3HaKa Noj uMeHeM known (u3BecteH). Ecau sto 3ra-
YeHHE «HCTHHa», TO ecTb elle TpH MO.Js, B MNPOTHBHOM
cayuae moJsell GoJbuie Her, Huxe npuBOAuTCs mpumep
TaKOro 3Ha4yeHHs, 3aMHCAHHOrO B BHJE BJOXEHHOrO Bbl-
paxeHus, a Ha cxeMe (pHc. 4.2) npuBeAeHO ero BO3MOX-
HOC MpeJCTaBJeHHe B NAMSATH.

(T, Ted,(T,Fred, (T, Adam, (F),(F)),(F)),(T,Mary,(F),
(T,Fva,(F),(F))
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3aech cTanoBuTcs oueBHA- [y Ted
noft BaXkHasi poJib BapHaHTOB;
5TO €AUHCTBEHHOE CpelCTBO,
n03BOJIAIOLLEe OTPAHHYHTb pe- T Adam
KypcHBHylo cTpykTypy. [lo-
STOMY B PEeKYPCHBHHIX onpe-
JeJIeHHsX OHH Bcerja mpH-
cyrctByloT. HMmenno 3aech
0COGEHHO HarJsnHO npoc/e-
JKMBAeTCs aHaJorus MexAay
CTPYKTYpPaMH [porpamm H
nananix., B kaxayio pekyp-
CHBHYIO 11pollefypy, uToOHl ee
BHINOJIHEHH € KOrja-Hu6yab
3aKOHUHJ0Ch, o6sA3aTeNbHO

T Fred

o |

T Mary

JOJKEH BKJIOUaThCs YCJOB- [Zl
ubil oneparop (Hau ounepa-
Top Bapuaurta). $lcho, uTO T Ewa
«KOHEYHOCTb  BBIMOJHEHHA»
COOTBETCTBYET KOHEYHOCTH E
MOIILHOCTH.

7]
4.2. CCblJIKH

XapakrepHasi 0COGEHHOCTD
PEKYpPCHBHHIX CTPYKTyp, uerT-
KO OTJMYaloasl WX OT OcC-
HOBHHX CTPYKTYp BHAa Mac-
CHMB, 3allHCb H MHOXeCTBO, — CINOCOGHOCTh H3MEHATb pas-
Mep. Bcaeactsue 3Toro /s pekypcuBHO OMNpelesCHHBIX
NAaHHHX HEBO3MOXHO BHIJENHTb MaMsTh (PUKCHPOBAHHOTO
pa3Mepa, H NO3TOMY TPaHCJAATOP He MOMET CONOCTaBHTb
C KOMIOHEHTaMH TaKHX MepeMeHHBx Kakue-aHGO ompe-
AeneHnble aipeca. Jlns peweHHs 3Tofi mpoGJjeMbl yalle
BCero HcnoJib3yeTcs MeTOJl, HasbiBaeMhlll JuHamuueckum
pacnpedesenuem namATH, T. € NaMsATb NOA OTAEJ]bHBHE
KOMIOHEHTH! BHIJe/JsieTCs B MOMEHT, KOTAa OHH «HauH-
H3JOT CyIeCcTBOBaTb» B MpOLlECCE BLIMOJHEHHsi NMpOrpam-
Mbl, a He BO BpeMs TpaHcasanud. TpaHcaATOp B 3TOM
clyuae BujenseT ¢ukcuposanubifl ofbeM naMaTH A4
XpaHeHns ajpeca JIHHaMuueckKd pasmenizemoil KoMmo-
HCHTHI, 2 He caMoil 3Tof KoMnoHenTr. MoXeT OKa3aThes,

Puc. 4.2. [lpuvep pexypcHBs
HOft CTPYKTYPH JaHHHIX,
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[T 7es [ ]4]

[T]realplp] [r[Mv[p]y
mn nn

[ [F] ][]

Puc. 4.3. Ctpykrypa, nocTpoenuas 1na cchlaKax.

4TO, HANpHMep, reHeajornyeckKoe AepeBo, H30GpaXKeHHoR
Ha puc. 4.2, 6yjAeT NMPeACTaBJeHO B BHAe OTIEJbHHX, He
06513aTeJbHO pPacHOJIOXEHHBX pPsJOM 3anHcell — Mo 0j-
HOH AJA KaXJAOro 4esoBeKa. DTH 3aNHCH CBA3LIBAIOTCA
MeXxAy co6off ¢ MOMOILBIO aApecoB, HAXOAAUIHXCA B MO-
aaX ¢ uMeHaMmu father w mother. T'paduuecku Takic
CBA3H yJoGHee Bcero H3oGpaxaTb CTPEIKaMH HJH CChll-
kaMu (pHc. 4.3).

Caenyer moJauepKHYTb, YTO HCNOJb30BAHHE CCHICK
NpH peatu3aluHd PeKypPCHBHBIX CTPYKTYP — UHCTO TeXHH-
yeckHd npueM, [IporpaMMHCTy HeT HYXIb 3HaThb 06 HX
cyutecTBOBaHHH. [IaMATb MOXKeT aBTOMATHUYECKH Bbijle-
JATbCA NpPH MepBOM YNOMHHAaHHH HOBOH MepeMeHHOM,
EcnH, oAHako, sIBHO BBECTH pafOTy CO CCHIJIKAMH (HaH
yKasaTeJsMH), TO MOXHO CTPOHTb CTPYKTYpHl GoJee 06-
Liero BHJ2, YeM Te, KOTOpble CJAeAYIOT U3 PeKYPCHBHOro
onpeje/jeHus AaHHHX. B uyacTHoCTH, 3TO Mo3BOJsieT BBO-
JUTb TOTEHLHaJbHO OeCKOHEUHHEe HJH UHK/IHUYEeCKHe
CTPYKTYPbl M YKashlBaTb, UTO HEKOTOpas MmOJACTPYKTypa
NpHHAAJEXKHT HECKOJbKHM pa3HuM cTpykTypam. [lo-
3TOMY B COBPEMEHHHX f3bIKaX NpOrpaMMHpPOBAaHHS, K3k
NpaBHJIO, eCTb MeXaHH3Mbl MAaHHNYJHPOBAHHUA HE TO/IbKO
CaMHMH JaHHbIMH, HO H CCBHIAIKAMM Ha HHX. JTO MNpeA-
noJjaraeT, 4yro AOJXKH2 CYyLeCTBOBaTb YETKas CHCTeMa,
no3BOJAIOULAs OTJHYATh AaHHBE OT CChiJOK Ha HHX, [lo-
3TOMY HEO6XOAHMO BBOJHTb THN IJs AaHHHX, 3HAUEHHA
KOTODHIX MpeJCTaBJsIOT cO0OH CCHIKH (yKa3aTesaH) Ha
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p: 17

eh:T

Puc. 44. Junamudeckoe paamMellleHHe nepeMennofi,

aApyrve jaHHbe®, Mpb  Hcnosb3yeM aas 3TOrO  HO-
TalHIo:

TYPET = POINTER TO TO (4.4)

Onucanne THna (4.4) ykasniBaer **), yTo 3HaueHHs THIA
T aBnasiiotca ccolikaMu Ha AaHHble Tuna T0. Tot dakr,
yT0 B onucaHud T ABHO yKasbiBaeTcs TUN A2HHBIX, Ha
KOTOpHIe HJeT CChlJKa, NpeAcTaB/asieTcs HaM ¢yHIaMeR-
TaJbHON 0COGEHHOCTbIO. MBI B 3TOM CJyuae roBOpHM, YTO
T cesasan ¢ TO. [TonAaTHe CBSA3aHHOCTH OTJIHUAET CCHLIKH
H3 A3HIKOB BBLICOKOTO YPOBHA OT aApecoB H3 f3BLIKOB ac-
ceM6aepoB H NpeacraBgasieT cOGOfl B nmporpaMMHPOBAaHHH
caMoe BaXXHOe CpeACTBO YBeJHUeHHs «(Ge30MacHOCTH»
32 CYeT H3OBITOUHOCTH Ha(THCAHHS.

3HaueHHS CCbIJIOYHOrO THNA (GOPMUPYIOTCA MPH KaXK-
JOM JHHAMHYECKOM pa3MelleHHH KaKHX-AHO0 JaHHBIX.
Mu GyneM HCXOAHTb W3 NpPeANOJOXeHHs, UTO Takoe pas-
MellleHHe Bcerjia sBHO (HKCHpyeTcs B INPOTHBONOJOX-
HOCTb MpeANOJIOMXKEeHHIO, YTO MpH NepBOM YINOMHHAaHHI
3JeMEHTa MPOHCXOAHT ero apToMaTHuYeckOe pa3MelleHHe.
Ans storo Mbl BBOAHM OcoGYylo npouenypy Allocate (pas-
MecTHTb). Ecau ecTb ccolioyHas nepemenHas p tuna T,
70 onepatop Allocate(p) NeficTBHTe/JbHO pa3MeulaeT B
naMATH HeKOTOpylo nepeMenHyio ***) tuma TO wu npu-
CBaMBaeT nmepeMeHHOH P. CCHIJIKY, YKa3HB3IOLLYl0 HAa 3Ty
HOBYI0 mNepeMeHHylo. K camMoMy 3HaueHHIO CCBbIIKH Te-
nepb MOXHO cGpaimarbcsi Kak p. A K nepeMeHHOl, Ha

%) OTMeTHM, YTO 3TO He eINHCTBeHHHIT H MO3TOMY He He06X0-
ZHMBIl cnoco6 ynoMsHYTOTO YeTKOTO pa3arpallHdeHHsl 3HadeHnil ne-
pPeMeHHLIX i HX ajipecoB, B Hekortopnix savikax, ckaxem B CH HJH
Bliss, zas 3roro HcnosbayoTcs <cKHTaKcHYecKHe» MexaHHamul, Ha-
npnueP, a u &a uan .a u a. — [Ipum. nepes.

*) ViMeHHO nNo3TOMy MEl MNepeBOAHM cJoBo «pointers, Kak
«CCHJIKa», a He <yKazateab». — [Ipum. nepes.

**¢) Toynee OuJo OBl cKa3zaTh, 4TO paaMelllaeTcsi HeonpejeJeH-
H0e 3HadenHe, HOO NoHATHe MNepemeHHoRl NOApazyMeBaeT Ha.JmuiNe
¥ Hee Hekoroporo umeus, — [Ipum. nepes,



n:
220 4. Hannste ¢ dunamuueckoii cTpyKTypoll

KOTODPYI1O0 YKa3biBaeT CChiyiKa p, o6pawujaloTcsl ¢ MOMOLIBIO
KOHCTDYKLHH p4.
3amewanue: Ecam Allocate — npoueaypa, HMOOPTHpOBaHHAR N3 00-
I1ero MOAyJAs pacnpejaededdss NaMATH, TO 713 Hee tpelyercs sBio
YKa3nBaTh B KayecTBe BTOPOro MNapaMerpa pasmep nepemMenHCit ¥
Kak yXe ynomMHHajoCh, AJf KOHEYHOCTH MOLLHOCTH
MoGOro peKypcHBHOrO THNA B HeM /J0JKHA Bcerjga Mpi-
CYTCTBOBaTb KaKad-JHGO BapHaHTHas kommoHeHTa. Hawu-
60/1ee THNHYHBIH, YacTO BCTpewatowuiica cayuail noroben
redeajsoriyeckoMy jepeBy: MoJie NpH3HAKa NPHHHMacT
ABa 3HayeHHs (OyJ/IeBCKHX), npHYeM, ecJd OHO JIOXHO,
TO ECe MNOC/MeAylOlHe KOMIIOHEHTb! OTCYTCTBYIOT. IJTOMYy
COOTBETCTBYET TaKas CXeMa ONHCAHHS:

TYPET = RECORD (16)

CASE terminal: BOOLEAN OF

FALSE: S(T) |
TRUE: (x 1ycro *)

END

END
3aect S(T)— nocsesoBaTesbHOCTh ONpejAedeHud mnoaei,
BKJ/IIOYaIOWAs 0lHO HJH HecKoJbKO moJseft Tuma T, oHu u
IIPHBOAAT K pEeKypPCHBHOCTH. Bce CTpYKTYpHl, OnncaHHbe
110 cxeMe (4.6), npeacraBasioTr cofofl gepeBo (HJH CHii-
cox), nodoGHoe H306pa)keHHoMy Ha pHc. 4.3. Ux He-
npuATHasAs 0coGEeHHOCTh — HaJjlHuHe CChlIOK Ha JaHHbie,
coAepaallde TOJbKO noJie NpH3HaKa, CyLIleCTBEeHHOH nu-
Qopyauud TyT HeT. Peasu3auud, OCHOBaHHble Ha CChL1-
KaX, II03BOJIAIOT JIETKO 3KOHOMHTb MaMsiTh, BKJIIOUAs HH-
(OopMaUHIO U3 [OJA NMpH3HAKAa B caMy ccbliaky, OQObluHO
IIDHHATO pacluipaTh 00JacTb 3HauYeHHH JIOObIX CCh.IOY-
HHX THNOB, j00aB/afid K HHM O/JHO-CAHHCTBEHHOE 3Haue-
HHe, KOTOpPOE HE YKa3biBaeT HH Ha KakoH sneMeHt. Ta-
Kast cchilka 06O3HAvaercs cheuuasbHuM liMeHem NIL,
H cudTtaercs, uto NIL aBToMaTHueckH AoGaBJjisgercss KO
BCEM OMHCZHHHIM CCBUJIOYHBIM THOaM. DTO pacuiHpeHHe
€6J1aCTH CChLIOUHBIX 3HAUeHHH OGbACHAET, IOUEMY MOXKHO
thopmypoBaTh KOHeUYHble CTDYKTYpbl, He BBOAS SIBHO Ba-
PHaHTH (HMJIM YCJ0BHs) B HX (peKypCHBHbIE) ONHCaHHA.

*) JTo 03RayaeT, YTO NPH TakoM obpallleHHH corfallleHHe O CBS-
3aHHOCTH P C onpejacjedHbiM THNOM 3Ha‘l6HHﬁ B pesy.nb'rare 01111‘161(1!
rporpaMMucra Moxert €uth HapyleHo, — Ilpum. nepes.
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B npumepax (4.7) nn

n (4.8) npuBoaaTca
HOBble ¢ OpMYJHPOB-
KH AJS TeX Xe onuca-
uHA THNOB, uTO H B | Fred | ¢ [nil] [ Mary [ it ¢ |
(4.1) u (4.3), HO Te-
nepb B HHX SIBHO HC-

NOJb30BaHBl CCBIJIKH. T T
O6paTHTe BHHMaHHE, [Adam[""m [ E”‘T""\L"‘
4TO B FIOCJICD.HEZM cay- Puc. 4.5. Crpykrypa co cchlakaul,
yae (KOTOPHI MeP-  paphvi ‘snavenmio NIL.
BOHa4YaJbHO OBl MO-

cTpoeH no cxeme (4.6)) KOMNOHEHTa 3amHCH C BapuaHTa-
MH YXe OTCYTCTBYET, TaK Kak ~ p.known Tenepb Bhpa-
Kaeresl kKak p = NIL. UszmeHenue umeHu thna (ot ped
nepelliy K person, T.e€. OT «JACPEBa» K «UYCGJIOBEKY») OT-
pajaeTr H3MeHeHHE TOYKH 3DeHHS, CBA3aHHOE C BBeJCHHEM
ABHBIX CCBHIJIOYHBIX BeguuyHH. Bmecto TOro urtobm pac-
CMaTPHBAaTh BCIO CTPYKTYpPY KaK HEYTO 11E10€ H BhIACJAATD
113 Hee MOJACTPYKTYPH H OT/AEJbHHE KOMIOHECHTHI, Mbl TC-
nepb KOHUGHTPHPYEM BHHMAaHHE MPEXKAC BCEro HAa CaMHX
KOMMOHEHTAaX, a HX B3aHMOCBsSI3b (NMpCACTaBJEHHAsA CChlJ-
KaMHu) Boobuie He GHKCHPYeTCsl HHKAKHMH OIMHCAaHHAMH.

4.7

TYPEtetmPir == POINTER TO term;
TYPEexpPir ==  POINTERTO expression;

TYPE expression = RECORD op: operator;
opdl, opd2; termPtr
END;

TYPEterm = RECORD
CASE t: BOOLEAN OF
TRUE; id: alfa|
FALSE: sub: cxpPlr
END
END

TYPE PersonPtr = POINTER TO Person {4.8)

TYPEperson =  RECORD name: alfa;
father, mother: PersonPlr
END
Ha puc. 4.2 u 4.3 6uan npusejesbl AaHHbBIE CO CTPYK-
TYpofi, mpeAcTaBasOUIEel reHeaNornuecKoe ACPeBo, a Ha
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puc. 4.5 n3o6paxaerca TO Xe AepeBO, HO TEMePb CChiAKH
Ha HEHM3BECTHbIX JHL 0603Hauenbr Kak NIL. $cHo, uro
B 3TOM CJydae JOCTHraeTcsl 3Ha4YHTEJbHASE 3KOHOMIIfA
navatd. Ilpeanonoxnm, gro Ppex (Fred) u Mospy
(Mary) (puc. 4.5)— Gpar u cecrpa, T. €. y HuHX 0o0ue
pojauTe . DTa CHTYaUHsA Jerko NpeACTaBJasercs 3aMenof
asyx sHauennii NIL B cooTBercTBymOHX MOAAX ofenx
sanmniceil. Ilpn peansaudn co CKPBITBIMH CCHUIKAMH Ml
KAKOM-THGO Apyrom wmeToje paboThl ¢ MaMATbIO MpO-
IPaMMHCTY NpHWJIOCh Gul AYGJHPOBAaTh 3allNCH AJs UX
poautesnefi — Agama (Adam) u Esn (Eve). Ecau peus
111eT o Boifopre AaHuybIX, TO HE HMeCT 3HadeHud, Mmpei-
CTaBJCHH Jan 06a orua (uau o6e Martepu) ABYMs 3amu-
CAMH HJII OAHOI, HO ec/H AaHHBIE HYXKHO KOPpeKTHDO-
BaTb, TO pAa3HHILA CTAHOBUTCA BECbMAd CYLIECTBEHHOII.
Konuenuiisi cchiJIOK KaK SBHBIX AaHHBIX B OTJHY4HE OT
J106BIX «CKPBITBIX» peasd3aluil NoMoraeT NporpammIicTy
TOYHO YKa3HBAaTh, rje CyLlecTBYeT «pas/eneHues NnaMsTi
MeXSAY HECKOJNbKHMII OObeKTami, a rAe-— HeT.

Euie 04HO caejacTsHe BBegeHHS ABHBIX CCHIJIOK — BO3-
MOXKHOCTb OMNpejAeeHHs UHK/JAHYeCKHX CTPYKTYp M MaHi-
nyasauud uMi. OAHaKo Taxas JOMOJIHITENbHAas rHOKOCThb
K¢ TOJbKO YBEJH4YMBAeT BbIPa3HTEAbHOCTb fA3blKa, HO H
TpebyeT odeHb 6OJblIO OCTOPOXKHOCTH, TaK Kak pabora
C UHKJHYECKHMH CTPYKTYpams MOXeT BecbMa GLICTPO
NPHBECTI K OECKOHEUHBIM BBHIYHCICHHUAM,

To, 4T0 MOWHOCTE H THGKOCTH TECHO CBA3aHH C omac-
HOCTbIO 3JioynoTpebJeHns, — ¢pakr B NporpaMMHpoBaHHi
XOpOWIO H3BeCTHbIH. 36Ch MOXKHO HAMOMHHUTL 00 oneparo-
pe nepexoaa (GOTO). JleficTBuTeIbHO. €cJi PO10IXKATH
aHAJIOTHIO MEN(AY CTPYKTYpPOH mporpamM H CTPYKTypoOfl
JAAHHKX, TO JAaHHBIE C YRCTO PEKYPCHBHOH CTpyKrypofi
MO?KHO MOCTABHTb HA YPOBeHb MPOLEAYP, @ BBEAGHHE CChi-
JOK CONOCTaBIIMO C IICIOJIb30BaHHEM ONIEPATOPa Mepexoid.
Tak ke Kak ¢ NOMOLIbIO Omepartopa Hepexoga MOKHO
CTpONTD J00ble mporpammbl (Aax<e IHKJAB), TK 11 CCHIJIKI
M03BOJIAIOT KOHCTPYHPOBATbh JaHHbBIE CaMOfi MPOI3BOILHOIM
CTPYKTYpB (BOJOTH A0 uHKJIH4eckoil). B rtaba. 4.1 mul
OpUBOAHM HEKOTOpble MapaJliend KOHCTPYKUHil, OTHOCA-
IHXCA K CTPYKTYpE MPOCPaMMBl H CTPYKTYpe AaHHLIX.

B ra. 3 MH yxKe mnoxasajl, 4TO uTepaums-— 3T0
yacTHBl cayuaii pexypcin u obpaueriie K pexypcus:
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Ta6anma 4.1. CooTBercTBHe MeXkay 3/1eMEHTaMH NMPOrpaMM H CTPYKs
TypOH AaHHLIX

«O6pa3 kouctpyk- Onepatop nporpaMmu Tun pannbx

(HH»

ArtoMapuuii o6bekt [lpHcBaHBanne Ckanspuuf THR

ITepeunc.iente CocraBHofi oneparop 3anuch

H3sectHoe  udcao Omnepatop uMkaAa ¢ napa- Maccus

NOBTOPEeHHH MeTpOM

Bu6op YcaoBunii oneparop O6beuteHHEA THT
(3anHch ¢ BapHaHs
TaMH)

TosTOpeHHE Onepartopu uHkaa c npea- IlociegoBarens-

H MOCTYCJAOBHAMH HOCTh

Pexypcusn Oneparop npoueayps PekypcHBHEIA THT

O6wah rpad Oneparop mepexoja Crpykrypa, no-
CTPOeHHas Ha CChla-
Kax

Ho#t npoueaype P, nocTpoeHHOH B COOTBETCTBHH CO
cxeMofi:

PROCEDUREP;
BEGIN

IF B THEN PO; P END (49)
END

rie PO — onepartop, He cogepxauuii P, — 3kBHBaJeHTeH
#TEpaTHBHOMY OMepaTopy

WHILE B DO P0 END

ARanoruu, mepeuHcaeHHble B Ta6a. 4.1, no3BOJAIOT 00«
HapyXHTb TAKYIO JKe CBA3b MEXJy THOAMH PEeKYpPCHBHBIX
AaHHBIX H [OCJIeA0BATENbHOCTAMH.

TYPET = RECORD
CASE B: BOOLEAN OF (4.10)
TRUE: t0: TO; t: T |
FALSE:
END
END

QaKTHYeCKH PeKYpCHBHBIH THIN, ONpeleNeHHBHH B COOT-
BercTBHH cO cxeMofi, rae TO — tunm, He coaepxkawmii T,
SKBHBaJIeHTeH M MOXeT OLITh 3aMeHeH Ha Tako¥ mocJies
JOBaTeJbHOCTHRIA THI;

SEQUENCE OF T0
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Ocraculyocs 4actb 3TOH IJ1aBbl Mbl MOCBATHM CO3AaHHui
CTPYKTYD, OCHOBaHHbIX Ha ABHBIX CCHIJKaxX, H pabore ¢
HuMH. B uacTHOCTH, Mb! 32fiMeMCsl CTPYKTYDaMH cllely-
(MUeCKH NPOCTHIX BH/AOB, peleNTh xe paboThl ¢ Gosee
CJIOXHHEMH 00pazoBaHMAMH MOX(HO BbIBECTH M3 OMNbiTa
paboThl C 5TUMH mpocThiMH. K TakuM NpPOCTHIM BHAaM
CTPYKTYP Mbl OTHOCHM CIIHCKH — 3TO caMbiii IPOCTO# cJ1y-
uafi —H jepeBbs. [IpeanouTedne, KOTOpOe MB OKa3h-
BA€M 3THM <«CTPOHTCJALHBIM OJIOKaM» AJs NOCTPOEHHS
CJI0XKHBX THMOB, He O3HAYAECT, UTO HAa NpaKTHKe He BCTpe-
yaloTcst 6ogee cloxnbie o6pa3osanus. BoT BaM HcTOpHg,
onyb/MKoBaiHas B OJHOM H3 IUOPHXCKHX TaseT B HIOJe
1922 r., nokasbiBalowas, 4TO JAaxe B TAKHX PEryJspHHX
CTPYKTYpax, Kak ceMelHble AepeBbsl, MOLYT BCTpeYaThCs
HpperyaspHocTd. DTO HCTOPHA vyeJoBeKa, KOTOPHH Tax
ONHCHIBAET HECYaCThe CBOCH XH3HH:

A oicenuaca Ha 8008e, y KOTOPOU 6blaa 83pocAan 0Oub.
Moii orey, 00804bHO 4QCTO HABew,a8uiLLl HAC, BAOOUACS
8 Mmoo naduepuyy u owenuaca Ha Heli. CaedosareasHo,
MOLl OTey €TQA MoOuM 3ATeM, Q MOS8 naduepuya — moed
Mmareporo. Cnycrsa HeCKOAbKO mecsayes MOA gserHa poduia
ColHA, KOTOPbLE CTAA WYPUHOM MOE20 OT{A U OOHOBpE-
MEHHO moum 0adeli. ¥ ocennr Moez2o otya, T. e. moei nao-
yepuiest, TOMCE poduaca coid. Taxkum ofpasom, Yy MmeHs
nosiguaca 6par u 00HO8pemeHHO 6Hyk. Mos osxena se-
aserca moeii 6abywkold, TAK KaAK OHQ maTe moell ma-
tepu. Caedosareasno, s myi moell dceHsl U 00HO8pe-
MEHHO ee BHYK, Opyeumu caosamu, s— C80L cobCTBeH-
Holll dedywika.

4.3. JIUHEWHDBIE CITMCKHA

4.3.1. OcHoBHbIE OnepalHH

Haun6osnee npoctoit cnoco6 06bLeiHHHTh HJIH CBA3aThb
HEKOTOPO€ MHOKECTBO 3/JEeMEHTOB — 3TO «BBITAHYTb HX B
JIMHHIO», OPraHH30BaThb CHNHCOK HJH ouepeAb. B 3TOM
clyyae ¢ Kax<AblM 3JIEMEHTOM HY)XHO CONOCTaBHTH JHIIb
O/HY-e{HHCTBEHHYIO CCBHLJIKY, YKa3blBaOLYI0 HA cJedyio-
uIMH 3J1eMeHT.

[Tycts ectsb ABa THna: Node u Ptr, onpeaeneHHbe
kak (4.11). Kaxpaas nepemeHHas tuna Node cOCTOHT H3
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TpPeX KOMMOHEHT, a HMEHHO HAeHTHGHLUHPYIOLEro KJooua
(key), ccbikH Ha cuaeaylowHii sjgeMent (next) H, Bo3-
MOXHO, KakoH-i1H60 Apyrofi uHpoOpMAalUHH, KOTOPYIO B
(4.11) bl onyckaem.

TYPEPtf = POINTER TO Node;
TYPE Node =RECORD key: INTEGER;
next: Ptr; (4.11)
data: ,,,
END;
VARD, q: Pir

Ha puc. 4.6 npeacraB/leH CNHCOK BepllHH, CChUIKA Ha
nepBHIi sJeMEHT KOTOPOro INpHCBOeHa MepeMeHHOH p.
BeposiTHO, caMas npocTas ONepalus, KOTOPYI MOXHO
NpoAeaTh ¢ TaKHM CIHCKOM, — BKJIOUHTb B €ro Havajo
HekoTOpHIH 3snemeHT. CHauaJja 3JeMeHT THna Node pas-
MemiaeTcss B NMaMsATH, H CChlJIKa Ha Hero NpHcBaHBaercs
HeKoTopoii BcrioMoraTesdbHoH nepemenHod . [locae
STOr0 CChlJIKaM NPHCBAaHBAlOTCA HOBble 3HauyeHHs, H ore-
pauHs Ha STOM 3aKaHuuBaercs. [Iporpammupyercs sTO
TaK:

Allocate(q, SIZE(Node)); qh.next:=1p; pi=¢q (4.12)

OG6paTHTe BHHMaHHe, 4TO 3j]eCb CYLUIEeCTBeH MOPAZOK 3THX
Tpex onepaTopoB.

Onepauus BKJIOYEHHS 3JiIeMEHTa B T[OJOBY CIHCKa
cpasy XKe o6bAcHsAET, KaK MOXHO Boo6uie ¢HOpMHpDOBAThb
aio6ofi cnHCOK: HauaThb ¢ NMYCTOrO CHHCKa H MOCJes0Ba-
TeAbHO A06aBJATb B HayasJo 3JjeMeHTH. Llelukom npo-
necc opmupOSAHUR cAUCKa TIpeicTaBjeH ¢GparMeHTOM

pl ——] 1

nil

Pue. 4.6. Tlpumep cnucka,
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(4.13), uncaO cBA3HBaEeMHX 3JE€MEHTOB — .

P 1= NIL: (s B nayate cmicox MycT +)

WHILEn> 0 DO
Allccate(q, SIZE(Node)); gt.next i=p; p:= g (“4.13)
qrkey:=n;ni=n-1

END

370 camH@t npocToit cnocol MOCTDPOEHHS CNHCKA, OA-
1aKo NMPH HeM NOPAJAOK 3JEMEHTOB B CIIHcKe ofpaTer mno-
PAAKY HX BKJAIOYCHHA. B HEKOTODHX cayuasx S5TO Hexe-
JaTeJbHO, H MO3TOMY HOBHE 3JeMeHTH Heo6XoAuMO ao-
6aBadTb HE B roJoBY, a B KOHell cnicka. Konen Moxuo
Jerko HafiTH, mpocMaTPHBadA Becb CMHCOK, HO STO CJAHLI-
KOM <«HaHMBHOe» DelleHHe, Tpelbyiolee onpefeJeHHNX
3aTpaT, OT KOTODHX mnpocto u3bBaButbed. JlocTaTouno
BBECTH BTOPYIO CCHUJIKY (, YKAa3HBaiOLlyi0 Ha mOCACAHHIT
saemenT. Takoil MeTOA npumeHsAeTcA, HanpuMeD, B
nporp. 4.4, rAe GOpMHPYIOTCA nepeKPEeCTHHE CCHIAKH Ha
3ajanHuft TekcT. HelocTaTok 3Toro merona B TOM, uTO
nepBHil K3 BKJOUaeMHIX SJEMEHTOB HYXHO 006pabaThi-
BaTbh HHaue, 4YeM OcTaJbHHE.

fIBHOE HCNONb30BaHHE CCHIIOK HAMHOTO Ynpollaetr He-
KOTODHE ONnepauuH, KOTOPHE hHHaue OHAHM Ol H3JHILHE
3anyTaHHEMH. Cpeln 3J1€MeHTapHLHX onepauu# Had cnn-
CKaMH eCTb BKJIOYCHHE H HCKJIOueHHe 5JeMeHToB (BhiGo-
pOuHOE H3MEHEHHE CMHCKA) H, KOHEYHO e, MPOCMOTP
cnicka. Hauynem ¢ pa3bopa onepauun  8KAlOMeHUR
8 Cnucok.

[Tpeanonoxus, mocne sileMeHTa CMHCKA, HAa KOTODHIM
yKa3HBaeT CCHJKa D, HYXKHO BKJIOUHTb SJEMEHT, 3ajaH-
Hbfl ccuakoRl q (nepemerroft). B (4.14) npusemenn npu-

q—

~

p—>| / /

1 [

Puc. 4.7. Bkmoueyue B COHCOK mocJae saeMenTa pi.
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Pic. 4.8. BrJoyense B clHCOK nepell 3JemeHTOM pt,

CBAHBAaHHA CCHIJIKAM, KOTOpHle AJfl 3TOrO HYXHO BHINO.I-
HHTb, @ Ha pHC. 4.7 — pe3y.IbTaT 3TUX AeilcTBHH.

q}.next:=pt.next; pt.next:=q (4.14)

Ecau Tpebyercs BkJIOYeHWe He mocJe, a fieped yKasaH-
EhM p? 3J/eMeHTOM, TO KaeTCs, YTO OJAHOHAMpPAaBJECH-
Haf Lenouka cBA3eH JAOJKHA 3aTpyAHHTb paboTy, mo-
CKOJIbKY HeT «XOAa» K 3JeMeHTaM, MNpEeAIIeCTBYIOUIHM
panHomy. OnpHako 3ta mnpoGsaeMa peliaercss JAOBOJbLHO
npocto B (4.15), cOOTBETCTBYyIOLIAaA CXeMa MpHBEACHA
Ha puc. 4.8. (3aecb npesnnoaaraercs, YTO K04 HOBOFO
sJeMeHTa — key = 8.)

Allocate(q, SIZE(Node)); q4:= p*;

4,15
pt.key:=k; pt.next:=q ( )

«Tploks» 3akJi0uaercs B TOM, UTO HOBasi KOMIIOHEHTa Ha
caMoM JieJle BKJOUAeTCA nOc/e P4, HO 3aTeM HOBasl KOM-
MOHEHTA H P} «MEHAIOTCA» 3HAUEHHSAMH,

Tenepb paccMOTpHM MPOLECC UCKAOHEHUA U3 CRUCKAQ.
Hckmouenue aneMeHTa, Cleaylowero 3a p4, OueBHIHO.
B (4.16) oHo npHBeAeHO B KOMGHHAUHH C BKJIIOYEHHEM
HCKJIIOUEHHOro 3/1eMeHTa B TOJIOBY ADYroro cnucka (Ha
HEro ykasbiBaeT q). Puc. 4.9 HAAIOCTPHPYET T4KOH UHMK-
NHueckHit 06MeH 3HaueHNsIMH TpeX CCHIIIOK.

r:=pt.next; pinext:=rh next; rh.next:=gq; q:=r
(4.16)

TpynHee HCKIIOUHTb CaM YKa3aHHbIAl 3/eMeHT (a He cCJe-
AyOMHH 32 HHM), NOCKOJbKY Mbl CTAJKHBaeMCs C TOH JKe
npo6aeMoil, 4To H npH BkJlOYeHHH. Beldb npoxoa k aue-
MEHTY, INpelllecTBYIOLEMY YK3a3aHHOMY, HEBO3MOXEH.
Onnako Tenepb yKe AOBO.IbHO OUEBHAHO MPOCTOe pelie-
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Puc. 4}0). Hexmodennie 113 cnicka ¢ NOCAGAYOMMM  BRIOMEnHEN
B ApYroil Clucox.

HHC! HCKJIOU4@TCA [OCJEAYIOWHH 2MCMEHT, a epel 3THM
€ro 3siaueHue «mepeABHraerTcsy Brneped. Tak MOXHO no-
CTynaTh, KOTl1a y pt ecTb NOCAEAYIOWHH, T. €. €chl 3TO
He NOcJCIHHA 3JCMEHT,

Pas6epem Teneph ocHOBHYIO onepauHio — npoxod no
cnucky. IlpeAnoNoXHM, 4TO C KaXAbIM H3 5/EMEHTOD
CIHCKAa HYXHO BBINOJHHUTL Onepauxio P(x); nepeniil ase-
MEHT ChHCKa — pf. 3Ty 3alauy MO’KHO BBIIOJHITL CJC-
AyrouwHM 06pa3oM:

WHILE enucox otosnavesusiii-enes p, nenver DO
goltion ellte onepayuis P;
nepexod K caedynuiemy

e

LIND

[Tocaie YTOuHEHHa 3Ta OmepanHs BhIINIAIAHT YXe Tak:

WHILE p # NILDO
P(pr); p 1= pt.next @17y
END

M3 onpejenends omeparopa HHKAA C NPEAyCJOBHEM I
CIHCKOBOH CTPYKTYpbI caellyer, 4To P 6GyaeT BBIfONHEHO
JJ1sl BCeX 3JeMEeHTOH CIHCKa, H HU AJA KaKHX ApYrux.
Onna wu3 Hau6Gosee uacTo ynorpeGaseMbiX orepa-
UH# — nOUCK 8 cnucke 3JeMeHTa ¢ 33JlaHHBIM KJO4Y0M X.
B oTauMHe OT MacCHBOB MOHCK B 3TOM CJayuae JoJKel
MpPOXOJHTb CTpOro mnocaenosarebno. OH 3aKaHuHBaeTCs
Ju60 npH OOHApYKeEHHH 3JeMeHTa, JH6O NpH JOCTHXKE-
HHH KOHIA cnHCKa. TakHe yCJOBHA INIDHBOAAT K TOMY,
4YTO KOHBIOHKLHS BKJOuaeT Apa oTHouwenus. Kax u pa-
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Hee, 6y/leM CUHTaTh, YTO HAYaJO CMHCKA 3a[aeTCS CChLI-
KOR p:
WHILE (p # NIL) & (pf.key # x) DO p:= pt.next END
(4.18!

OrHomtende p == NIL npeanonaraer, uto p{ He cyue-
CTBYET H, cJeJloBaTe/bHO, BbipaxenHe pt.key#x camo He
onpeneneno. [losToMy mopsiAoK OTHOLIEHHH BecbMa Cy-
1eCTBEH.

4.3.2. YnopaaoueHHble CIHCKH M MepPECTPOfiKa CIHCKOB

Aaroputv (4.18) ouenb HanmOMHHaeT MpOrpaMMy MO-
HCKa NpH NMpPOCMOTpE MAacCHBA HJH MOCJCA0BATENbHOCTH.
Beab ¢akTHYeCKH MOCJe0BaTeNbHOCTh — 3TO TOYHO Ta-
KOA Ke CNIHCOK, HO B HEM MeTOJbl CBSI3H C NOCJENYIOUHM
SJEeMEHTOM OCTaloTcs JH60 HeompejeleHHBIMH, JHGO He-
ABHHMH. [IOCKO/MIBKY OCHOBHHIE oOflepaiHH Hajd MOCJelNO-
BaTeJAbHOCTSAMH He MNpeAycMaTpHBAaOT BKJOYEHHsS HOBHIX
SJAEMEHTOB (KpOMe KakK B KOHel) HJH HX HCKJIIOYeHHS
(kpoMe yHHUTOXEHHS BCeX 3JIEMEeHTOB), TO mepej peaJtiH-
3aTOpPOM JIEXHT LIHDOKOe noJe AJs BHGOpa HYMXHOro
METOla H OH MOXEeT pa3MellaTh 3JeMeHThl [ocJaeAoBa-
TeJbHO OJMH 3a /ADYTrHM B «HempephBHOH» o6aactu
naMsaTH. JIHHefiHble COHCKH C SIBHBIMH CChIJIKaMH obecre-
yuBalT 60JblIYyI0 THOKOCTb, H MOSTOMY HX HYXHO HC-
NoJIb30BaTh BCAKHHA pas, KOrja Takas rHOKOCTb AeficTBHU-
TeJbHO HeoGXoauMa.

PaccMorpuM B KauectBe npuMepa 3afauy, K KOTOpOii
6yaeM nocTOsHHO o6pamiaThCss Ha MPOTSAXKEHHH 3TOIl
rjaBe, AEMOHCTPHPYS BO3MOXKHHIE METOAB H MpPHUEMBI.
3ajlaya COCTOHT B YTEHHH TEKCTa, BbIGOpPKE H3 Hero Bcex
CNOB M MOJCYeTe YacTOThl HX MOfIBJEHHS, T. €. HYXHO
NOCTPOHTb AApasUTHbUL 4ACTOTHbIL CA08APS.

QOueBuaHOE pelIeHHe: CTPOHTCA CINHCOK BCEX CJIOB,
HafiieHHBIX B TeKcTe. IJTOT CHHCOK NpocMaTpHBaercs C
KaXAHM cJ0BOM, Ecan csaoBO 06Hapy:KHBaeTCs, TO €ro
CYETYHK 4YaCTOThl YBENIHUHBAETCS Ha eAHHHMLY, eC/H Xe
€ro B CIHCKe HeT, TO OHO TyAa BKJouaeTcs. Mu Gyaem
HazWBaTb TaKOH MNpolecc NMpOCTO NOUCKOM, XOTsA OH, Ko-
HeYHO e, COJEPXHT H BKJAueHHe. YTo6nl cocpenoro-
YHTb BHHMaHHe Ha OCHOBHOH pa6oTe co cmHCKaMH, MH
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NpeAno.JOXKHM, 4TO CJI0BA YXKe BbAEJEHH H3 HCCIedye-
MOro TEKCTd, 3aKOAMPDOBAHHEl LEJABIMH 4YHCJAMH H RAXO-
IATCS1 BO BXOJAHO{I MOCJIEAOBATE/bHOCTH,

Bua mpoueaypu noa HasBaHueMm search (MOHCK) Ke-
NOCPEACTBEHHO cleayeT 13 aaropHrMma (4.18). [lepemen-
Has roo! yKasblsaeT Ha rOJIOBY CMHCKa, B KOTODHH 1o~
6aBasiorcs B cootBeTcTBHU ¢ (4.12) HoBbie caoBa. [lo-
HOCTHIO BeCb aJropHTM mNpuBeneH B nporp. 4.1; 3xech
ecTb M MOANpOrpamMma newaTH CHHCKAa MOJYUYEHHbIX pe-
ayabTaton. IlewaTs Tako# TabaHUH CAYXKHUT NpHMEpOM
JAeficTBHS, BLINOJHAEMOro MO OJAHOMY pa3dy C KaXIhM
13 3JeMeHTOB cmucka. CxeMa 3TOro mpoiecca y»e npii-
poauaacs (4.17).

AnroputrM aHHeiiHOro moHcka u3 mporp. 4.1 Hancomii-
HaeT MpOoUCAYpPY MOHCKA AJs1 MacCHA0B, rjie /s ynpouie-
Hus YCJIOBHS OKOHYaHHA UHKJA HCMNOJb3yeTcs pacrpo-
CTpaHeHHI{l NTpHeM — NocTaHOBKa 6apbepa. bapbep Moxk-
HO HCMOJb30BaTb U NPH MOHCKe B CIHCKE, €ro MOXXHO
npe/CTaBHTh KaK MyCTOH 3.1€MeHT B KOHUe CHCKa. B Ho-
Boil mpoueaype (4.21), 3aMeHsomed npoueaypy HoHCKa
B nporp. 4.1, npeanoaaraercs, 4To jgo6aBJjeHa rJjo6aJb-
Has nepeMcHHas sentinel, a MHHIHauWs roOf 3ameHeHa
Ha OMepaToph, CO31al0liHe 371eMEeHT, BBICTyNamiiui B
poau 6apsepa.

Allocate(sentinel, SIZE(Node)); root:= sentinel

PROCEDURE search(x: INTEGER; VAR root: Ptr); (421
VAR w: P}

BEGIN w : = rool; sentinelt.key := x;
WHILE wt.key # x DOW:= wtnext END |
IF w'= sentine] THEN (% HOBRIH J11eMEHT »)

w : = root; Allocale(rool, SIZE(Node));
WITH roott DO
keyi=x;coupt:=1; next:=w
END
ELSE wt.count i = wt.count + 1
END
END search

SIcHO, uTO THOKOCTH H MOILHOCTb CBSI32HHOTIO CIHCKA B
3TOM OpHMepe€ NMpaKTHUYCCKH He HCMOJb3YIOTCsl, H MOHCK
C TOMOINbIO JHHEHHOrO MNpOCMOTpa MOXHO AOMYyCKaTb
JHlUIb B TeX CJAYyYyasX, KOrAa YHCJO €ro 3JeMeHTOB orpai-
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MODULE List; (* IpsiMo¢ BKNioyeHte B CIHCOK *
FROM InQul IMPORT ReadInt, Done, WrileInl, Writelng
FROM Siorage IMPORT Allocale;

TYPE Pir = POINTER TO Word;
Word =
RECORD key: INTEGER;
count: CARDINAL;
next Pir
END;
VAR k: INTEGER; root: Ptr;
PROCEDURE search(x: INTEGER; VAR root: Pir);
VAR w: Ptr;
BEGIN w : = root;
WHILE (w # NIL) & (wt.key # x)DOw ;= wt,next END 3
(s (W = NIL) OR (wr.key = x) *»)
IF % = NIL THEN (* HOBB# 3/1eMeHT #)
W := rool; Allocate(root, SIZE(Word)):
WITH roott DO A
key:= x; count;=1inext:=w
END
ELSE wt.count ;= wt.count + 1
END
END search;

PROCEDURE PrintList(w; Ptr);
BEGIN
WHILEw # NILDOC
WriteInt(wt.key, 8); WriteInt(wt,count, 8); WriteLn;
w = wr.next
END
END PrintList;

DEGIN root : = NIL; ReadInt{k);
WHILE Done DO
search(k, rool); ReadInt(k)
END;
PrintLisi(rool)
END Lisw

Mporp. 4.1. [Tpoctoe BxMOYeHNEe B CHOICOK.

HuyeRo. OJIHAKO YCOBEpLIEHCTBOBAHHBIA METOA JEeXHT
FOYTH Ha INOBEPXHOCTH — 3TO HOUCK 8 YnopadoHennom
chucke. EclH COHCOK ynopsafodeH (OpeidNoJIOXHM, B MO-
pPAAKE yBeJHYEHHS XJloyeil), TO MOHCK MOXKHO 3aKaHYH-
BaTb, Kax TO/IbKO OylneT oOHApyXeH MNepBHHA KJ/W04 CO
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Piic. 4.10. Bkaouenne B ynopagoyelnLii Cucox.

3HayeHHeM O0oJblie HOBOro. YMNOpAAOYEHHOCTb CHICKa
NOCTHraeTcsl BKJIOYEHIIEM HOBOTO 3JeMeHTa B NOAXOsi-
lfee Jiji 3TOTO MECTO, a He B roJoBy chHucka. IlostoMy
Ynopsil04eRHOCTh noJaydaercs daxTHuecKH 6e3 AOMOaHII-
TeJbHBIX 3aTPaT, H 3AeChb [OJHOCTbIO HCMOJbL3YeTcs riif-
KocTh ynotpebasiemoit cTpykTypul. Hu maccusm, Hu no-
CJeJOBaTEJbHOCTH TAKOH BO3MOXHOCTH He palor. (3a-
MeTHM, OJHAaKO, UTO Ja)ke YNOpsAOueHHBle CHHCKN He
NO3BOJIAIOT OPraHH30BATh HHYETO MOXOXKEro Ha ABOHMYHHI
MOHCK B MacCHBAaXx.)

[Touck B ynopsiioYeHHHX CMHCKaX MNpPeACTABJASICT CO-
6oii THNHYHBIA npuMep cHTyauHn (4.15), rae 3.eMCHT
HYXHO 6GHlJO BKJIOYaTb Nepel 3adarHuM. K 3aech ero
HYXXHO BKJIOYAaTb Mepel MepBHIM 3JeMEHTOM C KJIOUOM,
6osbinM uveMm 3aaaHHbid. Ho 3To nenaercs He Tak, Kax
Jenaan b (4.15). Mbl He KOnNHpyeM 3HayeHHs, a B 1)poO-
Hecce MpOXOJa MO CMHCKY BCerAa HMeeM fAeJo ¢ Joyma
CCHIIKAMH: W2 OTCTaeT H4 OAHMH wWar oT wl, 3T0 no3so-
JfieT TOYMHO ONMpelieIHTh MeCTO BK/IOYEHHs, KOrja nmo wl
6yaetr cOHapyXeH Goabwmnii ko4, O6was cxema Ta-
KOro BEKJIOYeHHsl mpusefeRa Ha puc. 4.10. Ecam To.mmko
CMNHMCOK He MYCT, TO CCHIJIKA HAa HOBHIAA 3jeMeHT (w3)
npucsausaercs w24.next. Ctpemsch K mnpocToTe 11 ¥b-
(beKTHBHOZTH, Mbl He 6yleM pasjHuaTbhb 3Ty CHTyaunio
¢ mnoMmowsbio YyciaosHoro oneparopa. [o6asum npocto
B rososy cniucka nyctod snemedt (duktusruil), Co-
OTBeTCTBEHHO WHHLMHpYIOLIHA omepatop root := N/L 13
nporp. 4.1 3aMeHHM Ha TakHe OMepaToOpHI:

Allocate(root, SIZE(Node)); roott.next := NIL
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113 puc. 4.10 sAcHO, YTO YCAOBHC, ONpPCACIAIOILCC NpoO-
LA0JXKeHIE TPOCMOTPaE, T. €. MNCPEXOA K chaclyloute:ry ».1c-
MCHTY, COACDXKHUT ABA YaCHA, a HMEHIO.

{(wl # NIL) & (w12, key < x)

I3 pe3yabTdaTe noJayuaeM Takyio MpOUEAVPY ROilCKa
14.23):

PROCEDURE search(x: integer; VAR root: Ptr):
VAR w1, w2: Pir; 14.26)
BEGIN Wl ;= rool; sentinelt.key = x;
IF wl = sentinel THEN (i nepsmiit anenent «)
Allocale(rool, SIZE(Node));
WITH roolt DO
key .= i count ;= 1; nex1 ;= seniinel
END
ELSIF wlt.key = x THEN wlt.count ;= wltcount + 1
ELSE (* noHck » )
REPEAT w2 ;= wl; wl ;= w2t.next
UNTIL wlt key = X:
IF wl = sentinel THEN (+ HOBbI 2meMenT 4 )
w2 ;= root: Allocale(rool, SIZE(Node));

WITH roolt DO
Key !=x; count ;= 1; next:= w2
END

ELSE (» HafifleH, Teneps Mepeynopsnoyellie )
wlt.counl ;= wlt.count + 1;
w2t.next ;= wlt.next; wlt.next ;= rool; root ;= wl
END
END
TIND search

Hasa y6HcTpeHnss noHCcKa YycJlOBiie NMPOAOSIKEHIs 113 3a-
'0JI0BKa OMeparopa LWKJA4 MOXHO OMsITh 3HAYHTCILHO
VIIDOCTHTh, €CJH BOCMOJNB30BaThCs OapbepoM. Taxk 4TO
3 HayaJie mpolecca B rOM0OBe CNWCKa AOJ/KEH CTOATh
ycTOH 3JeMeHT, a B XBOcTe — 6apbep. Tenepb caMoe
1ipEeMs CMpOCHTh; KAKOrO0 BHHIDHILA MCGXHO OXHAATh OF
IOUCKa B ynopsiJOueHHOM cnHucke? EcCaH BCNOMHNTL, YTO
JOMOJRUTEJbHHE YCJOXHEHHs ObJH HeseJHKH, TO He
caedyeT OXHAATH 1l MOTPACAIOWIHUX YAYUWIeHNH,
JonycTuM, uTO BCe CJOBA BCTPEYAIOTCH B TEKCTE C
0 HHAaKOBOH uyacToTol. B 3TOM caydYae BHHIpHII OT Jek-
cikorpagHueckoy ynopsiAOYeHHOCTH, KaK TOJbKO BCC
€10Ba OKaXYyTCA B CIHCKe, CTAHeT HyJeBhIM. Beab Mc-



234 4. Hannve ¢ Quuasuweckod crpyxrypod

CTOMO.I0XKEHHE CJIOBA B CHIHCKC YXKe He HMeeT 3HAYCHHA,
MOCKOJbKY BaXXHH O6Llile 3aTpaThl H BCe CJI0BAa BCTpe-
YaioTCA ¢ OAMHAKOBOR yacToToH. O/IHAKO NpH BKJANOYECHHH
J1060r0 HOBOTO CJ0BA HEKOTOpHIl BHHMIPHIM NOJYYaeTcs,
B:1¢cTO BCErO CMiiCKA B CPeJHeM {ipocMaTpHBaeTcs b
oxn10 nodosiinnl. CielosaTenbHO, BKJIOYCHile B Yho-
Ps10YEHHB CIIICOK CTOHT [ICMOJbL30BATh JHIIb 214
NGCTPOCHI s caoBaps ¢ 60.1biIHM MO CPABHEHIIIO ¢ %acTo-
701 11X MOBTOPECHHA KOJTHYECTBOM pas.H4YHBIX caoB. [lo-
S5TOMY MpiisejieHHbe HAMH NMpOLEAYPbl HAal0 paccMaTpu-
B1Tb CKOPQe Kak MpiiMepbl NporpaMMHpOBaHHA, a le
K:K MPaKTHYCCKHC HHCTPYMEHRTLL

Mul peroMeHAYeM NpeAcTaBAsiTh JaHHLIe B BHe CBf-
3aHHBIX CMIICKOB B TeX C.1y4asx, KOorja 4ic.jo 3.]eMCHTOB
MetsieTCs OTHOCHTeNbHO Mano (<<50), n, wKpome Toro,
KeT HUKAaKHX cBeleHiil o yacToTe HX 1iCMO.1b30BaHiif,
THnnuHb npiimep — Tabaita HMeH B TpaRCIATOpPax 114
A3LIKO3 mporpaMMiiposaHins. Kaxiaoc oniicaHie npiino-
AuT K N06aB.aer!0 HOBOrO fIMER!, a mpPH BuIXOJZe 113 06-
Jaactit feficTBii ero OMHCAHis 3TO {IMA 113 CAIICKA B«
yepxitBaetcs. [IpocTbie cBsi3anHble CMHCKII 0COGEHHO 1101~
XO2AT AT OTHOCHTEIbHO KOPOTKHX mporpamm. daxi¢ B
5TCM cJayyae, OJHAKO, MOKHO AOGHTbLCA 3HAYHTENTbHGTO
VAy4lleHiia A0CTYNA, €CTH BOCMO.1b30BATLCS OYEHb 11)10-
CTbiM npHeMoM. M Mbl BHOBb K HeMy BO3BpallacMcH,
MOCKO.IbKY 3TO BeMKOJenHas JeMOHCTpalua bRt
CTPVKTYPH CBA3AHHLIN CMIICKOB.

Jl18  TekcTOB MPOrpaMMm XapaKTepHO MOAB.ICHIUE
«CKCMLIEHNH HAeHTH(NIKATOPOB», T. ¢. 32 OIHNM IDUiIBe
JdeilteM  HCKOTOPOro HJACHTHDHKATOPa vacto CaCIvIoT
apyrie. 310 HaG.1I0ICHIe HABOAHT HAa MBHIC.1b, YTO (ilil-
COX HAJ0 MOoC.1e KaAA0ro o6paLieHiis peopraHi30BLl::Th:
nepelaBiraTh HafideHHBIN 3.1eMCHT B FOJ0BY CRIICKA 11 fvM
CaMLIM MIHHMI31IpOBATh MOIICK B C.1V4Yae MOBTOPHOr(: d-
PalleHiia 332 3TIM XKe 371cMeHTOM. Tanofl McToR Acct a
Ha3blBAETCA «MOHCKOM C MNepeynopaloueHieM cnicin»
HT, HECKO.TbKO NMpeTeHLUHO3HO, MONCKOM B CAMOOpT::!ii-
3yiomeMmes cniicke *). Onncbisasi COOTBETCTBYIOWANA 1.1«
FOPHTM B Bile NpPOLEAYPLI, KOTOPYIO MOKHO MOACTZ2RITL

*) Hanbwe mu GyaeM VvmoTpe6aaTh 60dee KopoTkoe Ha3..u:ine
clClCK ¢ camoopranusauuei», — [1pus. nepes
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Pic. 4.1, Cnicox zo0 nepeynopsacuenns,

B nporp. 4.1, Mbl BOCMOJb3yeMCA NpeAblAYLLIHM OIHTOM H
c caMoro HavaJsa BeefieM 6apbep. [lieficTsuTe1bHO, 6apbe)
ie TOJbKO YCKOpsieT MOHCK, HO H ympoiaer caMmy npo-
rpammy. Cnucok B camMoM HayaJje paGoTil yxe AOIKeH
coflepxath Gapbep. DTo AenaeTci TaKHMH {iHHIHHPYIO-
IHMN OomepaTopaMH:

Allocate(sentinel, SIZE(Node)): root ;= sentinel:

3aMeTHM, YTO OCHOBHOEe pa3/JH4He MeXAY HOBBIM a.1ro-
pPHTMOM H MpAMBIM MOHCKOM no cnHcky (4.21) saksmo-
yacTcsl B peOpraHM3aliil CmHCKa npi xaxjaoMm obuapy-
;KeHHH saeMeHTa. OH BRIYepKHMBAeTCA HJAH yaajaserTcs CO
CBOEro CTaporo MecTa M mepelpHraetrcs B ro.josy. Yaa-
JeHHe SJeMeHTa BHOBb TpebyeT BBefleHHS ABYX CCLLIOK:
wl 3ajaer MecTonONOXKeHHe HACHTHOHIMPOBAHHOTO 3je-
MEeHTa, a W2 — npellecTsyIoLlero eMy. 3To B CBOIO OuC-
pelb MPHBOAHT K BbidesJeHHI0 0c060ro cayyass — nycToro
cnicka, YTo6n HarisiAHO MNPCACTABHTH MPOLECC H3HO-

Juot 3

o—t-ares| U2 sentinel
2 X |
- AO

8 AN G5 i /

=) T

Prc. 4.12. Cmiicox nocsic nepeynopsajonenus,
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Heuitst cpsasedt, ob6patuMes K pHe. 4.11. 3aech H300pa-
oW ABE CCHUJIKH B MOMEHT, KOFAa wl yxKasnBaer Ha
Hyubit 31emedt. Ha puc. 4.12 npeicras/eHa cutyaiis
nocie  cooTBeTCTRylowero nepeynopsgodenus. Huxe
(4.26) npHBOAHTCS LEJHKOM HOBas npoueidypa noficka.

PROCEDURE searchi(y: INTEGER): VAR rooi: Pur); (1.23)
VAR wl, w2, w3; Ptr;
BEGIN (»w2 # NIL»)
v2 ;= root; wl ;= w2t.nexl;
WHILE (wl # NIL) & (wlt.key < x) DO
v2:= wl;wli= w2rnext
IND:
(+ (w1 = NiL) OR (wlt.key >= X) «)
1F (w1 = NIL) OR (wlt.key > x) THEN (% 110Bb1i aneaent =)
Allocate(w3, SIZE(Nodce)); w2t.nexl ;= w3;
WITH w3t DO
key := X, counl := 1; next:= wl
END
CLSEwlt,count ;= wlt.counl + 1
END
END search

BulRrpHi fipti TakoM MeTOAE NOHCKA CHJLHO 3aBil-
CHT OT TOro, HACKO.ILKO «YETKH» CKOINJIEHHST BO BXOJAHOM
texcte. [1pn 3aiaHHOM Ko3DdUUHEHTE CKONJIEHHA YaVH-
weHite 607ee OWYTHMO AJa5 60bMIHX cNHCKOB. Jlas Toro
4TOOH MOJYUHTh NPEACTABJCHile O NpHMEpHON BeliIviie
OAHAACMOr0 BHNIPBILIA, GLLII HPOASTAHL ONMTHHC it3-
MepeHus, Mp OpHMCHHJIM Hally NMPOrpaMMy COCTaBivEiS
4acTOTHOrO C.10Basi K OAHOMY KOPOTKOMY H OXHOMY OT-
HOCHTC1bHO 60.1bUIOMY TEKCTY M CP2BHHJM METOA NMONCKA
B ynopsazoucHHoM cnicke (4.21) ¢ MeToA0M NOHCK: €
cavoopratuzamneii (4.26), IloayucHHEE pe3y/bTaTH hpi-
poasATcn B tab1 4.2, K comascunio, Hauboabwil :: 4-

Ta6.1mua 4.2, Cpasirenisie METO10B NOHCKA B CIHCKAX

Teet 1 Tecr 2

Yicao pasaitunix Ka0dei 53 582
Bceero satoueit 3id 14311
Bpems noncka c© ynopsdouwenniem 6207 3200622
BpeMs noucka c camoopranusauneit 4 529 681 5814

KosddsiienT yayyueris 1.37 4.70
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UFPBILI AOCTHracTcs B cayuae, korjga poobie Tpebyercs
Jpyras oprasu3atiis gaHHmX. K sToMy npuMmepy Mu ewe
nepHeMcst B pasi. 4.4.

+,3.3. lpunaoxeHHe: TONOKOrHYECKAS COPTHPOGK

Xopownil mpuMep HCMOJb30BaHUS AAaHHBIX ¢ rHGKOM,
IHHAMHYECKON  CTPYKTYPOH —- MpOLece TOROI0211ECKO]
copTupogki. KmeeTca B BHAY COPTHPOBKA 3.1¢MCHTOB,
.1 KOTOPHIX OMNpEIeJCHO OTHOWIEHIie 4YacTHYHOrO [MO-
pajdKa, T. €. NOPAAOK 3aj4aH He AJs1 BceX, a JHHib /.19
eKoToperx map. [IpHBedeM HECKOJBKO MPHMEpOB TaxcH
1 MOPAAOUEHHOCTH:

1. B ToaxoeoM cJo0Bape caOBa ONpEIENsIOTCS ¢ II0-
"IOWbI APYrHX ¢10B, Ec.H ¢J0BO v onpeaensieTcs ¢ Mo-
\OlbI0 c/a0Ba W, TO 0603HaunM 3T0 Kak v < w, Toio-
JorHueckas COPTHDOBK2 O3HAa4aeT TakKoe PacOpeAc.icHic
¢10B B C.10Bape, NPH KOTOPOM CCBIIKHM BIepel OTCYT-
CTBYIOT,

2. Jliobas 3agava (HanpuMep, TeXHHYeCKHH MpOGKT]
pacnajgaercsd Ha psii MOA3ajiad. BHIMOJHeHHE HEKOTOPbIX
1103aiay OOBLIYHO HAYHHAETCS CJAeA0M 33 OKOHUAHHEM
apyrux. EcaM noAsajasa v A0JKHA MpeilIeCTEORATL
oA3ajzaue w, To Mbl 6ygem mucath v < w. Tonoaoriue-
¢Kasl COPTHPOBKA O3HauaeT Takoe pachpeicaeHue palor,
npH KOTOPOM Kax<Aas H3 10j3a7a't HC HauMHAELTCH 40 TeX
1lop, MOKa He 3aKOHYaTCs Bece MOjA3ajauH, NpEALiecTBYIO-
1He AaHHOM,

3. B yHHBepCHTETCKEX MNpOrpaMmax HeKOTOpuLie Kyp-
CHl JAOJXKHB 4YHTAThCS paHbUle JPYFHX, TaK KaK fHocael-
ilHe OCHOBHLIBAIOTCS Ha H3J0XKEHHOM B HHX MaTepHaJe.
Zean aas kypca w Tpebyercss 3HAKOMCTBO C KypCOM Vv,
to nuwenm v < w. Tonosoriueckas copTHPOBKA o3iadaer,
4TO HH OJHH KYpC He YHTaercs paliee TeX, KOTOpbIE €ro
OJLAEPKHBAIOT,

4, B nporpamse HerkoTOpbLIC MpUUeAYPbl MOryr co-
Aepxarbh o6palleHus K ApYyruM mnpoueaypaM. Ecau mpo-
leAypa v BbI3BIBAeTCsl H3 MpPOUEAYPbl W, TO 5TO 0003Ha-
yaerest kak v < w. TomoJsorHueckasi COpTHDOBKAa MpeA-
nosaraeT Takoe pacrnpeieseHHe OMHCAHHA MPOLEAYD, MPH
KOTOPOM HeT CChUIOK BHEpEi.



Pyuc. 4.13. YacTyuno ynopsjoyeniioe MHOMKECTBO.

B o6uieM, 4acTHUHHI MOPSAOK Ha MHO#eCTBE S —
3T0 OTHOLIeHHe MexAY 3aeMeHTami S. OTHouleHie MO-
psiaka o6o3HauaeTcss CHMBOAOM <, UHTACTCH «npeue-
CTBYET» I YVAOBJIETBOPAET CJACAYIOUHM TpeM cBoiicTBaMm
{(axcnoMant): 4as AO6GLIX TPex 3J€MCHTOB X, y 1 Z U3 S;

(N ecn x<y 1 y<z, 1o x <z (Tpau3uTndIOCTb)
(2) ecan x <y, To He Bunoanseres y < z (aCHMMETPHUHOCTA)

9
(3) ne Bunoausnercs z < z (pped.ICKCHBHOCTD) (1.27)

Tlo Bmo.aHe NOHSATHLIM CoOOpaxieHHsiM MH 6VICM
npeanogaraTth, UTO MHOKeCTBO S, nojaBepraexoe To-
N0.J0THYCCKOIE COPTUDPOBKE, AGT/KHO ObiTh KOHEYHLIM.
CaenoBareabiio, YacTUYHYIO YNOPSI049CHHOCTB  MOZKID
1pelcTaBiTE B BiL1C AHarpaMabt uin rpada, Beplitd
KOTOPOTO — SJAEMCHTEI S, a HanjarIeHHble IVTH — OTHO-
weHis nopsaixa. Ha puc. 4.13 npuseiod npusep Takoro
rpaga.

[leib Tono.oruueckeil COPTHPOBLI — 11pCOGPA30BATD
yactouHui nopsaok v andeliubil. I'paguticern 3T0 03114+
30T, YTO BEPUIUHBI Tpada HYKHO PACHOJIOMITh HA O1-
vofl npsiofl Tak, ¥Tobb BCe CTPeIKI VKA3LIBAIN BOPARG
(ca. puc. 4.14). Ceoftersa (1) 1 (2) uwactuunoro no-
psdka rapanTHPYIOT OTCYTCTBHE LIHKIOB. DTO kak pa3l
TO yCI0Bl€, NP KOTOPOM BO3MOKIO npcolpasosadiic K
JAHHEHOMY NOPAIAKY,

Uro e HYXHO 1npojierarh, utobu HafiT oamk 13
BO3MOYKHHX JHHefHHX nopAnisoB? Peuent kpafine npoct.
Hagnem ¢ snemeHTa, Y KOTOPOro HCT HII OJHOrO IpCAa-
wecrpylowero (no kpaitHeii Mepe OAlH Takoft 1071M40H
CYUleCTBOBATh, HHAue B rpade Oy;AyT LHKIL). DTOT 3.1e-
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Pue. 4.14. Jluneiinoe  pacno.ioszieiniie  4aCTHYHO  YNOPHIOUEHHIO: D
wnoAecTBa ¢ puc. 4.13.

MEHT MOMELlaeTcss B TOJIOBY pPe3YJbTHPYIOLWEro CHICKA
Il BHluepkHBaercs 13 MHoxectBa S, Ocrarwouleecs
MHOKECTBO TPOAOJIZRACT OCTABATHCH YaCTHYHO YHNOpS-
JAOUCHHBIM, TaK 4TO K HEMY MOKHO BHOBb U BHOBDL
OPHMEHATE TOT K€ aJrOpUTM, MOKAa OHO He CTaHer
11yCThIM.

HOna Ttoro 4tobm Go.ee CTPOro OMHCATh HaAll aJro-
PUTM, HYXXHO BHIOPATh CTPYKTYpY NMpPEACTABACHHA S H ero
OTHOUIeHHs mopsjaKka. Buibop mpejcTaBaeHHA AHKTYETCS
onepanksiMH, KOTOpble HeOGXOAHMO BHIOIHATD, H B 4aCT-
ifOCTH, onepanued BHOGOpA JEMEHTA, HE HMEIOIWEro
IpeAllCCTBCHHNKOB. [lo3ToMy KaXAbill 3JeMeHT Haav
Oui10 68 MpEACTaBASITh ¢ MOMOIULIO TPEX XapakTepH-
CTHK: HACHTHOHIHDYIOLWHM €ro KJIK04UOM, MHOMECTBOM
CACAYIOLIHNX 33 HHM  3JCMEIFTOB-«MOC/e10Bareefi» i
CUCTHIIKOM MPEeAIIeCTBYIOWIX €My 3.1eMeHTOB. [10CKOMbKY
3apadee 9UCNO 3JE€MEHTOB B S He 33 aHO, TO MHOXKECTEO
vj06Hee OpranH30BHBATh B Bilje CBA3aHHOTO CIIHCKa.
CheaoBaTe/ibHO, B ASCKPHNTOpPE KaXAOF0 3/7eMEHTa ecTh
vlile JAOMOJIHHTEbHAsA CTPOYKa, COACPXallas CChJIKY ia
CrCAYIOUHA 3JMeMeHT chmucka. Mbl OyaeM CUHTaTh, 9TO
AJI0UMH — 3TO lLeanle uyicaa (He 06s13aTe1bHO mocJaeioBa-
TeILHBIC H H3 AHama3oHa l.m). AHQIOTHMHO H MHOXC:
CTBO HOcJejoBaTelsiell KaXAO0ro H3 3.JeMCHTOB YAOOHO
[PCACTABJSATL B BHAE CBA3AHHOIO CNHCKA. DICMEHT ChH-
cKa mocJepopateneil KakiHM-T0 06pazov 1AeHTIQHIHDPO-
RaH H CBsi3al CO CJAeAYIOUIHM SJCMEHTOM H3 TOTO Xe CIHH-
cka. Fcan Mbl HA30BeM AECKPHNTOPH TJABHOrO CHHCKA,
(A€ KaX(Ibil H3 3JeMeHTOB S codepiilTcsi POBHO OAHMH
pas, sedywjumu (leaders), a JeCKpENTOPLE CliHCKA MOCJae-
aonateJeit — gedompimun (trailers), TO MOJYUHAM Takue
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OitHCAHHA COOTBETCTBYIOIUHX THIIOB!

IYPELPir = POINTER TO leader;
TPir = POINTER TO trailer;

lzader = RIECORD ey, count: INTEGER;

trail: TPir; nest; LPir (4.28)
END;

trailer = RECORD id: LPtr; next; TPir
END

IlpeAnoJsoxiiM, 4TO MHOXECTBO S H OTHOLIEHHSA NOPSAKA
Ha HEM B HauaJe NpPEACTaBJeHb MapaMH KJWOuel H3
BxoAHOro ¢afina. MexoaHue gaHHBe Aasa puc. 4.13 npu.
penenn B (4.29), rae Mbl eule AAS ACHOCTH 1006aBaseM
cavBoab <.

1<2 2<4 4<6 2<10 4<8 6«3 1<3

3<K5 5<8 7<5 7<9 9<4 9<10
B 1nepBoii 4acTH MNporpaMMbi TONOJIOTHYECKOH COPTH«
POBKH Heo0X0AHMMO BBECTH HCXOAHbI¢ JaHHbIe H M0«
CTPOHTb COOTBETCTBYIOIWHA cnucok. Jlas 3Toro mocaeno-
BaTe/IbHO uMTaloTCA napbl kJaodeld X H y (x<y).
O6o3HayiM 4epe3 p U Q CChUJIKH Ha HX NpejcTaBJjieHHe
B CBA3aHHOM cnHcKe JHAepoB. [TosBJsmomnecs 3anucu *)
HIWVTCA B CIHCKE H, €CJH OHH TaM OTCYTCTBYIOT, TO J0+
Capnsilotes K HeMy. 2Ty paboTy BHIIOJASET NpoLeaypas
¢yuxuna find. 3atem B COHMCOK BeAOMBIX A/ X A06aB-
JAETCH  3/MEMEHT, HACHTHOHUHPYIOUWHI Yy, H CUYETYHK
NpeAUleCTBCHHHKOB y 3TOrO Yy YBEJHYHBAETCA Ha eXHHUH«
uy. CooTBercTBYIOWMHA ajtropnt™M OyjaeM HasbiBaTh ¢a-
soii gsoda (4.30). Ha puc. 4.15 mpeacraBaeHa crTpyk-
Typa AaHHBIX, ¢OPMHPOBAHHBIX B mpouecce 06paboTiil
BXOAHBIX AaHHbiX (4.29) ¢ momowmsbio nporpammbl (4.30).
@yHKuHA find(w) nocraBlsieT CCHIIKY HAa KOMOOHEHTY
CNMHCKA € KJI0o4oM W (CM, Takxe mporp. 4.2).
{* $a3a BBOzA +)
Allocate(head, SIZE(leader)); tail : = head: 2 := 0; ReadInt(x); (4.30)
WHILE Done DO
Readint(y): p : = find(x); q : = find(y);
Allocate(t, SIZE(trailer)); tt.id : = g; tr.next 1= pr.trail;

Pt.trail ;= t; qt.count ;= gt.count + 1: Readini(x
£ND ®

(4.29)

*) JleckpHnTopn — 370 06LEKTH THAa 3amich (record), — Mpus,
nepee,



hoad m

u‘ll 1;3

key 1 2 4 6 10 8 7 9
count o] 1 2 1 2 2 (o] 1
next [ o o B > O & > o & [ *— r
trail 4 9 4 [ 4 [ 4 q X
- T/ i 7
I
] L ] Y -

id ol o *>— -
next q ]

4 1 r
id o ——
next

Puc, 4.15. CrpykTypa cniicka, cOpMuPOBAIIHOTO APOrpaMmoil,
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[Tocae toro xax na ¢asze BROIa NOCTPOEHH JaHHKE
CO CTPYKTYpOH, mpiBeientoi na puc., 4.15, Mowxiio npo-
BOAHTb CIICAHHYIO BHUIe cOpTHPOBKY. OAHAKO NOCKO.1b-
Ky Ola COCTOHT i3 IIOBTOPSAIOILHXCA BbHIOOPOB 3.1eMeliTa
€ HYJEeBBIM UHCJOM HAPeIlICCTBEHHIKOB, TO pasyillio
BHauane cobpaTh Bce TaKie 3IeMEHThl B OAHY CBA3AH-
HYyl0 uenouxry. Taxk xax sCHO, 4TO HCXOAHAS ILeNoura
BeAYIWHX 60ablle HaM yXe He HYXKHa, TO TO Xe camoe
noje noa uMesex mNMext MOXKHO NOBTOPHO HCNOJAb30BATh
Aas  obpasoBaiiis LENOYKI BCAYLEX, He NMeIOWLlX
npeallecTBeHiEKOB. Taxkas onepaiiis 3aMelbl OJHOI Le-
NOUKK Ha jApyrylo B paboTe €O CINECKaMIl BCTpeyaercs
vyacto. Jleranbio ouna onuchiBaerca B (4.31), npuueu
HOBYIO LleNnouky yjaobHee CTpOIITh B OOpaTHOM MNOpSAKE.
Ecau ob6partutbhess k puc. 4.15, TO yBHaHM, 4TO LENOYKa
BEAYIIEX next 3aMeHACTCS HA LLENOUKY, NPEeACTABICHIRYIO
Ha puc. 4.16. Cpsi3k, He noxasamniibie Ha 3TOM DHCYHKe,
OCT2IOTCH NpPEAKHUMIL

{ # noHck Bemywero Ges npeLeCTBCHIMKOB )
p := head; head := NIL:
WHILE p # tail DO
q:.=p;pi=qrnext: (4.31)
IF @t.count = 0 THEN (+ BKTIOYCHHC B HOBY:0 LICMOUKY * )
qt.next := head; head .= q
END
END

[Mocse BceX 3THX INOATOTOBHTEAbHBIX ACIICTBHIT ML
noJjiyyaeM ya06HOe NpEeACTaBJACHHE /18 YaCTHUHO YNO-
pALOYEHHOTO MHOXKECTBA S H MOXKewM, ‘hakouel, npu-
CTYNuTb K COOGCTBCHHO TOIOJIOTHYECKOH COPTHPOBKE,
T. ¢. ()OpMHDOBAHIIO BHXOAHOH MOCJCKOBATEJbHOCTH.

1 7 |«—t ]
0 4] head:
nil (4

1 |

Puc, 4.16. Cnucox peayuilix ¢ HyJACBBM CYCTUHKQMIL
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B nepBox npnSaIKEHN 3TOT Npouecc MOXHO omni-
caThb TakK:

¢ := hzad;
WHILE q # NIL DO (* BLiBO 3r1eMeiT 1 IICIITIOUCHIE &)
Writelnt(qt.key, 8);ni=n-1;
1= qt.trail; g ;= qt.next; 14.32)
NMCHBIIUTE CHCTHUR NPCOUICCTECHIIKOG ' GCON €20
20210206aATCACH U3 CAUCKT BCOOMBIN; CCAL CHCTTUR — U,

1EPCGECTH G CHUCOK GCOVIUN
13ND

Ouepatop, xortopbifi B (4.32) cue Heo6X0ANMO yTOY-
HUTb, COCTOHT 113 OHOTO NPOCMOTpa cnucka (CM. cxemy
{4.17)). Ha ka:mpom ware scnomorare’ihuasi NepeMeH-
t1asm p ykasbiBaeT na pelylUuuil 3JCMeHT, Y KOTOporo
HYKHO YMENUbLUIITh I POBEPHTDL CUCTYIIK.

WILIILEL # NILDO
P 1= 11.iG; pr.count 1= pteount - 13 (L33)
10 nt.count = 0 THEN (# Brinoyctinne Pt B ClELIOK b yIHX +)
pragiti=¢:q:=p
END;
ti=trnext

END

Ha s3toyM nporpasyya  TONOJOMINCCKEON  COPIEPOBKIl
sawaHutiBaercs. O0parnTe BHiMAaHbe, UTo 114 101CUeTa
BEIYLLIX 3JCMCEHTOB, c0pa3oBaiHblY 1A 9Tale 01013,
0ol BBeden cyetunk n. Ha daze puBota kamawii pas,
KOI'1a BBIBOANTCA BeANVHindl 271CMCHT, STOT CUCTUHK VMCHb-
wacrtea. Ilosrovy B Kolle padoTul NporpaMMbl o1l ACT-
YKEH  CTaTb HV.aenbiM. 1¢au Ke OR e dvicsofl, 10 370
YKa3bIBACT, YTO OCTAICH €HIC ICMCHTEL, HpliueM ¥ beex
CCTb MNpedleCTBEHHIIKI. 3JTO, OuCBHIHO, civuail, Koria
MHOMECTBO S HC ObIIO HuCTHUHO ynopalodcHubiM. [pi-
Be1¢HHAA Bbile nporpamMma hasp RLIBOIA CIVAKNT NpH-
MepoM  paboTbl € «OVIABCHPVIOLLIM»  CONCKOM, T, C.
CHICKOM, B KOTODbIl 3JeMEHTbl BK.JIOYANTCH 111 13
KOTOPOI0 NCKAIOUAITCS B HenpeickasyeMon NopsiKke.
CicioBareIbHO, 3TO NpHMEp npouccca, MOJNOCTHIO 11C-
NOML3VIOWLCIO0 BCEe JAOCTOMHCTBA CIIICKOB € SisiibiAdll
CDA3AMIL
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MODULE TopSort;
TFROM InOut IMPORT OpenTnput, CloseInput,
Re~dint, Done, WriteInt, WriteString, WriteLns
FROM Storage IMPORT ALLOCATE;

TYPE LP{t = POINTER TO feader:
TPir = POINTER TO traiter;

leader = RECORD ey, count: INTEGER:
trail: TPtr; next; LPtr
IND:

treiier = RECORD id: LPty next: TP
ND
VAR p, g, hed, tail; Lt
t: TPt
Xy, INTEGER:

PROCEDURE find(w: INTEGER): LPtr;

VAR h: LPtr;
BEGIN I := head: tailt oy r= wi (w Gapsep «)

WHILE htker # wDO = htnext END ;
IFh = tall THEN
ALLOCATE(tail, SIZE(leader)}; n 1= n+1;
ht.count ;= 0; ht.trail : = NIL; ht.next : = tail
END:
RETURN L
END find;
BZGIN
{ % UMWY CIHCKA By X +)
ALLOCATE(head, SIZE(leader)); tail 1= head:n = 0:

OpenInput("TEXT”): ReadInt(x):
WHILE Done DO
WriteInt(y, 8): ReadIn{y); WriteInt(y, 8); WriteLn;
P = find(x): q = find(y);
ALLOCATE(t, SIZE(trailer)): tt.id 1= q; tt.next ;= pt.irail;
pt.trail: = t; qt.count ;= qr.count + 1; ReadInt(s)
END;
Closelnput;
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{ = NOUCK BenyuHX Ge3 NpetcCIBEHHHK OB «)
P := head; head := NIL:
WHILEp # tail DO
q:=p;p:= qr.next;
17 qr.count = 0 THEN (» Bmoueine ¢ 1 B HOBYI0 LCHULKY #)
qt.next := head; head :=q
“ND
ivD:
(= Gasa BLiBOAY ») q := head:
WHILEq # NIL DO
WritcLn; WritcInt(qr.key, 8); n ;= n-1:
t = qt.trail; q := qt.next;
WHILEt # NIL DO
p := thid; pr.count ;= pt.count - 1;
IF pr.count = 0 THEN (s Bxnioueine pt B CIGICOK BEMYLPIX +)
ptnext:=q:q:=p
END ;
t:= tr.next
END
2D .
IFn # 0 THEN WriteString("This set is not partially ordered”) END ;
\Vrieln
IEND TopSort.

ITporp. 4.2. Tonosornueckas CopTipopxa.

++4. JEPEBbA

%.4.1. OcHOBHble IIOHATHSA I ONpeJeneHks

Kak wMb yxe y6eanancb, NOCIeL0BaTEIbHOCTH I
cnHekn yao6Ho onpeideaarsh TakiiM o6pa3oM: nocJaenoBa-
7CJIbHOCTL  (cnicok) ¢ 6asoBbiM THoOM T —3T0 JsH6O:

1) nyctasi noc.enoBaTebHOCTh (CNHCOK); JaH60

2) KoHkaTcHaunst (coeanHeHie) sjseMmeHta tHna T 1i
1iekoTopofi noc.elonaTeIbHOCT ¢ 6a308bIM THROM T.

Jl1s onpefenicHIIS NPIHILHNOB KOCTPOCHIIS, 2 HMEHHO
¢1e40BaHNSl MJAH HTCpaulii, 34eCb HCNOJAb3YCTCH peKyp-
cusi, CnemoBaHlle H HTepaniis BCTPeyaloTcs HACTOJMbID
1acTo, UTO OOBIMHO HX CUNTAT PYHAANMCHTANLHBIMH 06-
pasaMil cTpoeliliss DaHHLIX H noseAcHius nporpamm. O;-
11aKo CcJelyeT BCCFAa MOMHHTb, YTO HX MOMXHO Oonpel.-
JASTb TOJILKO C IOMOILBLI peKypcHH (o6paTHoe HeBepHOj,
B TO BpeM# KaK PCKYPCHH MONHO 3@ eKTIBHO H 3JC-
ranTiio ynotpehisTh AJs onpeaeseHHs 3launTtenbHo 6o-
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(a)

[Al8 (D), E, K L, C(F (O}, G (M NLHEIPED ()

o] <

(a)

O, ()

b b &

Puc. 417, Tlpencrapacnyc APCBEGRMANGIT CTPYKTYPLI: a) BAOMEHHBIE
MijoxecTea, b) paomenune cxobkiy, ¢) oretynm, d) rpad.
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Jiee CJIOXKHHIX CTPYKTYp. XOpoLIO H3BECTHHIM NpHMEpOM
cay¥at JaepeBbs. OnpelenHM JaepeBO TakHM O6pa3oM:
depego ¢ 6a3oBuiM THNOM T — 310 AH6O:

1) nycroe aepeso; NH60

2) HekoTOpas BeplUHHa THNa T ¢ KOHEYHHIM YHCJIOM
CBSI3aHHBHIX ¢ Hell OTAeNbHBIX AepeBbeB ¢ 6a30BHIM TH-
nomM T, HasbiBaeMbIX noddepegvamu.

H3 cxoacTBa pekypCHBHHIX onpeaeneHufi mocaeiaoBa-
TeJbHOCTe H JepeBbeB SCHO, UTO MNOCJeJOBATEIbHOCTb
(cnHCOK) ecTb JAepeBO, B KOTOpOM KaXJas BepllIHHa
iMeeT He GoJee oAHOro nopaepesa. IloaToMy mnocaeno-
BaTeAbHOCTb (CMHCOK) Ha3BLIBAlOT HHOTAA H B8bIpONCOeH-
HOIM JepeBoM.

CyiwecTByeT HECKOGJAbKO cnoco6oB  H306paXKeHHs
CTpYKTYpH AepeBa. Ha piuc. 4.17 npuBeleHO HeCKObKO
NpHUMepoB TaKHX CTPYKTyp, rie 6aszopufi THn T — MHo-
KecTBO GYKB. DTH CXeMBl OTHOCATCA K OAHOA H TOM Xe
CTPYKType H, CJelAOoBaTe.lbHO, 3KBHBAJEHTHH. CTpyKTy-
pa, npeacTaBieHHas B BHAe rpada I ABHO OTpaxalomwas
Pa3BeTB/EHHSA, MO MOHATHHIM NpHYHHAM NpHBeaa K No-
AIBJIEHHIO 0O6LleynoTpe6GHTENbHOrO TepMIiHa  «AepeBo».
OAHaKoO JOBOJBHO CTPaHHO, YTO JAepeBbsl MNPIIHATO
PHCOBaThb NepeBepHYTHIMH HJH, MOMHO CYHTAaTbh Il TaK,
n3o6paxaTb TOABKO ero KopHi. Kak O6H TO HH

6uls10, .1l nocseiHee TOJAKOBalHe BBOAHT B 3abJayikie-
Hie, TaK KaK BEepPXHIOO BeplIHHY (A) O6HYHO HA3HIBAIOT
KOpHEM.

¥nopadouennoe nepeBO — 3TO JepeBO, Y KOTOpPOro
pebpa (BeTBH), HCXOAALUIE H3 KaXAOA BeplIIHH, YNo-
panoueHul. I[lo3ToMy JBa YNoOpsIOYCHHHIX JepeBa Ha
pric. 4.18 — 3To pasHble, OT.THYHLIE Apyr OT Apyra o6bek-
TH. BeplIHHa y, HAaXOAAWANCA HENOCPCACTBEHHO HHXKe
BepUIHH X, Ha3BIBAeTCS HENOCPEACTBEHHHIM NOTOMKOM
X: eClH X HaXOIHTCH Ha YPOBHe i, TO rOBOPAT, YTO Y Je-
®UT Ha ypoeHe i+ 1. M HaoGopoT, meplinHy X Ha3H-

() ()
® © © ¢

Puc. 4.18. Jpa pasanqumx JBORUHLIX acpesa.
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BAIOT (HeNoCpeACTBeHHLIM) npedxom *) y, Cuntaercs, 4To
KOpeHb AcpeBa HaxoAuTcs fa yposHe 0. MakciimalbHL#
ypoBenb kako#-aH60 113 BeplHH AepCBd HA3bIBAETCS €ro
2ayburol 1111 @bICOTOL.

Ecau 3/eMCHT He 11MCeT NOTOMKGB, TO €ro Ha3biBaioT
TePMURQ.I6HOI BEPUWHHGH 1IN AUCTOM, & HeTepMHHA.b-
HYIO BepuliiHY 1a3biBaOT gryTpexHed. HUucao Henocpea-
CTBCHHbIX MOTOMKOB BHYTpCHHel BEpWHNH Ha3bLiRaloT ce
crenenoto. MakcuMagabHasi CTeleHb BCCX BeplIHH eCTb
cTeneHb Aepesa. Yucao serseil wau pebep, KOTOPbIC HY K-
HO NpOIiTil OT KOpPHSl K BepulliHe X, Ha3biBaeTca Jdauroldl
nyTe & X. KopeHb uMeer nyTh 0, €ro npsiMmble NOTOMKN
uMeloT HyTs AanHO# 1 1 1. 4. Boo6iue, Bepuinna Ha
VPOBHC | nMecT 4Ky nyTy i JaiHa nyTH peero Aepena
onpejeaseTcs KaxK cyMma AJIH NyTell 415 BCeX ¢ro KoM-
noHcent. Ee Takie Ha3biBaloT JAUNOL BHYTPEHHE20 11YTiL,
Hanprvep, Annna BHYTpeHHEro myTil JdepeBa, n3o6pa-
»KeHHoro Ha puc. 4.17, paBHa 36. QueBunso, 4To cpel-
HAs AJIITHA NYTH

Pl=(Si: i<<isnin *i)/n (4.31)

rie n;— 4YMCJI0 BepWMH Ha ypoBHe i. [as Toro urto6u
onpeleduTb, 4YTO Ha3bBaercsi AAMHOH BHeUIHero nyTiH,
JOIOJIHUM [epeBO ChelHaJbHBMH BepUIHHAMH B TeX MC-
CTax, I'le B UCXOANOM AepeBe OTCYTCTBYIOT MOAJLCPEBLA.
Ilpuuem 6ynem npeianosararb, UTO BCE BEPUIHHBI IOJK-
HH ObITb OLHOI M TOH e CcTeneHW, a HMEHHO CTeMneHi!
gepesa. CuieoBaTe/ibHO, TaKoe pacClIMpeHHe AepeBa Mo-
pOXKJAaeT BMECTO NYCTHX pebep Maccy ChneuHaabEbiX
BEpPUIMH, KOTOPbIC, KOHEUHO, yXC€ He IIMEIT MOTOMKOB.
Ha pnc. 4.19 nokasaHo Takoe paclliHpeHHoe creunass-
HbIMH BepulHaMH lepeso c¢ puc. 4.17, cnennanbHbie Bep-
IUHHBI OTMedeHb! KBaapaTlikamu. IanHa sHcuiMero nyt
Tenepb MOXeT OHLITb onpellesicHa Kak cyMma AJUH my-
Tell BceX crneyMaJbHBIX BepUIMH. Ecau uMcao crnepdans-
HbIX BEepWHH HAa YPOBHe i paBlio 1, TO CpefHss ATHHR
BHeUIHEero NyTH paBHa

Pp=(Si:I<<i<<m:m=i)m (4.33)
*) Unoraa ynotpeGasioT TepMmuH <POAHTENL® {1 OUEllL 4acTo
roBopaT 06 «OTUe» K «CbiHE», MOCKOABLKY 910 cpa3dy olLscHser

TepMuHL «GpaT» w fame «anas»! — [Tpun. nepes.
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Viuc. 4.19. Tepuapnoe AepeEo O CHEUMAILILIMI BEPLiinaN,

~3JIMHA CHCUIHero nyTtit Jepesa ¢ pic. 4.19 pagua |20.
Uneno cneuHaapHbIX BepUulHH M1, KOTOPbie A0BaB.IsHIOTCSI
K AepeBy cTeneHd d, npsMo 3aBHCHT OT 4YICla €ro nic-
XOAHHX BepwlHH —n. OOpaTHTe BHHUMaAHUC! K Kax1o0f
BepUIMHE BedeT TOYHO 0aHOo pcbpo. Tawua oGpasom, B
paclInpeHHOM JepeBe — Bcero m -4 n pebep. C apyroit
CTOPOHH, M3 KaX{Jlof HCXOAHOI BCplIMHBL BLIXOAAT d pe-
Oep, a M3 cneuHa’dbHHX — HH OAHOro. [losTOMYy Bcero
imeerest d=n -+ 1 pebpo (1 naet pcGpo, neayuee K Kop-
o)., M3 atux AByx dopMy.a Mb noayudaeM ypaBHeHHe,

CBA3LIBAOWLEE UHCJIO ClelHaJbHBIX BEpWHH — m ¢ YHC-
JOM HCXOAHBX BEpPUWIHH — 1!
m=(d—1)y*n-1 (4.36)

MakcHMaJsibHOe 4YHCJI0 Beplwiid B Aepepe nbicoToil h
JOCTHraeTcsl B TOM CJy4ae, €cjaH M3 KaxJoi BeplIMHH,
32 HCKJUYeHHeM HaXOAsWMxcsl Ha ypoBHe h, HCXOAST
d noanepesben. B sTom ciyuae Ans depesbeB cTeneHH d
Ha ypoBHe O HaxoAMTCs OJAHa BepuIMHa (KOpeHb), Ha

vpoBHe | — d ee notoMmxoB, iia ypoBHe 2 — d? ROTON-
KoB d BepuiuH yposHsi | # T. . Otctona noayuacy
Nyh)=S8i:0<i<h:d (4.37)

— MAaKCHM4JbHOE UICJA0 BepluHH B Aepepe RBICOTOH h H
crenchu d. [1pn d = 2 umecm

No(h) =2" — 1 (4.3%

Oco6eHHO BaX{HYI0 poJib HIpaloT YyNopsioueiHbie Je-
peBbs BTOpOIl cTclieHy. Kx Ha3wBawT deouunoimu (HAH
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OuHapros) depegovasiu. Mbl onpelenitM ynopstii04cHHoe
ABOHYHOE 1epesO Kak KOHeYHOe MHOKECTBO 31€MEHTOB
(Bepuinr), KoTopoe MGO nycTo, 160 COCTONT 113 KOPHs
{BepUINHBI) ¢ ABYMsSI OTACILHLIMH ABOHUHBIMII A€PCBbsi
MH, KOTODBIC HA3BIBAKTCA AC8bIM 11 NPagoin nodoepesom
3TOro KOpHs. Besxe anec B 3TOM pasjlede Mbl Oyiem
HMCTL AC10 TOJLKO € ABOIYHBIME ACpCBbLAMil, NO3TOMY
CCUI MBI TOBOPNAT «AepeBO», TO 3TO O3HAYAET <«yIoOps-
JOUCHHOE 1BONYHOE Jdepcepo». Hepesbsi creneHn 60.1blie
ABYX Ha3bIBAKOTCA CUALHO GeT8Aujumucs dJdepesuimu
{multiway trees), o uux peus noitger B pasl. 5 nanHo#
r.1aBbl.

3raKoMple 118 1ac ImpiMepbl ABOHYHOTO Jepesa: re-
1ea’oryyecxkoe  (ceMeriHoe) acepeso, riae y Kamaoro ye-
Jd08eKa cecTh nmoToMiil (1) B Jlile OTHa 1T MaTepl; cxema
TCHRIICHOIO TYPHIPA, I1e KaxkI1asl 1Tpa — 3TO Bepuliila,
obosnavennasn ce nobeinrteleM, a Npelkli— IBe NpEAb-
Ayilliie Hrpbl CONepPHIKOB; 4pHPMETHUYCCKGE BbLIParKCHie
¢ OHBRapHBLIMI OfepalisiMi, IIC KaKI0MYy OnCHaTopy co-
OTBETCTBYET BCPIIMBA, d ONepanibl — MOAICHeRb  (CM,
puc. 4.20).

BepHemes renepn k npoGacMe npeilcTaBICcHHS  e-
peBbes. SICHO, UTO NONMBLITKA BBIPAMKCHHST TAKHX PeKyD-
CHBIHLIX CTPYKTVP B TCPMUIHAEX PA3BETRICHIII HeMe L ICHIO
OpUBOINT K 1ICN01b30Barnio  ccbl1ok. CTob Ke ote-
BHIHO, YTO HE CJICIVET OMHCHIBATL MePCMCHHBIR € (OUHK-
CHPOBAHHON CTPYKTYpOit aepeBa, BMCCTO »TOrO0 Mbi Oyv-
JACM  OMICBIBATL KaK INEpCMEHHbie ¢ (PHKCHPOBaHIioil
CTPYKTYPOI caMi BCPUHINBL T. € #X THO OVICT 3ad:x-
CUPORAH I CTCAEHDL AcpeBd OVICT CGHOPCICILTb Hil'1D

|
i

.

© ©)
© ©

Puc. 4.20. Mpeactartonre pepasacchia (a 2= b/e)y(d—evi) 8 Bue
Aepesd,
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Pic. 4.21. [depeBo, npeacTaBieiioe K2k CTPYKTYPad Aalily,

[=3

CCHIJIOUHBIX KOMIIOHEHT, yKa3biBalowHX Ha BCPUIHH [OJ-
AcpeBbed. CchINKN Ha nycTole AepeBbsi, KOHEYHO, GyayT
ob6o3HauaTbca 3HaueHncM NIL., Takum o6paszoM, aepeso
Ha puec, 4.20 MOXKHO NpeACTaBUTbL TaK, Kak 11a puc. 4.21,
4 ero KOMMOHEHTH! 1IMeloT Takoil Tim:

TYPEPtr = POINTER TO Node;
TYPE Node =RECORD op: CHAR;

left, right; Ptc

END
Ipexne uem ofcyxaath, KAK MOKHO OHIO GH BOCNO.1b-
30BaThCA ITPEHMYLIECTBAMH [EPEBLEB !l KaK BHIOJHATH
ollepallMy Hal HHMH, MNpHBEAEM MpHMep, KaK Nporpa-
Mda MOXeT CTPOHTb caMii AepeBbd. [lpeanonoxiM, uto
nepeBo, KoTopoe TpebyeTesi chOpMHPOBATH, COACPKHT
BepUWHHBL, oTHOCcALLecs K THIy (4.39), a 3HaueHHa 3THX
BEPUIHH — vIICAd, OocTynawoulle H3 BXoAHOro (haiina.
Uto6bl crenaTb 3anauy 6oJjiee HHTEPECHOH, LOFOBOPIiM-
Csl, 4TO HAA0 CTPOHTbL ACPEBO MHHHMAJbHOM FAYOIHB 11
cocroduce H3 0 BepwtH. OueBMAHO, MHHIIMAJbHAA BLI-
COTa NMpI 3aRaHHOM ulic/ie BEPUNIH JOCTHraeTcs, €Cau Ha
BCeX YPOBHSIX, KPOME HOCJICAHCIO, NOMELLACTCs! ONATh 2Ke
MaKclIMa/ibHO RO3MONKOC UHCJAO BepUIH. ITOro MpocTo
NOOGHTRCS, pazMeliast NPUXOAsilide BEPUINHB NOPOBHY
caeBa It ¢ithand OT Kaaeli vepunnel. B pesyibTate Mu

(4.39)
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Pic. 4.22. HaeanvHo c6alaHcupoBainbie A€peBbsl.

6yieM 0oJAyuyaTb JLepeBbsl CO CTPYKTYpOH, NpHBEAEHHOMH
Ha puc. 422 mia n=1, ...,

[IpaBuno paBHOMEpHOro pacnpeneseHHs L] H3BeCT-
HOro ulicia BepwHH 0 Jyyue Bcero cOpMyaHpPOBATH,
1ICTIOJb3Y sl PERYPCHIOL

1. B3aTb OAHY BepWIHHY B KauyecTBe KOPHS.

2. TlocTpouTh TeM e Ccnoco6oM JieBoe MNOAAEPEBO
cnl=n DIV 2 pepuliiHamu,

3. ITocTpouTh TCM ke crnocoboMm MpaBoe NOAAEPEBO
¢ nr=n—nl-—1 pepuunoil.

DToMy npaBmiy COOTBETCTBYET peKypCHBHasa Mmp0-
iledypa, BKJAlodYeHHasa B nporp. 4.3. Ilporpamma uutacr
BXOAHOM aiad H CTPONT HUeanbHO cHadaHCHPOBaHNLC
Jepeso. [IprueM Mbl HCXOAHM H3 CJACAYIOILEro Olpefe’-
(iHs1: Jepepo HA3bIBACTCS wuOCAALHO cOANGHCUPOBAHHDBL.
©CJ11 w0 BEpLWHH B €ro JeBblX It NpaBblX NOALEpeBb::X
oT/nyaercs ne GoJjee uem uHa I,

[TpeanonoXHM, Hanpimep, 4To !ta BNOA NOCTYNaloT
TaKue LaHHble A4 aepeBa ¢ 2] pepiunio#;

208911 15192021 732156413 14101217 16 18

B sTtom cdayuae nporp. 4.3 NocTpoHT HAcaJsbHO cBagaH-
CHpPOBaHHOEe NepeBO, NOKazaHHoe Ha pHc, 4.23. O6paturc
BHHMaHHe Ha NPOCTOTY H ACHOCTb HalleH nporpammel,
nosiyyeHHble 3a CYeT HCNOJb30BAHHA PEeKYyPCHBHBIX Npo-
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1.“ODULE BuildTree;
1'ROM InOut IMPORT Openlnput, CloseInput, ,
Readlnt, Writelnt, WriteStrir.pg, WriteLn;
FR0M Storage ivMPORT ALLGCATE;

TYPEPtr = POINTER TO ivod:;

Node = RECORD key: INTEGER;
1, right; Ptr
END;

VAR n: INTECER; root; Ptr;

TROCEDURE tree(n: INTEGER): Pirs
VAR newnods: Ptr;
%, nl, nr INTEGER:
BEGIN (= nocpoene eansio ¢GaTAHCIPOBAIRErO TeP22E € N DEPUNITIAMI »)
IFn = 0 THI:N newnode ; = NIL
ELSEnl:=nDIV2;nr:= n-nl-1;
ReadInt(x); ALLOCATE(newnode, SIZENode));

‘WITH newnodet DO
key := x; left ;= tree(nl); right : = tree(nr)
END
END;
RETURN rnewnode
IEND tree;

PROCEDURE PiintTree(t: Ptr; h: INTEGER);
VAR i; INTEGER:
BEGIN (» rieuats acpeaa t ¢ oTeTynoM h+)
IFt # NIL THEN
WITH i+ DO
PrintTree(left, h+1);
FOR i ;= 1TO h DO WriteString(* ")END;
Writelnt(key, 6); WriteLn;
PrintTree(right, h+1)
END
END
END PrintTree;

BEGIN (# 1epBoe 1e1oe — 16ic:10 BEPLIHH +)
Openlnput("TEXT"); Readint(n};
root : = tree(n);
PrintTree(root, 0); CloseInput

END BuildTree.

lporp, 4.3, llocTpoelze waeanbio c6anaHcupoBamilorc RepeBa.
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Puc. 4.23. Lepeso, copmypoBadHoe ¢ ROMOLLLIO nporp, 4.3.

neayp. OueBHAHO, YTO peKypCHBHHIE€ aATOPHTMH 0COGeH-
HO YMECTHH B TeX CJy4aax, Koraa pesb Hiaer o6 obpa-
60TKe NaHHHX C PeKypCHBHO onpeleseHHOH CTPYKTypoi.
1o eule pa3 NOATBEpPXKAaeTca Ha npuMepe NpoOLEAYpH,
neuatatoulef noJyueHHoe aepeso. [lyctoe aepeBo He fe-
yaTaeTcs, y noaiaepena ypoBHA L aJs KaXaoil BeplllHH
BHauaJe MNeyaTaercs ee .JcBoe NOALepeBO, 3aTeM caMa
BEPUIHHA, BHAeTeHHasa otctynoM B L npoGenos, u Ha-
KOHEll, MeyaTaeTcs ec Npasoe NOALEpCBO.

4.4.2, OcHoBHble onepauHH C ABOHUHLIMH JAepeBbAMH

CyuiecTByer MHOro pafoT, KOTOpHE MOMXHO BHINOI-
HATb C AepeBbAMH; PACNpOCTpPaHEHHAs 3ajlauya — BHNO.-
HeHHe HEKOTOpo# onpene’eHroil onepaunn P Hag wa-
MABKM 3JeMeHTOM AcpeBa. Onepantito P MOXHO MBICT!ITH
Kak napametp 6o.Jee obulell 3aJ1ayH — «noceuleHHA» BCex
BepLINH MAH, KaK e¢e OOHYHO Ha3wBaloT, «obxoia» je-
peBa. Ecan sty 3zamauy paccmaTtplipath Kak Hekull ean-
HBH npouecC, TO OTAeJbHHE BepLUHHH NPOXOAAT B Ka-
KOM-TO ONpeAereHHOM MOpAJKe, H NO3TOMY MOXHO cull-
TaTh, YTO OHII JHHeHHO ynopsafoueHH. M neiicTBHTE/IbHO,
onlicaHile MHOTHX aJrOPpHTMOB 3HAUYHTEIbHO YHIpOLLAETCH,
CCJIH, OPIEHTHPYACH Ha HCKOTOPHI MOPALOK, MH MOXeEM
ropopitb 06 06paboTKe CJACAYIOUIETO 3JEMEHTa AepeBa.
CyuiceTBYIOT TPH NPHHILING YNOPALOYGHHS, eCTECTBEHHND
BHITEKAIOULIIX H3 CTPYKTYpH AepesbeB. Kax 11 ctpykrypy
AepeBa, 3TI NPHHOHNH yAoOHee BCEro BHPAa3s!Tb B TCP-
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VAN

e, 4.24, dsouwiioe aepeso.

“HaX perypcuil. Ecn o6patiTbest K JBOHYHOMY Aepesny
ria puc. 4.24, rae R o6o3Hauaer kopeHb, a A U B — nc-
OC M NpaBoe NMOAKEPCBbS, TO MOXHO FOBOPNTbL O TaK!IX
fpex nopsiakax:

1. Ceepxy BHu3: R, A, B (kopeub noceutaercs pauce,
4CM NOAAepEBbA).

2. CneBa Hanpaso: A, R, B.

3. Cuusy sBepx: A, B, R (xopenb noceinaercsa noc.e
noaaepenbeB). O6xoas acpeso ¢ pic. 4.20 1 BHOICHBast
~IIMBOJIH, HAXOASLIHCCS B BepLIHHAX, Mbl MOJyyHM TaKHe
Ipl ynopsiouyeHHbIe 10CTeR0BaTENAbHOCTI:

1. Cpepxy BHU3: = + a/bc — dael.

2. Cnesa Hanpapo: a + b/csd — e«l.

3. Cuusy BBepx: abc/ + defs — .

Muw y3Haem Tpn dopmB 3anicH BHpaXeHHH: 06XoQ
rgepxy BHU3 RaeT NPCPHUKCHYIO 3ANUCh, OGXOL CHU3Y
38epx — NOCTPUKCHYIO 3anncb, a OOXOL caesa HaANPaso
HPHBOAHT K MpPHMEBIMHOIN uHPuUKCHOG 3anncH, XOTs H 0e3
CKOGOK, TaK HEOOXOAHMBIX AJsi yTOUHEHHS NOpsAKa Bbl-
IIOJIHCHHA oltepauuil,

Cdhopmyaupyem Tcnepb 3TH TPH MeToaa o6xola B
BHAG TpeX KOHKPETHBIX MpOrpamMm C SIBHbIM Napaver-
poMm t, COOTBETCTBYIOWIMM AepeBy, Hal KaX<AoH BepUIHHOI
KOTOPOro HYXHO BBHINOJMIHTE onepaitno P-—nycTe 3710
Oyner ucsiBublii napaMerp. [peanoJioxim, uTo eCcTb Ta-
Kiie onpeheseHns

TYPEPtr = POINTER TO Nod-:
TYPE Node =RECORD ... (447
Ieft, right: Pty
END
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Tenepb BCe TpH MeTOAa JIErKO NMPEACTaBHTb KakK pe.
KypCIBHBIE MpPOLCAYPbi; OHH BHOBb MOATBEPXAAT To
coobpakeHHue, 4To PaboTy ¢ peKypPCHBHO ONpefeseHHuMy
A4HHBIMII yLO6GHEE BCEIO ONpefe]ATb C MNOMOUbIO pe-
KypcHi.

PROCEDURE preorder(t: Pir)
BZGiN (4.43)
IF t # NIL THEN
P(); preorder(tr.left); precrder(tt.right)
END
END preorder

PROCEDURE inorder(t: Ptr);
BEGIN 49
Iwt # NILTHEN
inorder(it.left); P(L); inorder(r.right)
END
END inorder
PROCEDURE postorder(ti Pu);
BEGIN (4.45)
JFt # NILTHEN
postorder(tr,Jeft); postorder(tr.right); P(t)
END
END postorder

OGpaTtuTe BHHMaHHe: CChljika t nepepaerca Kak Napa-
MeTp-3HaueHHe. DTHM Bbipa)caetcsi TOT (AKT, 4TO peub
I1AeT O CCBWIKE KaK BEJHYIHE, YKa3blBalolleH Ha HyX-
Hoe NojjaepeBo, a He O MepeMCHHOH, 3HauYCHHe KOTOpOH
CCTb CChIIKA H KOTOpO€ MOrJo G MeHATLCA, eciu Obt t
Obt1a NMapaMeTpoM-TiepeMeHHOM,

[Tpumep nporpammbi, B KOTOpoli HAeT 00x0R aepe-
Ba, — MOANpOrpaMMa neyaTH AepeBa, BblAeAsdOLlas Ka-
JKAbll ypOBeHb C MOMOLIbIO COOTBETCTBYIOLLEro OTCTyNa
(nporp. 4.3).

JIlBoHuHBe AepeBbst wacto ynotpebiasioTca Aas Npca-
CTaBJCHHA MHOXECTBA [AHHbIX, CpelH KOToporo HACT
MOHCK 3JICMEHTOB MO yHHKajbHOMY Kawouy. Ecan pepeno
OpraHH30BaHO TaK, 4TO A/l KaXX1QOH BeplWHHb t; crpa-
BCLJHBO YTBEpXACHHE, YTO BCE KJIOYH JeBOoro MOAAC:
pepa t; meHbuwe kJoua t, a Bce K/AOYHM Npasoro nojne-
pesa t; Gosblie ero, TO Taxkoc AcpeBo OyAeM Ha3HpaTb
depesom noucka. B Takom nepcBe MOXHO OGHapyXHTb
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KN

-
[- ]

Puc. 4.25, Ilepeo noucka ¢ Gapsepom,

NPOH3BOJbHBIA KJIOY — AOCTATOYHO, HayaB ¢ KOpHA, ABH-
raThCa K JIeBOMY HJH NpaBoMy MojiepeBy Ha OCHOBaHIIH
JIHIIb ORHOTO CPAaBHCHHA C KJIOYOM TeKyllei BepUIHEL.
Mu yxe sHaeM, 4TO 113 N 3/1eMEHTOB MOXHO OPraHu3o-
BaTh ABOHYHOe AepeBO ¢ BLicoTofi He Goace logn. Ilo-
TOMY, €CJHH JeperRo HjeanbHO C6ajaHCHPOBaHO, MOHCK
CPelH ero n 3JeMeHTOB BbiMOJAHAETCA MAaKCHMyM 3a logn
cpaBHeHHBi. fIcHo, uTO nomoGHHeE AepeBbfi 3HAUHTENLHO
Ayuylle NOAXOAAT A OPraHH3aUHH TAKHX MHOMKECTB JAaH-
HHIX, YeM JIHHefiHBle CMHCKH, O KOTOPHIX MH FOBOPHJH B
npeamayueM pasjene, Tak Kak NOWCK HAeT NO OAHOMY-
CAHHCTBEHHOMY NYTH OT KOPHf K Xe/naHHOR BepLIHHe,
TO €ro MOXHO MNpPOCTO NpOrpaMMHpOBaTh € MNOMOLLbLIO
HrepauHH (4.46).

PROCEDURE locate(x: INTEGER: t: Pir): Pir;
BECGIN

WHILB(: # NIL) & (tt.key # x) DO
TP trXey <  THEN t := tr.7ight ELSE{ twt $tJoR END
END ;
RETURN
END locate

(446)



258 4. Hannste ¢ OQunamuveckoll CTpyKkTypoil

Ecnu B nepeBe ¢ KopHeM t He OGO OGHAPYXKEHO KJilOua
CO 3HaueHHEM X, To PyHKuHA [ocate(x, ) RaeT 3HaueHHe
NIL. Kak 1 B ciiyuae noHcka B CNHCKe, CJOXKHOCTb yCJi0-
BHSl OKOHYAHHS HABOAHT Ha MBIC/b, YTO MOXKET CYLIECTBO-
BAaTb M Jyullee pelleHHEe, @ HMEHHO HCNOJb30BaHHe
6apbepa. Beab Takod npHeM MOXHO NPHMEHATb H NpH
Nnoucke Mo aepeBy. YnoTpeb/cHHe CCHIJIOK MO3BOJIsSET 3a-
KOHYHTb BCe BEeTBH OAHHM H TeM Xe GapbepoM. Tenepb
nosiyuaeTcs y»Ke He depeBO, @ HEYTO HanoMHHawllee Je-
PEBO, BCe JIHCTbAA KOTOPOrO «NpHUCHJAEHBI» CHH3Y K Of-
HOMY sAKopio (cM. pHc. 4.28) *). Bapbep mMoxHO paccMmar-
pHBaTb Kak obilee MNpeacTaBjieHHe BCEX BHEWHHX Bep-
IIHH, KOTOpble 106aBAsOTCA K NepBOHAYajbHOMY AepeBy
(cM. puc. 4.19). B pesyabTate 3TO NO3BOJIieT NOJNYYHTb
Gosiee npocTyto npouenypy novcka (4.47):

PROCEDURE locate(t: INTECER: {: Pir): Pirs
BEGIN st.key s= %3 (» Gapreps)
WHILE tt.key # x DO (CXY)]
IFttkey < X THEN t 1= {r.iight ELSE t 1= trleRR END
END.
RETURN ¢
END Iocato

OGpatuTe BHHMaHHE, UTO €C/H B JepeBe C KopHeM t
KJI0Y €O S8HAueHHEM X He OyneT o6HapyxXeH, TO QyHKUHA
locate(x, t) nonyunt He sHauedne NIL, a s, 1. e, Gyner
yKasnBaTb Ha Gapbep.

4.4.3. TloHcK H BKJOYEHHe AN 1epeBben

BO3MOXHOCTH AMHAMHYECKOrO pa3MeLleHHs MepeMeH-
HBIX C ZOCTYNOM K HHM Yepe3 CChLIKH BPSA JIH NOJHOCTBIO
NpeABAAIOTCA B TaKHX MpHMepax, rie RaHHHE yxie NoJ-
HOCTBIO C()OPMHpPOBAHLI H OCTAIOTCS HEH3MEHHBIMH. Bo-
Jlee HardsaHbiMH OGyLyT NpHMEpH, TCAe MeHAercs cama
CTPYKTypa AepeBa, T. €. 1€pPEBO pPacTeT WJH COKpallaeTcs
B XOAe BHINOJIHEHHs nporpammbt. IlpHueM 9TO ROMXKHM
ObITb 32444, TAE He NOAXOAAT APYrHe NpeACTaBJCHHA

*) VlHorka TaKHe CTPYKTYPH 1HasulBaloOT «ramakoms, — I pus
nepea,
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JaHHBIX, CKaX€M MaCCHBH, a HYXHbH HMEHHO A€peBbfl
H3 3J€MEHTOB, CBA3aHHHX MEXJ1y co0GOH CChlKaMH.

Buayane paccMoTpum ciiyuai, Koraia aepeBo NOCTOSIH«
HO TOIbKO pacTeT, HO He yOnBaeT. THNHUHHN NpuMep —
NOCTPOCHHE 4aCTOTHOTO CJIOBApA; O HEM MH YyXe TFOBO-
PHJIH, KOTAA peub WINa O CBA3aHHLIX CNHCKax. BepHemcsa
K HeMy cHOBa. 3ajauya COCTOMT B TOM, YTO B 3apanee
3aJaHHON MOC/AEe40BaTEbHOCTH Halo ONpEAeNHTb 4acTo-
Ty BXOXACHHA KaXKJ0ro H3 cJ0B. DTO O3HAyaeT, yTo Jio-
6oe CJ10BO HalO HCKaTb B JepeBe, NpHueM BHayale fe-
peBo nycroe. EciM c/i0oBO HaillleHO, TO CYETYHK €ro BXO-
XKIAeHHH yBeJHYHBaeTcs, €CJAH HeT — 3TO HOBOE CJIOBO
BKJIIOUaeTcs B ACPEBO C HadajbHbIM, €IHHHYHHM 3Haue-
HHeM cuyeTyHka. Mmu OyaeM HasnBaTb 3Ty 3ajauy Ho-
uckom no depesy ¢ 6KatoueHuem. TIpeAnonoxuM, THNH
ONHCAHbl TAKHM O0Opa3oM:

TYPE WPit =POINTER TO Word:
Word = RECORD (4.48)
key: INTEGER:
count: CARDINAL;
left, right: WPWw
END

CuyuTad, 4TO y Hac ecTb HCKOTOpH il daita kaouel H ne-
peMeHHas, 0603Hayawilas KOpeHb AepeBa MNOHCKA, MM
MoXeM Tak chopMyJ/iHpoBaTb Nporpammy:

ReadIni(x): (4.45)
WHILE Déne DO search(x, root); ReadIni(x) END

OnpenesieHHe NyTH NOHCKa 34ech o4yeBHAHO, OLHAKO eCJiH
OH NpPHBOAHT B TYNHK (T. €. K MycToMmy noaaepesy, 060-
3HaYeHHOMY cchikoii co 3HaueHHem NIL), To nauunoe
¢/10BO HEO6XOAMMO BKJIIOUHTb B LEPEBO Ha MECTO MyCTOro
noaaepeBa. BosbMeM, nanpHmep, IBOHYHOE AepeBO, MpH-
BeseHHOe Ha puc. 4.26, u BKJIOuUM B Hero umsa Paul, Pe-
3yJbTaT NOKAa3aH HA TOM XK€ PHCyHKe MyHKTHPHBIMH JHs
HHSIMH,

Bcs nenkom onepauxs npHBeaeHa B nporp. 4.4. [Tpo-
pece Noucka oopMJieH KaK peKypcHBHas npoueaypa. Ee
napaMmeTp p nepenaeTcs KaK NepemeHHasl, a He Kak 3Ha-
yeHHe. DTO BAXKHO, MOCKONbKY B Clyuae BKJIOUECHHS 3Tof
nepCMeHHOH, KoTopas paHblie XxpaHHia 3Hauenue NIL,
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Puc. 4.26. Bkaoyeune B ynopazouenHoe ABONYHOE 1epeBO,

LO/KHO ObiTb NPHCBOEHO HOBOE CChIOYHOE 3HAYEHHE.
Ecnn ans 3amanHOil BXORZHOH mMOCJAEN0BaTEJIbHOCTH H3
21 yucna nporpamMma 4.3 cTpouna nepeBo, NpHBEAEHHOE
Ha pHc. 4.23, To HoBasa nporpamma (4.4) NOCTPOHT ABOIIY-
HO€ NepeBO NOMcKa, npHBeAeHHOe Ha puc. 4.27.

Pac. 4.27. Ilepero noucka, copMrpoBanHoe ¢ nomotlbio aporp. 4.4,
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MODULE TreeSearch;
FROM InOut IMPORT OpenlInput, Closelnput,
ReadInt, Done, WriteInt, WriteString, WriteLn:
FROM Storage IMPORT ALLOCATE;

TYPE WPtr = POINTER TO Word:
Word = RECORD key: INTEGER;
count: INTEGER;
left, right: WPt
END;

VAR root: WPtr: n, key: INTEGER:
PROCEDURE PrintTree(t: WPLr; h; INTEGER);
VAR 1: INTEGER:
BEGIN (» nevats nepea t ¢ 01cTymoM he)
IF t # NIL THEN
WITH tr DO
PrintTree(left, h+1):
FOR i:=1TO h DO WiiteString(® *)END;
WriteInt(key, 6); WriteLn;
PrintTree(right, h+1)
END
END
END PriniTres;

PROCEDURE szarch(x: INTEGER; VAR p: WPtr);
BEGIN
IF p = NILTHEN (= crioBa B iepene e T, BKINYEIHE )
ALLOCATE(p, SIZE(Word));

WITH pt DO
key := x; count ;= 1; left := NIL; right ;= NIL
END

ELSIF x < pt.key THEN search(x, pr.ieft)
ELSIF x > pt.key THEN search(x, pt.right)
ELSE pt.count ;= pt.count + 1
END

END search;

BEGIN root .= NIL;,
(» ePBOE UENOE — YACTIO BEPLUHH # )
OpenlInput("TEXT"); Readlat(n);
WHILEn > 0 DO

KeadInt(key); search(key, root); n := n-1,

END;
Closelnput; PrintTree{root, 0)

END TreeSearch,

(lporp. 4.4. (louck mo Acpeny ¢ BKAQISHHEM,
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Hcnonb3oBanue 6apbepa BHOBb HECKOJNbLKO ynpoluaer
sanauy, cM. (4.50). SlcHo, uTo nepea HauajioM paGOTH
nepemMeHHas roof ROJXKHA OHTb HHHLHHPOBAHA CCHLJIKOW
Ha Gapbep, a He 3HaueHHem NIL, u nepex kaxawm no-
HCKOM MCKOMOE 3HaueHHe X [JOJIXKHO [pHCBaHBAThCs
noJito Kiatoua B bapbepe.

PROCEDURE search(x: INTEGER; VAR p: WPIr):
BEGIN
IF x < pr.key THEN search(x, pt.Ieft)
ELSIF x> pt.key THEN search(x, praight)
ELSIF p # sTHEN pr.couat t= pr.ount + 1
ELSE (> nkmouctne ¢} Allocate(p, SIZE(Werd)):
WITH pt DO (4.50)
Keyi= X loft i=83rght:=5; counti=1
END
END
END

XoTss Ha3HAaYeHHE 9TOrO aAJNrOpHTMa — MOHCK, €ro
MOXXHO MpPHMEHATb H JJs COPTHPOBKH. P aKTHYECKH OH
OYeHb HAaMOMHHACT METOJ COPTHPOBKH MPOCTHM BKJIOYE-
HHeM, HO MOCKOJIbKY BMECTO MacCHBa HCMOJIb3YETCs Jes
peBo, TO mnponajaeT HEOOXOXHMOCTb MEPEXBHIraTh KOM«
MOHEHTH, HaxoJAulHecs BHUle Mecta BKJAoueHHa. Cop-
THPOBKY C MOMOUbIO I€peBa MOXHO 3alporpaMMHpOBaTh
NOYTH CTOJb e 3(p(PeKTHBHO, KaK H HaHJYyyllHe H3 H3-
BECTHHIX METOMOB COpPTHPOBKH MaccHBoB. Ho Heo6xoxnMo
NPHHATH HEKOTOpble METOJbl MPEeXOCTOpPOXKHOCTH., B cay-
yae COBMAajJeHHs TaK e HYXHO BKJOUaTb HOBHH 3Je-
MmeHT. Ecau cayua#t x = pt.key obpabGaTbiBaercs, Kak H
cayuail x > pt.key, To anroputM mnpeicrtasaser coGo#t
CTaGHJbHLIH METOX COPTHPOBKH, T. €. 3JICMEHTH! C HJeH-
THYHHIMH KJlOUaMH NpH obxole xepeBa BwBHpaloTca B
TOM K€ MopsfKe, B KOTOPOM OHH TYAa BKJIOYAJHCh,

Boo6iue roBops, CYyWecTBYIOT H JIy4YllHe METOXb! COp-
THPOBKH, HO €CJIH peyb HAET O 3ajauax, rie Tpefyercst
It MOHCK, H COPTHPOBKAa, TO MH pEKOMEHAYEM HCMOJb30+
BaTb METOX 11I0MCKAa W BKJIOueHHA no jgepesy. M on neii-
CTBHTEJbHO OYEHb YacCTO MPHMEHAETCS B TpaHcaAaTopax
H 6aHKaX JaHHBX MJA OpPraHH3alHH OODBEKTOB, KOTOpHE
HY)XHO H XPaHHTb B NaMATH, H HcKaTb. [loaxomswni
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MODULE CrossRef:
FROM InOut IMPORT Openlnput, OpenOutput, Cioselnput,
CloseQutput, Read, Done, EOL, Write, WriteCard, WriteLa;
FROM Storage IMPORT ALLOCATE;

CONST Bufleng = 10000; WordLeng = 16;

TYPE WordPtr = POINTER TO Word;
TtemPtr = POINTER TO ltem;

Word = RECORD key: CARDINAL;
first, last: ItemPtr;
left, right; WordPtr
END;

Ttera = RECORD Ino; CARDINAL;
next; ItemPte
END;

YAR root; WordPtr;
k0, k1, iine; CARDINAL,
ch: CHAR;
buffer! ARRAY [0 . BufLeng-1] OF CHAR;

PROCEDURE PrintWord(k: CARDINAL);
YAR Iim: CARDINAL;

BEGIN [im : = k 4+ WordLeng:
WHILE buffer{k] > 0C DO Write(buffer[k]): k := k+1 END§
WHILEk < Ilim DO Write(" "); k := k+1 END

END PrintWord;

PROCEDURE PrintTree(t: WordPtr):
YAR i, m: INTEGER; item: ItemPtr;
BEGIN
IFt # NIL THEN
WITH t+ DO
PrintTree(left);
PrintWord(key); item : = first, m := 0;
REPEAT
IFm =8 THEN
WriteLn; m 1= 0;
FOR11=1TO WordLeng DO Write(" ") END
END;
m:= m+1; WriteCard(itemt.Ino, 6); item . = ilemt.next

263
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UNTIL {tem = NIL;
WriteLn;
PrintTree(right)
END
END
END PrintTree;

PROCEDURE Diff(i, j: CARDINAL): INTEGERS
BEGIN
LOOP
IF buffer{i] # buffer{j] THEN
RETURN INTEGER(ORDX(buffer{i])) ~ INTEGER(ORD{buffer{iD)
ELSIF buffer{i] = 0C THEN RETURN 0
END;
t={+1ji=j+1
END
END Diff;

PROCEDURE search(VAR p: WordPtr);
YAR item: ItemPtr; d: INTEGER;
BEGIN
IF p = NIL THEN (s ci10Ba B ¢ péBE HeT, BKILOYENHE +)
ALLOCATE(p, SIZE(Word)); ALLOCATE(iters, SIZE(Item));
WITH pr DO
key := KO; first : = item; last *= item?
left := NIL; right := NIL
END;
itemt.Ino : = line; item*.next := NIL; k0 ;= k1
ELSEd : = Diff(k0, pt.key);
IF d < 0 THEN search(pt.left)
ELSIF d > 0 THEN search(pt.right)
ELSE ALLOCATE(tem, SIZE(Item));
itemr.fno : = line; itemt.next ;= NIL;
pt.lastr.next ;= {tem; pr.last i = item,
EMD
END
END search;

PROCEDURE GetWord,

BEGINKk1 : = k0;
REPEAT Write(ch); buffer{kl] := ch; kI := k1 + 1; Read(ch)
UNTIL (ch<“0") OR (¢h > "9") & (CAP(ch) < "A")
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OR (CAP(ch) > "Z");
buffer(kl] := 0C; k1 := k1 + 1; (» orpamwirens o)
search(root)
END GetWord;

BEGIN root:= NIL. k0 : = 0; line : = 0}
Openlnput(*TEXT"), OpenOutput("XREF"):
WriteCard(0, 6); Write(" *). Read(ch);
WHILE Done DO

CASEch OF
0C ..35C: Read(ch)|
36C.. 37C: WriteLn; Read(ch); line : = line + 1;
WriteCard(line, 6); Write(" ") |
""."@": Write(ch), Read(ch)|
A" .. 2. GetWord |
"[*.. " Write(ch); Read(eh) |
“a".. "z"r  GetWord |
"{* .. "~":  Write(ch); Read(ch)
END
END;
WriteLn; WriteLn; Closelnpui;
PrintTree(root), CloscOutput
END CrossRef.

[Iporp. 4.5. MocTpeeinie Ta6amiLl NCPCKPOCTIHRIA CCLIOK.

IpHMep — NOCTPOEHHC TalOJIIE NepeKpeCTHbIX CChIIOK
A TaHHOrO npHMepa. DTOT NPHMEp Mbl yXe HCNoJb-
30BaJIH KaK WJIOCTpAUHIO NpH (POPMHPOBAHHH CNHCKOB.

Hawa 3agaya — HanucaTb nporpammy, kotopas (un-
Tas TEKCT H nedaTtas ero ¢ xo6abjeHHeM nocjeloBaTeb-
HBIX HOMEpOB CTpOK) COOHpaeT BCe CJOBA 3ITOro TekCTa,
3aMOMHHas HOMepa CTPOK, B KOTODHIX BCTpCYA10Ch HaH-
Hoe cqoBo. [locae Toro kak npocMoTp GYJICT OKOHUEH,
¢dopmupyeTca Tabauua, B KOTopoil Bce coBa OyayT pac-
noJIo>KeHH B alaBHTHOM NOpSJKE H CO CNHCKAMH HX
MeCTOHaX0oXAEHH.

OueBHAHO, ANA XpaHeHHsA CJOB, BCTpevaloUHXCA B
TeKcTe, Jyulle BCero MOXXOXHT XepeBO MOHCKa (Ha3nBae-
Moe Takxe JekcHkorpaduucckuM JepeBoM). Kaxpaas
BeplIHHA HE TOJIbKO CONEpXHT B KauecTBe KJAOua camo
CJI0BO, HO H fABJIfIETCA HA4yaJoM CNHCKa HOMEpPOB CTPOK.
Kaxnaylo 3anuch 0 MnosBJeHHH ¢J0Ba MH 6yzeM Ha3u-
BaTb ifem (oTMeTka), TakuMm o6pa3oM, B 3TOM NMpHMepe
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BCTPEYAIOTCA M JepeBbsi, !l JHHefiHbE cnucKH, [Tporpam-
Ma COCTOHT M3 JBYX OCHOBHbiX uacTedl (cM. mporp. 4.5),
a nMeHHo: ¢a3nl NpocMOTpa TekCTa H (a3wl neyaTH Ta6-
auubl. IlocieHss npeAcCTaBjsieT cofOH NpPOCTO Nporpam-
My o6xona HepeBa, NMpHueM MNpPH MOMAaJaHHH B KaXAYo
BepUIMHY neyaTaeTCst KJWueBoe 3HauyeHue (cJ0BO) o
NpocMaTplBACTCs CBASAHHBIL € HeHl CHNHCOK HOMepOB
cTpok (oTmerxn). Kpome TOro, nosjiesHo npHBeCTH eiue
HeKOTOpble MOSACHEHHs, OTHOCAMmHMecas K mnporp. 4.5,

Ta6smua 4.3. PesyabraTtal paGoTe nporpaMmul 4.5

0 PROCEDURE search({x: INTEGER; VAR p: VPtr):
1 BEGIN
IF x € pt.key THEN search(x, pt.left)
ELSIF x > pt.key THEN search(x, pt.right)
ELSIF p # s THEN pt.count := pt.count + 1
ELSE Allocate(p, SIZE(Word));
WITH pt DO
key = X: leoft := s; right ;= s; count := 1
END

CONOPH LN

END
10 END

Allocate
BEGIN
Do

ELSE
ELSIE
£ND

IF
INTEGER
PRUCEDURE
SIZE
THEN

VAR
WITH
WPtr
Word
count
Ley

Teft

P

GNNAVODODONNOONRWMO = o
[~
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NN
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right
s
search
X
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(B Tta6a. 4.3 npuBefeHbl pe3yabTaThl 06paGoTKH Mmpo-
rpaMMmoi 4.5 tekcra (4.50).)

1. ChoBoM cunTaerca J06as Moc/eX0BaTeNbHOCTb
6ykB H uH¢p, HayHHawLaAaca ¢ OGYKBH.

2. Tak kak pa3Mep CJOB MOXeT GHTb pa3HHM, CaMH
(daKTHYECKHE CHMBOJB XpaHATCA B Maccupe buffer, a
BeplIHHA JepeBa COJXEpXHT HHIEKC MepBOro CHMBOJA
KJaua,

3. XenartesnbHo, uto6u HOMepa CTpOK p Tabauue mne-
peKpeCTHHX CCHJIOK neyaTtaJHCb B  Bo3pactaiollleM
nopsanke. [lo3ToMy cnHcok OTMeTOK JOJXKeH (opMH-
poBaTbCi B TOM K€ MOpAIKe, B KOTOpPOM OH G6yxer
NpoCMaTpHBAaTbCA MNpu mneyaTH, DT0 TpeGoOBaHHE MNpH-
BOXHT K HCNOJNb30BaHHIO B KaxxIolf BeplIHHe, CO-
OTBETCTBYIOWIEH CJIOBY, JABYX CCHJIOK: OJHAa YKa3hnBaer
Ha nepBHi, a BTOpasi— Ha MOCJEIHHH 3JEMEHT CMHCKa
OTMETOK,

4.4.4. UcknoueHne U3 AepeBbeB

[MepeitieM Tenepb Kk 3alaye, o6paTHOH BKJIOYCHHIO)
K uckaiodenuro w3 nepebbeB. Hawa uneab — onpepenutsb
aJTOPHTM HCKJIOUEHHS — H3BATHA H3 YNOpPAJXOYCHHOro
IepeBa BEpPUIHHB € KJOYOM X. K coXaneHHIO, HCKJOYes
HHe 3JeMeHTa OOHLYHO MPOXOJAHT He TaK MpoOCTO, KakK
BkJtoueHHe, [IpocTHM OHO OoKa3nBaeTcs Jullb B CJayuae,
eCJIH HCKJYaeMH 9JeMeHT — TepMHHaJbHas BepllHHA
MJIH BepUIHHA C OXHHM MOTOMKOM. TpYRHOCTb BO3Hit-
KaeT, €CJIH HYXXHO YIaJIMTh 3JIeMEHT C ABYMS NMOTOMKaMH)
Beflb MB He MOXEeM yKa3aTb C MOMOIIbIO OJZHOH CCBUIKH
cpasy ZBa HanpabJieHHs. B 3Tom cayuae yraasembi sJe-
MEHT HY>XHO SaMeHHTb JH60 Ha CaMbili NpaBHH JEMCHT
€ro Jieporo nojajxepena, JHG0 Ha caMbfl JIeBHH 3JEMCHT
ero MpaBoro MoJiepena, NpHYeM OHH JOJKHH HMETb Ca-
Moe 6oJiblliee OJHOrO MOTOMKa. Bece geTanau npHBOAATCH
B caMoii peKypCHBHOil mpouexype mox Haspahuem delete
(4.52). B Heil pasanyaTcs TpH cayuas:

]. KOMNOHEHTH C KJAKOYOM, PaBHHIM X, HET.

2. KomnoHeHTa ¢ kJ1040M X HMeeT He fojee OJHOro
NOTOMKa,
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3. KoMnoHeHTa ¢ KJIOYOM X HMeeT JBYX NOTOMKOB,

PROCEDURE delete(x: INTEGER; VAR p: Ptr)
VAR q: Pur (4.52)

PROCEDURE del (VAR r: Ptr);
BEGIN
IF rr.oght # NILTHEN del(rt.right)
ELSEqr.key = rtkey; gqr.count ;= rr.count;
gi=r;ri=rrleft
END
END del;

BEGIN (* uckrmoueime *)
IF p = NIL'THEN (* cnopa B icpeBe HeT + )
ELSIE x € pr.key THEN delete(x, pr.ieft)
ELSIF x > pr.key THEN delete(x, pt.right)
ELSE (*¥ckiuouenne prs)q = p;
IF gtright = NILTHEN p : = qt.left
ELSIF qr.left = NILTHEN p := qt.right
ELSE del(qt:left)
END
(+Deallocate(q)*)
END
END delete

Bcnomoratenhras pekypcuBHaa npouenypa del ra-
yHHaeT paboTaTh TOJbKO B cayuae 3. OHa «cnycKaercs:»
BAOJb NpaBOil BeTBH JI¢BOTO MNOAJAepeBa 3JeMeHTa qf,
KOTOPBH HYXHO HCKJIOYHTb, H 3aMCHAET CYLLECTBEHHYIO
nudopmanHio (KJAOY H cyeTulik) B q} Ha COOTBETCTBYIO-
L(He 3HaYeHHA W3 caMoi NpaBOf KOMNOHEHTH r4 JeBOI'O
noanepesa, nocie yero or t4 MOXHO ocBoboautecs. He-
onucaHnyw npouenypy Deallocate MOXHO paccMmaTpH-
BATb KakK oGpaTHYIO Mo OTHOWeHdI0 K npoueaype Allo-
cate. Ecau nochiefnan BbiiesseT NaMATb AJ1A HOBOH KOM-
NOHEHTH, TO MEPBYK MOKHO MNPHMEHATL AJA YKa3aHHA
BHUYHCIHTEIbHON CHCTEME, YTO NaMsiTb, 3aHATAs 3JeMeH-
ToM qf, BHOBb CBOGOLHA H ROCTYMHA AJA JIOGHX ApYrux
uene.

Ona wamocrpauun pa6orn npoueaypn (4.52) MH
OoTCHJaeM yuTarteds K puc, 4.28. 3aech npuBeneHO HC«
XOHOe AepeBO (a), U3 KOTOpOro nocJeAOBaTeJbLHO YAas
JA0TCSA BeplIHHK ¢ kAloyaMu 13, 15, 5 u 10. [Toayyennnie
npu 3TOM AepeBbs nokasaHw TaM ke: (b)—(e),
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(6] {b)

© ! (® (®)
(@ (@ @

Puc. 4.28. Uckawuchie #3 gepesa,

4.4,5. AHanH3 OOHCKA NO ePeBY C BKAIOUCHHAMH

J0oBONLHO €CTeCTBEHHO, YTO K aJFOPHTMY MOHCKa ¢
BKJIIOYCHHEM [JIA IepeBbeB HCMLITHBaellb HEKOTOpPOe He-
nopepHe. Bo BcAKOM cayuae, cOMHeHHS GYAYT OCTaBaThCs
0 Tex nop, noxa Mu GoJee AeTaJbHO HE MO3HAKOMUMCH
© ero nopejeHueM. Benb MHOrHX nporpaMMHCTOB B nep-
aylo odepeAb 6eCHOKOHT TOT (PaKT, 4TO OOLIYHO HEH3-
BECTHO, Kak 6yneT pacTH AepeBO H KaKyw ¢opMy OHO
npuMeT. MH MOXKEM TOJbLKO npeanojaratb, YTO CKopee
3Cero aepepo He OyaeT HAeaJbHO C6aJlaHCHPOBAHHHIM.
[TocKOJIbKY CpeaHee YHCJIO cpaBHeHHH, HeoBxoaumoe Aas
oGHapyXeHHA KJlya, B HAeaJbHO c6asaHCHPOBAHHOM
JepeBe ¢ N BepLIHHAMu npHOJIH3HTEJILHO paBHO logn, TO
qycJO CpaBHeHHH B JAepeBe, CPOPMHPOBAHHOM HAWHM
aJaroputmom, 6yner 6oJnute. Ho rackonbro?

[Tpexae Bccro npocTo HAXOAHICA RAHXYAWHRA cayuali.
{IpeanoJioXKHM, BCe MOCTynatoulHe K1K0Ul HAYT B CTPOIro
‘sospacTraloilleM (nan ybmBatouleM) nopaake. Torpa ka-
XKABH K04 [PHCOCIHHSIETCA HENGCpPeACTBEHHO CNpana
(MM clepa) OT ero mpeAweCTBEHHHKA, H B pe3yJbTaTe
MH NOJy4aeM NMOJHOCTbIO BLIPOXKIEHHOC A€peBo, BHTAHY-
Toe B JHHeiiubii cnucok, B 3tom cayuae cpenune
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3aTpaTh Ha MOHCK paBHbI n/2 cpaBHeHHAM, fICHO, uTo Ta-
KOH HauXxyAlWHH BAPHAHT NPHBOAHT K OYCHb NJOXOH npo-
H3BOAHTEJILHOCTH, I KaXeTcf, YTO Hall CKeNTHLH3M noJ-
HoCcTbio onpaBAbiBaeTcs. IlpaBaa, ocTaercs Bonpoc, Ha-
CKOJLKO BeposTeH Takod cayuad. TouHee, xoTejocb Gbi
3HaTb AJHHY NYTH NOHCKA a,, YCPEAHEHHYK AJS BCeX n
rkaoyell U A4 BCexX n! AepeBbeB, NOJYUYEHHBIX B pe3yJb-
tTate n! nepecTaHOBOK H3 3THX N HCXOAHHX kJatouet, Ta-
Kasi 3alaya aHaJW3a aJropuTMa OKa3blBaeTcsl ALOCTaToy-
HO NpocTofi ¥ MPHBOAMTCA 3J€Cb HE TOJbKO KaK THMIY-
HbIl MpHMep Takoro aHaJH3a, HO W H3-3a NpakKTHYeCKoil
Ba>XHOCTH MOJyyaiollerocs pes3y./bTaTta.

[IycTb NaHH n pasiMyHBIX KJloueH €O 3HAaYEHHAMH
1, 2, ..., n, npHyeM NOCTYynalwT CHH B CJy4yaHHOM no-
psizke. BepoATHOCTb TOro, uTO nepBbI KJKOY, KOTOpbIil
CTaHOBHUTCS KOPHEBHIM Y3J0M, HMeeT 3HauycHHe i, paBHa
1/n. Ero JacBoe noianepeBo B KOHIe KOHUOB OyaeT co-
cToATb M3 i— | BepunH, a npaBoe—H3 n— 1| BepwiH
(cm. puc. 4.29). O6o3HaunM CpeRHIOW LJHHY NYTH B Jg-
BOM nojjepeBe uepe3 a,—j, a B NpaBOM nojaiepepe —
yepe3 ap—i. DyaeM BHOBbL npeanosaraTh, 4TO BCe BO3-
MOXXHbIE MEepeCTaHOBKH OCTaBUIMXCA n— | Kiaouel pas-
HoBepoATHH. CpegHsas AnHHA NYTH B AepeBe C N Bep-
IIMHAMH paBHa CymMMe NpOH3BeAEHHH YPOBHA KamaoH
BEepPLIHHB Ha BEPOATHOCTL oOpauieHua K HeH., Ecau Bce
BEpIIHHB HLYTCA ¢ OLHHAKOBOH BEpPOATHOCTLIO, TO MO-
Jyuaem

a, = (Si H<i<n:p)/n, (4.53)
rie py— LJHHA NYTH K BEpLIHHE i

Bepuinun Ha pHe. 4.29 MOXHO pa3feJHTb Ha TpH
KJacca:

l. i— 1 BepwHH B J1€BOM NOLAEPEBC HMEIOT CPERHIOD
AJIHHY NYTH a-j,

ARV

Puc, 4,29, Pacnpenenenne BecoB no BEeTBAM,
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2. KopeHb HMeeT AJAHHY nyTtH 0;

3. 1 —i BepWHH B NpaBOM NOJAAEPEBE HMEIOT cpel-
HIOK AJIMHY NYTH ap—1.

CaenoBatenbHo, BhipaxeHnHe (4.53) MoXHO npencras
BHTb KaK CyMMY ABYX NMpOH3BelCHHH

ai,"'= (G=Nra_;+(n—D)ra,_)/n. (4.54)

Hckomoe 3HauyeHHe ap—cpeaHee 3Hauenne all) Aas

Bcex i=1.M, T. e. AJs BCEX JEpeBbEeB C KJOUYAMH B
KOpHe, deHHMH 1,2 ..., m

a,=Si:1<I<n(i—~1*a_,+(n—i)ea _,)/n* (455)
—2#(8[ Ii<ni(i—1)»a_ 1)/"
-=-2-(SI.I<1<n.nal)/n

YpasHenue (4.55) npeacraisier coGoRt peKyppeHTHO®
COOTHOWIEHUE BHAA a,="{(ay, a5 ..., 25). V3 Hero Mu
nojayyaem GoJsiee NpoCTOe PEKYPPEHTHOE COOTHOLIEHHe
BHAa 4p == [3(as-;). BHauane noayuaem (1), packnanbi-

Bas nocjeiHee npousseneHue, H (2), noacrasass n— 1
BMeCTO n:

(1) a,=2+(n—1)*a, I/n’+2m(S| <i<n: hal)/n‘
(2) a,_,=2#(Si: | Si<n-—Il:isa)/(n—1)?

Ymuoxas (2) Ha (n—1)3/n2 noayuaem
@) 2+(Sl:ISi<n—1: ieg)fn?=a, a(n-—l)"‘/n2
U, noactaBuB npasyw uacte (3) B (1), Hailzem

ap=2s(n—1)eay_/n*+an_;»(n— 1)¥n? (4.56)
=ag_i¢(n— 1)%/n?

OKa3bBaeTcs, 4, MOXHO NPeACTaBHTb B HEPEKYPCHBHOM
3aMKHYTOM BHIE C MOMOLUIbIO FapMOHHUECKOH QyHKIHI

Hy=1+124+1/34+ ... +1/n
an =2+ (Hp*(n+ 1)/n—1)

U3 ¢opmyan Diiaepa (HCNOJAb3Ys KOHCTaHTY g =
= 0,577...)

Ho=g - lnn+ /1202 4 ...

(4.57)
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Mb noJyyaeM AJA OGOJbWIHX N COOTHOUIEHHE ap ==
= 2+(lnn 4+ g—1). Tak Kak cpeiHss AJAHHZ 0YTH B
nicasJbHo c6aJlaHCHPOBAHHOM JepeBe MpHOJIH3UTENbHO
paBHa

a, = logn — | (4.58)

TO, ONyCKasa cJaraembie, KOTOph€ MNpH 60JbUWHKHX M CTa-
HOBATCA AOCTATOYHO MaJlbIMH, Mbl NnoJiydaem

lim (ay/ap)=2*1In (n)/log () =2 In (2) = 1.386...  (4.59)

Yro ke O3HauaeT 3TOT pe3y bTar aHaausa (4.59)? Us
Hero cJepyert, 4to, CTapaficb BCeria CTPOHTb HAeaJbHO
c6araHCHpPOBaHHOE LepeBO BMECTO CJyuaHHOro, nojyuae-
MOTrO € nomoiubio nporp. 4.4, Mbl MOXeM O)KHAaTb Cped-
HHH# BBIMIpHILI B AJHHe NYyTH NOHCKa He Gojee 30 %.
[Ipu sTOM MBI nO-npeXHeMy npeanoJaraeM, 4YTo Bce
KJIOUH pacnpedeseHbl paBHoMmepHo. IloguepkHBaeM, uTo
peub HAeT O cpelHeH AJaHHe nNyTH, H60 B HauOoJgee He-
GMaronpUATHLIX CJAy4yasX, KOrla JAepeBo BHLIPOXKAaeTcs
B CMOHCOK, BbIUrpblll GyAeT 3HauyuTenbHo Goabute. Of-
HAaKO TaKoe cayuaerca KpaHHe peako. CiaenyeT 3aMeTHTh,
YTO OXHAaeMmas CpelHAA NJHHA NYTH B CJAyuaHHOM Je-
peBe € pPOCTOM YHCJa BepUIHH pacTeT ToXe CTPoro .Jo-
rapugMuyecK!, XOTd B XxyalleM cJyuyae H Habatogaercs
JHHEHHbIA pOCT.

Hubpa 39 % HakJaabiBaeT OrpaHHuYeHHE Ha 00beM
JNONMOJHHUTEJNbHBIX YXHIUPEHHH O] nepecTpoHKH CTpYK-
TYpbl AepeBa NO Mepe nocTynJeHus Kaouell. Pasymeercs,
NpPH 3TOM HMEeT CYLIECTBEHHOE 3HaucHUe H OTHOUIEHNE
yacToTh! O6palleHHH (NMOHCKOB) K BepUIHHAM K 4aCTOTC
BKJAlyeHHll (Koppekuu# nepeBa). Uem Gosble 3TO OT-
HouwleHHe, TeMm OGOJblIe BHIMFPbIW OT MpOUEAYPH mnepe-
crpoitku., Onnako mudpa 39 % [OCTAaTOYHO HHM3Ka, H B
GOJIbUIHHCTBE MNPHJAOKEHHH YJyuylleHHe npOCTOro aJro-
pUTMa NOHCKA C BKJIOYEHHEM He ONpaBAHBAETCA, €CJH,
KOHEYHO, peub He HJeT 0 O6oJblieM 4YHCJIe BepulHH H
GoJsiblileM OTHOWEHHH A0CTYN/BKJIOYEHHE,

4.5. CBAJIAHCHPOBAHHDBIE OEPEBbBS

W3 npeamayuux paccy>xieHu#t AcHO, 4TO npoueaypa
BKJIIOUEHHS, BOCCTAHABJHBaloMas HaeadbHo cOajlaHCH-
poBaHHOe AepeBO, BPAA JH OGyleT BCerja BhINOAHA, No-
CKOJMbKY BOCCTAHOBJIEHHE JepeBa mnocfe CJay4adroro
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BKJIOYEHHS — JIOBOJIbHO CJI0XKHasi onepauus. BoamoxHo,
BHIXOJOM H3 T0JIOXeHHA GyneT BBELCHHE MEHee CTPOroro
onpeseaeHus cb6ajaHcHpoBaHHOCTH, Takoe He COBCEM CO-
BepUIeHHOe onpejejeHHe Morjo O npuUBeCcTH K GoJsee
NpocTofi NpoleAype NepeynopsiioYeHHs 3a CUeT JIHUIb He-
3HAUHTENbHOrO YCJAOXHeHHs noucka, ONHO M3 TaKHX
onpeleJeHHd cbanaHCHPOBAHHOrO AepeBa OuJIO npelJto-
xkeHo I'. M. Anenbcou-Beabckum u E. M. Jlanaucom
[4.1]. X KpuTepuii c6ajaHCHPOBAHHOCTH cHOPMYJaHPO-
BaH TakK:

Hdepeso HasuBaercs c6QAQHCUPOBAHHbIM TOCAA H
TOJILKO TOrJa, KOrAa BbICOTH ABYX MOAAEePEBbEB KajKJOM
13 ero BepLIHH OTJAHuYaloTCs He OoJsiee ueM Ha eAUHHLY.

Hepepbs, YAOBACTBOPSIIOLIHE TAKOMY YCJOBHIO, 4acTo
HaswBaloT ABJl-nepesbsMu (MO HMEHH MX OTKpbIBaTe-
Jdelt). Mbl ux 6yaeM npocTo Ha3wBaTb cOAAAHCUPOBAH-
HotMu OepegbAMU, TOCKOAbKY YNOMSHYTBIT KpHTEpPHI]
c6aJJaHCHPOBAHHOCTH BBINJIAAHT HanGosee NMOLXOLALLHM.
(3aMerHM, uTo BCC 1jeaJbHO cGaJlaHCIPOBaHHHE Je-
peBbsl siBasfoTCS Takxke U ABJl-gepesbsamu.)

BBeaenHoe onpeaeseHde He TOJbKO CaMO OYCHb MpPO-
CTO€, HO WU MNPHBOLNT K MPOCTOfl npoueaype NOBTOPHOI
GaJaHCHPOBKIl, NpPHueM CpefHsis JJHHA OYTH NOHCKa
NpaKTHYECKH cOBnajaeT ¢ AJHHOH B HieasnbHo cbanaHcl-
pOBAaHHOM AepeBe.

B c6anaHCHpOBaHHBIX AePeBbfIX 3a BpeMs, Nponop-
nvonaabHoe O(log n) maxke B XyAlweMm cjayuyae, MOXHO
BbINOJIHHTb TaKHe OnepauuH:

1. Haiitn BepliHHY ¢ NaHHHM KJIIOYOM.

2. BKJA0OYITL HOBYIO BEPIIHHY C 3aRaHHbIM KJIOUOM,

3. UckmiounTb BepUIMHY C YKa3aHHHM KJIOUOM,

Taxue yTBepXKACHUA — CJICACTBHe AOKa3aHHOH Anenb-
cod-Besibckum M JlaHaucOM TeOopeMbl, rapaHTHpyioulei,
yTo CG6aNlaHCHPOBaHHOE [epeBO HHKOraa He OyleT mno
BLICOTE MpeBHIIaTh HAeaJbHO COasaHCHpOBaHHOe GoJlee
yeM Ha 45 9% He3aBHCHMO OT KOJH4YeCTBa BeplluH. Ecau
0603HaYHTh BHICOTY c6aJlaHCHPOBAHHOIrO A€peBa ¢ N Bep-
lWwHHaMu yepe3 hy(m), TO

log(n+ N <<hy(n) < 1.4404 » log (n +- 2) — 0.328 (4.60)

OnTHMYM AOCTHFACTCH, OYEBHAHO, €CNH AEPEBO HILAb:
. #0 cbasancupoBano, npu n=2¢—1, Oanako Kaxosa
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Puc. 4.30. Hepepba ®uboHayuu BrICOTOR 2, 3, 4.

CTPYKTYpa €amo20 naoxozo cbasancupoansoro ABJI-
depeBa? Yro6n HalTH MaKCHMaJbHYK BHCOTY h AJs
BCex c6aslaHCHPOBAHHBLIX AEpPEBbEB C I BEPUIHHAMH, MO~
CTYNHM CJeAYIoWHM o06pa3oM: Bo3bMeM (HKCHPOBAHHYIO
BHCOTY h H MOMHTAaeMCH MOCTPOHTb CGaJaHCHPOBAHHOE
JepeBO ¢ MHHHMaJbHHIM YHCJOM BeplunH. Mu caeayem
TaKo# CTpaTeruu, MOCKOJBKY, KaK H B CJAY4a€ MIIHH=
MaJIbHOM BLICOTH, 3TO 3HauYeHHe MOXeT GHTb AOCTHLHYTO
TOJIbKO MPH HEKOTOPBIX BMOJIHE ONpeleJeHHHX 3Haue-
Huax. O6o3HaydM Takoe aepeBO BbHICOTH h uepes Th.
SlcHo, uto Tp— nycroe aepeBo, a T{— nepeBo ¢ OAHOM-
elHHCTBeHHOR Beplunuoi, Hdas noctpoenus Ty aas h > |
Mu 6ynem GpaTb KOpeHb H [Ba NORLepeBa ONATb Xe
¢ MHHHMaJbHHM YHCJOM BepwHH., CleloBaTelbHO, 3TH
LepeBbsl TaKXe OTHOCATCA K KJaccy T-aepesbeB. OnHo
NoAJEepeBo, O4YEBHIAHO, AOJNXKHO OHITb BhcoTOH h—1, a
LpYroMy no3BoJisieTC HMeTb BHICOTY Ha €NHHHIY MCHb+
we, T. e. h—2. Ha puc. 4.30 npeacrtaBiieHn aepeBbsl
BuicoTol 2, 3 H 4. IloCKOJNbKY NPHHUHN HX NOCTPOEHHS
OYeHb HANOMHHaeT MNOCTpoeHHe uHcea DuboHayud, TO
MH 6yneM Ha3bBaTb TaKHe JepeBbst depegsamu Pubo-
Hay4u, QOHH ONpeReJsOTCA CJelYIOWHM 06pa3oM:

1. Tlycroe nepeBo ectb AepeBo PHGOHauuu BHCOTH 0.

2. ExMHCTBEHHAs BepllHHa ecTb JepeBo DPuboHauuu
BLICOTH |.

3. Ecan Theqy ¥ Thez — nepeBb PuboHauyyu BHCOTOI
h—1uh—2, 10 Th = {Th-1, X, Th2) Takxke gepeno Pu-
60HauuyH BucoTOH h.

4, Opyrux nepeBbeB PubOHayul He CYLIECTBYeT.
Yucao sepuinn B Ty onpenensiercs H3 TaKoro npocToro
PEeKYpPpPEHTHOro OTHOLIEHHS}

No=0, N|==1

4.60
Ny=Ny_;+1+Ny_, (460
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Unena Ny Kak pa3 u GYAYT YMCJIOM BeplHH AJS CaMBIX
AYAUHX caydaeB (BepXxHHH npenen h), HX HasHBaloT uuc-
samu JleoHapna.

4.5.1, Bxsouenwe B c6aslaHCHPOBAHHOE LepeBO

PaccMoTpuM  Tenepb, HTO MOXeT NPOH30HTH NpH
RKJOYEHHH B c6aJlaHCHPOBaHHOe AepeBO HOBOH BepLIH-
nt. Ecav y Hac ectb KopeHb r W Jepoe (L) u npasoe
(R) noaaepeBbs,, TO HEOOGXOAHMMO pasjHyaTb TPH BOS3-
MOXKHHX cJayuas. [Ipeanosoxum, BKJOYeHHe B L HoBoO#
BepUIHHH NPHBELeT K YREJIHYCHHIO Ha | ero BHCOTH; TO-
1,12 BO3MOXHH 3 cayuas:

I. hp=hg: L u R cranyr pasHOli BHCOTH, HO KpH-
Tcpui ¢6aJlaHCHPOBAHHOCTH He OYNeT HapyluleH.

2. hy << hg: L 1 R cranyr paBHo#l BHCOTH, T. e. c6a-
JaHCHPOBAHHOCTb aKe YJYYUHTCS.

3. hy > hg: Kpurepu#i c6anaHClipOBaHHOCTH Hapy-
WHTCA H AepeBO HeOGXOLHMO nepecTpaHBaTh.

Bo3bMeM AepeBo, npeactabsieHHoe Ha pHC. 4.31. Bep-
WHHB ¢ KJIouaMH 9 H 11 MOXHO BKJIIOYHTb, He Hapyuian
c6aaHCHPOBAHHOCTH JepeBa; AepeBo ¢ xopHem 10 cra-
HOBHTCS OQHOCTOPOHHHM (cayual 1), a ¢ KopHeM 8 —
Auub Jyuule c6anaHCHporaHHbBIM (cayuait 2). Oauako
BKJoueHHe Kawouell 1, 3, 5 wan 7 1pebyer nocaeayoinefi
6aslaHCHPOBKH.

[Tpyu BHHMaTCJIbHOM H3YYEHHH 3TOH CHTYyauHH o6Ha-
PY)XXHBA€TCS, YTO CYUIECTBYIOT JIHWIb ABE MO CYLIECTBY
pasJHuHbBe BO3MOXHOCTH, Tpebyloliie HHANBUAYa bHOMO
noaxoda. OcTaBuigecs MOryT OLITb BHBEACHH H3 3THX
ABYX Ha OCHoBe cHMMeTpHH. [lepsuil ciyuail BosHuKaer
npH BKJIOYEHHH B fepeBo HA puc. 4.31 xkaouet 1 nau 3,

Puc. 431, C6anaucuposautioe aepeso.
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Puc. 4.32, HecGanaHcupoBaHHOCTb, BOSHAKWIAA W3-33 BKMIOYEHHSA.

CHTYallHsl, XapaKTepHas AJs BTOPOro Clyuasl, BO3HHKaeT
NpH BKJAOYEHHH KJawoueil 5 uau 7.

CXxeMaTHYHO 3TH CJAyuaH NMpeicTaBjJeHH Ha pHc. 4.32,
rie NPAMOYroJIbHHKaMu 06GO3HaueHW nOAAEpeBbsl, MpH-
yeM «106aBJIeHHaf» NpH BKJIOUYEHUH BHICOTA OTMEueHa
nepeuyepKkHBanueM. [lpoctbie npeoGpa3oBaHHsA cpa3sy e
BOCCTAHABJIHBAIOT XKeJaHHYK cOaJaHCHPOBaHHOCTh, HXx
pesyJbTaT npuBeleH Ha puc. 4.33. O6paTHTe BHHMaHHe,
UTO AONYCKAIOTCA JHWb NepeMellleHHS B BepTHKAaJbHOM
HanpasJeHUH, B TO BpeMs KaK OTHOCHTEJbHOE FOpPH3OH-
TaJbHOE pPaCHoJIOXKeHHe MOKa3aHHBX BepWHH H noine-
PEBbeB NOJIXXKHO OCTaBaTbCH 6e3 H3MEHeHHS.

Aaropurm BKJIOYeHUN ¥ GaJJaHCHPOBKH CYLLECTBEHHO
34BHCHT OT TOro, KaKHM 00pa3oM XpaHHTCH HHpOpMauHa
0 c6aJaHCHPOBaHHOCTH AepeBa. Kpalinee pelwieHne — xpa-
HHTb 3Ty WHGOPMAUHIO NOJHOCTHIO HEABHO, B CTPYKType

Cnyvalt 2

Cnyuyatt 1

Puc. 4.33. BoccranoBaenue c6analicHpOBAHHOCTH.
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camoro AepeBa. OfHako B 3TOM cJayyae cGaJaHCHpOBal-
HOCTb Y3J1a HYXHO OnpeAe/ATb BCAKUA pa3, KOrAa BKJIO-
yeHHe 3aTparHupaeT 3TOT y3eJ. DTO BeAeT K OYeHb G6OJL-
MM 3aTpaTtaM. Ilpyras kpafHOCTb — XpaHHTb B KaXJofl
pepliHHe NoKa3aTesb C6aJaHCHPOBaHHOCTH. B stom cay-
uae onpeleieHde tHna Node pacwnpsiercs A0 Takoro:

TYPEPir=  POINTER TO Node;
TYPE Balance =[-1.. +1]:
TYPE Node = RECORD key: INTEGER; 4.62)
count: INTEGER;
left, right: Ptr
bal: Balance’
END

lNokasaTtenb c6ajaHCHPOBAHHOCTH BepLUHHHE MH B
lajbHeiiwleM OyaeM HHTepNpeTHPOBAaTb KaK pPa3HOCTDL
MeXxAy BHCOTOH NpaBOro noalepeBa M JeBOro, a cal
aJropHT™M GyAeT OCHOBaH Ha ONKCaHHH Tuna (4.62). [Tpo-
1eCC BKJAKUEHHS BepUWHHHW (PaKTHYECKH COCTOMT U3 CJu-
AYIOIHX TpeX Moc/Nel0BaTe/]bHO BLINOJNHAEMbIX YacTe!l:

1. Npoxoaa no nyTH noucka, nNoka He yGeAuMcH, 4:0
KJlIoYa B N€peBe 1eT.

2. Bkaoyetins HOBOfl BepUIMHB H ONpeAeJeHHs |-
3yJbTHPYIOUlEro Noka3aress c6aJaHCHPOBAaHHOCTH.

3. «Ortcrynienus» no NyTH MNOMCKA H MNPOBep:I
B Ka)XJOH BepuIHile NOKa3aTels C6aJaHCHFOBAHHOCT L.
Ecnn neofxoaumo — GasaHCHPOBKA.

Xora 0OpH TakOM MeToAe M TPEOYIOTCA HEKOTOpLIe
#36LTOYHBE NPOBepKH (eCnH cOaNaHCHPOBAHHOCTDL yike
3a(UKCHPOBAaHa, TO HET HEeOOXOAMMOCTH NPOBEpSAThH e
B BLILIECTOAILIHX BepulHHaX), Mb OyaeMm BHauaJe npi-
J€[XKHBATbCA 3TOR, OYEBHAHO KOPPEKTHOH CXEMH, TaK
KaK €e MOXHO peaJli30BaTb MPOCTHM pacCUIHPEHHe M
yxe TrOTOBOR mNpouelypbl MNOHCKA ¢ BKJIOYEHHEM H3
nporp. 4.4. B 3tot npoueaype onHCHBAIOTCA AefCTBHH,
CBA3aHHbBle C MOHCKOM B K4XAOH BepulHHe, U B CHJY
peKYpCHBHOR NPHpOAW caMoit npoueaypH ee Jierko npu-
cnoco6uTh AJ BHNOJHEHHS JONOJHHTENbHHX HAeRACTBH
npH BO3BpalleHHH BRoOAb nyTu noucka. HUnbopmauusy,
KOTOPYIO HYXHO NepelaBaTb Ha KaMJAoOM Liare, yKasii-
BaeT, yBeJHYHJach HJIK HeT BHCOTa NOAAepeBa,.TrAe
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npou3olo BkJAoYeHHe. [1o3ToOMy MBI paclIMpHM ClHCOK
napaMeTpoB npouelypo H ao6aBuM OyJieBCKOe 3naye-
HHe h, O3Hayawollee — «BHCOTa JefeBa YBeJHUHJIACDH»,
[Tockonbky uepe3 Hero nepeaaeTcs pe3yJbTaT, TO 3To
IoJxeH ObiTb NapaMeTp-NepeMeHHas.

[MpeanonoxuM Telepb, YTO NpoUECC W3 JIEBOH BeTBH
BO3BpallaeTcs K BepliHHe pi (cM. puc. 4.32), npuuem
yKa3blBaeTCd, YTO ee BHICOTa YyBeJHUMJIacb. B 3aBucH-
MOCTH OT BbICOTH NOAAepeBbeB Nepel BKJIOUEHHEM MH
AOJDKHBI pa3/iH4aTb TPH BO3MOXKHbBE€ CHTyaLHH:

1. hy < hg, p}.bal=+41, npeawaymasa Hec6anau-
CHPOBAaHHOCTb B [ YpaBHOBelUIHBaeTcs.

2. hy =hg, pt.bal =0, neBoe noaaepeBo crajo «ne-
peBeuIHBaTb»,

3. hy>hg, pt.bal=—1, neob6xoauma OGanan-
CH[OBKa.

B rperbeii CHTyaunu no nokasarenio cGaJaHCHpO-
BaHHOCTH KOPHA JeBoro noajepesa (T. e. no pl4.bal)
MOXHO OnpeAe/HTb, HMeeM JH MH JAeJ0 CO cJayuaem |
unn 2 (puc. 4.32). Ecau neBoe nopmepeBo 3To# Bep-
IWHHB TaK)XXe Bhbllle NpaBoro, TO MB HMEEM JeJo CO
cnyyaeM 1, HHauye —co cayvyaem 2. (YGeautech cami,
YTo B 3TOM CJyyde He MOXeT CYUIeCTBOBAaTb JIEBOro
nopjlepeBa ¢ MNOka3aTesJeM c6aJaHCHPOBAHHOCTH B ero
KOpHe, paBHbIM HyJ10.) Onepauus no GasaHCHPOBKe CO-
CTOHT TOJIbKO H3 MNOCJAeA0BaTe/IbHHX NepenpHCBaHBaHHH
ccbi1oK., DaKTHYECKH CCbWIKH IHKJIHYECKH MEHSIOTCH
MeCTaMH, YTO NPHUBOAMT K OAHO- HJH ABYKPaTHOMY mo-
BOpOTY ABYX HJH TpeX YYacCTBYIOUIHX B Npouecce Bep-
uHH. KpoMe BpallleHHA CCHIJIOK HYXXHO AOJKHHM ob6pa-
30M NONPaBHTb H MoKasaTeju c6AaJaHCHPOBAHHOCTH CO-
OTBeTCTBYIOUHX BeplHH. [leTasbHoe onucaHue npouecca
NpUBOAHTCH B CaMof MpoueAype MOHCKA, BKJKOYEHHS
H GanancupoBku (4.63).

[Mpunuun pa6oTbt aAropuTMa HIJIOCTPHpYeT pHC. 4.34.
PaccMOTpHM ABOHYHOe JepeBO, cOAepikalllee BCero ABEC
BepuiHHbl (a). Bkaouenune kaioua 7 BHavase NPpHBOAHT
K Hec6alaHCHPOBAHHOMY JepeBy (NPOCTO K JIHHeHHOMY
cnueky). Ero GajaHCHPOBka BKJIOY2eT eAHHCTBEHHbIH
RR-noBopOT H NPHBOAHT K HAeaJbHO C6asaHCHpOBAH-
nomy AepeBy (B). [locaeayiowne BkAOYEHHS BepLIHH
v 1 npuBogar K Hec6aJaHCHPOBAHHOMY TnoaaepeBY
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{a)

{d)

Puc. 4.34. Bxamouenne B c6aNlaHCHPOBAHIIOE JepeRo.

¢ kopuem 4. C nomouubio oanoro LL-nosopora ono 6a-
aancupyerca (d). [Tocaeayioumee BkJoueHHe Kao¥a 3
cpa3y Ke Hapyulaer KpHTepHH c6asaHCHPOBAHHOCTH
B kopHeBoil Bepwuue 5. [locne uyero GanancHpoBKa
JOCTHraeTCsl yXKe ¢ NoMoulblo 6oJee CJ0XHOr0 ABOHHOrO
LR-nosopoTta; pe3ysnbTraToM sBAsteTcs AepeBo (e). [lpu
J160M  caeaylolleM BKJOYenHH OajsaHc MOXeT OHTb
apywed JHwb B Bepuinne 5. M AeficTBHTENBHO, BKJIO-
yeHHe BeplWIHHBI C KJIOYOM 6 NPUBOAHT K YeTBEpTOMY
tiny 6aJauncipoBru, BbiieseHHOMY B (4.63),— aBofino-
my RL-nosopoty. 3ax1i04dTeNbliOe AepeBO NOKA3aHO Ha
puc. 4.34(f).

B cBa3# ¢ Npou3BOAHTENbHOCTbIO AJrOPHTMA BKJIO-
yeHHs B c6aJaHCHpOBaHHble AepeBbsl BO3HHKAIOT, B Y4CT-
HOCTH, ABa TAKHX HHTEpeCHHX BoNpoca:

I. Ecau paBHOBeposiTHO nosB.jeHHe Jw06ofi H3 nl
NnepecTaHOBOK H3 I K.JII10YeH, TO KAKOBAa OXHAaeMas Bbui-
cota ¢opMHpyeMOoro aepeBa?

2. KakoBa BepOATHOCTb TOrO, UYTO BKJIOUEHHe MOB.Ce
yeT 3a co60H 6aslanCUPOBKY?

MareMaTHyeckilli aHaJH3 Haulero CJOXIOLO aJro-
pHTMa NOKa OCTaeTcs OTKpHTONl npoGaemoil, DKcnepus
MeHTaJbHble [POBEPKI [0Ka3bIBAIOT, YTO OXUJAaeMasd
BhicOTa C6aJlaHCHPOBAHHOTO AepeBa, MNOCTHOEHHOrO ¢
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PRUCEDURE search(x: INTEGER: VAR p: Ptr; VAR h; BOOLEAN);
VAR pl, p2; Puri. (+~he)
BEGIN
JF p = NIL THEN (» BKouerime )
ALLOCATE(p, SIZE(Node)); h ; = TRUE;
WITH pr DO
key := x: count :=1; left 1= NIL; right ;= NIL; bal := 0
END
ELSIF pt.key > x THEN
search(x, pt.left, h);
IF h THEN (eBaIpociia neBast BETBb *)
CASE pt.bal OF
1:pr.bal:= 0; h:= FALSE]
0:pr.bal:=-1]
+1: (» GanancupoBKa#) pl ;= ptr.left
IF pl1.bal = -1 THEN (+ onHokpatHslit LL -opopot «)
pt.left := plr.right; plr.right := p;
ptbal:=0;p:=pl
ELSE (+ gpoiinoii LR-noBopor %) p2 := plr.right;
pltr.right .= p2r.left; p2r.left:= pl,;
pr.left : = p2t.right; p2t.right := p;
IF p21.bal ='-1 THEN pt.bal := 1 ELSEpr.bal := 0 END
IF p2r.bat = +1 THEN plr.bal:= -1 ELSEplt,bal:= QEND :
p:=p2
END;
pt.bal:= 0; h:= FALSE
END
END
ELSIF pr.key < x THEN
search(x, pr.right, h);
IF h THEN (% Bbipocia NpaBas BeTBhb =)
CASE pr.bal OF
~1:pt.bali= 0; h:= FALSE|
0:prval:=1]
1: (*6anacuponka s ) pl := pr.rights
JF plt.bal = 1THEN (« osmokparuntit RR-noBopor +)
pr.right 1= plr.left; plr.lefi ;= p!
prbal:=0;p:=pl
ELSE (% nsoidoit RL-nosopoT +) p2 := plt,left;
plrleft:= p2r.right; p2r.right:= pl,

(4.63)
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pt.xght := h2r.left: p2t.left 1= pi
{F p2t.bal = +1 THEN pt.bal i= -1 FLSE pt.bal ;= 0END §
{F p2¢.bal = -1 THEN plt.bal:=1ELSEplt.bali= QEND:

p:i=p2

END

pt.bal:= 0;h:= FALSE

END

END
ELSE pt.count := pt.count + 1
END
END search
noMouwpio ajaroput™a (4.63), Takosa: h = log(n)+c, rae
¢ — HeboJbuias koHcTaHTa (¢=0,25). [IpakTHYUECKH 3TO
03HayaeT, yTo cOajaHcupoBauHwe ABJI-aepeBbs Beayr
ce6sl Tak e, KaKk ¥ HAeasJbHO c6aJaHCHPOBaHHLIE, XOTH
noAmepKHBaTh HX HaMHOro npoiue. Te ke 3KcHepHMeH-
TaJlbHHe AaHHble NOATBEPKAAOT, YTO B CpeAHEM MNpH-
6J1M3MTeNbHO HA ABa BKJIOYEHHS NPHXOAHUTCS OAHa ba-
JaHcupoBka. IlpH 3TOM OAMHAKOBO BEPOATHH M OAHO-
KpaTHble, H ABYKpaTHHe NOBOPOTH. KOHeYHO, fICHO, YTO
npuMep Ha puc. 4.34 noabupajcs CneuHaabHO, YTOOH
Ha MHHHMAaJIbHOM UHCJe BKJIUYeHHH NpPOAEMOHCTPHEO-
BaTb KaK MOXHO 6oJiblle MOBOPOTOB.

CaoXHOCTb ONepauHH 0aNaHCHPOBKH nNpeAnoJaraer,
yTo c6aJaHCHPOBAHHBIE AepeBbs CJeAyeT HCNOJb30BaThb
TOJbKO TOrAa, KOraa NOHCK HHPOPMAUHH NPOHCXOAHT
3HAYHTEJNbHO Yalle, YeM ee BKJIOYeHHe. DTO yTBepxie-
HHe 0COGeHHO BepHO, MOCKOJbKY BepUIHHW AepeBa no-
HCKa AJs1 S5KOHOMHH NaMsATH OObIYHO XPaHATCA B BHAe
NJOTHO YynakoBaHHuX 3anuceil. [lostomy pelwaiouwum
¢dakropoM, onpeledarouwnM 3¢¢PeKTHBHOCTb Onepaunuiu
6asaHCHPOBKH, 4YacTo OnBAKT AOCTYNHOCTb NOKasarens
GallaHCHPOBKH H MNpPOCTOTa €ro H3MEHEeHHs, Beab AJA
ero NpeACTaBJNEHHS HY)XXHO BCero ABa pa3psajaa. OnuiT
nokasniBaeT, YTo cOaJaHCHpOBaHHble AepeBbs Cpa3y Xxe
TEPAIOT NOUTH BCIO CBOIO NPHBJEKATENbHOCTb, KAK TOJb-
KO peub 3aXOAHT O IJIOTHOH ynakoBKe AJs 3anucef.
U AeiicTBHTeNbHO, NPOCTOH H OUEBHAHHIH AJIrOPHTM
BKJIOUeHHA B AepeBO NpeB30HTH TpyAHO!

4.5.2. Hcknroyenne u3 c6anaHCHpPOBAHHOTO aepeBa

Haw onHT no ypaneHHi0 BepUHH H3 AefeBa MO3BO+
AsleT NpPeANnoJOXKHUTb, YTO H HCKAKOUYeHHe H3 cbajaHCHs
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pOBaHHOro JepeBa OKaXkercss 0oJlee CJOMKHLHIM, Ueym
Bkaoyenne. M 310 AeficTBHTeNbHO Tak, XOTA anaroputy
onepalHH 06aJaHCHPOBKH OCTaeTCA (AaKTHUECKH TeM e
CaMbiM, YTO H NpH BKJIOYeHHu. B yacTHoCTH, GajlaHCH.
pOBKa ONATb OCHOBLIBAETCA HA OAHO- WJH ABYKPATHHX
NOBOpOTAX Y3JIOB,

[NMpununnuanbHas cxeMa ajropuTMa HCK/IOYEHHS M3
c6anaHCHpOBaHHOro AepeBa aHaJjoruuua (4.52). Ilpo-
CTbie CJyYaH —yjasieHHe TepMHHAJbHLIX BePUIMH HJIH
BeplUItH TOJILKO ¢ OAHUM NOTOMKOM. Eciin e oT Hckao-
yaeMOH BepUIHHH «OTXOAAT» ABa NoajepeBa, TO, KaK H
paHblle, OHAa 3aMeHsleTC Ha CaMyl0 NpaBYK BepUIHHY
ee JeBoro noaaepeBa. Kak u B cayyae BKJIOUEHHA
(4.63), BBOAHTCA OyneBCKHii napaMerp-nepemenHas h,
yKa3hBaWOUHA, ymeHrowusrace au 8bicoTa noddepesa,
BasnaucupoBka HaeT, TONbKO ecaH h — ucruna, dTo 3Ha-
yenHe NpUCBaHBaeTCs nepemMeHHoH h npuH oGHapy>KeHHH
H HCKJIOYeHHH KakoH-THOO H3 BeplUHH HJH yMeHblUenHH
BHCOTH Kakoro-nu6o noasepeBa B npolecce camoit 6a-
naicupoBkH. B nporpamMme (4.64) B BHAe npoueayp MH
BBOAMM ABe (CHMMeTpHUHHE) oNepallid 0aJaHCHPOBKH,
NOCKOAbKY OOpalleHHe K HUM BCTpeyaercss GoJee ueM
B OAHOH TOYKE aJropHTMa HckJIoYeHHd. OTMeTHM, YTO
balancel ucnoJb3yercsi NpH YMeHblUEHHH BBICOTH JIeBOFO
noijepeBa, a balanceR — npaporo.

Puc. 4.35 uanocTpupyeTr paGoTy Halwell NpOlLeAYpH.
M3 ucxoaHoro c6anaHCHpOBaHHOro AepeBa (a) nocjeao-
BaTeJbHO HCKJIOYAIOTCA BeplWHHb! ¢ kJaouyamu 4,8,6,5,2,1
H 7 u noayuaiorcs AepeBbs (b)...(h). Hckawuenne
KJatoua 4 BHINIALHT NPOCTO, NOCKOJbKY OH NpeAcTaB.IsieT
co60ii TepMHHaJbHYI0 BeplinHy. OaHaKo B pe3yJbTaTe
nosyyaercs HecGaJaHCUpOBaHHasi BepwHHa 3. CooTBer-
CTByIOWLAA ONepallusl 6aJaHCHpOBKH TpebyeT eIHHCTBeH-
noro LL-noBopora. [Ipu HckaloueHHu BeplIHHbI 6 BHOBb
TpebyeTcs 6anaHcupoBka. B 3TOT MOMEHT OAMHOYHBIM
RR-noBopotoM 6ajlaHCHpYeTCs npaBoe NoJilepeBO Bep-
wHHH 7. HckaoyeHHe BepWHHH 2, XoTd caMmo no cebe
0110 NpOCTOE, MOCKOJbKY BepUIHHA HMeeT JHlUIb OJHOrO
noToMKa, NPHBOLHT K YCJOXKHEHHOMY ABYKpaTHoMy RL-
nosopory. W uerBepThii cayuaii: aBykpaTtHu# LR-noBo-
pPOT NMPOBOAHTCH NPH H3BATIH BepUWHHH 7, BMECTO KOTO-
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() (19

@ 1 {9 @
OR® (9
@ th)

Puc. 4.35. Hckmoyende 3 c6ataHCHPOBaHHOTO AepeBa.

poi BHauase noMeulaJiCA CaMBIi NpaBHi 3J1eMeHT ee
J1e€BOro nojmepeBa, T. €. BepuiHHa ¢ kJawuyoM 3. (Cwm,
c. 284, 285.)

K cuactbio, HCkAKOUYeHHe JIO60ro 3jJeMeHTa H3 JIO«
6oro c6aNaHCHPOBAHHOrO JefeBa MOXHO B CAMOM Xyas
weM ciayuae npoBectd 3a O(logn) onepauuii. Oanako
He cJeiyeT ynyCKaTb H3 BHAY CYyLIeCTBEHHOE [a3JHyHe
B NOBEJAEHHH NPOlleAyp BKJAIOUEHHS H HCKJIIOYeHHA. B TO
BpeMsl Kak BKJIOYeHHe OANOro KJI0Ya MOXeT MPHBeCT!H
camoe GoJblloe K OAHOMY NOBOPOTY (ABYX HJIH Tpex
BeplUIHH), HCKJIIOYeHHe MOXeT noTpe60BaTL MNOBOPOTOR
BO BCex BeplUHHaX BAOJb NyTH noucka. PaccMorpum,
HanpuMep, HCKJKUeHHe H3 JepeBa PuboHauuyn caMmoit
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PROCEDURE balanceL(VAR p: Ptr; YAR h: BOOLEAN):
VAR pl, p2: Ptr; bl, b2: Balance:
BEGIN (+h; neBas BeTnE CTANla KOPOYE *)
CASE pr.b2l OF
~1: pr.bal:= 0|
D: pr.bal:=1; h:=FALSE|
1° (» Garancuposka «) pl ;= pr.right; bl := plr.bal;
IF b1 >= 0 THEN (» oantokpatHbiii RR-0BOpOT #)
ptr.right := plr.lefi; plrleft .= p;
IF bl = 0 THEN pr.bal : = 1; plt,bal ;= -1; h:= FALSE
ELSE pr.bal:= 0; plt.bal := 0
END:
p:=pl
ELSE (s pBoRtoit RL-10BOPOT #)
p2i= plr.left; b2'i= p21.bal;
plt.left ;= p2+ right: p2t.right ;= pl;
pr.right := p21.left; p2r.left:=p;
IFb2 = +1 THEN p+.bal ;= -1 ELSE pt.bal ;= 0 END :
IFb2 = -1 THEN plr.bal ;= 1 ELSEplt.bal ;= 0 END;
p.=p2;p2t.bal:=0
END
END
END balancsL;
PROCEDURE balanceR(VAR p: Ptr; VAR h; BOOLEAN);
VAR pl, p2: Ptr; bl, b2: Balance;
BEGIN (¥h; npanas BeTzb CTLIA KOPOYE #)
CASE pr.bal OF
liprbal:=0]
0: pr.bal = -1; h:= FALSE |
r1: {x Ganancuposka +) pl:= pt.left; bl := plr.bal;
JF bl<= 0THEN (# oflickparustit LL-0BOPOT #)
pt.left ;= plr.right; pltright:= p;
IFbl = 0 THEN pt.bal := -1; plr.bal := 1; h ;= FALSE
ELSE pr.bal : = 0; plt.bal:= 0
END:
p:=pl
ELSE (. msoitnoit LR-10BOpOT #}
p2:=plr.right; b2 ;= p2t.bal;
plt.right s= p2r.left; p2t.left := pl.
prlefl = p2t.right; p2t.right:= p;

(4.64)
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JFb2 = -1 THEN pt.bal := 1 ELSEpt.bal ;== OEND ¢
1IF b2 = +1 THEN plt.bal ;== ~1 ELSEplt.bal t= 0END ¢
P =p2;pat.bali=
END
END
TND balanceR;

PROCEDURE delete(x; INTEGER; VAR p: Ptr; VAR 1t BOOLEAN);
VAR q: Ptr;
PROCEDURE del(VAR r: Ptr; VAR h: BOOLEAN);
BEGIN (e~hs)
IF rr.right # NILTHEN
dei(rt.right, h):
1F h THEN balanceR(r, h) END
ELSE qt.key : = rt.key: qt.count {= rt.count;
q:=rr:=1tleft; h:= TRUE
END
END del:
BEGIN (s~hs)
IFp = NIL THEN (* xmoua B Jiepene ReY +)
ELSIF ptXkey > x THEN
delete(x, pt.left, h);
1F h THEN balanceL(p, h) END
ELSIF ptkey { X THEN
delete(x, pt.right, h);
1F h THEN balanceR(p, h) END
ELSE (s ucxmovenye pts)q = P}
IF qt.right = NILTHEN p := gt.left; hi= TRUE
ELSIF gt.left = NIL THEN p i= qtJight; hi= TRUE
ELSE del(qt.left, h);
IF h THEN balancel(p, h) END
END;
(+ Deallocate(q) #)
END
‘END delete

npaBofl BepwHHB. B atoM cayuae HckaloyeHHe JoGoil
ONHOH BepUIHHH NPHBOAHT K YMeHbLIEHHIO BHICOTH jes
peBa, H KpOMe TOro, HCKJIOYeHHe CaMORl npaBoil BepUIH«
Hul TpefyeT MaKCHMaJbHOIO QHCNAa MNOBOPOTOB. TakuM
o6pa3oM, MH HMeeM [eJO C caMOH HeyJaayHOH BeplLUHe
HOH M CaMHM HeylayHHM cJyyaeM c6ajaHCHPOBaHHOTO
lepeBa — JOCTATOYHO peAKas KOMOHHaUHA. Boobine,
KaKOBa BepOSATHOCTb mnoBopoToB? [IpHOGAH3HTENBHO Ha
KdXAble ABa BKJIOUeHHS BCTPedaeTcss OAHH MOBOPOT,
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a NPH HCKJIOUYEHHH NMOBOPOT NPOHCXOAHT LaXKe B OJHOM
cayuae u3 naATH. [103TOMY HckJAOueHHe u3 cGasaHCHPO-
BaHHOro JepeBa MOYTH CTOJb XKe MPOCTO HJH CTOJb Xe
CJIO2HO, KaK I BKJIOHYEHIe,

4.6. JEPEBbS OIITHMMAJIBHOTO [MOMCKA

Bo Bcex HalIMX pacCyXACHIAX NO NOBOAY OpraHH3a.
HHH JepeBbeB MOHCKA Mb! 40 CHX NOP HCXOAIVIH M3
NPeaNnoJIoXKEeHIfA, YTO YacToTa o0palleHHsA KO BCeM Bepe
IIMHAM OAIIHAKOBA, T. €. BCE KJIOYH C PaBHOH BeposT-
HOCTbIO (HULYPHDPYIOT KaK aprymeHTo! noucka. Ecau mer
HHKaKIX ApYrHx coolOpaxennilt no nosoay pacnpejene-
HHs, TO TaKoe MpPEANOJIOXKEH!e O PaBHOMEPHOM paclpe-
aeaeunn, noxanyi, camoe pasymuoe. OQHAaKo BCTpe-
yalTCA CHTyaUnn (OHH, CKOpee BCero, IHCKJIOYEHHe. H3
npaBua), KOFAAa ecTb NHPOPMAUHA O BepPOSTHOCTAX
o6pallueHHs K OTAENbHbIM Kaouyam. OObIYHO AJ1s TaKHX
CHTYaUHH XapaKTepHO «MNOCTOAHCTBO» K.IOuel, T.e. B Ae-
peBO NMOHCKAa HE BKJIOYAIOTCH HOBble KJAIOYH H He HCKJIO-
yalTCA CTapble, CTPYKTYpa JepeBa OCTaeTcs HeH3MeH-
nofi. BoT THNHUHBIE npHMep —CKaHep TpaHCAATOPa,
onpeneasiouliii, He OTHOCHTCA JIH Ka)<10e CJOBO (HieH-
THPHKATOP) K KJAcCy KJIOYeBbIX (3ape3epBHPOBAHHLIX)
cnoB. CraTHCTHUeCKHe 113MepeHIlss Ha COTHSIX TPaHCIH-
pyeMblX NporpaMMm MOFyT B 3TOM CJyuvae faTb TOYHYIO
nngopmauio 06 OTHOCHTEJIBHBIX HAcTOTax MNOsSBJEHNA
OTACJbHBIX KJIOYel (T.e. obGpalleHHs K HIM).

[TpeanosoxnM, uyTOo B AepeBe MOlNCKAa BEpPOSITHOCTDb
ofpalleHHss K BepliiHe i Takopa:

Pri{x=k}=p, (Si:i<ignip)=1 (4.63)

Tenepp MW XOTHM TaK OpraHu3oBaTb AepeBO MONCKa,
yToGn OOLlee 4YHCJO 11AroB NOHCKAa, NOACYHTAHHOe AJA
A0CcTaToOyHO GoJbuioro uucaa obpaiueHui, ObJIO MHHH-
maabHbiM. C 3T10# uesbio (1) nNpunuiieM B onpejpeseHHH
aqanHe nytH (4.34) KaXno#l BepuilHe HeKOTOpPHH Bec
(2) u ycsnoBHMCH, UTO KOpeHb HAaXOLHTCS Ha yposue |
(a ne 0), NOCKOJbKY OH NepBhIM BCTPeuaeTcsd Ha NyTH
noucka. Torna (BHYTpeHHAR) 838euleHHAR OAuHa NYTU
npexncraBaser cofolt cymmy Bcex MNyTed OT Kopusa K
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LAY

Puc. 4.36. lepeBo noHcka € TpeMs BepLIHHAMH,

KaXXnofi H3 BepLIHH, YMHOXEeHHBIX Ha BEepOATHOCTb O6pa-
LleHHS K 3TOR BeplUHHe:

p=Si:iign:p*h, (4.66)

rae h;— ypoBenb BepliuHH i. Hawa uenb — MHHHMH3H-
poBaTb NPH 3alaHHOM paclnpele/eHHH BepOsTHOCTeR
B3BeleHHYI0O AJHHY NyTH. B kauecTBe npumepa pac-
CMOTPHM MHOXeCTBO H3 Tpex kJwueit 1,23 co caeayo-
UIHMH BepOATHOCTSIMH oOpauleHHA K HHM: p;=1/7,
p2=2/7 u p3=4/7. DTu TPH KJIKOYa MOXHO paccra-
BHTb B JlepeB¢ MOHCKA MATHLIO Pa3JHYHHMH crnocoGaMH
(cM. puc. 4.36). BaBelllenHble AJHHH NyTefi jepeBbeB
(a)—(e), BnuHCAeHHHe nO ¢opMyae (4.66), TakoBm:

P(a)=11/7, P(b)=12/7, P(c)=12/7, P(d)=15/7,
P(e) = 17/7.

TakuM 06pa3oM, ONTHMAJbHHM OKa3bBAETCs He Hiealbe
110 c6aNaHCHpOBaHHOe aepeBO (C), a BHpOXKAeHHOe — (a),

YnoManyTufi CKaHep TPaHCAATOpA Cpasy HABOAHT
Ha MBICJIb, YTO 3alayy CJeAYeT CTAaBHTb NPH HECKOJbKO
Gosee OOLIMX YCJHOBHSIX: Beldb CJOBA, BCTpPeYAIOUIHECSH
B MCXOJHOM TeKCTe, He Bcerga ObBAIOT KJIOYEBHMH CJO-
BAMH, Ha CaMOM JeJle 3Ta CHTYallHsd CKOpee HCKJIOue-
iie, yeM npaBhao, OO6HapyXeHHe, YTO NAaHHH@ KJIOY
He eCTb KJIOY JepeBa NOHCKA, MOXHO CUHTaTp ofpame-
HHEM K HEKOTOPOH THMOTeTHYECKOH «CMeUHaJbHOH Bep-
HiHHe», BKJIOUYEHHOH MeXAYy cJenyouel MeHbluel o
caenytomedt Gosblleit BepiiHHaMHu (cM. pHc. 4.19) ¢ co-
OTBeTCTBYHOIIe# IJHHOR BHeluHero myTH. Ecau u3BecTHa
BEPOATHOCTb (; TOrO, 9TO apryMeHT NOHCKa X HAaXOAMTCH
MeX1y ABYMsA KJOuaMH K, H ki+;, TO ata HHpopMauus
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MOXKeT CYUIeCTBEHHO TpaHCGOPMHPOBATL CTPYKTYPY Ze.
peBa ONTHMAaJbHOrO NoHcKa. [1o3ToMy MH 0606UIHM 8a.
Aayy M OyneM YUHTHBATb BO3MOXHOCTb HeYLaYHOro mno-
Hcka, O6was cpenHsAs B3BelleHHas AJHHA NMYTH B TOM
cJyyae HMEeT BHA

P=(Si:1<i<nip+h)+(Sj:0<j<m:q+h). (467)
rie
(Si:1<ignip)+ (Sj:0<jg<miq)=1,

npuuem h; — ypoBeHbL BHYTpeHHel BEpuWHHLI i, h; — ypo-
BeHb BHelwHeH BepwHHH j. CPeHIOI0 B3BCLICHHYIO AJIH-
HY MNyTH MOX>XHO Ha3BaThb WeHod pepeBa NOHCKA, Mo-
CKOJIbKY OHa MNpeacTtaBJseT cOOOH HEKOTOPYIO Mepy s
0XHAdeMblX 3aTpaT Ha MOHCK. [lepeBO NOHCKa, HUMeiO-
lee MHHHMAaJbHYIO AJs BCEX J[EpPEBbLEB C 3a4aHHbIM
MHOXKECTBOM KJiouel k; H BEPOATHOCTAMH P; H (; LLEHY,
Ha3bBAeTCs ONTUMANbHOIM NECPEBOM.

[1pn nocTpoeHuH ONTHMAaJLHOrO AepeBa MH He Oy-
nemM tpebopaTh, UTOGBl cyMMma BCeX p H q paBHAJjach l.
Beab 06GbIYUHO 3TH BEpOATHOCT!H ONpexessaIoTCs 3KChepli-
MEHTaJbHO, NojacueTOM o6paweHHi K Bepwxuas. [lo-
3TOMY BMECTO BepOSITHOCTEH Py H (i Mbl AaJqee OyaeM
M10/1b30BATLCS1 MPOCTO <«CHETHNKAMI» 4YacTOTH obpalue-
miit. O603HayuM HX CJelYIOIHM 06paszonM:

a; = YNHCJO MNOHCKOB C apryMmMeHToM X, paslbiM ki

bj = uncsno NOHCKOB ¢ apryMeHTOoM X, JeXalluiM

MeXAY k] H kj-H.
YcaoBUMCS, 4TO by — uHC/I0 MOHCKOB ¢ aprymMeHToOM X,
MeHbIWHM kj, a by — 4HCJIO NMOHUCKOB € X, GOJIBILIUM ue€M
kn (cM. puc. 4.37). Ilasee, BMECTO CpeiHeil AJIIHH NYTH
Mb 6yneM oGo3HauaTb uepes P obuwyro 838euieHnylo
Oauny nytu:

P=(Si:1<l<n:al*hi)+(szogjgm:bivh;). (4.68)

Takum o6pa3oM, MaJjo TOro, 4to Mbl H30beraeM BHIYHUCe
JieHHs BepPOSITHOCTeH MO H3MEpPEHHbIM YacTOTaM, Mhl elle
H BBIUFPHIBA€M OT HCMOJIL30BAHHA B HAIMHX MOCTPOEHHAX
ONTHMAJILHOrO AepeBa LeAbIX HHCeJ.

YuuTbiBas, YTO YHCJIO BO3MOXHHX KOHHrypauui H3
n .BepUIHH pacTeT SKCMNOHEHUHAJbHO C POCTOM f1, 3ala4d
"NOCTPOEHHS ONTHMAJbHOro AepeBa NMpH GOMbIIHX n Ka-
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Puc. 4.37. [lepeBo NOHCKA ¢ YKa3aHHEM YacToT o6pauleHus.

weTcsi coBeplleHHO Oe3HagexHoii. OZHAKO ONTHMaJjb-
lible AepeBbsi 06s1alalOT OLHHM BaXXHHM CBOHCTBOM,
KOTOpOe noMoraet Hx OGHApy>XHBaTb: BCe HX noalepe-
Bbsi TOXe ONTHMaJsbHH. Ecsu, HanpuMep, nepeBo Ha
puc. 4.37 onTHMasbHO, TO NOAREPEBO C KJIOYAMH K3 H
k¢, KaK NOKa3aHo, TakXe onTHMaJbHO. Takaa ocobeH-
HOCTh MpeanoJiaraeT aJrOpHTM, KOTOPHH CHCTEMAaTH-
YeCKH HaXoAMT Bce OQJpluHe 11 6OJbllIHe gepeBbs, HAYH-
f1asi C OTAEJIbHLIX BEpIUHH KaK HaUMEHLIIHX BO3MOXHHX
nogaepeBbeB. TakuMm o6pa3oM, nepeBO pacTeT «OT JIHC-
TbeB K KODHIO», «CHH3Y BBEpPX», €CJAH YueCTb, YTO MHl
pHcyeM nepeBbs cBepxy BHI3 [4.6].

B ocHoBe Haulero ypaBHEHNS JIeXIT YpaBleHle
(4.69). Ilycts P — B3pelleHHas AJauHa NYTH BCero ne-
peBa, @ PL H Pr— cOOTBETCTBYIOILHE AJHIB RJS J1€BOrO
It NpaBoro nojajaepesbeB ero KopHa. fcHo, uto P — cyM-
sMa Py v Pgr u uucaa cayuaes W, Korpa noick npoxo-
AHT MO €LHHCTBEHOMY MyTH K KOpHI0, T. €. W — npocTo
obiwee uncao nouckos. Hasosen W gecos pepesa,
Torpa cpeanss anuuna nytdH 6ynetr P/W.

P=P, +W+Py (4.69)
W=(Si:1<i<n:a,)+($j:0<j<m:bj) (4.70)
M3 sTtux paccy:iennit Bnauo, 4to 11e06x0a11MO0

BBeCTH 0603HAUYCHIIA 145 Beca 11 LTIHB OyTH J1060ro 13
NOALEPEBbEB, BK.IIOUYAIOILEro «COCCAHINe» rJawul. [lycTb
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T;;— onTuMaJibHOe MNoOALEpeBO, COCTOsillee H3 BEpIliHk
¢ kawouaMH Kiyq, Kits, ..., kj. Torna o0603HauuM ero
BEC uepe3 Wy, a AJHHY NYTH— uepe3 py. $ICHO, uyTO
P=pon a W= wp, n. DTH BeJHYHHH ONpPEALJSIOTCH
PeKYppeHTHHMH COOTHOWeHHAMH (4.71) u (4.72).

w, =b, 0<i<n) (4.71)
w”=w“_l—*-aj+bj 0<i<jgn)
Py = Wy, 0<i<n) (4.72)

Py =Wy +MINk:i <k<j:i(p; 1 +pyg) O<K<i<jg<n)

[MocsenHee paBeHCTBO cJelyeT HeNOCPEACTBEHHO H3
(4.69) n onpepeseHHs ontHmasbHOCTH. [loCKOJMIBKY cy-
uecTByeT OKosio n?/2 3HaveHuil py;, a (4.72) Tpebyer
BeIGOpa omHoro u3 0 <Cj—i={n 3Hauenul,, TO Becp
npouecc MHHHMH3auHH GYNET 3aHMMaTb NPUGIH3HTENBHO
n%/6 onepauuii. KHYT oTMeyaeT, UTO MOXXHO H36aBHTbCS
OT OZHOMO MHOXHTE/NSl N U TEM CaMBiM COXPaHHTb Npak-
THYECKYI0 HEHHOCTb RAHHOro ajroputMma. [lenaeTcst 3TO
TaK.

[lyctb r;; — 3Hauenue k, npu kotopom B (4.72) no-
cTHraeTcss MHHHMYM. [loHCK rij MOXXHO OrpaHH4HTb 3Ha-
YHTEJLHO MEHbLIUHM HHTEpPBAJIOM, T. €. COKPATHTb YHCJIO
BBIYHCJCHHA 10 j — i. DTO MOXHO cAenaTb, NMOCKOJBLKY
€CJd Mbl HALLJIH KOPeHb ry; ONTHMaJbHOro nojgsepena Ty,
TO HH pacildpeHHe npH A0o6aBJEHHH K JepeBY chnpaba
HOBOH BepILHHB!, HH CXXaTHe NpH OTOpacbiBAHHH CaMOro
JIEBOTO y3J1a He MOTYT CABHHYTb BMPaBO 3TOT ONTHMaJib-
Hblii KopeHb. Takoe CBOHCTBO BHIPAXXd4ETCS OTHOLUEHHEM

UNTRE TS T (4.73)

KOTOpO€ H OTPaHHYHBAET MOHCK BO3MOXKHbLIX pelleHHH Anf
rj; ANANAa3oHOM Ii j_j ... liyy, ;. DTO B KOHUE KOHLOB H
OrpaHHuMBaeT YHC/IO 3/EMEHTAPHHX IaroB— oKoJo nZ

Tenepp Mbl yxe roToBbl COCTAaBHTb AeTaJbHBLIH aJro-
pPUTM ONTHMH3aUWH. BBexeM cuenymiuHe onpepeseHus,
Hcxoasl U3 Toro, uto T;) — onTHMaJibHBEe RepeBbs, COAEp”
JKallhe Y3Jbl ¢ KJIuaMi Kiyp ... ky:

1. a;— uyacrtoTa noucka ki.

2. bj— yacToTa NOHCKAa apryMeHTa X, JeXallero Me-
Koy ky H Ky

3. Wiy — BeC T”.
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4. p; — B3BelleHHas AJuHa nyTH Ty

5. ryy — uHaekc KopHa Tij.
Mocae onucanua TYPE index==[0 .. n] BBOoAMM cCJe-
AYIOLIHE MAaCCHBHI:

a: ARRAY[l..n]OF CARDINAL;

%: ARRAY index OF CARDINAL;

P,W:ARRAY index, index OF CARDINAL, (4.74)
v ARRAY Index, index OF Index

MNpexnosoxnM, YTO Bec Wi Y»Ke BHUHCJEH Herocpel-
CTBeHHO no a U b (cM. (4.71)). ByneM cuutath W apry-
MeHTOM npoueaypst OptTree, KOTOPYIO HYXHO CO34aTb.
3HauyeHnue xe r GyneT ee pe3ysbTaTOM, Beldb 3TOT Mac-
CHB MOJIHOCTbID ONHCBHIBAET CTPYKTYpY AepeBa. [IpHuem p
MOXHO pacCMaTpliBaTh KaK HEeKOTOPHH MpOMeXyTou-
HHH pe3ysbraT. HauaB ¢ HaHMeHbIIHX BO3MOXHKEIX MOJ-
JepeBbeB, T. €. AepeBbeB, He COAEpPIKALlHX HHKAKHX Bep-
WHH, Mbl NepexoldllM Bce K GoJbllMM W OOJIBLIHM [e-
peBbsiM. O603HauMM WHPHHY j — i noagepeBa Ty, uepes
h. MNocse 3TOro MH MOXeM NPoOCTO onpenesuth no (4.72)
3HaYeHHs Py AJA Bcex AepeBben ¢ h =0.

FOR i:=0 TO n DO pli,i]:=>b[i] END (4.75)
B csayuae h=1 Mbl HMeeM JeJ10 ¢ AepeBbSIMH, colepiKa-

LHMH OLHY-eLHHCTBEHHYIO BEpLIHHY, KOTOpas K TOMY Xe
6vaer U KopHeM (cM. puc. 4.38).

FORI;=0TOR-1DO

i1= i+1; plid] := wiid) + plii} + pUd): rfid):=§ (476)
END
kl lal
b b;
e’
W1
[} v J

Wi-1.

Puc. 4.38. OntuManbHOE 4epeBo ¢ OAHON BepLIHHORA,
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3aMeTHM, uTO B paccMaTpHBaeMOM aepeBe T uepes |
o603HayeHa Jiepafl rpaHUIla HHAEKCA, a uepe3 j — Npabas,
HOans BapuaHToB h > 1 Mbl HCNOJB3YeM onepaTop UHKIa
¢ napaMerpoM h, npo6eraloWHM 3HayeHHa oT 2 A0 n, NpHu-
yeM npu h = n nepexpuiBaercs Bce nepeso Ty, n. B kax-
JOM cJyuae MHHHMaJbHasd JJHHA NYTH Py H COOTBET-
CTBYIOWIHA HHIEKC KOPHS Iy ONpeAeasiioTcsl ¢ MNOMOLUbIO
NpocToro onepaTtopa LHKJAA C HHLEKCOM k, H3IMEHSAIOIHM-
csl B HHTepBaJe, 3aaaHHoM B (4.73).
FORL:=2TOnDO

FOR1{:=0TOn-hDO @7

Ji=i+h;

naifruk umin = MINk: i<k <j: (-1 + P

TAKUC, UT) TiJAl < k < ri+1.j:

plij] :=min + w[ij]: r[ij] ;= k

END
END

B nporpamme 4.6 npuBOAHTCS AeralbHOe ONHCaHHe
OnepaTopoB, BbIAGNEHHBIX Bbille KypcuBoM. CpenHss
AnuHa nyTH B To n 3aech 3ajaeTcsi YaCTHBIM Po, n/Wo, n,
a ero KOpeHb — BepllUHHA C HHAEKCOM rg, n.

Tenepo onuwem crpykrypy nporp. 4.6, Ona cocrour
M3 ABYX OCHOBHBIX KOMMOHEHT: NMpoUeAypH AJAS NOCTpOe-
HHS MPH 3aJaHHOM pacnpejelleHiH BecOB w AepeBa ONTH-
MaJIbHOro MOHCKA M MpOUeAYyPbl NeyaTu Aepesa, onpec-
JIeHHOTO HHAckcamu r. BHauane wu3 BxogHOro noioxa
UHTAKTCA 3HAUYEHHA a U b o KJIIOllH.B BbIYHCJIEHHH CTPVK-
Typbl AepeBa 5TH KJIO4Yil He yYNOTPeb/sI0TCS, OHII HVIKHH
JHWb 44 nocnenyxomeﬁ neuaru nonyquHoro AepceBa.
[Tocne Toro xax OyaeT HameuatdHa HH(pOpMAlLfd O ua-
cTOTax (CTaTHCTiIKAa), NpPOrpaMMa HaugHaeT BbIUHC.ATh
LJHHY NyTH HjaeanbHo c6a JaHCIPOBAHHOTO 1epeBa, orpe-
Jensis No NyTH KOPHH er0 noigepesbeB, [locne pcero
neyaTtaeTcs CpejHsis B3BELICHHAsl AMHHA NyTH I H300pa-
XCHHe JepeBa.

B Tperbeil uyacti Bmi3biBaercs npoueaypa OptTree,
OHa BBIYIHC.ISCT 1epPeBO ONTHMAJIBHOIO MOHCKA, 3aTeM fe-
yaTaeTcs H306paXkeHle MoJyueHHOro fepesa. M Hakowell,
Te e caMbie MPOUeAypbl HCMNO.Ib3YIOTCS AJ5 Onpenc.te:
HHA H Ne4yaTH ONTHMAJBHOrO IA€peBa, qubmalomero
JHULBb 4acTOTbl ynoTpebuaeHns CaIyXKeOHbIX CJOB, Apyrile
CJI0BA HTHOPHPYIOTCS,
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MODULE OptTree;
FROM 1nOut IMPORT
Openinput, OpenOutput, Read, ReadCard, ReadString, WriteCard,
‘WriteString, Write, WriteLn, Done, Closelnput, CloseOutput,
FROM Storage IMPORT ALLOCATE;

CONST N = 100; (+max uMci0 C0B # ),
WL = 16; (*max jumHa croBa *)

TYPE Word = ARRAY [0.. WL-1] OF CHAR;
index = [0.. N

VAR ch: CHAR;
i,J,n: CARDINAL:
key: ARRAY index OF Word:
a: ARRAY index OF CARDINAL;
b: ARRAY index OF CARDINAL;
P.w: ARRAY index, index OF CARDINAL:
r: ARRAY index, index OF CARDINAL:

PROCEDURE BalTree(l,j: CARDINAL): CARDINAL;
VAR k: CARDINAL;
BEGINk:= (I+J+1) DIV 2; fij] ;= k;
IFi>=)THEN RETURN 0
ELSERETURN BalTree(l,k-1) + BarTree(k,j) + wiLJ]
END
END BalTres;

PROCEDURE OptTres;

VAR g, min: CARDINAL;
i,§, X, h, m: CARDINAL;

BEGIN (s apryMerT: W, peayis1athi: p, 1)
FOR{:=0TOnDO p[li]:= 0END;
FOR{:=0TOn-1DO

Ji=1+1; plid] ¢ = wlii]; f{id) :=]
END:
FORKh:=2TOnDO
FOR{:=0TOn-h DO
J:=i+h;m:=rlj-1]: min := p[i,m-]] + p[m,j];
FORK := m+1 TO f{i+1,j) DO
x:= pli,k-1] + plk.i:
IF x < min THEN
m:=X min:=x

293
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END
END;
plij) := min + w[ijl: ffij):=m
END
END
END OptTree;

PROCEDURE PrintTree(l, j, level: CARDINAL);
VAR k: CARDINAL:
BEGIN
JFi<jTHEN
PrintTree(i, t[i,j]-1, level +1);
FOR k :=1TO tevel DO WriteString(* ")END;
WriteString(key[r[i,j]]); WriteLn;
PrintTree(x(i,j), j, level +1)
END
END PrintTree;

BEGIN (* rnaBHas nporpasa &)

n := 0: Openlnput("TEXT");

LOOP ReadCard(b[n]):
IF NOT Done THEN HALT END ;
ReadCard(j);
IF NOT Done THEN EXIT END ;
n:=n+1:an}:=j:
ReadString(key[n))

END:

OpenOutput("TREE");
(*BLiwicrieHue w Noa H b %)
FORi:=0TOnDO

w[i.i] := bli];

FORj:=i+1TOnDO

wlij] 1= wlij-1] + afj] + b[]]

END
END:
WriteString("Total weight = "); WriteCard(w{0,n], 6); WriteLn;

WriteString("Pathlength cf balanced tree = ");
WriteCard(BalTree(0, n), 6); WriteLn;
PrintTree(0, n, 0); WriteLn,

Read(ch);
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OptTree;

‘WriteString("Pathiength of optimal tree = ");
WriteCard(p[0,n), 6); WriteLn;

PrintTree(0, n, 0); WriteLn;

Read(ch);
FORi:=0TOnDO
wli,l}:=0;

FORj:=1+1TOnDO
wlij} 1= wilj-1] + a[j]
END

END;
OptTree;
WriteString("optimal tree not considering b"): WriteLng
PrintTree(0, n, 0); WriteLn;
Closelnput; CloseOutput
END OptTrea

[Tporp. 4.6. Toctpoeine aepesa ONTHMAALHOTO NOHCKA.

B ra6auue 4.4 u Ha puc. 4.40—4.42 npuseleHH pe-
3yJbTaTH NpHMeHeHHsa nporp. 4.6 Kk camoit cebe, T. e.
K e¢¢ COGCTBCHHOMY TekCTy. PasiMyusa B 3THX TpeX pH-
CYHKax HamisiiHo AeMOHCTPHpPYIOT, 4TO c6aJlaHCHPOBaH-
HOe JepeBO HeJslb3sl CUHTATh Aaxe NPUOAHIKEHHeM K ONTH-
MaJbHOMY [EpeBy, a yueT 4acTOT «ApYrHX» (He cayxkel-
HBX) CJIOB CHJbHO BJIHAeT Ha BHOOpP ONTHMAJbLHOM
CTPYKTYPHI.

N3 aaropurma (4.77) Acno, uTo 3aTpaTh Ha onpeje-
JeHHe ONTHMaJbHOH CTPYKTYPH NPONOPLUHOHAJBHH n?2
pa3Mep HeOOXOZMMOH naMATH TakXe nopanka n2 Ecau
N CJAHLUIKOM BEJHKO, TO TaKOH MOAXOA y¥Xe HenpHemJeM.
[TosToMy XesaaTesbHO HMeTb aes0 ¢ 6ojee sddekTHs-

Puc. 4.39. H3o6pa:xenie aepesa ¢ 11OMOILLIO HAANEKAINY OTCTYNoB
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Ta6auua 4.4. CryxeGubie c108a
H 4aCTOTH HX TOABJEHUSA

bfi-1] ali] kil

169 3 AND
25 37  ARRAY
355 125  BEGIN
87 1 BY
264 14  CASE
247 28  CODE
90 9  CONST
118 3 DEFINITION
10 16 DIV
0 55 DO
124 299 ELSE
4 198  ELSIF
10 689 END
281 25 EXIT
35 3 EXPORT
442 19 FROM
0 0 FOR
646 464 IF
[ 3 IMPLEMENTATION
13 20  IMPORT
15 2 IN
654 24  LooP
159 15 MOD
130 16  MODULE
166 79  NIL
16 10 NOT
218 34 OF
31 95 OR
276 11 POINTER
82 171 PROCEDURE
A18 1 QUALIFIED
124 6  RECORD
49 9  REPEAT
30 2  RETURN
174 22 SET
505 662  THEN
9 8 TO
385 13 TYPE
a7 9 UNTIL
347 203 VAR
84 35  WHILE
0 14 WITH
981

HHIMH aJropHTMaMH. Onun
H3 TaKHX aJrOPHTMOB —
aJropuTM, CO3faHHbii Xy
u Takkepom [4.5], omH
TpebyeT naMATH Nopsika
O(n), a 3arpaThl Ha BH-
yucaeHus — nopagka O(n«
#log(n)). OnHako oH pac-
CYNTaH JHWbL Ha cJayuaij
HYJEBHX YacTOT AJA KJIO-
YyeBbIX CJOB, T. €. B HEM
(HKCHPYIOTCA  TOJNBKO He-
yAayHbie MNONHTKH OThHIC-
KaTb ca0Bo, Ewe oaHH an-
roput™M Obla1 onucan YoJa-
kepom u [otnubom [4.7],
AJiA Hero HyXHa naMaTb
nopsaaka O(n), a 3aTpaTH
Ha BbIYHCJECHHS — NOpsAKa
O(n=«log(n)). B stoM axa-
rOPUTME HILETCA He ONTH-
MaJbHOEe [epeBo, a aepe-
BO, OJH3KOe K ONTHMaJb-
HOMYy, M OH MNOCTpPOeH Ha
3BPHCTHYECKHX NMPHHOUNAX.

OcuosHan njes clepyto-
1as.

Byrem cunrarh, 4TO
BeplWIHbl  (NOAJIMHHbIE 1

chelnaJjbHbie)  pacnpelie-
Jenbl no Janneiinofl mraae
¢ Becamll, COOTBeTCTBYH-
wimn yactore (11 Bepo-
ATHOCTII) oO6pawleHHa K
HuM. Hafigem Bepuliny,
pacnoJ/oKeHHY10 Ganace
BCETO K «ILEHTPY TAXNECTII».
Taxywo Bepuwniy OyseM Ha-
3biBaTh HerTpoudoa. Ero

HHACKC paBeH OKpyrJeHHOMy A0 Gmikaiiwero 1eJ0ro

3HaueHNns BbipadeHHIO

(Siz1<ignriva)+ (Sj:0<j<m:j»b))W

(4.78)
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Total weight = 11265
Pzthlength of balanced {ree = 60312

—— AND
ARRAY
L—pBEGIN
L—py
(———CASE
1——CODE
CONST
L—DEFINITIO
—DIv
—D0
| ——ELSE
ELSIR
be—END
—gx17
——=EXPORT -
. 13
I L L—ron
L TMPLEMENTATION
L—IMPORT
—TN
LooP
"b—aman MODULE
L—NIL
OF
L——or
e POINTER
L—— PROCEDURE
I— quaLTF1ER
— REPEAT
=====RETURN
L— sE1
——THEN
TYPE
L—uNTIL
e VAR
WHILE
L yITH

Pue. 4.40, HaeansHo c6anaHcHPOBaHHOE fepeBo,
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Pathlength of oplinal iree = 50371

—AND
r——ARRAY
-—BEGIN

—BY
——CASE

——CONST enir
L———DEFINYTION
L—p1v

——— CODE

r—-DO
L-ELSE
—glLsIp

r—EXIT

EXPORT
| L—FroM
L FoR

r—IMPLEMENTATION
—— IMPORT

—IN
——Loop

.
—NIL

KD

——N0i
——CF
OR
L POINTER

PRCCEDURE

QUALTFIED
R
REPEAT
RETURE
\ [ L——~sar o
(R—

| —T0

‘ TYPL
; r— UNTIL
‘ VAR

L —WHILE

——WITH

Piic. 4.11. Cniitmaiblice aepeBo notcka.



4.6. Zlepeava onTusmassno20 noucka

——AND

—ARRAY

BEGIN

ul

|— BY
COD:

cexs
I l l——bsmmou
biv

ELSE
— ELSIF
o E1D)
e 148
| —EXPORT
FRCM
L—For
—IF
——IMELERINYATICY
IHSCRT
Ly
.—LesP
D
FIoUL
——LIL
 mamnd 11
| I
—— {]
—F2INTER
FROCECURE
—Cuiirrn
r—REJJRD
REPEA
L—peTRN
e
| I Y
0
TYPE
I L—yurIl,
—— ViR
b WHILE
vt

Pirc. 4.42. Ontnvaabiioe Aepeso, YYITHBAKOUEE TOIhLO CAYXKEGHWe

¢.108a,
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$IcHO, YTO ec/H BepUIHHBI HMEIOT paBHbIH BeC, TO KOPeHb
HCKOMOro ONTHMaJbHOrO JepeBa COBMajaeT C ICHTPOH-
oM, H BooGiue, B 6ONBLUIHHCTBe ClyuyaeB OH OyleT pac-
noJsaraThCsl B OKPCCTHOCTH LEHTPOHAa. 3aTeM Ha orpa-
HHUCHHOM HHTepBaJle OThLICKHBaeTCs JOKaJbHbIi ONTH-
MYM, a NOTOM 3Ta npoueAypa BHOBb NPHMEHAETCH K ABYM
nosyuyeHHbiM nojnepeBbM. C yBe/qHUEHHeM pa3Mepa Je-
peBa n YyBeJHYHBaeTCA H BEpPOATHOCTb TOro, YTO KOpEHb
JdepeBa HaxXOAHTCA OyeHb OJIH3KO OT wEHTpoHAa. A Kak
TOJBKO pPasMep AepeBa cTaHeT «0003pHMbIM»®, ero ONTH-
MaJlbHOC CTPOCHHE MOXKHO yXe Onpefe/HThb C NOMOLIBIO
NPHBEACHHOTrO TOYHOrO aJrOpHTMa.

4.7. B-IEPEBbH

Jlo cHx nop Mbl B HalIHX O6CYXACHHAX OrpaHHYHBAJIH
ceGs AcpeBbAMH, Y KaXKAOH BeplIHHB KOTOphIX OblJIO ca-
Moe OoJblllee ABa NOTOMKa, T. €. JABOHYHBLIMH (HJH OH-
HapHLIMH) JAepeBbfMH. DTOro GbIJIO BMOJHe AOCTAaTOYHO,
HanpHMep, AJA npeAcTaBjeHHs POACTBEHHLIX OTHOLIEHHH,
€CJIH HCXOJHTb H3 «POAOCJOBHHIX® NpeAcTaBJCHHH, Koria
KaXKJAblli YeloBeK aCCOLHHpyeTCA CO CBOHMH POAHTE/AMH.
B xoHue KOHLOB Y KaXXJoro H3 Hac He Gosee ABYX pO/H-
Tenell. A ec/H HYXHO «NOTOMCTBEHHOE» HJH «Hacjel-
CTBEHHOe» npelcTanjeHHe? Beab B 9TOM cjayuae npHxo-
AHTCA YYHTHIBaTb, YTO HEKOTOpnie MoOryT HMeTb GoJee
AByX JHeTell, H, cJaenoBaTeNbHO, COOTBETCTBYKWOIHE Ae-
peBbsl — BEepLUIHHbBl ¢ MHOTHMH BETBfIMH. 3a HeHMeHHEM
Jyyuiero TepMHHa Mbl OyJeM Ha3nBaTb TakHe OepeBbi
CUAbHO 8ETBALLUMUCA,

KoHeuHO, B TaKHX CTPYKTypax HeT HHYero ocoleH-
HOro, H Mbl yXe BCTpedasJH H B NpOTpaMMHPOBaHHH, H
B OMHCAHHH RAHHBIX MEXaHH3Mbl, NO3BOJAKOLUIHE Clpas
BHTbCA C NOAOGHBIMH CHTyauuaMH. Ecau, ckaxem, sa-
nana abConOTHasi BEpXHsAs TrpaHHua yucaa Jereihr (He-
CKOJIbKO (pyTOpo.nomqecme npeanosioxenue), To AeTel
B 3anHCH, npeicTasadolieli J10060ro uyenoBeka, MOXKHO
MBICJHTb KaK KOMNOHEHTh HeKoToporo Maccupa. Ec/H
Xe YHCJIO ReTell y pasHbIX JIOAeH CHJbKO BapbHpyercH,
TO TaKOe INpeLCTaBJeHHe MOMeT MNpPHUBECTH K MJOXOMY
HCNOJIb30BAHHIO NOCTYNHOH naMATH, B atoM cayyae 3Ha-
YHTEJILHO Jyyllle NpeacTaB/sTh NOTOMCTBO B BHAe JHHEH-
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Puc, 443, CHabHo serpflileecss aepeso, NpeAcTasNeHHOe B BHAeE
ABOHYHOTO.

HOrO CMNHCKa CO CChJIKAMH OT POAHTENA HA CaMoOro MJal-
Wwero (HJH cTapluero) H3 AeTeil. B Takoit cHTYanHH MOX-
HO BOCNOJIb30BAThCA TAKHMH ONHCAHHAMH THINOB:

TYPEPtr=  POINTER TO Person;
TYPE Persont &2t RECORD name: alfa; (4.80)
sibling, offspring: Ptr
END

Ha puc. 4.43 npuBellen npHMep AaHHBIX COOTBETCTBYIO-
et CTpyKTypnl. MOXHO 3aMeTHTb, YTO €CJIH NOBEPHYThb
Ha 3TOM pHCYHKe CChIJIKH Ha 45°, TO NMOAYYHM HeuTo
BpOJAe cOBepllleHHOrO ABOHUHOrO AepeBa. OAHAKO CUHTATh
ero TakoBhiM Onlo Obl OWHOKOH, NOCKOJbKY (YHKIHO-
HaJbHO 3TH JBe€ CChJIKH HMeT CcoBeplleHHO Apyrofi
eMbic. O6bIYHO HeNb3s obpaiaThesl ¢ 6paToM, KaK C Chl-
HOM *), H NO3TOMYy TaK He cJeayeT NOCTynaTh Aaxe MpH
ONHCaHHH AaHHBIX. DTOT NpHMep MOXKHO JIErKO NpOJO0J-
JHTb H, BBeAf B 3aMHCh, ONHCHIBAIOLYIO YeJIOBeKa, eie
Apyrie KOMMOHEHTh, NOJYYHTh AaHHble GoJiee CJIOXHOM
CTPYKTYphl, OTpaKalouiHe Apyrue pOACTBEHHbie OTHOLIe-
Hus, Hanpumep, u3 OTHOUIeHHH «CbiH® H «OpaT» HeJb3n
BbhIB€CTH OTHOLUEHHA KJyacCCa «MYX» H «XKeHa» H Jaxe
o6paTHoro oOTHOLIeHHA «OTeu» H «MaTbh», [lonoGHue
CTPYKTYpnl ObICTPO paspacTaioTcs B CJOXKHBIH penf-
LIOHHBIH 6aHK NaHHHX, B KOTOPOM MOXHO BhIACJHTH

*) B opursnane peun nget o6 otuowenusx sibling (Gpat Ham
cectpa) H offspring (cwm uan gous). K coxaneHHo, B pycckom
A3HKE TaKHE OTHOLIEHHS He BHPAMATCA OAHHM c/10BOM. — [Tpum,
nepes.



202 4. Hannsie ¢ dunamuueckold cTpyxrypold

HEeCKOJIbKO AepeBbeB. ANrOpHTMbl, paboTaiouiHe ¢ TaKH-
MH CTPYKTYpaMH, CyL1C€CTBEHHO 3aBHCAT OT HX ONHCaHHH,
NO3TOMY He HMeeT CMbIC/Ia onpelde/saTh AJA HHX KakHe-
JIH60 o6uiHe npaBHJa HJIH NpHeMbl paboTHL

CyurecTpyeT, ORHaKO, ORHa BeCbMa NMpaKTHYeCKas 06«
JacTb NPHMCHCHHA CHJIbHO BeTBALIHXCA JepeBbeB, Npeds<
cTaBasgiouas OGWHA HHTepec. D10 — GOpMHpPOBAHHE H
nojlep:KaHHe KPyNHOMacCWITaOHbiXx AepeBbeB MOHCKA, B
KOTOphIX HEOGXOAHMBI H BKJIOYEHHE HOBLIX 3J1€MCHTOB,
H yAaJeHHe CTapbiX, HO AJsl KOTOpHIX JHOO He XBaTaer
onepaTHBHON naMATH, JHOO OHa CJHILIKOM JAopora, YTOOH
HCM0J1b30BaTh €€ AJsA AOJTOBpEeMEHHOr0 XpaHCHHA.

B stoMm ciyuae GyaeM cuMTaTh, YTO BepLIHHHI Repeba
JOJIKHB XPaHHTbCA BO BTODHUHOM naMATH, CKaXeM Ha
JHcKe. BBoaHMbie B JlaHHON r/aBe AHHaMHUYeCKHe CTPYK-
Typbl AaHHBIX OCOGEHHO NOAXOAAT HMEHHO AN Takof
BTOpHyHO#i naMmatH. IlpHHpMNHa/bHOe  HOBLIECTBO —
CChIJIKH MNpeACTaBJsi0T coboit ajpeca Ha IAHCKe, a He B
onepaTHBHOM naMATH. Ecau ucnosb3opaTh AN MHOXKe-
CTBAa JaHHHIX, BKJIOYAIOUIHX, HanpHMep, MHJJHOH 3Je-
MEHTOB, JBOHYHOe JepeBo, TO noTpefyeTcs B CpelAHEM
npHONH3HTeNbHO nopslka log (108), 1. e. 20 waros no-
Hcka. [lockosbKy Tenepb KaAbIA Llar BKJOYaeT ofpa-
LlcHHe K JHCKY (c ero co6cTBeHHLIM JIaT€HTHHIM BpeMe-
HeM), TO KpafHe »enaTelbHa OpraHH3auHsA namaATH,
Tpebyowman MeHbllero YHesaa obpawendii. CHabHO BeT-
BlHecs JepeBbsi NpelACTaBasAlT co60fi HlAeaabHoe pellie-
HHe 9TO# npobaeMbl. ECH npoHCXOAHT o6pauieHHe K OA+
HOMY sJleMeHTy, pacnoJio;XeHHOMY BO BTOpHUHOM naMsATH,
To 6e3 GosbLUIHX AONOJHHTENbHLIX 3aTpaT MOXKHO oOpa<
THTBCA H K LEJIOH rpynne sjeMeHToB, DTO npeanoJaraer,
4yTO JepeBOo pasGHTO Ha noanepeBbss H STH noaaepenbd
KaK pa3 Te rpynne, KOTOpbie OAHOBPEMEHHO AOCTYMHH.
Mbl  GyneM Ha3nBaTh TakKHe MNoOAdepeBbA CTPaHH-
uaMH. Ha puc. 4.44 npuBeneHo pasGHTOe Ha CTpaHHuml
ABOHYUHOe [1epeBO; Kamias M3 CTPAHHL CORepIKHT
7 BeplllH.

[TockoabKy kaxiaoe o6paiieHHe K CTpaHHLe Tenepn
TpebyeT JHWbL OfHOrO OOpaiieHHs K OLHCKY, TO 3KoHO-
MHsA Ha uYHcse TakHX o6paleHnit MOXeT ObITh CYi1ecTBeH-
noil. IlpencranuM cebe, YTO Kaxpas CTpaHHUA CONlepPKHUT
100" Bepwinn (3TO BNOJHE pasyMHOE YHCJO), B STOM cay=
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Puc. 4.44. Isonutoe nepeso, pazieneHtoe Ha CTPaNuUH.

yaé MOHCK B JepeBe C MHJJIHOHOM 3jeMeHTOB OyleT B
cpenHeM Tpe6oBaTh logo(10°) o6pameHuit K cTpaHHLAM
(1. e. Bcero okoso 3), a He 20. KoHeuyHo, ecqn nAepeBo
pacrer cayuyafinpiM o6pasoM, TO B XyAlleM cJyyae Mo-
>KeT noTrpe6oBatbc Aake u 10 o6pawmennii. [loatomy
AICHO, 4YTO MJf CHJLHO BeTBALWNXCA JepeBbeB MNOYTH
ob6s3aTeJbHa  HEKOTOpas  cxeMa  ympaBJeHHst  HIX
POCTOM.

4.7.1. CunbHo seTBamuecs B-aepesbs

Ecau peub 3aXOAHT 0 KpuUTePHH yMpaBJeHHA POCTOM
IiepeBa, TO cpa3y Xe MOMHO OTKa3aThCAl OT HAeaJtbHoll
c6aJlJaHCHPOBaHHOCTH, MOCKOJbKY OHa TpebGyeT CJHLIKOM
601bIIHX 3aTpaT Ha GajsaHcHpoBKy. OQueBHAHO, NpaBHAA
Halo Kak-To cMArYHTb. OueHb pPA3yMHHH KpPHTEPHH O
cpopmyaupoBan B 1970 r. P. Bsfiepom # E. MakkpeditoM
[4.2]): kaxnasa cTpaHuua (KpoMe OfHOM) HOJXKHA colep-
)KaTh NPH 3aZaHHOM MOCTOSIHHOM 1 OT 1 A0 2n BEpLIHH.
TakuM o6pasoM, Aas fepeBa ¢ N sjeMeHTaMH H MaKCH-
MaJbHHM pa3MepOM CTPAaHHIW B 2n BepLIHH B CaMoOM
XyAleM cayyae norpebyercs logn N obpaienufi K cTpa-
HHRaM, a Belb 3TH o6palleHHA COCTABJAIOT OCHOBHYIO
yacTb 3aTpaT Ha NoHck. Kpome Toro, ko3¢dHUHEHT Hc-
MOJb30BaHHS [AMATH, a 3TO JOCTAaTOYHO BaXHO, pareH
50 %, NOCKOJNbLKY CTPaHHILI Bcerfa 3afOJHEHH MHHHMyM
HanosoBuHY. [IpH Bcex 3THX JOCTOMHCTBaX Hallla cXeMa
OpHEHTHPOBaHa H Ha CPABHHTEJbHO MPOCTHE AJrOPHTMH
MOHCKA, BKJIOYEHHA M HCKJOUeHHA., B JdanbHefilleM MH
HX H3yyuM GoJee NeTaJsbHo.
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(262728 | [323533 | [41424546]

[z578|[13141518] 2224

Puc. 4.45. B-gepeso nopajgka 2,

CTpyKTypbl JaHHHX, O KOTOPHX HIeT peub, Ha3H-
BaloTca b-Oepessamu, a n— nopadkom bD-nepesa. Onu
06/1a11210T CJAeLYIOLHMH CBOHCTBAMH:

1. Kaxnaas ctpaHHLa colepXHT He GoJiee 2n 3JeMeH-
TOB (KJioueil),

2. Kaxnan cTpaHHLa KpoMe KOPHEBOH COLEpXHT He
MeHee n 3J1eMEeHTOB.

3. Kaxnasa crpanuua nu6o npeiacrabineT co6oft JHCT,
T. €. He HMeeT MOTOMKOB, JH60 HMeeT m 4 | MOTOMKOB,
rie m — YyHcJo KJa4Yell Ha 3TOA cTpaHHe,

4. BcecTpaHHIH-JHCTbA HAXOAATCA HA OJHOM YpOBHe,

Ha puc. 4.45 npuseleHo B-nepeBo BTOporo nopsika
¢ TpeMs ypoBHAMH. Bce cTpaHHUH colepxXaT 2, 3 HJH
4 3jeMeHTa, HCK/IOYeHHe NpeACTaBJsIeT JHIUb KOopHeBas
CTpaHHLA: B Hefl MOXeT HaxXOAHTbCI JIHIIL ONHH-elHH-
CTBeHHHHA 37eMeHT. Bce /HcThA HaxoAaTcs Ha TpeTbeM
yposHe. EcaH chnpoeuupoBaTh B-ZepeBo Ha OAHH-elHH-
CTBEHHHI! ypOBeHb, BK/JIIOYad MOTOMKOB Me:KAy KalouaMH
HX pOAHTeNbCKOH CTpaHKUbl, TO KJMOull HAYT B BO3pa-
craloumeM Mnopsaike cJjeBa HanmpaBo. Takoe pasMelleHHe
npeactasaser cobofi ecTecTBeHHOE pPa3BHTHE IIPHHIAIA
NBOHYHBLIX JepeBheB H OnpejenfeT MeTOA [OHCKa 3Je-
MEHTa ¢ 3aflaHHBIM KJao4oM. [1ycTh cTpaHHU@ lHMeeT BHA,
npHBelAcHHBIH Ha puc. 4.46, H 3agan HeKOTOPHI apry-
MeHT moucka x. [lpeAmosozinM, cTpaHuLa@ yrKe cYHTaHa

BT Pr-1 kmpm]
2 Lo

Puc. 4.16. Crpannua B-aepesa ¢ m kawouasi
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B OM€PaTHBHYIO MaMATb H MOXHO BOCIOJb30BaTLCA OGKY-
HHMH MeTOJaMH NOHCKa cpeiad kJwoueidt k; ... km. Ecau
m JocTaToYHO 60Jbllioe, TO 3TO MOXeT ONTb ABOHYHHHA
MOHCK, eCJIH Xe OHO MaJio, TO MOXHO BOCIOJb30BaThCA
MPOCTHM TOC/AENOBaTeJbHHM [OHCKOM., (3aMeTHM, uTO
BpeMs, 3aTpauHBaeMoe Ha MOHCK B ONepaTHBHON MaMsATH,
CKopee Bcero, npeHe6pexxHMO MaJio 0 CPaBHEHHIO C Bpe-
MeHeM [epeCcHJIKH CTPaHHUK H3 BTOPHUHOH NaMATH B
onepaTHBHY!0.) Ecin moHck HeylaueH, To MH NnonajaeMm
B OJHY H3 CJeNYIOIHX CHTyalHil:

L i<x<<ky ana 1<<i<<m TIlouck npoznod-
XaeTcs Ha cTpaHHue pf.

2. km < x. Tlonck mpomoskaercsi Ha CTpaHHLeE pm?t.

3. x < k;. Tlouck nponoJkaerca Ha cCTpaHHLE pof.

Ecnu ykazaHHas ccHJ/Ka HMeer 3HaueHHe NIL, T. e.
CTPaHHIH-TIOTOMKAa He CyLlecTByeT, TO B JepeBe BooGlle
He CYIIecTBYyeT 3JleMeHTa C KJIOYOM X H MOHCK 3aKaHUH-
BaeTcs.

K ynuBnenuto, BkJaioueHue B DB-ZlepeBo mnpoBoauTtcs
cpaBHHTebHO npocto. Eciu 3/1eMeHT HYXHO NOMECTHTb
Ha cTpaHHly ¢ m << 2n 3JieMeHTaMH, TO fpollecc BKJIO-
YyeHHs] 3aTparMBaeT JIHUIb 3Ty CTPaHHLY. JIHLIb BKJOYe-
HHe B Yy)e TMOJHYIO CTPaHHLY 3aTparHBaeT CTPYKTypy
JlepeBa H MOXeT MPHBECTH K MOSBJEHHIO HOBHX CTPaHHIL.
Hana Toro uTo6H MOHSATHL, YTO NMPOHCXOAHT B 3TOM cJiyyae,
obpaTuMcsl K pHc. 4.47, HANIOCTPHPYIOLLEMY npolecc
BKJIOYeHHs B D-mepeBo nopsaka 2 Kawouya, pasHoro 22.
BkaioyeHHe NpoXoAHT 32 TpH 1uara:

1. O6HapyxuBaetcs, yTo Koy 22 orcyrcTByeT. BK.Iio-
yeHHe B cTpaHHuy C HeBO3MOXHO, NMOCKOJbKY OHa yXe
3anoJHeHa,

2. Crpannua C pasdeasercs Ha ABe cTpaHuuu (T, €.
BBOMIITCA HOBas cTpaHina D).

l 1

Alo_ | A |2cz0

7 101518 [26303540] |7 1o 15 18] 2226 [__540

Pitc. 1.47. Bkmoyenne B b-aepeso kTioua co anadensey 22,
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3. Kmoun — ux Bcero 2n + | — nopoBHy pacnpene-
asorcd B C u D, a cpeldHuil KoY NepeHOCHTCA Ha OLHH
ypOBEHb BBepX Ha «DOJAHTEJbCKYI0®» CTPaHHLY.,

Takan BecbMa 3JeraHTHanA cXeMa COXpaHseT BCe Xa-
pakTepHHe cBoifictBa DB-sepeBbeB. B yacTHOCTH, NOJYyYHB-
liHecs ABe HOBHE CTPAHHUK COdepXaT POBHO MO I 3Je-
MeHTOB. KoHeuHO, BKJIOUeHHe 3jleMeHTa B POJAHTEJbCKYiO
CTpaHHIly MOXET BHOBb MPHBECTH K MepenoJHeHHIO CTpa~
HHIH, T.e. pas3jejeHde 6yner pacnpocTpaHaTben. B kpaii-
HEeM cJyyae OHO MOXeT <«MOJAHATbCA® A0 CaMOro KOpHS.
QaKTHUECKH TOJIbKO B 3TOM CJyuae MOXET YBeJHUHTHCA
BhicoTa B-nepeBa. Tak uto B-nepeBba pacTyT HecKoJbKo
CTPaHHO: OT JIKCTbEB K KOPHIO.

" Teriepb, OCHOBBIBAfICb Ha TaKOM 3CKH3HOM OIHCAHHH,
HayHeM pa3pa6oTKy nosHo#t nporpaMMH. KoHeuHo, yxe
SiCHO, 4TO B JAaHHOM cJyuyae Jyulle BCero BOCMOJb30-
BaTbCA PEKYPCHBHOM KOHCTPYKIHe#H, NMOCKOJbKY MNpouecc
pasieneHHs CTPaHHL pacHpoCTpaHsAeTCs MO MyTH MOHCKA
B of6paTHOM HamnpaBJeHHH. [loaromy obliee cTpoeHHE
nporpaMMbl aHaJOTHYHO BKJIOUEHHI0O B c6ajlaHCHPOBaH-
Hoe JepeBO, XOTA H eCTb OTJHuYHe B JeTaanX. [Ipexne
BCEro LHYXHO C(HOpPMYJHPOBAaThL OMpejejeHHe CTPYKTYpH
cTpaHHUH. ByaeM cuHTaTh, YTO 3JleMeHTH NpeACTaBaAAIOT-
cA B BHJAE MacCHBa,

TYPEPPur = POINTER TO Page;
TYPE index =[0.. 2+n];

TYPE item = RECORD key: INTEGER; {4.81)
p: PP,
count; CARDINAL
END;
T YPE page = RECORD 1n; index} {4.82)
p0: PPLr;
e ARRAY [l .. 2+n] OF item

Kak © paHblle, KOMNOHEHTa 3JieMeHTa € HMeHeM
count npeaHasHayeHa AJ1f pa3HOH HH(pOPMaIHH, KOTOpas
OTHOCHTCA K «CMHCJy% CaMHX 3JIEMEHTOB H B peaJbHOM
npouecce MOHCKA He Hrpaetr HHKako# poJan. O6paTure
BHHMaHHe: B KaXIOA CTpaHHlle NOCTaTOYHO MeCTa MJf
2n snemexnToB. B mose m yKaswBaeTca (haKTHUECKOE
YHCJIO 3JIeMeHTOB Ha cTpaHHue. [TockoJbKy Be3ne, KpoMe
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KOPHEBOR CTpPaHHUHW, M =N, TO 3TO rapaHTHpyeT o
KpafiHei Mepe 50 % HCMNOJIBL30BaHHA MaMATH,

AaropHT™ noucka H BKJAWOYeHHS Aas B-aepesbesB Bxoe
AuT B nporp, 4.7 Kak cocTaBHasg 4acTb, 3TO Mpoleaypa
c HMeHeM search. CTpykTypa ee mpocTa H NoxoXa Ha
CTPYKTYpPY MNpouleAypH NOHCKa AJaS c6aJaHCHPOBAHHKIX
JBOHYHHX JlepeBbeB, TOJNbKO BeTBJIeHHe He «JBOHUHOeE»,
BMecTo 3TOro nouck enyrpu crpanuyst odpopMaeH Kan
JBOHUYHHA NMOHCK B MacCCHBe €.

ANropHTM BKJIOYEHHS BHAeMeH B OTAEJNbHYI0 MpPO-
HeAypy JHWb A8 sicHocTH. Cama npouesypa BH3WBaeT-
Csl, €CJIH MOHCK CHTHAJH3HPYET, UTO HEeKOTOPHHA 3JeMeHT
HYXHO mNepelaTh BBepX NO JAepeBy (N0 HanpasJieHHIO
K KopHi0). O6 3ToM cooGuiaer Gy/JeBCKHA mapaMerp-pes
3yJabTaT h, OH BHINOJHAET Ty e pOJb, YTO H B aJro-
pHTMe BKJIOYeHHs B cOajaHCHpDOBAHHOe lepeBO: TaM OH
yKa3nBaeT Ha pocT AepeBa. EciH h HCTHHHO, TO BTOpOA
napaMerp-pe3yJbTaTr npeAcras/iser co60A NepelaBaeMHRA
9/IeMeHT. 3aMeTHM, YTO BKJIOYeHHe HayHHaeTCss ¢ MHH-
MO CTpaHHIH, TaK Ha3nBaeMof «cCneuUHAJbHOA» Bep-
LIHHH (CM. pHC. 4.19), H HOBHHA 3JIeMEHT cpa3y Xe Ie-
pelaeTca 4Yepe3 napaMeTp n AJs peasbHOrO BKJIOUEHHS
yXe B «JIHCTOBYIO» cTpaHHuy. Cxema 3TOro mpouecca
npuBefeHa B (4.83).

PROCEDURE search(x; INTEGER,; a: PPir; VAR h: BOOLEAN: VAR u: item);
BEGCIN
IF a = NILTHEN (*X B iepene Het, BKIIOUEHHE #) (4.83)
Inemenry u npuceours x, h— TRUE, yxassiagioujee, 410
u 6 depeae nepedaerca aaepx
ELSE

WITH at DO

08ouNHbIL NOUCK X 8 Maccuge e;

IFpaiideno THEN o6paborkxa

ELSE search(x, noromox, h, u);

IFh THEN (* 2meMenT #)
IF yuc:10 aneMentoa Ra crpaniiye at < 2n THEN

@KAMYeHle U NG cTparuy at U YCTaHogKa t pagiisiM FALSE

ELSE pacujenaerue cTPaniist 4 Nepeddia 6eepx cpeoHe2o xiemciira
END

END

END
END
END
END search
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ta) I
{b}

[0 18] [36 40 |

m /T\

[7i01518 [22 26] [ 35 40|

{d) 10 20 30
[8 7 | [5 18] [22 26 ] [35_ 40 |

=

[s 7 8] [13715 ia| [22726 27]

{f

10 20 30 40

[ 7 B8][13 15 18][ 22 24 ][ 26 27 |[32 35 38][42 45 46]
Prc. 4.48. Poct B-pepeBa BTOoporo nopsaka.

Ecan nocnie obpawenus kK search B oCHoBHO# npo-
rpaMMe h HMeeT 3HaueHHe «HCTHHa»®, TO, 3HAUHT, Tpe-
6yeTca pa3llefieHHe kOpHeBOH cTpaHHUH. [TockoJbky 3Ta
cTpanuia ocobas, TO npoiecc ee pa3leeHHs PUXOAHTCA
nporpaMMHpoBaTh OTAeJbHO. OH BKJIOYaeT pa3sMmelieHile
HOBOH KODHEBOH CTpaHHUW H BKJIOUEHHEe B Hee elHH-
CTBEHHOTO, MepelaHHOro Yepe3 MapaMeTpP U 3JleMEHTa.
IlosToMy HOBas KopHeBas crTpaHHIA OyIeT COCTOATDb
TOJIbKO H3 OLHOTO 3jeMeHTa. C JeTaJsIiMH 3TOro npolecca
MGXKHO [I03HAKOMHTbCA B mporp. 4.7, a Ha puc. 4.48 npu-
BelleH pe3yJbTaT NOCTPOEHHs C MNOMOLIbI0 3ToHl npo-
rpamMMbi B-ZepeBa; npuueM Bk/IIOYaeMHe KJIIOYH HAYT B
TaKoM nopaike:

20; 40 10 30 15; 35 7 26 18 22; 5: 42 13 46 27 8 32
38 24 45 25;
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3aeck ToUKOA ¢ 3anAToA OTMeYalOTCH MOMEHTH IOAB-
JICHHS HOBHX cTpaHuu, BkiloueHHe mocJefHero KJjwoua
NPHBOAHT K ABYM pa3jeJeHHSM H NOABJEHHIO TPex Ho-
BHX CTpPaHHLL,

Onepatop npucoenunenus (WITH) wurpaer B stoft
nporpamMme ocolylo poJb. Bo-nepBHX, oH yka3HBaer, 4To
BHYTPH TeJla 3Toro ofeparopa HAEHTHGHKATODH KOMIO-
HEHT CTPAHHLHW aBTOMaTHYeCKH OTHOCATCH K CTpaHHILe
at. EcaH cTpaHHUH H Ha caMoM Jefe pPacnosoXeHH BO
BTODHYHOA NMaMATH, YTO, pa3yMeeTcs, HeOGXOAHMO B GOJb-
WHx 6a3ax AaHHHX, TO onepaTop NPHCOEAHHEHHA, KpoMe
TOr0, MOXHO HHTepNnpeTHPOBaTb KaK 3amnpoc Ha mnepe-
CHIKY YKa3aHHOR cTpaHHUHW B ONepaTHBHYIO NaMATh.
Kaxnoe o6pameHne K search npeanosaraer nepechKy
TOJIbKO OAHOA CTPaHHLUKW B ONepaTHBHYIO MaMsATb, a BCETO
Ay nepeBa H3 N 3ieMmeHTOP notpefyercsi MaKCHMyM
k=1logn N pekypcuBHHX o6pameHufi. CienoBaTeJsbHO,
MH JOJXKHH HMETb BO3MOMHOCTb HaKaNJHBaTb B OCHOB-
HOM NMaMATH 00 K cTpaHHL. DTo efHHCTBEHHOe coobpaxe-
HHe, orpaHHyHBalollee pasMep cTpaHHuUR 2n. Ha camom
XKe fleJe HaM Hajo XpaHHTb Aaxe OoJsee uyeM k cFpa-
HHL, NOCKOJIbKY BKJIOYeHHe MOXET NPHBOAHTb K HX pa3-
AejenHio. KpoMe Toro, ficHo, 4TO KOpHeBYI0 CTPaHHLY
Jyullle BCEro NMOCTOSHHO XPaHHTb B ONEPAaTHBHOA NMaMSATH,
TaK Kak € Hee BCAKHA pa3 HauHHaeTcs JIOO0A NOHCK.

Ewe oaHo nosoxuTtenbHoe KaudecTBo b-nepeBbeB —
HX 3KOHOMHYHOCTb H NMPHCNOCOGJEHHOCTb K YHCTO MOCJe-
AOBaTeJbHON KOppeKIUHH cpa3y Bcell 6a3H AaHHHX. Kax-
nasi cTpaHHla GyleT BH3HBAaTbCA B ONEpaTHBHYIO NaMATH
TOJILKO OIHH pa3.

Hckatoyenue sneMenta u3 bB-pepeBa — mpouecc no-
BOJIbHO MPSAMOJIHHEAHHH, XOTA M YCJOXHEHHWA B Jera-
JsX. 31ecb MOXHO BHEJHTDb ABa cJydasn:

1. UckmoyaeMui 3jJeMEHT HAaXOAHTCA Ha JIHCTOBOA
CTPaHHILE: aJITOPHTM ylaJleHHs siceH H MpoCT.

2. 3JeMeHT He HAaXOAHTCAA Ha JIHCTOBOHA CTpaHHIE:
ero HYXHO 3aMeHHTb OJHHM U3 ABYX JieKCHKorpaduiecku
CMEXHHX 3/eMeHTOB, EciiH cMeXHHIii 3/1eMeHT HaXoAHTCA
Ha JIHCTOBOH CTPaHHIle, TO €ro HCKJIOYHTbL MPOCTO.

B cayuae 2 MOHCK CMEXHOro KJOuya MOXOX Ha MOHCK
KJl0Ya NPH HCKJAIOUeHHH W3 ABOHYHOro AepeBa. MHu cny-
cKaeMcsl BHH3 BAOJb CaMHX MpPaBHX CCHJOK 10 JHCTOBOH
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CTPAaHHUH P, 3aMeHsieM HCKJIOYaeMHH 9JICMEHT Ha mpa-
B 3jieMeHT H3 P u yMeHbliaeM pasmep P Ha efHHHLY.
B mo6om ciyuae mocse yMeHbllleHHS pa3Mepa HeoOGXo-
JHMO NPOBEPHTb YHCJIO 3JE€MEHTOB, OCTaBLIKXCA Ha 3To!
cTpaHHue, H60 ecaiy m < 0, TO GyAeT HapylICHO OCHOB-
Hoe ycaoBHe B-mepeBa. B stoM cayvyae HyXHo npoic-
JIaTb HEKOTOpbie JONOJHHTeNbHHe jedcTBHA. CaM (akrt
TaKOTO HedocTarka (PHKCHPYEeTCA C MOMOLLLIO 6YJeBCKOLC
napamerpa — nepeMeHHO# h.

EnuHCTBeHHBI] BBHIXOA — MO3aHMCTBOBATh 3JIEMEHT =
OJIHOH H3 cOCefiHHX cTpaHHL, ckaxeM ¢ Q. Ilockoauny
BH30B CTPaHHLUK B ONCPATHBHYI0O NaMATb-— ONepaLiis
Joporocrosiuias, Jyuuie BOCNC/b30BATLCA 3TOH HENpiaT
HOH cuTyauHeil H CAesaTb HeuTo OoJbiree; HanpuiieD
B3ATb HE OJHH, a HECcKOJNbKO 3jieMeHToB. OBHuUHO 3.1
MeHTH P u Q nopoBHy pacnpefeasioTcs Ha obe cTpa-
HHIM. 3TOT npouecc Ha3biBaeTcd  OAAGHCUPOGKC.:
cTpanuy.

KoHeuHO, MOXET CJyudTbecsi, 4TO B (Q HEUero 3uiiii-
MaTb, NOCKOJbLKY €€ pa3Mep YyXe paBeH MHHHMAalL-
HOMY —n., B 3ToM cayuae aGuiee 4YHCJAO 3JEMEHTOS il-
P u Q paBHO 2n— 1, © MH MOXEM cauTs o6C CTPaHLlIL:
B OJHy, J0GaBHB CI0Jla CPCAHHH 3JEMEHT U3 POAHTE.ib-
ckoit (A P W Q) cCTpaHHIb, a 3aTeM LEJIHKOM Ykiiu-
TOXKUTL cTpaHuly Q. STH AelicTBHA B TOUHOCTH OGpaTilk.
Npoueccy pasie/NeHHA CTPAHHI, H 3a HUMH MOXHO fip ™
CJeIHTL Ha NpuUMepe yAaJcHUsA KJaoua 22 (pHc. 4.477.
YnajcHue cpejlHEro KJOYa Ha POAHTENbCKOH CTpaitiie
BHOBb MOJXCT NPHUBECTH K TOMY, YTO €€ pa3Mep CTaHuT
MeHble KPHTHUCCKOro H MOTpeGyercsi MPOBCACHHE Cile-
[HAJbHHX JeificTBuil (6aJJaHCHPOBKH MJIH CJAUAHHA) Ve
Ha cjeaywolleM ypoBHe. B 3akcTpemaJsibHOM cjlyuae C.iim-
HHC CTPaHHI MOXXeT pacnpOCTPAHUTLCA BBEPX 1O CaMoli
KOpHeBOil cTpaHHUHW. EcJu KOPEHb COKpPaTHTCA A0 liy.le-
BOTO pa3Mcpa, TO OH yAaJsAeTcs, H TeM CaMHM BHICOT:
B-nepesa yMeHbliaercsi. PaKTHYECKH 3TO €AHHCTBEHHEI!
cayyail, Korja BbiCOTa JAEpECBA MOXKCT COKPaTHTbcA. Ha
puc. 4.49 nokasaHa nocreneHHas jacrpajanus bB-gepena
c pHuc. 448 B cayyac yaaJjeHHs KJaoyel B TakoH noc.c-
JIOBaTeJIbHOCTH:

25 45 24; 38 32; 8 27 46 13 42; 5 22 18 26; 7 35 I5;
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Puc. 4.49. Jerpapauus B-pepesa BTOpOro nopspka.

Kak u panbue, Toukn ¢ 3anaTofi (GpHKCHPYIOT MO«
MEHTH, B KOTOpHe AeNaloTcsl «CHHMKH fAepeBas, T. €. MO-
MEHTH YHHYTOXEHHS CTPaHHLU. AJNTOPUTM HCKJIOYEHHS
B nporp. 4.7 opopMaen B BuAe npouedypn. O6parure
BHHMAaHHE HA ero CXOACTBO C HCKJOYeHHeM H3 cbanaB-
CHPOBaHHOrO AcpeBa.

B yxe ynoMuHaBuwefica pabore Baficpa u Makkpefita
MPOBOAHTCA BCECTOPOHHHA AHAJMH3 «NPOH3BOAHTENbLHO-
CTH® aJTOPHTMOB, OCHOBaHHHX Ha B-aepeBbsx. B uacTHo«
CTH, HCC/eAyeTcs Bolpoc BHGOpA ONTHMANbLHOTO pasMepa
CTpPAHHIH, 3aBHCAILETO OT XapaKTepHCTHK BHYHCJHTe b«
HOR CHCTEMH H ce MaMATH.

B xuure Kuyra, 1. 3, c. 567—570, o6cyxknaiotcsa pas«
JHYHHE BapHaHTH cxeM Ha b-aepesbsax. Bor nauGonee
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MODULE BTree;
FROM InOut IMPORT Openlnput, OpenOutput, CloseInput, CloseOutput,
ReadInt, Done, Write, WriteInt, WriteString, WriteLn,
FROM Storage IMPORT ALLOCATE;

CONSTn = 2;
TYPEPPir = POINTER TO Page;

Ttem = RECORD key: INTEGER}
p: PP
count: CARDINAL
END;

Page = RECORD m: [0 .. 2#n]; (%0 HMEMEATOB HA CTPAHHIS ¢)
pO: PPtr;

e: ARRAY[1..2+n] OF Item
END;

VAR root, q: PPtr;
x. INTEGER;
h: BOOLEAN;
u: Item;
PROCEDURE search(x: INTEGER,; a: PPir; VAR h: BOOLEAN; VAR v: Htem);
(e MOHCK KJTI0¥a X B B-JiepeBe ¢ KXOpHEM a; eCIIH OB HAXOHYCA, TO CuUeTUMK
yBemuuHBaerca. ECAH Kimioua HeT, TO BIIIOYaeTCA HOBLIH NTeMERY 0 JUTIOUOM X

Eciu aneMenT nepefaeIcd BBepX, TO €r0 IPHCBARBAKT V) h 03HAYAeT “AepPeRQ
CTajIo BhILS” #)

VAR |, L, R: CARDINAL; b; PPir; u! Itern;
BEGIN (»~h=»)
IFa = NILTHEN h := TRUE; (*3 n¢pépeé Her #)
‘WITH v DO
key := x; count != 1; p = NIL
END
¥1SE
WITH at DO
L:=1,R:=m+]; (* zsouamIif IOMCK *)
WHILEL<R DO
ii=(L+R)DIV2:
1Feli]key <= x THEN L := i+1 ELSER := { END

R:= .R-I:
IF (R > 0) & (e[R].key = x) THEN INC(e[R].count)
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‘ELSE (#na 370i CTpaHHIle STeMEHTa HeT +)
IF R = 0 THEN search(x, p0, h, u)
ELSE search(x, e[R].p, b, u)

JF h THEN (*BKImiotenue 1 BI1pano ox e[R]+)}
JF m< 2+n THEN
h:=FALSE:m:= m+1;
FOR = mTO R+2BY -1DO efi] ;= ¢[-1] END ;
e[R+1]:=1u
ELSE ALLOCATE(b, SIZE(Page)); (# nepenouenss *)
(* pacnienierte a Ha a B b cperuRit anemenr B b+)
IFR<{=nTHEN
IFR=nTHENYV:=1
ELSEv:= e[n];
FORi:=nTOR+2BY-1DO eff] := e[i-1JEND ¢
e[R+1]:=u
END;
FOR1:=1TO nDO br.efi] := at.e[i+n] END
ELSE (*BK/T0Yelile B IIPaBYI0 CIDILHIY &)
R:=R-n;v:=¢n+l]:
FOR {:= 1 TO R-1DO br.efi] := ar.eli+n+1] END 3
bteR]:=1;
TFOR{i= R+1TO nDObr.eli] 1= at.el+n] END
END;
m:=p btmi=n btpois VP vpi=b
END

END
END
END
END
END search;
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PROCEDURE underflow(e, a: PPtr; s: CARDINAL: VAR h: BOOLEAN)S

(*a =% NeperO/BMBIIAACA CTPaHHNA, ¢ = CTPAHHIA *OpefoR™
§ = HHIEKC HCKIIIONaeMOTO H3 ¢ AeMEBTa, h ;= #)

VAR b: PPtr; VAR §, k, mb, m¢: CARDINAL?

BEGIN me : = ct.m; (+h, 4t.m = n-1+)

§F s {mcTHEN
(*b:= crpaBuua cnpapa O ¢¥) 815419
b := ct.e[s]p; mb ;= bt.m; ki= (mb-n+1) DIV 24
(+X *= WACII0 H1EMEETOB, OCTYNHEIX Ha CTpaEHue be)
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at.e[n] ;= ct.efs]; at.e[n]p := bt.p0;

IFk > 0 THEN
(*neperiaua K aneMentos iab B a«)
FOR1:=1TOk-1DO atre[i+n];:= bte[i]END
ct.efs] 1= bre[k]: cre[slp:=b;
br.p0 ;= br.e[k]lp: mb:=mb-k:
FOR{:=1TOmbDO bte[i] := bte[i+k]END}
bra i= mb; ar.m != n-1+k; h:= FALSE

ELSE (% cJIHAHAS CTPARHU 2 U b +)
FOR1:=1TOnDO at.efi+n]:= bt.efi] END}
FOR{:= sTOme-1 DO ctefi] ;= cre[l+1] END ;
at,m = 2sn;ctpl:=mc-1; h ;= me<{= n;
(+Deallocate(b)s)

END

ELSE (sb ;= crpanuma clieBa OT a *)

1Fs = 1THEN b:= ct.p0ELSEb ;= ct.e[s-1]p END;

mb ;= btam + 1; k := (mb-n) DIV 2;

1F k>0 THEN
(» nepenawa kaneMeroB H3b B a»)
FOR1:=1n-1TO1BY-1DO atefi+k]:= at.e[i] END;
at.e[k] 1= ct.e[s); ar.e(k]p := at.p0; mb ;= mb-k;
FORi:= k-1 TO1BY-1DO at.efi] := br.e[i+mb] END ¢
at.p0 := br.e[mbl.p; ct.e[s] := br.e[mb]; cr.els]p :=s a;
bt.m:=mb-1; ar.m := n-1+k; hi= FALSB

ELSE (»cngmme 2 ub «)
br.elmb] : = ct.e[sl: br.e[mb]p 1= at.p0s
FORi:= 1TO n-1DO br.efi+mb] ;= atefli] END 3
btm:=2sn;ctmi=me-1; hi=med=n;
(»Deallocate(a)s)

END

END
END underflow;

PROCEDURE delete(x: INTEGER,; a: PPtr; VAR h: BOOLEAN);
{* OUCK X HCKITRouERHE KITaya X U3 Bnepea; ecl cTpannua CTAROBHISA Maiidy
To GaaHCcHpoBKa MK CIHAHME ¢ coceiiel; hi=s VeTpanmuna a Manma™ *)
VAR, L,R: CARDINAL,; q; PPtr;

PROCEDURE dEX(P‘: PPir; VAR ht BOOLEAN):
VAR q; PPty (¢ rnoGameriie a, R x)
BEGIN
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WITH P+ DO
q:= e[m}p;
IF q # NIL THEN del(q,h):
IF h THEN underflow(P, g, m, h) END
ELSE
Pt.e[m).p : = at.e[R].p: ar.¢[R] : = Pr.¢[m):
m:=m-1;hi=m<n
END
‘END
END del;
PEGIN
IF a = NIL THEN (B jicpepe X iieT +) h:= FALSE
ELSE
WITH at DO
L:=1 R:=m+1; (: 180irathii ouew «)
WHILEL<RDO
i:=(L+R)DiV2;
TF ¢jilkey < X THEN L= i+1 ELSER 1= i IND
END;
IFR = 1THEN q:= pO ELSEq = ¢{R-1}p END
IF(R<=m) & (e[R).key = x) THEN
(* nafiged, HCRAoUCITHE #)
IF q = NILTHEN (% — Te[sutlanipHas crpauiila )
mi=m-lihi=1adn
FORi:= RTOm DO ¢i]!= ¢[i+1] END

ELSE del(q.h):
IF h THEN underflow(a, ¢, R-1, ) END
END

ELSE delete(x, q, L):
IF h THEN underfiow(a, ¢, R-1, 1) END
END
END
END
END delete;

PROCEDURE PrintTree(p: PPur; level: CARDINALY;
VAR I: CARDINAL;
BEGIN
JFp # NIL THEN
FORi:= 1TO leve] DO WiiteString(" "YEND
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FOR1:= 1TO pt.m DO WriteInt(pt efi].key, 4) END ;
WriteLn;

PrintTree(pr.po, level+1);
FOR i:= 1TO pr.m DO PrintTree(pt.efj].p, level +1) END

END PrintTree;

BEGIN (s rnanBHax nporpamma s )
OpenInput("TEXT"); OpenOutput("TREE");
Toot : = NIL; Write(">"); Readlnt(x);
WHILE Done DO

‘WriteInt(x, 5); WriteLn;
IFx>= 0 THEN
search(x, root, h, u);
IF h THEN (» BKuiiouetiite HOBOK KOPHEBOR CTPaHMIpL + )
q := root; ALLOCATE(root, SIZE(Page));
'WITH roott DO
m:=1p0i=q;efl]:=u
END

END
ELSE
delete(-x, root, h);
JFh THEN (s pasmep KOPHeBOii CTPAHHIBI YMEHBIICK + )
IFroott.m = O THEN
q := root; root : = qt.p0; (sDeallocate(q)s)
END
END
END;
PrintTree(root, 0); WriteLn:
"Write(">"); ReadInt(x)

Closelnput; CloseOutput
END BTree.

ITporp. 4.7. Tlouck, BKJIOYeHMe M HCKJIloueHHe H3 DB-pepesnes.

cyllecTBEHHOe 3aMeuyaHHe — cJellyeT TOPMO3HTL pasle-
JIeHHe CTPaHHI TeM Xe cnoco6oM, KOTOPHIM TOPMO3HTCH
HX cJHAHHE, — GasaHCHPOBKOH cTpanHl. OcTasNbHble yJyu-
IIeHHsA, NO-BHAMMOMY, He JalOT CYIIeCTBEHHOro BhiHI-
puiia, C ucyepnbiBaoIHM xe 0630poM B-nepeBbe MOX-
HO MO3HaKOMHTbcA B pa6ore [4.8].

4.7.2. I sonunnie B-gepesna

Ha nepBuii B3rjsig Ka)KeTcs, YTO HaHMEHbLIHIH HH-
Tepec npelcTasnaaloT D-AepeBbs nmepBoro nopsaaka (n ==
=1). OaHaxko HHoOrga CTOHT obpalaTb BHHMaHHe H HA
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TaKHe HCKJIOYHTeJbHHe BapHaHTH. TeM He MeHee cpa3y
*e fICHO, uTo DB-lepeBbs mnepBoro nopsAlKka He HMeeT
CMHCJa HCNIOJb30BaTh AJA NMpeAcTaBieHHs GOJIbIIHX, YO~
pAloYeHHHX, HHIEKCHPOBAaHHNX MHOXECTB JaHHHX, Tpe-
6yl0IHX BTOPHYHOH MaMATH: Belb NPHGAH3HTeNbHO 50 Y%
BCeX cTpaHul GYAyT colepaTb TOJbKO OAHH-eAHHCTBEH-
HHfA 3neMeHT. [losTomy 3a6yleM o BTOpHUHOH MaMATH
H 3aflmMeMcd BHOBb 3allayeil NOCTPOEHHA JepeBLeB IO~
HCKa, HaXoAAllHXCA JIHWL B OJAHOYPOBHEBOA oOlepaTHB+
HOA MaMATH.

IBonunoe B-nepeso (I B-LepeBo) cocTOHT u3 Bep-
IWHH (CTPaHHL) C OAHHM HJH IByMA 3jiemeHnTamu. Cie-
JoBaTeJbHO, CTPaHHLa CONEpPXHUT IBe HJIH TPH CCHWIKH
Ha NMOTOMKOB (OTClOJa ellle OAHH TepMHH — 2-3-Oepego).
[To onpenenennio B DB-nepeBe Bce JIHCTOBHE CTpaHHIH
pacrnoJioXkeHH Ha OJHOM ypOBHe, a Bce HeJIHCTOBHe CTpa«
HHIH (BKJIOYas H KODHEBYID) HMeIOT IBYX HJH Tpex
noToMkoB, [lockosbKy Teneph MH HMeeM J[eJlo TOJbKO
¢ onepaTHBHOA MaMATbIO, TO cJelyeT 3a60THTLCA 06 3Ko-
HOMHOM ee HCMOJb30BaHHH. [lo3ToMy mnpejcTaB/eHHe
9JIeMEHTOB BHYTPH CTPaHHLW B BHJAE MacCHBa yXe He
NOAXOAMT. BHXoAd H3 mnosoXeHH — AHHaMHYecKoe pa3-
MelleHHe, Ha OCHOBe CIIHCOYHOM CTPYKTYPH, — T. €. «BHY+
TPH® BepUIHHH CyIIecTByeT CIHCOK H3 | HJIH 2 3jeMeH-
ToB. Tak Kak Ka)xlasi BepLIHHa MOXeT HMeTb He GoJee
Tpex MOTOMKOB H, CJelOBaTeJbHO, AOJXKHA coldepxaTh
caMoe GoJibulee TPH CCHJIKH, TO MH NonkTaeMcsi o6belH-
HATb CCHLIVIKH Ha MOTOMKOB CO CCHIJIKAMH B CIIHCKe 3J1e-
MeutoB (cM. puc. 4.50). TakuMm o6pa3oM, BepLIHHH
B-nepeBa TepAlOT CBOIO LEJOCTHOCTb H 3JIeMEHTH HayH-
HAIOT UrpaTh pPoJib BEepUIHH B peryJsipHOM IBOHYHOM Je-

SRS
R b

Puc. 4.50. INpeacrarnenne sepunu JB-aepena,
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peBe. OIHaKo ocTaeTcs Heo6XOAHMOCTb [HeJaTh pas.nu.‘
yge MeXJY CCHJKaMH Ha MOTOMKOB (Mo BEPTHKAJH) g
CCHJ/IKaMH Ha «6paTheB» B ONHOH cTpaHHLE (MO ropH.
aoHTaJau). Tak Kak Mo ropu3oHTajJH MOryT GHTb TOJBKO:
CCHJIKH BIpaBo, TO AJA (HKCAalHH HanpaBJEeHHA [0OCTas
TOYHO OJHOTO-€HHCTBEHHOro paspsaia. [losToMy Mh BBo-
AuM GyJeBckoe mnoJe h, roBopsiliee, YTO CCHUIKAa HAET no
ropusontaid. OnpejefeHHe BeplIHHH JepeBa, COOTBeT-
CTBYIOLIlee TAKOMY HallpaBJleHHIO, IPHBeleHo HHXe (4.84),
«CxeMay BeplUHHH GHJa NpefjoXeHa H HccleloBaHa
P, BafiepoM B 1971 r. [4.3]. Takas opraHH3auHus lepesa
NOHCKa rapaHTHpyeT, UYTO MaKCHMaJbHas MAJHHa NYTH
p=2«[log N1.

TYPEPir = POINTER TO Node; '
TYPE Node = RECORD key: INTEGER; 4.84)

left, right: Ptr3
h:15 BOOLEAN (# ropH30BTANIbHAA JIPABAA BETBE »)

PaccmaTpuBas 3anauy BKJIOUEHHs KJOuel, caedyer
pasJHuaTh yeThipe BO3MOXHHX CHTYallHH, BO3HHKAIOWIAX
NpH pocTe JIeBWX HJH MpaBbiX MNoAfepeBbeB. Bce 3TH
yeThlpe cayyas Noka3aHH Ha pHc. 4.51. HanomuuM, utO
ana B-nepeBbeB xapakTepeH pOCT OT OCHOBaHHsA BBepX
K KOPHIO H HEO6XOAHMO CJeJHTb, YTOOH BCe JHCTbA OHJIA
Ha oxHoM ypoBHe. CaMHi#i mpocTto#t cayuait (1)— pocr
npaBoro nojJlepeBa BepIUHHH A, npHueM A — eHHCTBEH<
Huill 3JeMeHT Ha cTpaHHue (MHHMOFI) B sro#i cHTyaunun
npeloK B mnpocTo craHoBHTCA 6paToM A, T. e. «BEepPTH<
KalbHasg» CChJIKA MpEBPAlllaeTcss B «FOPH3OHTAJILHYIO.
Ecan BepuinHa A _yXe HMeeT 6paTa, TO TaKoH npocroi
«[IOBOPOT» MpaBoH BeTBH HeBO3MOXeH, Mbi mnonyuyaeMm
CTPaHHIy C TPeMS BeplllMHaMH, ¥ ee HeoOGXoAMMO pasie-
authb (2), Cpeanss BeplinHa cTpaHHub (B) nepenaercs
Ha cJelylOlHH BrilueJexaliHil ypoBeHb.

[TpenctaBuM Tenepn, YTO pacTeT B BLICOTY JeBoe MOA*
nlepeBo BepuiuHn B. Ecan B cHoBa oaHa Ha cTpaHHUE
(c1yyait 3), T. e. ee mpaBas cchiJIKa yKasbiBaeT JHIUb
Ha npeaka, To JeBoe noanzepeso (A) Moxer cTaTh 6pa<
ToM B. (Tak Kak JeBas cchJ/ka He MOXeT GbiTb ropH<
30HTaJbHON, TO TpebyeTcsi HEKOTOpoe MPOCTOoe «Bpallleq
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Puitc. 451, Braouenue cepuud B J1B-aepeso,
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Hue» cchiok*.) Ecan xe B yxe mumeer Gpara, TO
«noi’beM» A MPHBOAUT K CTPaHHIE C TPEMs 3JeMeHTaMH,
Tpebyolleli pasfieseHus. PasleseHiie MPOBCXOAHT OYeHb
npocto: BepwHHa C cTaHoBUTCS notomMxoM B, a mocnen-
HAS TOAHHMAaeTcsi YpOBHeM Bhillle (cayuail 4).

ChneanyeT 3aMeTHTb, YTO NPH NMOHCKe HEKOTOPOTO K10Ya
(hakTHueckH HeT Pas3HHIb, ABHTAeMCS Mbl BJOJb TOpH-
30HTaJIbHOM 1JH BAOJb BepTHKaJbHOM cchiikH. [losTomy
:360Ta O TOPH30HTAJLHOCTH JIeBOH CCHLIJIKH B TPeTbeM
clyyae, Korla CTpaHHUA cOlepXHT He 6ojee ABYX 3Je-
MEHTOB, BHITJSAHT HECKOJbKO HCKyccTBeHHOH. M neficTBH-
TeJbHO, aJTOPHTM BKJIOYEHHs CTPAaHHO acHMMeTpHYeH

*) KoneuyHo, MOXHO Ha3BaTb STOT NpolLecc «Bpallieduem» (roia«
tion), no ayuue nocmorperb Ha puc. 4.51 (3), — [Ipum. nepes,
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B TOM, UYTO KacaeTcs poCTa JeBOro HJH [PaBoro noiue-
peBa, oTciofa H Bcs opraHusauus JB-nepeBbeB KaiKercs
Kakofi-To HaayMaHHoH. [lokasaTesbcTBa 3TOH HaldyMaw-
HOCTH HeT, HO HHTYHUHs TOBOPHT, YTO 3[€Cb «4TO-TO He
TO» H HyXHO 6H.IO 6bl OT aCHMMeTpHH H36aBHTbcA. Tak
NOSIBJIAETCA MOHATHE CUMMETPUYHO20 080UYHO020 b-Oe-
pesa (CI1b-nepero), npeanoxenHoe B 1972 r. Baiiepom
[4.4]. HoBasi opranusanus BeleT K HECKOJbKO JyuuleMy
cpelHeMy MOHCKY, OJHAaKO aJrOPHTMH BKJ/IOYEHHS H HC-
KJIIOYeHHs] CTAaHOBATCH ONATb Xe HeCKoJbKO GoJee cjox-
HHMH. KpoMme Toro, B KaxIofi BepUWIHHe HYXHH Tenepb
ABa paspsaa (6yaeBckue nepeMeHHne lh u rh), yKasu-
BaloUlHe NPHPOAY ABYX CCHIJIOK.

ITockoAbKYy MH OrpaHHYHMCSl JHUIb AeTaJbHHM pas-
60poM aJropHTMa BKJIOYEHHsS, HaM HyXHO BHOBb pa-
306paThcs B YeTHpeX cayuasx pocTa nojalepeBbeB. OHH
ApHBeJeHHW Ha puc. 4,52: ficHO BHIAHO, YTO MH J06HJHCH
cuMMerpud, O6paTHTe BHHMaHHe: MpH pocTe Jio6oro
noAmepeBa BePUIHHH A, He HMeloled 6pa'rben KOpeHb

- B8 ek o
;w\ TR ﬁé@{

#R#-R /®\/@\

PR IRR K 242

Pitc. 4.52. Bxaouene 8 CIOB-aepeso.
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5TOro MojjepeBa CTaHOBHTcA Aas A GpatoM. droT cay-
yail He HyXJaeTcs B HaJjbHefitleM oO6CYXIEHHH.

Bce ueTHlpe cayuas, npuBeleHHHe Ha pHC. 4.52, oTpa-
JKAIOT CHTYaUHIO MepeloJHEHH CTPAaHHUH H ee IMocje-
Aywoulero pasnejeHus. OHH NoMeyeHH NepBHMH 6YKBaMH
HanpapieHHA cchJok (L u R) y Tpex GpaTbeB HepeBa
B cepelHHe pHcynka. Havasabuoe noJsoeHHe MNpuBeleHO
B JIeBOA YacTH, B CepeliHHe — To, YTO NOJyyaeTcs MpH
noabeMe HHXHefl BepIIHHH, BH3BAHHOM POCTOM ee NOA-
lepeBa, a B nmpaBofl yacTH — To, YTO NoJyyaercs Mnocje
nepecTaHOBKH BepUIHH.

esarenbno B nagbuefimleM yXe He BO3BpallaThes
K MOHATHIO CTPaHHUH, C KOTOPOro HayHHajJach HOBaf
OpraHH3auHs JepeBa: Bellb MH 3aHHTEPECOBAHH JHUIb
B TOM, 4TOOH MaKCHMaJbHas IJHHA NyTH GbJIa orpaHH-
yena BeaHuuuofi 2«log N. [aa storo Xe HyXHo OGHTBL
yBepeHHHMH, UYTO HHrle Ha /Mo60M H3 nyTel He HBeTpe-
yalTca ABe NOAPAL ropH3oHTaJbHHe CCHUIKH. QIHaKo
HeT HHKAKHX MPHYHH 3anpeliaTb BEpUIHHH CO CCHW/IKAMH
BNpaBo H BaeBo. [Tlosatomy MH onpeneauM CJIIB-aepeBbs
KakK JepeBbs, 06Jajal0lHe CleAyIOLIHMH CBOACTBaMH:

. Kaxnas BepliHHa COLePKHT OAHH KIOY H He Go-
Jee JBYX CCHJIOK Ha MojJlepeBbsl.

2. CchakH OHBAOT rOpH30HTaJbHbe H BepTHKaMbe
HHe. Her Hu olHOro nmyTH noucka ¢ ABymMs MOAPAJ TrOpH-
30HTaJIbHHMH CCHUJIKaMH.

3. Bce TepMHHaJIbuHe BepUIMHH (BepUIHHH, He HMelO-
llHe NOTOMKOB) HAaxXOAATCA Ha OAHOM (TePMHHAJbHOM)
ypOBHe.

H3 storo caenyer, uro AJHHA caMoro NPOTsSXKeHHOro
MyTH MoHcKa He 6oJiee ueM BJBOe MpeBHUIdeT BHCOTY
nepeBa. Tak kak BHcoTa HHKakoro CJB-mepesa c¢ N
BepUIHHAMH He MOXeT 6uThb BHule log N, To oTciona cJe-
LyeT, uTO BepXuff rpaHuua nyTH noucka — 2 «[log N1.
Ha puc. 4.53 nokasano, Kak NpoHCXOAHT POCT yeTHpex
TaKHX JepeBbeB, KOTla B HHX [MO0CJeA0BAaTeJbHO BKJIO-
YaloTCA CJeAylollHe KJI0YH:

(1) 12,3456 T7;
(2) 5431276,
3) 62 41735
4 426 17,35

(4.85)
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Pic. 4.53. Poct CAB-nepesa npu BRJIIOYEHHH BEPUIHH M3 M0L €10+
pateabuocty (4.85).

B Kaxao# «cTpokes® pHCyHKa npHBelleHbl NocjeAosaTeTsb-
Hble COCTOSIHHSI COOTBETCTBYIOWIEro JepeBa B MOMCHTLI,
KdK H paHblle OTMeYeHHble B MOCael0BaTeJbHOCTH KT1i0-
yeHd TOYKoH ¢ 3ansaTod. PHCYHKH 0COGEHHO HarjsiHO ic-
MOHCTpPHPYIOT TpeTbe cBofictBo CI1B-nepesbes — Bce Tep-
MHHAJbHBeE BepUIHHbI JeXKaT Ha olHOM ypoBHe. [losrony
HanpawuBaeTcsi CpaBHEHHE 3THX CTPYKTYP € TO.IbKO 41O
MOACTPHKEHHBM CafloBbiM KYCTapHHKOM,

Anroputm noctpoennss CIlB-nepeBbeB npuBeleH B
(4.87). OH ocHoBaH Ha onpepesneHun THna Node (4.80)
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¢ nByMs KoMnoHeHTaMH lh u rh, ykasHBaoomumMu Ha ro-
PH30HTAJIBHOCTD JIeBOA H NPaBo# CCHJIKH.

TYPENode =RECORD key: fntegers
count: CARDINAL;
1eft, Hight: Ptr; (4.86)
1h, rh; BOOLEAN
END

PexypcuBHas npouenypa search (4.87), kak H paHbs
mie, cllelyeT cxXeMe OCHOBHOrO a/JiropHTMa BKJIOYEHHA B
AsouuHoe Aepepo. [lo6aBasercs TpeTufi napamerp h, o
YKa3HBaeT, H3MeHseTCs HJH HeT NOfAepeBO C KOPHeM D,
H NOJHOCTBIO COOTBETCTBYyeT mapamerpy h B mporpamme
noucka B bB-aepeee. OfHako HyXHo ykKas3aTb H Ha Io-
CJeACTBHA MpeACTaBJeHHA CTpaHHL B BHAe CBA3aHHHX
CNHCKOB: J106asi CTPAHHLA NMpPOXOAHT C NMOMOMULbIO OLHOTO
HJH AByX ob6pameHnufi Kk npoueaype noucka. Heo6xoanmo
pa3JnYaTh TaKHe CJydYaH: BHpOCJO NojdepeBo (yKa3aH-
Hoe BepTHKaJbHOM CCHJIKOH) HJAH «6paTckas® BepuIHHE
(yka3annas ropH3oHTaJbHOH CCHJKOH) NoJyyHJa elle
ofvoro 6pata u, cllefloBaTesabHo, Tpebyercs pasllesieHHe
crpauHun. [Ipo6aeMy Jerko peuluTb, eciH CYHTATh, YTO
h npuuuMaeTr oAHo H3 TAKHX TpeX 3HaYeHHH:

1. h=0: noanepeBo p He NpPHBOAHT K KaKHM-JAHGO
H3MEHEHHAM B CTPYKType AepeBa.

2. h=1: Bepwuua p nojayyusa 6para,

3. h = 2: noalepeBo p yBeJHUHJOCH B BHCOTY.

3aMmeTHM, uTo JAeflcTBHs MO [MepecTaHOBKe BepUIHH
OueHb MOXOXH Ha auajlorHyHne AeACTBHA B aJropHT™Me
MoHcKa B c6anaHcHpOBauHHX AepeBbsx (4.63). U3 (4.87)
fICHO, YTO BCC YeTHpe cayyas MOXHO peaJH30BaTh C Io-
MOIIbIO NIPOCTOTO «MOBOPOTa® ccHJOK; B caydasx LL u
RR 310 onHoKpaTHHf noBopoT, a B cayyasx LR u RL —
AByKpaTHHA. (akTHYeckH npoueaypa (4.87) oka3su-
BaeTcs Ja)X€ HeckoJbko mpoiue, yeM (4.63). fcHo, uto
cxeMa ¢ CJIIB-mepeBbsimMu mnpeacTaBaser coGoil ajbTep~
HaTuBy KkpuTepuio ABJl-c6amaHcupoBaHHocTH. [loaToMy
xopoxij)o 6HA0 O6H CpPaBHHTb HX «[POH3BOJAHTENbHO«
CTH» ¥,

*) BO3MOXHO, KOMY-1M60 Me HPaBMTCA TEPMHH <IIPOH3BOAMTENbS
HUCTb» B KOHTeKcTe pa3rosopa O nporpammaX. Ho umuero ayumerq,
Het, — Ilpum. nepee,
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PROCEDURE search(x: INTEGER; VAR p: Ptr; VAR h: CARDINAL);
VAR pl, p2: Pir; (*h = 0#)
BEGIN ©an
IR p = NILTHEN (*BKodenue »)
ALLOCATE(p, SIZE(Node)); hi= 2;
WITH pt DO
key := X; count := 1}
left := NIL; right ; = NIL; lh t= FALSE; rh : = FALSE
END
ELSIF pt.key » x THEN
search(x, pt.left, h);
IFh> 0 THEN (# BHIPOCIIa JIEBak BETBD *)
IF pt.Jh THEN
pl = pt.left; hi= 2; pr.lh := FALSE;
IR plt.1h THEN (+LLs)
pt.left ;= pltright; pltyight = p; p 1= pl}
pt.lh = FALSE
ELSIF plt.th THEN (sLR+)
P2 ;= plr.nght; plt.right := p2t.left; p2t.lpft s== pl;
prleft ;= p2t.right; p2t.right i= pip = p2;
pltah:= FALSE
END
ELSEh:=h-1;
1IFh) 0 THEN pt.lh:= TRUEEND
END

END
[ELSIF pt.key ¢ x THEN
search(x, p?.right, h);
JPh > 0 THEN (# BLIpOCTa NIpaBast-BeTBD &)
IF pt.rth THEN
pl i= prright; h:=2; pt.rh = FALSE;
IR plt.rh THEN (+RR+)
pr.right = plr.left; pltleft i= p; p = pl;
plt.rh ;= FALSE '
ELSIF p1t.1h THEN (sRL#)
p2:= plt.left; plt.left 1= p2t.Yight; p2t.right i= plg
ptr.right := p2t.left; p2t.left i= p; p i=p2;
plt.lh ;= PALSE ’

END

ELSEh:= h-1:

IFh > 0 THEN pt.rh ;= TRUEEND
END
END

BLSE (» naiigen ) pt.count ; = pr.couat + 1
END
EBND search
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Mu He 6yneM INPOBOAHTb MaTeMaTHYeCcKHA aHaJu3,
a CKOHLEHTpUPYeM BHHMaHHe JIHIIb Ha HEKOTOPHX OCHOB-
HHX OoTJAHYHAX. MoXHo moKaszath, uro ABJI-c6anaHcu-
pOBaHHHE AepeBbA MPeACTaBJAAIOT c060ii MOAMHOXKeCTBO
Bcex CI1B-mepeBbeB. ChaenoBatesbHo, Kaacc NoCAeAHHX
wupe. OTciofa cjaeAyeT, yTo HX AJHHA NMYTH B cpefliHeM
6oabuie, uem y ABJI-aepeBbeB. 3aMeTuM, UTO HauXyAulee
B 3TOM OTHOLIEHHH AepeBo — AepeBo (4) Ha puc. 4.53.
C apyrofi cTOpOHH, 3fech peXe NPHXOAUTCA MNepecTaB-
JAATb BepWHHH. [losToMy c6asaHcHpoBaHHHe JepeBbA
npeANoyTHTE]bHee B TeX CJAyuyadX, KOTAA NMOHCK KJaouef
MPOHCXOAHT 3HAUHTEJNbHO Yallle, YeM BKJIOYeHHe (HJIH HC-
KmoueHne), Ecan 3To He Tak, To MOXHO OTAAaTh /Mpefs
noureHHe H cxeMe Ha CJ1B-aepeBbax. OueHb TPYAHO CKa-
3aTh, rAe NpPoXoAHT rpaHuuia. Ctporo roBopsl, oHa 3aBH-
CHT He TOJIbKO OT OTHOUIEHHSI MeXAy YacTOTaMH MOHCKOB
H H3MeHEHHA CTPYKTYpH, HO H OT ocob6eHHoCTell pea-
auzauuy. Hanpumep, 3anHcH, coOOTBeTCTBYIOLHe Bep-
UWIHHaM, MOTYT GHTb [WIOTHO YNIAKOBAHHHMH, H MO3TOMY
ofpaumeHHe K HX nojaaM TpebyeT BHJAeJdeHHA uacTei
cJIoBa,

48. N1EPEBbsl TTPUOPUTETHOI'O IOHUCKA

JepeBbsi, U B YacCTHOCTH, ABOHYHHE JAepeBbs, Mpel-
CTaBJAIOT co6oft oueHb 3¢deKTHBHYIO OpraHH3alHIO AaH-
HHX, AJf KOTODHX CYILeCTBYeT OTHolleHHe JHHeAHOHR
ynopsfoieHHocTH. B mnpeAHAYWHX paslenax MH yXe
npeACTaBHJH HaH6oJiee yacTo BCTpeyalolHecs H3o6pe-
TaTeJbHHe CXeMH, o6ecneynBalollue 3¢pdeKTHBHHIA MOHCK
H CONMpOBOXJeHHe (BKJ/IOUeHHe, HCKJIOUeHHe), MpeacTaB-
JIeHHe TaKHX AaHHHX. OAHaKo JepeBbs, KaK 3TO KaXeT-
cs, GecnoJle3HH B 3ajauax, rjie JaHHHe pacloJjaraloTcs
He B ONHOMEPHOM, a B MHOroMepHHX [POCTPAHCTBaX.
XoTa cayyait AOByMepHOro mnpoCTpaHcTBa H ABJsAeTCA
BO MHOrHX [MpPaKTHYECKHX [MPHJIOXKEHHAX BecbMa BaX-
HHM, TeM He MeHee (aKTHUecKH opraHuszauus sPdek-
THBHOrO NOHCKa B MHOrOMepPHOM MPOCTPaHCTBe OCTaeTcA
ofHO#i M3 HaubGoJMee <«HeyJOBUMHXx» npobJjem HHbop-
MaTHKH.

OnHako npu BHHMaTeJbHOM 3HAaKOMCTBe C CYThbIO Jena
OKa3hBaeTcs, YTO H3 JepeBbeB Bce ellle MOXHO H3BJeub
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noJb3y, MO KpaHHeli Mepe B cJaydae ABYMepHHIX Npo-

crpaHcTB. B KOHue KoHIOB, MH Beab pHcyeM Ha Bymare

AepeBbsi B AByMepHOM npocTpaHcTBe. [lostoMy Aapaiite

KPaTKo MepPeydcNUM XapaKTePHCTHKH ABYX rJaBHHX Bil-

JI0B 1epeBbeB, C KOTOPbIMH Mbl L0 CHX MOP BCTpeyadiiCh,
1. lepeBo noHcka ynpaBJsieTcsi HHBapHauTaMi:

p.left = NIL » p.left. x < p.x (1.63)
p.right = NIL - p.x < p.right.x

CIpaBeANHBHIMH 1/151 Bcex BepUIIH D ¢ Ka1l0yoM k. Slcho,
YTO NHBapHaHTOM OrpaHHYHBAIOTCH JIHUIL 20pPU30HTA.16-
Hble TNOJOXKEHHS BEPUIHH, a BepTHKaAbHble NOJOH{eH[IA
BEPUINH MOXHO BbIOHpaTh TaK, YTOGH MHHHMH3IPOBATD
ppeMsi 1oCTyna npH novcke (7. e. AIHHY NyTH).

2. Tlupamupa, HaspiBaeMasi Takxe Jepesom ¢ in!9-
puTeToM, ynpas/asiercs HHBapHaHTaMil

p.left #%= NIL » p.y << p.lelt.y (4.89)
p.right 5= NIL - p.y < p.right.y

cnpaBelJIIBBIMII [/1s BCEX BepliliH P ¢ KJiouyoM k. B aTom
c/lyyae siCHO, YTO HHBapHaHTaMH OIPaHHYIIBAIOTCA TO.Ib-
KO 8epTUKAAbHbLE TIONOIKIHHS.

Kaxercs BnoJiHe eCTeCTBEHHbIM O6bEAHHIITH ITH ABA
VCJ0BIS  AJs1  onpefeseHiss HeKOTOpoii ApeBoBH1HOIl
opraHiHszallld B JBYMEPHOM NPOCTPAHCTBE, rae Kazilas
BeplUIIHa 1IMeeT ABa KJI4a: X 1 y, KOTOpPble MOJKHO pac-
CcMaTpPuBaTh KakK KOOpAHHaTH AaHHOIl BepiiuHbl. Takoe
AepeBo npeacTaBasier co60ll MHOMXECTBO TOYEK HA MI0-
CKOCTIl, T. €. B JBYMEpPHOM AeKapTOBOM IIPOCTPaHCTBe,
[I03TOMY Takue AepeBbsi Ha3biBAlOTCH Oexaprosotun 0e-
pesvamu [4.9]. Mwb ke npeanouuraem ynorpebasaTb
TePMIH Oepesbs NpUOPUTETHO20 NOUCKA, TNOCKOJBbKY 113
Hero cJelyeT, YTO 3Ta CTPYKTypa npousoutna 113 o0b-
elHHEHHs] JePeBbEB C NPHOPHTETAMH H AepPeBbeB MOMICKA.
JJf HHX XapaKTepHbH HHBapHaHTh, CnpaBelJHBHe 11
KaXJo# BepIWHHH p:

p.left = NIL - (p.left.x < p.x) & (p.y < p.left.y)
p.right 5= NIL — (p.x < p.right.x) & (p.y < p.right.y)

OnpHakKo HeT HHYero YAHBHTEJILHOTO B TOM, YTO «MOHCKO-
BH€ BO3MOXHOCTH®» TAKHX ACPECBbLEB NPAKTHUYECKH Kpalch

(4.90)
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6eann, B kouune kouuoB, GoJbwas cTeneHb CBOGOAH
B Bh6Ope MOJIOXKEHHA BepPUWIHHH CTAHOBHTCA HEAOCTAT+
KOM, H MH 6oJiplile He HMeeM BO3MOXHOCTH BHOHpATh
pa3Meiente, Belylllee K KopoTkoMmy nytH. M pefictBH«
TeJNbHO, YXKe HeJb3sl rapaHTHpPOBaTh AJA YCHJH{, 3aTpa-«
YHBaeMHX Ha MOHCK, BKJIOUeHHe HJH HCKJIOYyeHHe 3Je-
MeHTa, KakHX-MH6o «JjorapHpMuueckHx» rpanHu. U xora
C STHM MH YyXe BcTpeyaJiHch B cJydae npocroro, Hec6a-
JaHCHPOBaHHOro JepeBa MOHCKa, TeM He MeHee BepofT-
HOCTL XOpollero B cpeiHeM [MOBeAeHHs cXeMH Kpai#He
MaJja, Jlaxe eme xyxe— AeACTBHA [0 CONPOBOXKAEHHIO
MOTYT CTaTh TOYTH HeynpaBJAseMHMH. PaccMoTpHM,
HanpHMep, AepeBo c pHc. 4.54(a). Bkuouenne HOBOH
BepulHH C ¢ KoOpAHHATaMH, TPeGYIOIIHMH Da3MeCTHTb
ee BHIe H MeXAy A u B, npuBoAMT K 3HAUHTENLHHM
saTtparaM no nepecrpofike (a) B (b).

akKpeHT MpENJOXKHJI cXeMy, NMOXO0Xylo Ha GaJjaH-
CHPOBKY, B KOTOpO#i 3a cuer 6oJiee YCJOXKHEHHHX Olies
pauufi BKJIOUYEHHS H HCKJIOYEHHS YAAcTcA TrapaHTHPO«
BaTh JorapHMHuecKHe OLEHKH JJA STHX olepauHi.
Ou ua3BaJ COOTBETCTBYIOILYIO CTPYKTYpYy HepeBOM MO«
HCKa ¢ npHopuTteToM [4.10], 0AHaKO B COOTBETCTBHH C Has
wefl k1accHpuKauuelt ee caefoBaso 6GH Ha3BaTh c6a-
AGHCUPOBAKKOIM Oepesom noucka ¢ npuoputetom. O1
paccMOTpPeHHA 9TOH CTPYKTYPH Mbl BO3JepXKHMcCA H3-3a
ee CJOXHOCTH H NPaKTHYeCKOA MaJONPHroAHOCTH. 3aHH«
Masch 6oJiee OrpaHHueHHON, HO MPAKTHYECKH He MeHee
«3710601HeBHONY Npo6aeMof, MaKKpeAT mpelJoXKHJ el

-

{a} [b}

Puc, 4.54. Braioyeuse B nepeBo NpHOPHTETHOro IOHCKA,
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ONHY CTPYKTYPy ZAepeBa, KOTOPYIO MH 3JeCbh AeTalblio
o6cynuM. BMecTo HeorpauuueHHoro npocTpaHCTBA mo-
HCKa MH O6yZeM paccMaTpHBaTh JAaHHHe B NpPOCTPaH-
CTBE, OrpaHHYEHHOM [PSAMOYrOJLHHKOM C IBYMA OTKpbl-
THMH cTOpoHaMH. [paHHYMHe 3HayeHUA OJAA KOOpI|i-
HaTH X MW 6GyldeM 0603HauaThb yepe3 XmMin H xmax.

B cxeMe ¢ (uec6aslaHCHPOBAHHHM) AepeBOM NOICKA
C MPHOPHTETOM, YNOMAHYTHM BHUIe, KaxJas BepilHHa p
AEJHT MJIOCKOCTh NpAMOH X == p.X Ha ABe yacTH. Bce
BepUIHHN JIeBOro MoJfepeBa HaxOASITCH CJeBa OT Hee,
a BepuIMHMH NpaBoro noajepera — cnpasa. Haa sddek-
THBHOrO MOHCKAa TAaKOW BHGOD MOXeT OKa3aThCA Henop-
xoaamwuM. K cuacteio, MH MOXeM BHGHpaTh pasiensio-
ILYI0 NPAMYIO pa3JuuHbLIMH crniocob6aMH, CBsAXeM C Kax-
Jloii U3 BepulMH p HekoTopHi uutepBaa [p.L ... p.R),
pPaHXHpYIOLIHA Bce BeJIHYHHH X, HauduHasa ¢ x.L 10 x.R
(HMcknoyas nocaefiHee). DTo GyleT HHTepBaJ, B KOTO-
POM MOXET HaXOAHTLCA X-3HayeHHe BepUIHHH. 3aTeM
NOCTYJIHpYEM, UTO JIeBH MOTOMOK (ecJtil OH ecThb) AOJ-
KEH HaXOAHTbCA BHYTPH JeBoil MOJOBHHH 3TOro HHTep-
BaJjla, a NpaBHi NOTOMOK — BHYTPH MpaBo#i MOJOBHHH.
CaenoBartesbHo, pasflensiomias npsaMas GyleT He pX,
a (p.L+p.R)/2. Ina kaxkporo MNOTOMKa HHTepBaJ
yMeHblIaeTcsi BIBOe, H, TAKHM 0o6pa3oM, BHcoTa JepeBa
orpaHHyeHa 3HaueHHeM log(Xmax — Xmin). DTO 3akJioye-
HHe BepHO TOJLKO B TOM cJyyae, ec/H HHKakHe [Be
BEPUIMHH He HMeElOT OAHHAaKOBHIX X-3HaueHHid. (OJHaAKO
BHINOJHEHHE 3TOr0 YCJAOBHA TapaHTHpPYeTC HHBapHaH-
7oM (4.90). Ecan MH HMeeM [eJ10 C [EeJOYHCJEHHLIMH
KOODJAHHATaMH, TO npefeJ, caMoe 6oJblliee, paBeH IJHHE
CJIOBa HCNOJb3yeMOH MauIHHH. PaKTHUECKH MOHCK HAET
aHaJIOrHYHO MOMCKY JeJleHHeM [ION0JIaM HJIH KOPHEBOMY
noHcky (radix search), m nosTomy Takue nepeBbA Ha3bl-
BAIOTC KOpHeBbimu Oepesbimuy NOUCKA € NPUOPUTETOM
(radix priority search trees) [4.10]. B uux uucao one-
pauHii, 3aTpauHBaeMhHX Ha [IOHCK, BKJIOUeHHe H HC-
KJIOueHHe, OTPaHHUEHO JorapH@pmHueckoid oOueHKOH H
NMOAYHHAETCA B KaXAOH BepuwIHHE P TakHM HHBa-
pHAHTaM:

p.left = NIL->(p.L<p.left.x < p. M) & (p.y<p.left.y) (4.91)
p.right = NIL -» (p. M <p.right.x < p.R) & (p.y<p.right.y)
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rae

p.M = (p.L +p.R) DIV 2

p.left.L =p.L

p.lefttR =p.M

p.right.L=p.M

p.right.R=p.R
JNA BceX BepuwHH p, a root.L = Xmjn, 100t.R = Xmax.

Pewlaloniee AOCTOHHCTBO KODHeBOH CXeMH 3aKJlo-
yaeTci B TOM, YTO ONepallHH MO NojJepxaHHIO (T. e.
COXpaHEeHHI0O HHBAapDHAHTOB NPH BKJIOYEHHH HJH HCKJIO-
YeHHH) OrpPaHHYHMBAIOTCA OJHHM-€IHHCTBEHHBIM «paspe-
80M» JepeBa, MOCKOJbKY pa3jeisiowas JHHHA HMeeT
pukcHpoBaHHOEe X BHe 3aBHCHMOCTH OT X-3HaueHHd
BKJIOYaeMblX BEePUIHH.

THNUYHHMH 1Jf JAepeBbeB IMOHCKAa ¢ [PHOPHTETOM
onepanHAMH ABJAIOTCA BKJIOYEHHe, HCKJIOueHHe, Ha-
XOXKAEHHE 3JIeMeHTa C MHHHMaJbHHM (MakKCHMaJbHHM)
3HaueHHeM X (HJIH y), 6osabWIHM (MEHbUIHM) 3allaHHOrO
npeflenia, H HyMepalHA TOYeK, JieXallHX BHYTPH 3alaH-
Horo npsaMoro yria. HuxXe npoBoaatca npoueldypH A4
BKJIOUeHHS H HyMepanuH, OHH 6a3HpYIOTCA Ha TaKHX
OMHCAHHAX THIOB!

TYPE Ptr = POINTER TO Node;
Node = RECORD (4.92)

x: [xmin .. xmax]; y: CARDINAL;

Jeft, right: Pir

END
O6paTHTe BHHMAaHHe, YTO HeT HYXIAH 3anHChiBaThb B ca-
Myl0 BepuwluHy atpu6yTe XL u xR. DBosee Toro, ouu
BWUHCJASAIOTCA B npouecce noicka. OnaHako 3to Tpebyer
BRelleH B PeKYPCHBHYIO mnpouelypy imsert aByx no-
NOJHHTEeNLHHX NapameTrpoB., Mx 3HaueHHs npun nepsoM
obpaileHHH (¢ p ==root) paBHH COOTBETCTBEHIIO Xmin
H Xmax. ECJIH He CYHTaThb 3TOr0, TO NpoLECC NOHCKa aHa-
JIOTHUEH TIOHCKY B JI060M, PCTYJdsipHOM AepeBe NoOlICKa.
Ecau BCTpeuaeTcsl NycTas BeplUIHHA, TO 3JeMEHT BKJIo-
yaercs B AepeBo. Ecau BepiuuiiHa, KOTOPYi0 HYXHO BCTa-
BHTb, HMeeT Yy-3HaueHHe, MeHbllee YeM TaKoe Ke
3HayeHHe y TOJbKO YTO NPOHJAeHHOH BepLIHHH, TO HOBas
BepPUIHHA H 3Ta npoffleHHas «MCHSIOTCA MeCTaMH»,
M HakoHel, BepUIHHa BKJIOYaeTcs B JieBoe NOAACPEBO,
CCJIH ee X-3HaueHHe MeHee CpeJlHero 3HaueHHA HHTep-
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BaJia, B MPOTHBHOM CJyuae OHa BKJOUaeTcA B IMpaBog
noaaepeno.

PROCEDURE inseri(VAR p: Pir; X, Y, xL, xR CARDINAL);
VAR xm, t: CARDINAL;
BEGIN
1F p = NILTHEN (* HCT B fiepene, BKAKYHUS )
ALLOCATE(p, SIZE(Node));
WITH pr DO
%= X; yi= Yileft o= NIL right := NIL
~END
‘ELSIF pt.x = X THEN (% vaiiziero; He BKmiouats +§
ELSE
1Fpt.y > Y THEN
ti=pryprxi=XpXi=ts
ti=plyipryi=YYixt
s P Yipry
xm = (xL 4+ xR)DIV2;

1F X < xm THEN ipsert(pt.left, X, ¥, 5L, xm)
%;Sg insert(pt.right, X, Y, Xm, XR)

END
END insert

TpuBenennass HHXe npoueaypa enuimerale uymepyer
BCe  TOUKH X, Y, JexXalllie BHYTPH 3aJlaHHOrO MNPSIMOro
yrja, T. €. YJIOBJeTBOPAIOUlHEe COOTHOUWIEHHsM X0 <J
<<x<<xl v y<Cyl. IIpn o6HapyxeHHH Kaxaoi Takoil
TOYKH cJeayeT o6pallleHHe K HeKOTopoil mpoueaype
report(x, y). 3aMeTbTe, UTO OJlHa CTOPOHA MpPAMOro yraa
coBMajaeT C OCbIO X, T, €. HHXHAS TpaHHUa aaa y
paBHa 0. 3To rapaHTHpyeT, YTO MPOLECC HyMepalui No-
tTpe6yer, caMoe Gouabiuee, O(log N -+ s) onepauuu, rae
N — MomHOCTs mpocTpaHCTBA [MOHCKAa X, a S-— 4HCJIO
NPOHYMEePOBAHHLIX BEpLUHH,

PROCEDURE enumerate(p: Ptr; x0, x1, ¥, xL, XR: CARDINALY);
VAR xm; CARDINAL;
BEGIN
IFp # NIL THEN
IF (pr.y <=¥) & (x0 <= pt.x) & (pr.x { x1) THEN
report(pt.X, pt.y)
END;
xm ;= (xL + xR)DIV 2;
IF x0 < xm THEN enumerate(pt.Jeft, X0, X1, v, XL, Xm) END 3
EIIE I§m < XL THEN enumerate(pt.ight, %0, X1, ¥, xm, XR) END
END enumerate



Ynpaxnenus a3t

YIIPA)XKHEHHSA

4.1, Breaem NOMATHE DEKYpPCHBHOTO THNA H (yneM ero ONHCH-
BaTbh TakuM ofpa3om:

RECTYPE T=TO

PexypcuBHHifl THI ofpeae]sieT MHOXECTBO 3Ha4eHHH, ONpeAeJeHHHX
tenoM TO, X xoropomy RoGaBseHo eauHcTBeHHoe 3uaseuue NONE.
B stoM cayuae onpeaeneunue tuna ped (cu. (4.3)) MOXHO YNpPOCTHTB
A0 TaKOro:

RECTYPE ped == RECORD name: alfa;
father, mother: ped
END

Kak 6yaer pacnonaraTbcs B NaMaTH DEKYPCHBHAA CTPYKTYpa, COOT-
percTeyiowan puc. 4.2? OueBuano, peanu3auus Takoro THna Gyaer
OCHOBHIBATBCA HA CXeMe [JHHAMHYeCKOro pacnpejefeHHs NaMATH,
npudem noas father u mother us wawero npamepa NONXHH aBTO-
MATHYECKH JAONOAMATHLCH CCHJKAMH, CKPHTHMH OT NpOrpaMMHCTa,
Kakse TPYAHOCTH MOTYT BCTPETHTbCA NpPH PeasH3aRH# TAKOA cxeMbi?

4.2, Onpepente CTPYKTYpPY AaHHLIX, ONHCAHHHX B HNOCHEAHeM
noapasaene pasp. 4.2, ¢ mnoMoumbio sancef H cculioK. Moxuo am
OPeACTABHTh AaHHLE TAKOTO KNAcCA B TEPMHHAX PeKYPCHBHHX TH-
NOB, ONpeAeNeHHHX B NpeALAymieM yNpaMHeHHu?

4.3. TlpeguonoxuM, 4To ecrb ovepesb Q c snemeutamu tHuna TO,
MOCTPOGHHAR HA NPHHOHDE «NepBuAd nNpHmien — NepBHA BHIEN®,
OnpesendTe MOAY/b € COOTBETCTBYIOMHMHE OUHCAHHEM AAHHLX, HPO-
HEeAYPAMH HJS BKJIIOYEHMA M HCKJIIOYEHHA 9JeMeHTOR H3 Q M dyuk-
uuedt, onpefenaouefi, He NycTa Ju o4Yepenb, B NPOREAYPAX AOMKHH
DpPeAyCMATPHBATLCA COGCTBEHHHE MEXaHM3MH SKOHOMHOTO HOBTOP-
HOro HCMOJIb3OBAHHA NaMATH.

4.4, TIpeanoNOXHM, 3aNHCH B CBA3HOM CIIMCKE COJEPXKAT KAIO-
gesoe noJe, otuocaweecd Kk tuny INTEGER. Hanuwnre nporpammy,
COPTHPYDINYI COHCOK B NOPAAKe BO3pacTaHHa xaouefl, A saTtem
nocrpofiTe npoueaypy, «o0GOPAUHBAIOLYIO> TAKOR CIHCOK.

45. B KpyroBHx cnHcKax OOHYMO NpeAyCMaTPHBAETCA TAK Ha-
SHBaeMHRA 3a204080x cnucxa (cu, pHc, 4.55). 3auem HeoGxOnHME:
TakHe 3arosioBxH? HanuiuuTe npoueAypH M/ BKAIOUEHHH, HCKMAIO-
4eHHA M TMOHMCKA 9/IEMEHTA, HAEHTH)HUHPOBAHHOIO 3AKAHHLIM KNIO<

Puc. 4.55. Kpyrosofi cnucok.
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LFM::*

Puc. 4.56. lpynanpap/eHHbiii CNHCOK,

uom. Tlpoaenafite sTo ANA cOHCKa € 3aroJOBKOM, a NOTOM — Ges
3aroJIoBKa.

4.6. /leynanpassienuniil CIHCOK — 3TO CNMCOK C SJEMEHTaMmy,
y KOTOpHIX CBA3M YKa3piBaloT B oGe cTopoubl (cM. puc. 4.56). OcGe
CBA3M HAYMHAIOTCA M3 3arojoBKa. Kak ¥ B npeablAylueM ynpaxHe-
HHH, HanHUIHTE MOAYJb C MpoueAypaMH JJA NOHCKA, BKAKYEHUA H
HCKJIIOYEHHA SJIEMEHTOB.

47. Byner au npaBujabuO paboraTb nporpamMMa 4.2, ecad so
BXOJHOM NOTOKe HEeKoTOpam napa {X,y) BcTperuTca G6oJjee OAHOro
pasa?

4.8. B nporpamme 4.2 coo6umeunne «This set is not partially or-
dereds («3TO MHOXKECTBO He SABJAETCH HACTHYHO YNOPAAOHUEHHLIM»)
BO MHOTHX c/iydaax Gecnonesso. JlononuHTe nporpaMMy Tak, 4TOGH
OHa, eC/IH UMKJ CpeflH SJIEMEHTOBR CYIUecTByeT, BhAaBaja €ro SBHO,

49. Hanuuure nporpammy, Koropas 6yAeT HHTaTh TEKCT JioGoi
OporpaMMH, BLEJATb H3 HETO onpejeleHHs npoueayp H obpalie-
HHA K MHM, 3 3aTeéM NHITAaTbCA ONpeAe/]HTb, ecTb JH CpeAH npouelyp
TONOJIOTHYECKaA YNOPAAOYEHHOCTb. ByaeM cuHTaTh, uTO PZ Q, ecaiu
Q o6pamaerca x P.

4.10. Hapucyire nepero, Kotopoe nocTpoHT nporp. 4.7, eciu
Ha BXOA nojatorca umcna 1,2,3, ..., n

4.11, B Kaxofi HoceA0BaTe/IbHOCTH GYAYT nocemaThCA BEPLIHHA
Jepera Ha pHc. 4.23, eciH OHO OGXOAHTCA CBepXy BHH3, C/eBa Ha-
DpPaBo M CHH3Y BBepX?

4.12. Hafigute npaBHJO nOCTPOEHMA NOCJAENOBATEIbHOCTH H3
n upces, AJA KOTOpOH nporpaMma 4.4 nOCTPOHMT HAeatnrHO CGaja-
CHPOBAHHOE JepeBo.

4.13. PaccmorpuM aBa nopanka 06X0Aa ABOHYHHIX JePeBbeB:

al. O6xoauTca nparoe nojsnepero,

a2. Ilocemaercs KopeHb.

a3. O6xoauTca Jesoe nojznepeBo.

bl. Tlocemaerca KopeHb,

b2. O6xoaurca npaBoe noxaepero,

b3. O6xoaurca sneBoe nopncPeBRo.
Hmetorca B Kaxue-1M60 OPOCTHE COOTHOMIEHHA MEXKAY noC/el0Ba-
TEJbHOCTAMHE BepIIMH NpH 06XOAe nO TaKHM npaBHJIaM H no 0Opa-
BHJIaM, NPHBEJEHHLIM B TeKcTe?

4.14. Onpenennte CTPYKTYPY AaHMHX AJA NpejcTaBJeHHs n-ap-
HHXx JepeBbeB. Hanuwure npoueaypy ai1a o6xola Takux AepenbeB
H NOCTPOEHHA ABOHMYHLX JAePeBbeB C TeMu Ke 3jemenTaMu. IIpex-
NOJMIOKHM, HTO KJIOUH OSJEMeHTOB 3aHHMaloT k cJoB, a Kaxjas
CChUTKA — OJHO CJIOBO, KaKOB BLIHrPHII B NaMATH NpH HCIOJL3O-
BaHHM BMECTO N-apHHX ACPeBbEeB BOHYHEX?
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4.15. IIpeanosnoKuM, npH nNOCTPOGHHH JepeBbeB HCNOJb3yeTcs
onpefiesiele THNa, aHaJNOTHYHOE NpHBeAeHHOMY B ynp. 4.1:

RECTYPE Tree = RECORD x: INTEGER;
left, right: Tree
END.

HanumHTe npoueaypy AJA OGHApPYyXKeHHA SJeMeHTa ¢ 3aMaHHLIM
KAIOYOM ¥ BLINOJHEHHA HAJd HHM onepauuu P.

4.16. B uexoropo#t (aitioBoii cHcTeme cnpaBouuuk ¢aisnoB op-
TaHHI0BAB B BHAE YNOPAJOYEHHOTO ABOMUHOTO JAepeBa. Kaxao#
BepIIHHE COOTBETCTBYET HEKOTOPHiH ¢afiy, 3hech COAEPKHTCA HMs
dakina B, Kpome BCETO NPOYEro, AaTa NOCJAEAHETO OOpalilenHs K HeMY,
SAKOAHPOBauHAA ueJhM 4ucaoM. Hanwmmmre nporpammy, xoropas
o0xonaT AepeBo M yaaJaser Bce (aiflin, nocnenuee obpauiende X xo-
TOPHIM NPOHCXOAMJIO 10 HEKOTOpOH onpenefenHOA AATHI.

4.17. B uexoTOpOH JpPeBOBHAHOA CTPYKTYpe ONbLITHHM NyTeM
HSMepHeTCA 4acTOTa OGpallleHHA K KaxkAOMY 43 siaementoB. Jlas
STOFO ¢ MOGHM M3 HJIEMEHTOB CBA3aH cueTdux O6pauenni. ITo npo-
IeCTBHH OnpejeneHHOrO BpeMeHX JepeB0 peopraHMH3yercs, AJIA STOrO
OHO NPOCMATPHBAETCA H C HOMOIUBIO NpOrpaMMu 4.4 cTpoMTCHA HOBOE
AepeBo, B KOTOpO€ KJIOYH BKJIOYAIOTCA B NOPAAKe YGLBauHA CHeT-
YHKOR dacTOoT oOGpamlenda. Hanumure nporpaMMu, BHNOJHAIILHE
TaKy®© peoprauusauuio. Byaer Jm cpeamAas amMHa nyTH B HOBOM
ZepeBe paBua, Gosblle HJAH JAaxKe 3HAYHTENbHO GOJbile AMHHH NYTH
B ONTHMANbHOM jaepeBe?

4.18. Onpcauunil B pasa. 4.5 meron aua/u3a a/irOpHTMa BKJIO-
9eHHS B JEpeBO MOXKHO HCNO/Mb30BATH H AAA BHYHC/IEHHA CPEAMHX
suaveHHf paa uducna cpaBuewufi C, H uyMcna nepechlsiok M, (oGme-
HOB), BHNOJIHAEMbLIX npH GHcTpOR copTHpoBke (nporp, 2.10) mac-
CHBA H3 N SJIEMEHTOB, CUMTaf, 4TO BCe Nl nepecTaHOBOK AJA N KJiO-
uweft 1,2, ..., n paBxoBepoaTun. Halaure amasoruio m onpeleaure
Ca 8 M,

4.19, HapucyiiTe cGasancupoBanxoe AepeBO ¢ 12 BepuMuamy,
HMEIOIee MaKCHMAJIbHYIO BHICOTY AJA Bcex (c6afaHcHpOBAHHMBIX)
nepesteB ¢ 12 pepmHHaMi. B Kako# nocieOBaTeNbHOCTH HajA0
BKAKYATL BepwHHb, 4ro0m nOpouenypa (4.63) nocrpemna Ttakoe
nepeno?

420, Haiigure Takyio 00c/AeN0BAaTEIbHOCTb M3 N 9JIEMEHTOB
(Bxmogaembix), uto6m mnpoueaypa (4.63) BwnonHmna Kaxcaoe H3
geTHpex pAeiicteuii no Gaaaucupoeke (LL,LR,RRRL) mno xpaiineit
Mepe oamd pa3. Kaxopa wmuuaManbsam AJMMA TaKo# noc/ieJoBa-
TeJbHOCTA?

4,21, Hajiqute Takoe cGajlauCHPOBaHHOe JepeBO C KJIIOUaMH
1...0n H Taxkylo MOC/JeA0BaTeJbHOCTL STHX KJawoded, yTo6H npo-
aenypa Hckmouewus (4.64) kmoueR 5TOH nocseAOBaTeNLHOCTH IO
KpafiteR Mepe N0 OAHOMY pa3y BHIO/AHMAAZ KaXAYyl0 M3 UeTHpex
nognporpaMM GajaHcHpOBKH. KakoBa MHMMMaJbHaf AJMHA TaKoft
OCAeA0BATE/ILHOCTH?

4.22, KakoBa cpeluas Ajauua nyTu B fepeBe PuOoHauuu?

423. Hanumure nporpammy (OPMHpPOBaHHA fIONTH ONTHMAJb-
HOTO, lePE€Ba, MONOXKHB B ee OCHOBY aJrOpPHTM BhiGOpa B KauecTme
KOpHA neuTpouaa (4.78),



334 Ynpaxcuenns

424, IMpenancaoxkin, B mOycroe bB-JepeBO BKAYATCH KJloun
1,2,3, ... (mpor. 4.7). Kakde kawou# 0puBeAyT K paclilensenuio
cTpanuil? Kakue Kaoun MpHBEAYT K YBGJHYEHHIO BRICOTH jepema?
Ecau B ToM ke MOpAAKe HCK/AOUATHL KJIOUH, TO KaKue BHI30BYT
CAMANME CTpalHU, a Kakue yMelblueHHe BhicoTh? OTBeTbTe Ha 31n
BOMPOCH, cuHiTafA, 4YTO a) HcMoawn3yeTcd cxema ¢ GajJaHCHPOBLOIl
(nporp. 47) u b) wucnoansyercst cxema Ge3s GaJlaHCHPOBKH (mpu
HeXBATKE Gepercst OANH SJCMEHT ¢ cOce/iHed cTpauHMile).

4.25. Hanuure 0porpaMMy MNOHUCKA, BKJIOUEHUA H HCKAIOUEHHS
Kmouell M3 ABouuHbX D-gepeBnes. HcnoansyiiTe onpejenenmwe Tuna
pepunns (4.84). Cxema mkatoueniss npuseseHa Ha puc. 4.51.

4.26. Haiiaure Takyioo M0C/e10BITEALHOCTb BKJ/IOUEHHA KJiOuelt,
npH KOTOPOii, ecan HadaTh ¢ MOYCTOro cuMmerpudnoro B-aepesa,
npoueaypa (4.87) BHLIONHUT BCe ueTnipe AelicTBHA Nno GaJjaHcH-
poske (LL,.LR,RR,RL) mo kpailuei mepe no oaHoMy pasy. Kaxosa
caMas MaJieHbKafl TaKasl M0c/1ef0BaTe1bHOCTh?

427. HanuuiMre 0Opoueaypy AN HCKIIOUEHHST SJIEMEHTOB 3
cumMerpiyHoro b-aepesa. Hafiaure nepeBo ¥ HEKOTOPYIO KOPOTKYIO
nocJeA0BATENLHOCTL HCKJOUeHHil, [puBoAAwMe MO KpafHed wMepe
K OJIHOKpaTiOMY MOABJEHHIO KaMA0il H3 deThpex ciTyauuil nosTop-
1oH GaslaHCHPOBKH.

4.28. Hanuuure onpejeneHye CTPYKTyph AaHHBIX H NpoueAypH
ANA BKJIOYEHHS M HMCKJ/AIOUEHHS SJEeMeHTa u3 JepeBa MOMCKa € MpH-
opureroM. Ilpoueaypm JAo/KHBH OCHOBHBATBCA Ha MHBapHaHTax
(4.90). CpasHute HX TUPOM3BOJUTENLHOCTH ‘¢ NpPOM3BOJAUTENLHOCTHIO
ANA AepeBbeB MOHCKA C €KOPHEBbIM» IIPHOPHTETOM.

4.29. TocrpoiiTe MoAyab, coJepKalluid npoueAypn, pabGoraio-
mue ¢ aAepesLAMH MIOHCKA ¢ «KOPHEBLIM» ﬂpHOpH’rﬁTOM:

— BKJIOYEHHE TOYKH C KOOpAHHATAMH X, V;

— HyMepauuu BceX TOUEK BHYTpH 3a/laHHOrO KBAaJpaHTa;

~— TIOHCKA TOYKH € MHHHMAJbHOH X-KOOpAMHATOH B 3a/laHHOM KBaA-
pauTe;

— TIOHCKA TOYK! ¢ MAKCHMAJbHO{l Y-KOOpPAMHATOH B 3aJaMHOM KBal-
paure;

— [OHCKAa BCEX TOYEK, JIexallMX BHYTPH (mepecekaloUlHxXcH) KBai-
paHTOB.
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5. [TIPEOBPA3OBAHMUSI KJ/IIOUEH
(PACCTAHOBKA)

5.1. BBEALEMHME

TnasHEI BONpOC, TaK A0Ar0 06CYKAaBIUIHIICH B IV, 4,
dopyydHpoBaacs TaK: 3alaHO MHOXECTBO 3J]1€MEHTOB,
XapakTepH3yeMblX HEKOTOPHM KJouoM (B MHOXecTBe
KJloueil 3apaHo OTHOLIEHHE NOpsaaka), Kak Hano opra-
HH30BaTh YNOMSAHYTOe MHOXKeCTBO, 4TOGLI NOICK 3Je-
MeHTa C 3alaHHBIM KJIOYOM noTpe6oBaJ KaK MOXHO
MeHplue 3arpaTt? JIcHO, 4TO A0CTYN K KaXaoMmy 3Je-
MEHTY, pacnoJoXeHHOMY B NaMsATI MallllHb, B KOHIE
KOHLOB lAeT yepe3 onpejeneHHbli aapec namsari. Cie-
AoBaTenpHO, cHOpMyIHpOBaHHas 3apaya (GaKTHuecKl
CBOAHTCS K 3anaye onpeaeseHlss NOAXOAsIEro otobpa-
xenusi (H) knwoueil (K) B anpeca (A):

H:K—>A

B rn. 4 rtakoe orobpa)keHHe CTPOHJOCH B BHAe BCSH-
KHX aJATOPIITMOB NOHCKa NO CNHCKAM H AepPeBbsSM, OCHO-
BaHHBIX Ha pas3/HYHBIX cnocobax opraHHzawil camiix
AaHnwx. Ceilyac MbBl OnnueM eule OAMH [0AXOA: OH
H nmpolue, II BO MHOPHX clyuasx ropasao 3ddexrupHee.
oHeul10, exy NPHCYILI 1l HEKOTOPhie HeAOCTaTKH, HO 00
5TOM Mbl NIOTOBOPIM NO3KeE,

B nawewm smeTone paHHble OpPraHn3oBaHn Kak oBBIY-
nuii maccup. [Tostomy H — orobpakenne, npeobpasyio-
mee KJOUII 5 HHAGKCHl MacCHB4, OTCIOAA Il NOSBILIOCh
Ha3BaHlle «NpeoopaszosaHie Katouely, oObYHO naBaeMocC
sToMy Meroay. Ciepyer 3aMeTHThb, YTO V HAac HeT HIKa-
Koft HyXAawl ofpamarteCd K Kakum-116o npoueaypa
NHHAMHUYECKOT0 pa3Mellerls, Belbp MacCHB — 3TO 0AliH
H3 OCHOBHHIX, CTaTiyeckKux o6bekroB. Mertop npeol-
pas3oBaHHA KJlOYell 4acTO HCNoJb3yeTcss aas TakhX
3anay, rjle MOXKHO € YCIIeXOM BOCHCJAB30BaThCH 11 ACt
PeBbSMH.
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OcHoBHan TpyAHOCTBb, CBA3aHHas C Npeofpa3oBaHieM
KJAOyel, 3aKJaloyaeTcss B TOM, UTO MHOXKECTBO BO3MOZK-
HBIX 3HAayeHHIl 3HAYHTEJbHO UIIpe MHOXKecTBa AONYyCTH-
MBIX aapecoB mnamaTi (1ILeKcoB MaccHBa). Bosbmem
B KayecTBe NplMepa NMeHa, BKJAuJatuille a0 16 O6yks
1 npeacrasasiomie coboil Kawoun, 11leHTHdHUIpPYIONLLIE
OTAeJbHBEIE IIHAHBHAB H3 MHOXXeCTBa B THICAYY TNEPCOH.
CaenoBaTesbHO, Mbl HMeeM 1eq0 € 26' BO3MOMKHBIMH
KJAYaMH, KOTOpble HYXKHO oro6Gpasute B 10® BO3MOK-
HBIX 1HpeKcoB. [lostomy dyukuns H 6yaer dyuruneit
Kjacca «MHOTO 3layennili B 0aHO sHaueHle». Ecan nau
HEKOTOpBIH K101 kK, TO MepBHIil war onepawiy nomncka —
BblYHCJEHIe CBA2aHHOrO ¢ HiM nuaekca h = H(k),
a Bropoii (coBeplieHHO HeOGXOAUMBI)— NpoBepKa, aeli-
CTBHTENLHO M1 h HAaeHTHOUUIpyeT B MaccuBe (tabauue)
T saemedt ¢ KawoyoMm k, T. e. BepHO JH OTHOLIeHHe
T[H(k)].key = k. Otciona Mbl cpasy ke CTaJKiHBaeMmcs
€ TaKHMH NBYM$ BONpPOCaMH:

l. Kakoro Buga ¢yHkuwimo H HYKHO 11€cnonb30Bath?

2. Yro penats B cHTyauMu, Koraa H He ykasuBaer
Ha MeCTONOJION(eHHE XelaeMOro 3JeMeHTa?

OtBeT Ha BTOpOIl BONpOC: HYXHO HCNOJbL3OBaTh Ka-
KOH-HHOYAb MeTOoj], yKasbBalolluil ajlbTepHaTHBHOe Me-
CTONOJIOXKeHIle, CKaxKeM 1HAeKc h’, a ecanw u rtaMm Her
HYXHOTO 3naeMmeHTa, — TpeTHi uHaekc h” u 1. a. Cu-
TyauHus, KOTZa B yKa3aHHOM MecTe HeT 3JeMeHTa C 3a-
NaHHBIM KJIOYOM, HasblBaeTcs KOH(.AuKTOM, a 3anaya
topMHpOBaHIiA albTeDHATHBHOTO HHJeKca — paspeuie-
Huem KOHpauxkTa. B nocnenywomux pasjlenax M pac-
CMOTpUM, Kak Bubupats @yHKuwIlo npeobpa3oBatlin
M BO3MOXKHBIE METOAbl paspelieHus KOHQIIHKTOB.

5.2. BbIbOP ®YHKUHWH ITPEOBPA30OBAHNA

Camo coboili pasymeercs, uto Jiobasi xopowas ¢GyHK-
s npeobpa3oBaHUA NOJKHA KaK MOXNKHO paBHOMepHee
pacnpeneisiTe K/JO4H NO BCeMy /lanas3oHy 3HauyeHHil
niaekca. Ecay sto TpeGoBaHue yaoBaeTBOpsercs, TO
ApYI¥X orpaHudeHuil yxie HeT, W JaXe XOpOIUO, eCJH
npeobpasoBaHne 6yneT BHIVIAAETh KaK COBEDLIEHHO CJYy-
yaiinoe. Takas o0cob6eHHOCTh OGBACHAET HECKOJBbKO He-
HayyHoe Ha3BaHHe 3STOr0 MeTO1a — «nepeMaJbiBaHHE»
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(xawnpoBanue *), 1. e. apobsieHne aprymenta, npespa-
lleHHe ero B Kakoe-to «MeciBo». ®yHkuns xe H Gyper
Ha3biBaTbes  «QyHKLell pacctaHoBKH». $Hcho, yro H
JONXKHO BHIYHCAATBCA JocTatouHo 3ddeKTiBHO, T. e.
COCTOATb W3 OYeHb HeBOJBLIOro YHCJAa OCHOBHBIX apud-
MeTHYecKHX onepanuii.

ITpencraBum cebe, uyto ecth (yHKuHs npeobpasoBa-
uus ORD (k), ofosHayaiomlas nopsaKoBbili HOMEp KJo-
ya k B MHOXecTBe BCeX BO3MOXKHBWX Kaiouefi. Kpome
Toro, GyneM CYHTaTb, YTO HHAEKC MaccHBa | J€XHT
B auanazoie 0 ... N—1, rpe N—pasmep maccuna.
B 3TOM cayyae siCHO, YTO HYXKHO BbIGpaTh CJeRYyIOULYIO
PyHKIHIO:

H(k) = ORD(k) MOD N (.1)

Jnsi Hee xapakTepHO DaBHOMepHOe OTOGpa)KeHHe 3Ha-
YeHH#l KJIOYa Ha BeCb AHMANA30H HU3MEHEHUS HHAEKCOB,
NMO3TOMY ee KJaayT B OCHOBY OOJBLIMHCTBa npeobpaso-
BaHult Kaioueil. Kpome toro, npu N, paBHOM cTenexu
ABYX, 312 (yHKUHs 3hdeKTHBHO BHuHcasercs. OpHako
eCJH KJIOY npeacraBiseT coboil nocjepoBaTeNbHOCTh
6YKB, TO HUMEHHO OT TaKOH (QYHKUHMH H cJleayeT OTKa-
3atbes. Jleqo B TOM, YTO B 3TOM CJlyyae RONYHIEHHE
O pPaBHOBEPOSITHOCTH Bcex KJiouej owmuboyno. B pesyns-
TaTe CJ0Ba, OTJHYalOUIHECH TONbKO HECKOJbKHUMH CHM-
BoJaMH, ¢ Boabllof BepOATHOCThIO ByayT otobpaKaTscs
B ONHH H TOT XKe HHAeKC, YTO NPUBEAET K OYeHb HepaB-
HOMepHOMY pacnpeneneHHio. [loaTtoMy Ha npakTuke pe-
KomeHayercs B KayectBe N Gpath npocroe yucio [4.7].
CneactBueM TakKoro Bhifopa 6yaner HeOGXOAHMOCTb HC-
NMOJIL30BAHHS NOJHOH OnepauMH aefeHHs, KOTOPYIO YyXe
Helb3sl 3aMeHHTb BHeJeHHeM HeCKOJbKHX JABOMYHHIX
uudp. OnHako Ha OOJBIUIMHCTBE COBPEMEHHBIX MalllHH,
HMEIOHIUX BCTPOEHHYIO ONepaunuio nejiedds, 3To He By-
JeT Cepbe3HbIM NPeNnsiTCTBHEM.

Yacto ynorpebasercss (YHKUUS pPaccTaHOBKH, «CO-
CTOSIlasi» M3 JIOTMYECKHX Onepaluil, CKaXeM «HCKJIO-
YaOUlero MJAU», NPHMEHEHHBIX K HEeKOTOpOH 4acTH KJlio-

*) B pycckOii JHTepaType, K COKaJeHHI, O4eHb yacto ynotpeb-
JfeTcd 9TO CNOBO, XoTA euwe B 1956 r. Gyayuinii  akazemuk
A. Tl. Epwios HayaJ HCNOAL30BAThH PYCCKHH TEPMHH «paccTaHOBKa»,
KOTOpRIM MBI M GyAem no.b3oBaTecd. — [lpum. nepea,
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ya, paccMaTpPpHBAaeMOro KaK NOC/J1e10BaTeNbHOCTh ABOIIY-
HetX ungp. Ha HekOoTOpBHIX MallluHax TaKuie onepaulix
MOryT *) BumoaHAThCS GHiCTpee, yeM JeJieHlle, HO 11HOTRa
OHIl pacnpenesiioT KJKYH N0 AHANA30HY 1I3MeHeHUs
najeko He paBHoMepHo. [ToatoMy Mul He 6yneMm neradan-
1H0 B HIX pa3biiparhes.

5.3. PABPEHIEHHE KOH®JIMKTOB

Ecnii oBuapyxuBaercsi, 4To CcTpoKa tabaiiubl, COOT-
BETCTBYIOLIAsl 3alaHHOMY KJAlOdy, He COAepHT KeJsae-
MOTO 3/eMeHTa, TO, 3HAYHT, NPou3olle] KOHGJIHKT, T. e.
1Ba 3jeMeHTa HMeIOT TaKile KJIOYH, Kotophle oTobpa-
XKalwTcg B OAMH H TOT Ke HHAeKc. B 3roil cuTyauuu
Hy>)XHa BTOpas NONHTKa C 1IHAEKCOM, BMNOJHE onpejae-
JeHHHM o6pa3oM noJyyaeMbiM H3 TOrO iKe 3aQaHHOTO
kaoya. CyllleCTBYeT HECKOJbKO MeTOR0B (HOpMHPOBaHIIA
BTOpHYHOrOo HWHaeKca, OueBHAHBIT nNpHeM — CBA3HBATDL
BMECTE BCE CTPOKH C HAEGHTHYHMM NMEPBUYHHIM HHAEKCOM
H (k). npeBpamas ux B cBa3auublii cnucok. Takoil npuem
HasniBaeTcss npamoim ceasvieanuem (direct chaining),
DJeMenTH TnoOJYyYalolllerocs cnucka moryt aibo mome-
IaThCa B OCHOBHYIO TabJuuy, NU60 HET; B 3TOM cJyyae
llaMsiTh, TAe OHH pa3MemaloTcss OBHYHO Ha3biBaercs
064acTbi0 nepenoatenus. HepoctaTok Takoro npuema
B TOM, YTO HYXHO CJ€QHTb 33 TAKHMII BTOPHYHBIMH
CNUCKaMH M B KaXaOH CTpoKe OTBOAHTb MeCTO A
CCHIIKM (MJH HHAEeKCa) Ha COOTBeTCTBYIOLIMH CNHCOX
KOHODJUKTYIOIHX 3/J€MEHTOB,

Hpyro#t npueMm paspelleHuss KOH(JIKTOB COCTOHT
B TOM, YTO MBI COBCEM OTKa3blBaeMCsi OT CCBUIOK M BMe-
CTO 3TOr0 NpocMaTpHBaeMm ApyrHe CTPOKH ToH Ke Tab-
JHUBl — 10 TeX NOp, NMoKa He OOHApyKHM KesJaeMblil
3JIeMEHT WJH e NYCTYI0 CTPOKY. B nocinepnem cayyae
MBl CYMT3EM, UTO YKa3aHHOro KJwya B TabJauue HeT.
Takoii npueM Ha3biBaeTcsi 0TKpbITOL adpecayued [5.1).
EcrecTBeHHO, 4TO BO BTOPOH NONbITKE NOCJAEAOBATENb-
HOCTb HHAEKCOB NOJXHa OHTbL Bceraa oAHO# H TOH Xe

*) 310 He coBCeM TaK: JOrHueckHe omepauuu gceada 6yayr
BHIIONHATLCA GhicTpee JHeJenust (ec/iy 2T0 ue JeJeliue Ha creneHb
Asofika). — pun. nepes,
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Ads 11060ro 3afaHHoro Kaua, B 3ToM cjlydae ajropurm
RPOCMOTpa CTPONTCA MO TaKkon cxeme:

n:= HE): =0
REPEAT 62
JFT[h).key = k THEN s.revment Heiiden
ELSIF T{h]lkey = free THEN ateyenra ¢ radaune ler
ELSE (+ Rondmnki +)
i*=i+1;hi= H() + G()
D
ENTIL augo wakdon, 60 Her ¢ Tabaule (auGo ona noana)

B nurtepatype npeanaraiuce cambie pasHble (QyHK-
win G(i) ana paspelieHHss KOHQIHKTOB., I1pHBEneHHbIfI
B pabore Moppuca [5.2] (1968) 0630p cTHMY.IHpOBas
AKTHBHYVIO REATENbHOCTh B 3TOM HanpassaeHun. Camblfi
NpOCTOii NpHeM — NOCMOTPETh CJaeAYIOY CTPOKY Tab-
anubl (6yneM cuntaTh ee KpyroBoit), M Tak 10 TeX nop,
noka an6o OGyneT HalineH 3JeMEHT € YKa3aHHBIM KJio-
uoM, 1u60 BCTpeTUTCs nycTass crpoka. CiepoBaTenbHo,
B 3TOM cayyae G(i)=1i, a uHpekcn h;, ynorpe6asemuie
NDH NOCAEAYIOILHX NONBITKAX, TAKOBH:

hy = H(k)
B = (hy+ )MODN, i=1.,N1 )

Takoit npreM HasbIBaCTC AuHeUHbIMU npobamu, ero
HCAOCTAaTOK 3aKJI4yaeTcs B TOM, 4YTO CTPOKH MMeEIOT
TEHAEHLIIIO TPYNNHPOBATHCS BOKPYr NEPBHYHHIX KJwoyer
(1. e. xaiovefl, Aas KOTOPHIX npil BKJOYeHUH KOHGJINKTA
He BO3HHKaJ0). KoHeyHo, xoresocs 6bi BuibpaTh Takylo
¢yukuto G, KoTropas BHOBb PaBHOMEPHO pacceliBasia
6bl KJaloyn no ocraBliMca crposaM. OnHaxo Ha npak-
TIKe 3TO NPHBOANT K canwkom O6oJbuiliM 3aTpartam,
NOoTOMY NpeanoyTHTeNbHEE HEeKOTOpPhle KOMNPOMICCHAIC
MeToAnbl; 6yayYH ROCTATOUHO NPOCTHIMII C TOYKII 3pPeHils
BHYIICJEHITT, OHIl BCe e Jayulle JiHellHOMH (QyHKIIIH.
OanH W3 HHX — liCNONb30BaHie KBAaAPaTHUHON QyHK-
HHH, B 3TOM CJy4Yae NOCJAEROBATEILHOCTH Npobyenbix
HUHNEKCOB TakoBa:

he = H(k)

.2 . ©.4)
hy= (h, -+ i?) MODN, i>0
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OGpaTiTe BHHMaHWe, YTO €cJH BOCNOJb30BAaThCH pe-
KYPPEHTHbBIMI COOTHOlleHUsiMH (5.5) ans hy =12 u di =
=2i+41 npu hp=0 u do=1, TO npu BHIYNCIEHIH
ouepeaHOro HHAcKca MOXKHO obolitice 6e3 onepauii
BO3BeJeHIlIst B KBaapar.

hi+x=hi+di

(5.5)
&, =d;+2 (>0

Takoit npiem HasniBaetcs roadpaTuunbluu npodaris,
CYUIECTBEHHO, YTO OH noaBoJser nsbe:cartn rpynmniposa-
HUS, NPUCYyLiero JuHeiiusiM npobaM, He NpHBOASA Npak-
THYECKH K JOMOJHUTENbHBIM BhluHC1eHusaM. HeGoubluofl
Je €ro HeQoCTaTOK 3akKJiyaercs B TOM, YTO NPH NOHCKE
npobyloTcss He Bce CTpPOKH Tabauubl, T. e. NP BKJIKOYe-
HHH 3JeMeHTa MOXeT He HafiTuch cBO6OAHOrO MecTa,
XOTSi Ha caMoM pese oHO ecthb. Ecau pasmep N — npo-
CTOE YHCJO, TO NpH KBaapaTHYHhIX npobGax npocMaTpH-
BaeTcss No KpafiHeii Mepe noJopuHa Tabauus. Takoe
YTBEpA/eHHE MOXKHO BHIBECTH M3 CJEAYIOLIHX pacCyx-
nenuit. Ecau i-1 u j-n1 npobul NpuBOASAT K ORHOH 1 TOM
&Ke CcTpoKe Tab HlUb, TO CNPaBeAJHBO paBeHCTBO

{2MM0D N = j2MOD N

HIH
(i?— j?) = 0 (mod N)

PasJjaras Pa3HOCTb Ha ABa MHOMHTEJs, MBI NOJY-~
gyaeMm

G+ )E—jy. =0(modN)

[Tockoabky is%j, To aubo i, aubo j NOMKHH 6HTDL
Gonpiie N/2, yro6wi GHJIO CNpaBelHBO PaBEHCTBO
i+ j=-cN, rae ¢ — HekoTopoe uesoe yucno. Ha npak-
THKE YNOMSIHYTBIl HENOCTaTOK HE CTOJb CYUIeCTBEH, TaK
Kak N/2 BTOpMYHBIX NONKITOK NPH paspelleHHH KOH(-
JHKTOB BCTPEYalOTCH OYEHb PeAKO, [JaBHHIM 06pa3oM
B Tex cJyyYasXx, Koraa tabJjHua NMOUTH 3anoJHEHa,

B kayectBe npuMepa HCNOAbL3OBaHHUsA MeTOAa pac-
cestHHBIX TabJiiy NpHBeAEM NepPenHCaHHYI0 NPOorpamMMy
(nporp. 4.5) reHepaTtopa nNepeKPECTHHIX CCHLIOK —
nporp. 5.1. IlpuHuunuajnHoe pasJuude 3aKJI0YaeTCs!
B npouenype search W 3amene ccwiouuoro tiina WPtr
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MODULE XRef;

FROM 1nOut IMPORT Openlnput, OpenOutput, Closelnput, CloseOutput,
Read, Done, EOL, Write, WriteCard, WriteString, WriteLn;

FROM Storage IMPORT ALLOCATE;

CONST P = 997; (+ 1IpocToc wes10, paIMep TAGTMIH +)
BufLeng = 10000; WordLeng = 16;
free = 0;

TYPE WordInx = [0..P-1];
ItemPtr = POINTER TO Item;

Word = RECORD key: CARDINAL;
first, last: ItemPtr;
END ;

Jtem = RECORD Ino: CARDINALS
next: ItempPtr
END;

VAR kO, k1, line; CARDINAL;
ch: CHAR;
T: ARRAY [0.. P-1] OF Word; (# MacCHB PICCTAHOBKY )
tuffer: ARRAY (0., BufLeng-1] OF CHAR;

PROCEDURE PrintWord(k: CARDINALY);
VAR lim: CARDINAL;

BEGIN lim ;= k + WordLeng;
WHILE buffer(k] > 0C DO Write(bufferk]); k = k+1 END }
WHILE k < 1im DO Write(" "); k := k+1 END

END PrintWord,

PROCEDURE PrintTable;
VAR {, k, m: CARDINAL,; item: ItemPtr;
BEGIN
FORk:=0TOP-1DO
IF T{k].key # free THEN
PrintWord(T[k].key); ltefn : = T[k].first; m 1= 0}
REPEAT
IFm = 8 THEN
WriteLn; m := 0;
FORi:=1TO WordLeng DO Write(" ") END
END ;
m ;= m+1; WriteCard(iteryt.Ino, 6); itera 1= itemt next
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UNTIL ftera = NIL;
‘WriteLn;
END
END
END PrintTatie:

PROCEDURE Diff(}, J: CARDINALY): INTEGER;
BEGIN
LOOP
IF bufferi] # buffer]j] THEN
RETURN INTEGER(ORD(buffer{i])) - INTEGER(ORD(bui=r{i]})
ELSIF bufferfi] = 0C THEN RETURN 9
END;
it=i+];ji=j+1
END
END Diff;

PROCEDURE search;
VAR {, h, d: CARDINAL.: found; BOOLEAN;
ch: CHAR; x: ItemPtr;
(« rnoBansimte nepemenioe: T, buffer, k0. k1+)
BEGIN (* suruicneniste niexca h cnoea, sHaunHaiomerocd ¢ buffer [k0]+)
i:=KkO0; h:= 0;ch:= buller[l];
WHILEch> 0C DO
hi= (256+h + ORD{(ch)) MOD P; { := i+1; ch : = buffer(i]
END;
ALLOCATE(x, S1IZE(Item)); xt.Ino : = line; xt.next := NIL;
d:=1; found ;= FALSE;
REPEAT
IF Diff(T[h] key, k0) = 0 THEN (* copmanemne +)
found := TRUE; T[h}lastt.next : = x; T{h]last:= x
ELSIF T[h].key = free THEN (» HOBbI# 31emMeHT #)
WITH T[h] DO
key:=KO; first := x; last ;= x
END:
found := TRUE; k0:= k1
EBLSE (s koudmikT*) hi= h+d: d:=d+2;
IFh>=PTHENh:= h-PEND; .
IF d = P THEN WriteString(" Table overflow"); HALT END
END
‘UNTIL found
END gearch;
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PROCEDURE GetWord:
'BEGIN k1 := X0;
REPEAT Write(ch); buffer[k1] 1= ¢h; k1 1= k1 -+ 13 Read(ch)
UNTIL (ch < "0") OR (ch > "9") & (CAP(ch) < "A")
OR (CAP(ch) > "Z");
buffer(kl] := 0C; KL:=X1 4 1; (% orpamamrre:n, +)
search
END GetWord;
BEGIN'k0:=1;line:=0,
FOR k1':= 0 TOP-1 DO T[k1]key : = free END ;
Openlnput("TEXT"): OpenOutput("XREF");
‘WriteCard(0, 6}, Write(" *); Read(ch),
\WHILE Done DQ
CASEch OF
0C ., 35C: Read(ch)]
36C. 37C: WriteLn; Read(ch); line ¢ = ling + 1;
WriteCard(line, 6); Write(" ") |
"L v@": Write(ch); Read(ch) |
“A", YZ"s GetWord |
", " Write(ch); Read(ch) |
van ., "z GetWord|
m{* . et Write(ch); Read(ch)
END
END ;
‘WriteLn: WriteLn! CloseInput;
PrintTzable; CloseOutput
END XRef.

INporp. 5.1. TlocTpoennie TaGanus NePeKPECTHHX CCHUIOK € HCTOMb-
3oBaHNneM GYHKIIIA PacCTaHOBKII,

Ha tabanuy caoB — T, ®PyHxuus paccraHoBk H - st0
3HauyeHlle M0 MOAYJMO0 pa3mepa TabJuUB, Ads paspeLic-
HHS KOH(MJIKTOB OblJl BbiGpaHbl KBaapaTHUHble Npobbl.
3arceruM, 4T0 Auisi 3 PeKxTiBHON paboThl CYILECTBEHHO,
yrobul pasmep Tabyauub GblJ MPOCTHIM YIICJAOM,

Xora npeobpasoBaHlie KJlouell B AaHHOM cJaydac
Kpaiiie a(pdekTunHo, hakrtiyeckni oHo paboraer pame
Jdyylle, 4€M MCTOABI, OplIEHTIPOBaHHBIe Ha MNOHCK IO
NepeBbAM, TCM HC MCHee Il eMy NPHCYIIH HEeKOTOpbie
Henoctatki. Ilocie npocmorpa Bcero tekcra 1 HakonJje-
HHS CJIOB, NO-BHAMMOMY, Yy Hac BO3HHKaer XeJaHle Ha-
neuyaTtaTb 3TH CJOBa B aJ(aBHTHOM nopsiake. Ecair pbl
NoJL30BaJdHCh JepeBbAMI, TO 53Ta 3ajlada peuiaercs
ecTecTBeHIEIM 06pa3oM: Bellb B OCHOBY GLIIO (TOJ10KEHO
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‘ynopsiioueHHoe JepeBO noHcka *). OaHako npH npe-
06pa30oBaHHH KJlouel 31O caellaTh He TaK INPOCTO,
HMEHHO 3/1eCh TNOJIHOCTHIO H nposBJsiercss GyKBaJibHOE
BHaueHHe cJOBa «nepeMmaJjuiBaHne», OkasbiBaercs, uTo
Tepea TneyaThbl0 He TOJBKO HYMKHO (POBOAHTHL Kakxylo-
aubo coptupoBKy (B nporp. 5.1 Mbl aToT npouecc ony-
CTHJIH), HO XeJlaTeJIbHO COXPaHAThL NOCJAel0BaTeNbHOCTD
BKJIIOUEHHs1 KJIOueil, cBsA3blBas HX fBHO B cnucok. Ilo-
3TOMY OueHb BbICOKas B cJydasx NPOCTOro Noiicka Npo-
H3BOAHTEJHLHOCTh MeTOAa pPacCTaHOBOK Oyaer CHHXKeHa 3a
CcyeT RONOJHHTEJLHBIX onepaulil, HeO6XOAHMBEIX AJs BHI-
NOJIHEHHs BCeX YCJOBHH 3alaud (OpMHPOBaHHs ynopsno-
4YeHHOTO yKa3saTeJlsl NepeKpecTHHX CChIJIOK.

54. AHAJIU3 METO/J1A TIPEOBPA3OBAHUY
KJIIOYEH

SlcHo, uto B HaunbGoJee HeGJaronpHATHHIX CJAydasnx
NpPOH3BOAHTENLHOCTE MeETORa npeobpa3oBaHus KJlOued
NpH BKJIOUEHHH 3JleMEHTOB H NnoHcKe Gyner yapyualoiie
nJjoxoii. Beab BrosiHe BO3MOXHO, UTO apTyMeHT NOHCKA
OKa’KeTCcsl TaKHM, YTO BCe BTOpPHuHhie npobwl 6yayr npu-
XOMHTLCA Ha 3aHsiTHe MecTa, a HYyXHble (CBOOOAHHE)
6yayt BCcsKHA pa3 nponyckartbcsi. DaKTHUeCKH, eCJH
yeJIOBEK HCNOJAb3yeT (YHKUHH PacCTaHOBKH, OH NOJIKEH
GbITh TOJHOCTHIO YB€DPEH B KODDEKTHOCTH NpiIMEeHEeHHS
3aKOHOB TEODHH BepOsiTHOCTEH **), Mbl xe JHIUp XKeJlaeM
ybenHThCs, YTO B cpeaHeM uilc1o npob Oyaer Hebosab-
wuM. Clenyiomiie BepOSITHOCTHEIE PacCyX/eHis NOKa3H-
BalOT, UTO OHO Oyner na)ke oueHb HeOOJBLLIHM,

Kak 1 panbule, 6yneM npeanosaraTh, YTO BCe A0MYy-
CTIIMBle KJIOUH DaBHOBEpPOsITHB, M (YHKUHMS paccTa-
HOBKH paBHOMEpHO orobpariaer HX Ha BeChb AHanas’oH
uHaekcoB tabauun. [IpeacraBiM cebe, yTO ecTb HEKO-
TODHI KJIOU H ero Hy:HO BCTaBuTh B TabJuuy pasme-
poM I, Tae yiKe coaepxkiress k 3jeMeHTOB. BeposiTHOCTD

*) CjeAyeT HMETb B BHALY, YTO B OOGILENPUHATHX KOLXPOBKAX
ISO OGykem pycckoro f3LIKa YHopsiodeHn He Mo addaBuTy. —
Hpun. nepee.

**) B yacTHoCTH, 3TO O3HayaeT, YTO OH HOJaXeH OBITb yBepeH-
HHM B paBHOMEPHOM paclipeleseHHit HCXOLULX kJaoyell, OG0
IMelnno 3TO ycaoBHe W Hapywaertcs, — Ilpum, nepes,
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cpasy ke nonacTh B cBo60AHOe MecTO paBHa (n—fkj/n,
3TO e 1l BepOSTHOCTL (P;) TOrO, YTO HY#KHO BCEro 01HO
CpaBHeHile. BeposTHOCTb 7Oro, 4TO NOHALOGHTCS TOUHO
OlHa [OMOJHIITENLHAA [ONHTKA, paBHa BEPOATHOCTIH
KoHQJiIKTa Opil OepBoit 0OMNBITKEe, yMIIOXKeHHOIl Ha Be-
POSTHOCTL nonanaiug B cBoOOIHOe MeCTO NpH BTOPOIl.
Taxiin o6pason, Mbl MoJgyuyaeyM OOILYIO CXEMY BLIUNCIC-
HII P; — BEPOSITHOCTI! TOTO, uTo Tpebycres TOUHO i nv-
NBITOK:

PL = (k) (5.6}
P2 = (k1) = (-k)/(n-1)
3 (x/n) * (k-1)/(n-1) + (n-k)/(n-2)

It

o) (k/n) * (x-1)/(n-1) » (k-2)/(n-2) * .., * (n-k)/(n-{+1)
[losTomy cpennee uncio nomwitok E npn BrJ0OueHiy
k + 1-ro sanemeHTra paBHoO:

Eyp1= Sitl1gi<k+1:ispy ¢.7)
.= Lle(mk)n + 2+ (k/n)* (-kK)/(n-1) + ... +

(k+1)» (k/n) » (k-1)/(n-1) # (k-2)/(n-2) * o0 # 1/ (0K + 1)
= (n+1)/{n-k+1)

IockoabKy uncno npo6, HeobxoauMEX AJMs pa3MelueRIst
HEKOTOPOro KJ/l0Ya, COBNajnaeTr ¢ uHcJOM npob, 3aTpatil-
BaeMbIX Ha ero NoHCK, TO pe3yanraT (5.3) MOXHO Iic-
MoJNL30BaTh H AJs  BHUIC/ACHHS cpenHero yucaa (E)
MONLITOK, HEOOXOAHMBIX AJS A0CTYNa B TabaHLe K HeKo-
TOPOMY cjaydaiHOMY Kalouy. O603HauuM pasmep Tabauis
yepes N, a uyepes M — yucJo KJwoueH, GakTHYECKH noMe-
nieHHBX B Tabanuy. Toraa:

E = (Sk:1<k<m:E)/m
= (n+1)»(Skil<k<m: 1/(-k+2))/m
= @+1)+ (Hyyy - Hem+/m

rae H —rapmonnueckass ¢ynkuns. Ee MOXHO anmpox-
CHMHDOBaTb TaKWM BeIpamKeHueMm: H. = In(n)+4 g, rae
g — siilepoBa KoHcTaHta. Ecau, xpome Toro, eme 001-
cTaBuTh a = m/(n+ 1), 10

(5.8)

E = (n(n+D)-la(n-m+1))a = In((n+1y/@-m+l))ya .9
= -In(l-a)/a ’
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Tabauua 5.1. Cpeinee yHci0 NMONMMTOK B 33BHCHMOCTH OT Koaddu-
HieHTa 3aloNHeHHd )

a2 B
01 1.08
025 115
05 139
075 185
09 256
095 315
099 466

3HageHHe a, MPHOJH3UTENLHO COOTBETCTBYIOILEE OTHOLIE-
HHIO 3aHATOH MaMATH KO BCeH uMeloulefics, Ha3hBaerc
Kodhpuyuentom 3anosnenus; a ==(0 COOTBETCTBYer My-
croii Tabsnuue, a 3HageHHe a == n/(n -4 | )— NoOJHOCTLIO
3anonHeHHofi. Cpeanee uucao (E) nmonwTok mnpu mo-
HCKe HJH BKJIIOYEHHH CJyualHO BHOPaHHOIO KJKoua
B 3aBHCHMOCTH OT Ko3th¢HUHMeHTa 3alloJHEHHA MpHBO-
autca B Taba. 5.1. IlpuBeneHHHe uHcla AeHCTBHTENLHO
BH3HBAIOT yAHBJeHHe H OOBACHAIOT HCKJIOYHTENLHO BH-
COKYI0 MPOH3BOAHTeJLHOCThL MeTola mNpeo6pa30BaHHSA
Kawoueli. Benr naxe npu 90 % 3anojHenus B cpeaHeM
Heo6xoldHMO JHWEL 2,56 NONHTOK, uTOGH OGHAPYXHTb
HEKOTOPHH KJI0Y4 HJH HaHTH cBO6OAHOe MecTo. 3aMe-
THM, B YaCTHOCTH, YTO 3TO YHCJO 3aBHCHT JIHlUIL OT
Ko3(phHUHEeHTa 3anoJIHEHHA, a He OT a6COJIOTHOro yHcaa
NPHUCYTCTBYIOWHX KJIOuef.

Haw aHann3 OCHOBHBaJICA Ha MpPEANOJOXKEHHH, UTO
NpH pa3pelieHHH KOHGMJIHKTOB KJIOUH paBHOMepPHO OTO-
6paXalorca Ha OCTaBlUylOCs cBOGOAHYIO MaMATb. Pealibe
Hble Xe MeTOAbt pa3pellleHHA naloT HEeCKOJbKO XYALIYIO
NpOoH3BOAHTENbHOCTb. JleTasbHbIfl aHaJH3 MeTola JiH<
HeHHBHIX MPO6 NaeT Takoe 3HaueHHe AJA CPEAHEro yucJaa
nonntok E = (1—a/2)/(1 — a).

Hekorophe 3Hauenusn E(a) nepeuncsenu B Tabi. 5.2.
Pe3ynbraTH, noJjyueHHHe paXe AJa Takoro «y6ororo»
npveMa paspelleHHA KOHDJIHKTOB, HAaCTOJbLKO XOPOILLH,
4yTo cO06/a3HHTENLHO pacCMaTpHBaTh MeToa npeobpa3o-
BaHHA KJlouell (pacCTaHOBKY) KaK MaHalleld OT Bcex
6en. Bean npOH3BOAHTEJLHOCTh €ro BHIIe NPOH3BONH-
TeJbHOCTII MET0A0B, OCHOBaHHHX Ha HCMNOJb30BaHHH ne-
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Tadauuma 5.2, Cpeanee wic1o MOMLITOK TPIE CHONB3OBAHIHT METy ()
quneftHelX N1pod

a E

01 1.06

0.25 117

0.5 1.50

0.7S 250

0.9 5.50

0.9% 10.50.

peBbeB € caMoll H30WPEeHHOIT opraHn3dauleif, o Kotepulyx
Mbl TOBOPHJIII (QCJIII CpaBHHBaATL KOJIIMECTBO LIAros, fe-
o6X0AHMBIX I TNOHCKa HJAr BKJOYeHHs). [luatouy
BaXXHO 3/leCh SIBHO yKa3aTb €r0 HeJOCTaTKH, XOTs OHIl H
TaK O4eBHHBI Npu GECNPHCTPACTHOM pacCMOTDEHUIL

KoHeuHO, OCHOBHOII HEJOCTaTOK NO CPaBHEHHIO C Apy-
THMH MeTOAaMIl, OCHOBaHHBIMU Ha JlIHaMHYeCKOM pa3-
MeleHy,— 3T0 (UKCHDOBaHHHIH pasMep TabJHum 1II He-
BO3MOKHOCTh HACTPOHKH Ha peaJibHbie TpefoBaHus *).
Ilostomy, ecad MBI XOTHM 1136eXaTh HE3KOHOMHOrO lic-
NOJL30BaHHS NAaMSATH HJAHI HH3KOH NDOH3BOAHTENBHOCTI
(unn paxke nepenoJHeHHs TabJHLB), HYXKHO HayduThCsd
NOCTAaTOYHO XOpOLIO 3apaHee OLEHHBATh UYHCJIO KJaccit-
humpyeMbiXx aaeMenToB, Ecar ke yiesio 3neMeHTOB 13-
BeCTHO TOUHO, a 3TO KpaitHe peakHH clyuafl, TO xenaaHie
NONYYHTh XODOIIYI0 TNPOH3BOAHTENLHOCTh  MPHBOAIT
K TOMY, 4TO pa3Mep TalJHLL NPHXOAHTCSl CJderkKa yBe-
AuuuBate (cKawmeM, Ha 10 %).

BTopoii OCHOBHOII HENOCTaTOK METOAOB, OCHOBAaHMbiX
Ha pacCTaHOBKax, CTaHOBHTCS Cpa3y iKe OueBHJHLIM,
KaK TOJbLKO 33XOAHT peyb O TOM, YTO KJIOUH HYIKHO HC
TOALKO BCTaBJAATbH B TabJuUy H OTHICKHBATH, HO II M-
KJalouaTe 13 Tabauuwl. M3baTie cTpokn H3 paccrano-
BO4HOIT Tabalubl — Belllb KkpailHe TpyAHas, ecan TOJbKO
tie HCMOMBL3YIOTCHA SIBHBE CNHUCKH B OTAeABHOI o6.aacTit
nepenonHeHns. Taxium obpa3oM, Hajo BuITh crnpabep.fil-

*) CculaKn Ha 3KOHOMIIUHOCTh AIHAMIYCCKIIN MeTOACH pacmpce-

nelehist MaMaTH o0MawuMBel: 3Ta MaMsTh lie MOFBIAETCA U3 IHIvero,
ona Gepercsi u3 csofoaHoit MamATn ¢urcuposanioro pasmecpa. Ta-
Kasi TMaMATb MOZKeT I HCYePNuIBATHCA, M, Camoe [JaBHoe, AJs €C

opraunsauus Tpebyercs MHOro BPeMeHM, HHOT[A HACTOJIBKO MIOrO,
YTO BCC OUENKH CaMHX MCTONOB, B KOTOPLIX HIET AllsaMIIvecKoc
pa3wmelilciiie, TepsloT BCAKHIT cMuicd, — ITpust, nepee.
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BHMH H CKa3aTb, UTO OpraHW3auHs NaMsTH B Bije Je-
peBLeB MPOAOJIKAeT OCTaBaThCs N PIUBJEKaTeNbHO!I d
llaxe XeJjaTeJbHOH, Kornra o6beMbl QaHHBIX HEH3BCCTHOL,
CHJIbHO BapbHPYIOTCH H HHOTAa Aaike yMeHbIUalOTCS.

YITPA)KHEHHS

5.1. Ecan cBszanuas ¢ rampauiM u3 kaogefi undopmaiuus o1lio-
CliTEJILHO BeJuik@ (IO CPaBleNnuio ¢ caMuM KIOYoM), TO ee ne cJje-
AyeT xpanute B Tabaile BmecTe ¢ Raouami, ObbAcHuTe MoueMy
K TIPEAJIONITE CXEeMY LJfi XpaHenHs Taxofi undopmanii,

5.2, C npobaemofi cxonnenus MmoXKlo SopoTwc Tax. Baecto
CIMIICKOB MepeNoJHEHH MOIKHO HCIIOJLIOBATL NEPEBbA Meperno.iHe-
HHf, T.€, MOMelllaTh B HEKOTOpPOEe Aepeso Te KJWHYH, KOTOphle BH-
suBaoT woudauxT. CnexoBarenbHo, Kaabifi sj1eMeHT B Tabuie
MOXHO CcuiTaTh KOpueM jepeBa (BO3MO:i0, nycroro). Cpasuure
MPOH3BOAHNTEJLHOCT (OX(HAAeMYl0) ¢ TPOH3BOANTE]BLHOCTLIO METOAa
OTKPHITOHl ajpecalti.

5.3. IIpeanosxure cxemy, AOMYCKAlOILYHO BKJANYEHHA H IICKJIIO-
yeHHs K3 TaGJHILI PAaCCTaHOBKH M OCHOBAHHYIO 11a KBaApaTH4YHLIX
cMEleHHsIX TPH paspeuwenss KoudankTos, CpaBuuTe SKcIepHMed-
TaJbHO TaKylw CXEMY €O CXeMOii, HCmoJab3yloweii APOCTyHO oOpraiid-
3auuio HubopMaluH B BHAEe JABOAYHOTO jepesa. IIpn cpaBuenny
HCMOJBb3YHTE CcaydailHbe MOCAef0BaTeJbHOCTH BKJWYAEMBIX M HC-
KJII0YaeMbIX KJOyes,

5.4. OcHOBHOIf HEZOCTAaTOK MeTOHAa PpacCTaHOBOK 3akJoyaercs
B TOM, 4YTO TNIPH HEH3BECTHOM 4YHCJe 3JeMeHTOB pasMep Tab.HIH
ponxen 6ure GuxcuposaHubiM. [Ipeanoqoxum, 410 B BawWeil cu-
¢TeMe CYLIeCcTBYeT MEeXaHH3M JHHAMHYeCKOro paclipeineJexnus na-
maATH, oOfecreunBatoweli Bac Bcerma Hy)uoil mnaMaTeio. B aToM
cayuae, ecay Tabanma H yke 3anonnena, ¢dopmupyercs 6Goabias
tabanua H’ ¥ Bee kawoun 13 H tpauchopmupytores ana H’, a na-
M#uTh, 3anunMasuasca Tabauneit H, posspamnaercs aaMuuiCcTpaTOpy
cucTeMbl. Takoi mpouecce nasbiBaeTcn nogroprol paccranogxol. Ha-
NHUWATe TporpaMMy NOBTOpHOIl pacctaHoBKH aas H pasmepom m.

5.5, HacTo KaouaMy fBIAIOTCA lie LCAbIe YHCJAd, @ MOCIe]0Ba«
teapHocTH Oy«B. TakHe cnosa cuabno pasanyaloTes MO ATAHe, H 1R
HEBO3MOXKHO SKOHOMHO H yJI1006HO pacnoaaraTb B N0aax ¢urcnpo-
panHoro pasmepa. Hamumure nporpammy A1a Meroda paccTaHOBOK,
paboTalolLylo ¢ KJAIOUaMit DePenMeHtIoro pasmepa.
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1. MHO)KECTBO CHMBOJIOB ASCII

CHMBOJIBI-OrpaHHUHT /M

bs
ht
1f
vt
if
cr

is
gs
rs
us

mmunw;,\oooqou«-huuuo

0

nul
soh
194
etx
eot
enq
ack
bel
bs
ht
If
vt
ff
cr
s0
si

BO3BpaT

ropH30OHTaJNbHasi TabyaaUHA
flepexon Ha HOBYIO CTPOKY
BepTHKaJNbHAA TaOyaALHsA

10

dle
del
42
dc3
dc4
nak
syn
eth
can,
ent
suly
ess
fs
BS
18
us,

P |

/

30

o ONOG LN A0

~r

~ Vo

40

OZZTrARC—~IOTMMOUOE >R

nepexon Ha HOBYIO CTpaHHLY
BO3BPAT KapeTKH

CHMBOJIBI-pa3neNTeNH

pasnenutens Qaiaos
paznenuTesb rpynn

pasiejHTeNb 3alHcei
pa3feaHTeNb CAHHHL

50

PPN X E<CHODOD

o
o

_x™ T oQ T Q0 OoTR ™

© >3

PP — NS X g

del
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2. CHUHTAKCHC MOYJIbi-2

[l )
—owweNcLt

— g et
e o)

15.

16.
17.

18.
19,

20.

21.

22,

1. Mnent = 6yksa {6yksa|Uudpa}.
2.
3. Lenoe = Uudpa{Ludpa} |

Yucao = Lenoe | BemecTseHHoe.

umbpas{uurppas} (”B”l”C”)l
Lndpa {Ludpal6} “H".

. BemectseHnoe = Uuppa {Lndpa}”.” {Llndpa}

[[Mopsimok].

, nOlelOK —_— IIEII [II+II|II_II] U.Pl(bpa {U.H(bpa}-

u“(bpa 16 —_— u“(bpa |IIAII|IIBII|IICII|IIDIIlIIEIIlIIFII.

. ludpa = Lndpa8|”8”|”9”.

., g”pq)pas - IIOII | IIlII | II2II | IIBII | II4II | IISII | IIGII | II7II.
. Crpoka =
. [onuwit upent = Hpent{"”.”Unent}.

. Onucanne KoHcTauTH = HaeHt “=" KoHcTaHTHO®

mr

{cumBoa}”"” | {cumson}’”,

BHpaxeHHe,

. KoHcTaHTHOEe BHpaXeHHe == BHpaxXeHue,
. Onucanue THna = Hanentr =" Tun.
. Tun = Ilpocro# Tun|

MaccuBoBHii THII|
3anHcHOA THN|
MHoxXecTBeHHEH THIT|
CchJIOYHRA THI|
[MpoueaypHuii THIL
[Tpocto#t Tun = [NonHuA HaeHT|
[Mepeuucaenue|
JlnanasoH,.
[Mepeuncaenne = ("Cnucok uaent”)”.
Cuucok uaent = Hnenr{",” Unenr}.
HMuanason = [[Toauuii unent]” ["KoHcTaHTHOE BHpa-«
Kenue ”..”KoHcTaHTHOe BHpaxeHHe”]”,
Maccusosu#t Tin = ARRAY [Ilpocroii Tun{”,”IIpo-
croit Tun} OF Tun.
3anucuoit Tuu = RECORD Heckonnko cnuckos no-
aeii END.
Heckonbko cnuckos nodelt = Cnucok noaeft {”;” Crins
COK MoJieit}.
Cuucok noneft = [Cnucok upert ”:” Tun| CASE
[Mment])”:” Tloauuwi#t upenr OF
Bapuant 3anucu{”|”
Bapuant 3anucu} [ELSE



30.

o

40.
4].
42,
43.

31.

. CniHcok sHpaxeHHi = Bupaxenue {”,

2. Cunraxcuc Modyasi-2

Heckoabko cnuckos nosedt | END]

. BapuaH‘r 3anucu == [CHCOK MeTOK BapuaHTta ”:”

HecKkosbko CIIHCKOB moJei].

. CnHcok MeTOK BapHaHTa = MeTkH BapuaHTa{”,”

MetKkH BapHaHTa}.

. Merku BapHaHTa == KoncTaHTHOe BhipaxKeHue|[”..”

KoHcTaHTHOe BhipaxeHue].

. MHuoxecrseHHsli THN = SET OF [lpocroéi THm
. Cenaounniit THn == FOINTER TO Tun.
. IIpouenypuniit THn ==PROCEDURE [Cnxcok ¢op-

M4JbHBX THIOB],

. Cniucok popMaasHux THioB =" (" [[VAR] ®opmaib-

Hui tHn {”.” [VAR]
(DopMaJIbell'i THH}] II) ” [II:IA
[Tonunit upent].
OnucaHue nepeMeHHoll = Cnucok uieHt ”:” THIL
[Tepemennasa == [Toanu#t uaent {”.” Maent
”[”Cnucok supaxenuit”]”|4" }

i

BupaxeHue}.

. Bupaxenue ==[Ipoctroe BbopaxeHHe [OTHOlWEeHHe

[Mpocroe Bupaxenue].

OTHOllleHHe==”=" II#'I II<II|II<=II|II>II|II

II>:II|1

. IIpocroe Bupaxeuue =|["+"|"—"] TepMm {Ounepa-

LHs COKeEHHs Tepm}.

. Onepauus cioxenus ="4"|”—"|OR.
. Tepum = (DaK'rop{OnepauHﬂ yMHOXeHUa Paxrtop }
. Onepauus YMHOXeHHs = "» ”|"/”|DIV|REM|

MOD|AN

. ®akrop = Yucao| CTpOKalMHO)KeCTBO [Tepemennas

[PakTHueckHe mapaMeTphi] |
”("Bupaxenne”)”| 'NOT dakrop.
Muoxecrso = |[[Toauw#i ugenr] “{’[dnement{",”
Daement}]| “}”.
DneMeHT = KoHcTaHTHOe BhipaxKenue [”..”
KoHcTaHTHOE BHPa)KeHHe]
PakTuueckHe napaMerpn = " (" |Cnucok
BolpaxkeHuii]”)”.
Onepartop = [1pucBaupaHHe |
O6paineHne K npoueaype|
YcnoeHuii oneparop |



44,
45,

46.
47,

48.

49,
50.
51.
52.

53.

54.

55.
56.
57.
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OnepaTop BapuaHTa |
Huka ¢ npeaycnosueM |
Huka ¢ nocryciosHeM |
Huka ¢ warom|
BeckoHeyHHH LUK |
OnepaTtop NpHCOeAHHEHHS |
EXIT
RETURN BupaxeHnue.
[MpucBauBanne = [lepeMennan ”:=" BHpaxeHue.
O6pamenne k npouenype = IlepeMennas [DakTu-~
yecKHe MapaMeTph],
Heckonbko onepatopoB = Onepartop {”;”
Onepatop}.
VYenopunii onepatop = IF Bupaxenne THEN
Heckonbko onepaTopoB
{ELSIF Bupaxenue THEN
Heckonbko onepatopos}
[ELSE. _
Heckonnko onepatopos] END,.
Onepatop Bapuanrta = CASE Bupaxenue OF
Bapuaur {”|” Bapuanr}
[ELSE Heckoabko onepatopos] END,
Bapuant = [Cnucok Merok BapuaHnrta ”;” Heckonbko
onepaTopoB].
Huxkn ¢ npeaycnosueM = WHILE Bupaxerue DO
Heckoanko onepatopos END.,
Huka c nocrycioeieM = REPEAT Heckonbko ome-
patopoB UNTIL BHpaxenue,
Huka ¢ warom = FOR Haent ”:=" Bupaxenue TO
Bupaxenue (BY KoHcTaHTHOe
BHpaxeHne] DO Heckonpko
onepatopos END.
BeckoHeuHH LHKI = LI\?OP HeckoabKo onepatopos
END.
Onepatop npucoenuHenus = WITH I[lepeMennana DO
Heckonbko onepaTopos
END.
OnucaHHe MNpoUeAYPH == 3aroJoBOK mnpoueaypu ”;”
(Bnok Mapentr| FORWARD).
3aronoBok  npoueayph = PROCEDURE  Haenr
[Popmanbhne napaMeTpH].
Banok = {Onucanue} (BEGIN
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Heckoabro oneparopos] END.
58. Omicarne = CONST {OnucaHue koHcTaHTH ”;"}|
TYPE {Onucauue tana ”;"} |
VAR {Onucanue nepemeHHoil ”;"}|
Onucatiie npoueaypu ”;”|
Onucanue Momyas ”;”.
69. ®opManbHuie napaMerpe = " (” (Cneunduxauus
napaMetpos {”;”
Cneundukanus napamer-
o8} ]

y71”.” Tloaneifi uaeHT].

60. Crneundukauus napaMerpos = [VAR]
Cnucok HueHt ”:”
QdopMalbHH#A THIL
61. ®opMaabHbiii THD = [ARRAY OF] IlonHbii upeHT.
62. Onucanue Monyns = MODULE Hpeur [IIpuopurer]
7" {Umnopt} [dxcnopT]
Bnok Haent.
63. ITpuopurer =" ["KoHcTaHTHOe BHIpaXkeHHe”]”,
64. dkcnopt = EXPORT [QUALIFIED] Cnucok HaeHt
Cnucok upenr “;”.
65. UMnoptr = [FROM Hpenr] IMPORT Cnucok HaeHT
Cnucok naent ”;”.
66. Moayar onpenenennii = DEFINITION MODULE
Wnentr”;” {UmnopT}
{Onpenenenne} END Hnentr”.”.
67. Onpenenenne = CONST {Onucanue koHcTautH ”;"} |
TYPE {Hpent ["=" Tun] ”;"}]
VAR {Onucanue nepeMeHnHo#t ";”}|
3arosioBoK npoueayps “;”.
68. Moayas == MODULE Haent [IIpuopurer] “;”
{mnopt} Baok HMaent “.”.
69. EnquHuna TpaHcasunu = Moayab onpejeseHui|
[IMPLEMENTATION] Moays.

14 [/I

BeckoHeyHEIR LUK — 53 43

baok — 57 55 62 68

BapuaHr — 49 48(2)

BapuaHT 3anuch — 23 22(2)

BeiecTseHHOe —4 2

Bripaxenue —33 12 32(2) 39 43 44

47(2) 48 50 51 52(2)
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JnanaszoH — 18 15

Eaunnua tpaucasuiy — 69

3aro.10BOK npoue1ypel — 56 85 67

3anucHoil TR — 20 14

Haent — 1 10(2) 11 13 17(2)

22 31 52 55 56 62(2) 63
66(2) 67 68(2)

Hnnopr — 65 62 66 68
Koncrautnoe Bmipawie- — 12 11 18(2) 25(2) 41(2)
HIC 22 6
Maccusoswiii TR — 19 14
MeTrit BapuaHTa — 25 24(2)
MuoncecTBeHHblT TN — 26 14
MuoxecTE0 — 40 39
Moayan — 68 69
Moayab onpeleneHni — 66 69
Hecxoabko onepatopos  — 46 47(3) 48 49 50 51 52 53
54 57
Heckoabko cnnckos no- — 21 20 22 23
ned
OébpaweHre x npoueay- — 45 43
pe
Oneparop — 43 46(2)
Onepatop BapiaHTa — 48 43
Onepatop npucoeniHe- — 54 43
HIA
Onepauust c10MeHnA — 36 35
Onepauist yMHOXeEHHS — 38 37
Onucanue — 58 57
OnucaHiie KOHCTaHTHI — 11 b8 67
Onncaune Moayan — 62 58
Oniicanne nepeMeHHol — 30 58 67
OnucaHiuc npoueayphl — 55 58
Onucauve THna — 13 58
OrtHouieHIe — 34 33
Onpeacnenuc — 67 66
[TepeMeHHan — 31 39 44 45 54
[lepeuncacHue — 16 15
[Moaupii HACHT — 10 15 18 22 29 31 40 59 61
[Topstnox —5 4
[Ipnoputer — 63 62 68

[Tpucsansanne — 44 43
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IlpocToe BHIpazceHIe

Ilpocroft Tun

TipoueayvpHuiit Tin

Creunduramsa
METPOB

CriuCcoR BerpazkeHuf

Crircor 1aeHT

Cill'COR MeTOK BaplaHta

Cancox no.tefi

Cniicox QopmaibHBIX TH-
nos

Cebl10uHBIH THI

Crpoxa

Tepm

Tun

V¢ 10BHBIT oflepaTop

QaKTHUeCKile napamer-
pH

daxrop

dopmanpibie
phl

dopMaabHBI TR

RHW )

Licoe

Litik.1 ¢ mocTycaoBHeM

Linka ¢ npenycaosiem

11uk: ¢ waroy

Hudpa

Hndpals

Undhpad

Idxenopt

2acMedr

napa-

napamert-
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—35 33(2)
— 15 14 19(2) 96
— 28 14

— 60 59(2)

— 32 3] 42

— 17 16 22 30 60 64 65
~— 24 23 49

— 922 21(2)

~— 29 28

— 927 14
—9 39

— 37 35(2)

— 14 13 19 22 27 30 67
— 47 43

— 42 39 44

— 39 37(2) 39
— 59 56

— 61 28(2) 60
— 2 39

— 32

— 51 43

— 50 43

— 52 43
—713(3) 4(3) 5(2) 6
—63
—83(2) 7

— G 62

— ¢ 40(2)



NPEOAMETHBIA YKA3ATESDb

Apec 46

AxkTuBubpl BX0a 145

Anroput™ BeTBell H rpauuy 210

AndasuTHbI! YacTOTHBI c0Bapb
229

Banaucuposka cTpauuy 310
B-aepeso 304

— CHMMeTPHYHOE N BOHYHOR
(CIB-zepepo) 320

Baok 58

Bygep 53

Bydepusauna 58
Brictpas copTHpopka 115

Bapuaut 3anucu 41
BapuauTtnHas uacTe 42
Bec nepesa 289
BxJaiouenne B civcok 226
Buemussn coptuposka 91
BuyTpenusia Bepiinna 248
— coptupoBka 91
BosspaT 190
BuipasuuBauie 47
BripoxfienHoe aepeso 247
Bucora aepesa 248

Fny6una nepeba 248
l‘opuasou-ranbuoe pachipefeseHue
154

D B-aepeso 317

Jsonuynoe (Guuapuoe)
249

Heyxda3unan copruposxa 128

JexapTtoBo nepeso 326

— mnpou3pefenne 37

Hepeso 247

— mnoucka 256

~— — mnpxopuTeTHoro 326

— ¢ npuopuTeToM 326

Hepesba Pubonauuu 274

nepeso

Hunamuueckas CTpPyKTypa na-
matu 213

HuuaMuueckoe  pacrnpelesienne
namatu 217

JHnckpuMHHAHT THoa 41

Jauua nochenosateabuoctd 51
— nyTa 248

— — p3BemienHan 286

— — — ofuan 288

— — pHeuHero 248

— — BuyTpexsero 248
EcrecTBennoe causniie 134
Sanuce 38

Haeasnpno canaucupopanuoe Ae«
peso 252

Haentudnkarop noaa 39

Hapneyenne 60

Wudukcuan sanuce 256

Hckmouenne u3 pepesa 267

— — cmoucka 227

KsaapaTuuunte npobu 34!

Koy 92

Koudmuxr 337

Kopuesoe gepep0 mMOHCKa C NPH=
oputeTOoM 328

Kocseunan pekypcua 172

Kospduuuenr 3anomuenus 347

Kpusas Tuavbepra 178

Kpusas Cepnunckozo 182

Jluneiinie npobu 340
Jlunefinifi mouck 68
Jluer 248

Makcumanbuan cepua 134

Marpuua 35

Meauana 121

MeToa copTHpOBKH € JBOHHHM
BrouenHeM 97

— — npaMuM BuGopom 99

Memalouee oxuaauue 61

Muorodasuan copruposka 148

MuoxecTBo 44

— eAHHHYMOe (cuMryeTon) 45

MuoxecTBo-cTenens 44

MounTop 62

O6nacts nepenosuenus 339
O6vegunense Muoxects 45
Oxnnodasuan coptuposka 128
Onepatop Bapuanta 43

— npucoeauuenHn 40
Onpegensomuii Moayab 55
OntumanbHoe gepeso 288

— pemense 205

Otkat 190

Otkpuran agpecauus 339
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TNepemMennan ¢ HujexCaMu 34

Tlepeceuente Muoxecrs 45

JIupamuna 326

TlosTopuan pactrasoska 349

TNoanmepeso 247

Iloauuua 54

Tlouck B cnucke 228

— — Ttabauye 72

~— — ynopsa0YeHHOM crucKe 231

— JejexHeM nomodaM 70

»— N0 JepeBy ¢ BKJIOYeHHEM
259

»— CTPOKH 74

Ilone 38

— HpH3HaKa 4!
flocaenosarensrocts 51
Tlocnenosatenbuuii Roctym 52
—_ cbaﬂn. 53

Tloctpukcuas sanuce, 256
TloTomox 247

Ilorpe6utens 59

ﬂpaallg_}o cTabuabHHX  Gpakos
TIpenox 248

Ipearpaucaauua oGpasa 79
JIpeoGpasosanne Kioueir 336
Tpedurcuan sanuch 256
IIpoussoaurens 59

Tlpocroe causune 127

Ilpoxoa 128

— 1o cnucky 228
Tpouenypa-dbyuruus 175
Ilpaman pexypcusa 172
Ilpamoe ceasuBarne 339
Tlpsimofi momck cTpoRM 75
IlpAMuie MeToaH COpPTHPOBKH 94
IlysupbroBan coprupoBka 102
Tlycthe cepun 152

Pasaenenune crpauuun 305
Pa3mep Gsoka 58
Pasmeuwenne 60

Paspeweuse koudaukra 337
Paccranoska 338
Pexypcusnocts 214
Perypcupunil o6bekt 171

CGanaucupobauHoe aepeso 273
~— — NOHCKa ¢ npuopuTeToM 327
Cesasaunocts THOOB 219

TTpeameTHuil yKa saTesb

Cepua 134

Curuan 61

CuibHO  BeTBAIHECH
250, 300

Causaune 127

— crpauuy 310

Ciaopo 46

CMmeuwenne 49

Conporpamma 164

CoprupoBka Maccusor 91

— ¢aityios 91

Cocrgsmme nocJ1eJ0BATENbHOCTR

NiepeBbs

CraTHyeckHe nepeMenunle 213
Crenedb BeplIHHH 248
Crpoxa (cepun) 134
Crpokosufi THn 72

TepMunanibHan BepmuHa 248

Tononoraueckan coprapopka 237

Tpanchopmauus npeACTaBACHRR
64

Tpexnentoutoe causnue 128

¥nakoska 48

Ynopagouensoe nepeso 247

Yposeun cTpoka |

YcToAYHBOCTD METOAa COPTHPOB«
KH 93

®aza 128

— BBoja 240
QopmaTuposauue 64
Qopuupopanse cnucka 225

XapakrepuctHaeckaa Gyuxuua 50
Xoa xoun (3ajaua) 186

Mena gepepa noucka 288
lleutpoun 296
Iuxnugecku 6ydep 59

Yucna Pubonauwu 151
— — nopaaka p 152

llefikepuan coptaposka 103
Sran 128

N-nyreBoe ciauauue 142
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