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OT IEPEBOJYHMKA

[Ipeasnaraemas uuTaTeNsiM KHHra — 3TO HoBasi pa6o-
ta H. Bupra, cnennanncra, xopoio u3BeCTHOTO B Kpyry
nporpaMMHCTOB. BnpoueM, cpa3y HaZo clefnaTb yTOuHe-
HHe: 3Ta KHMra NpeiacTaBisieT coGoif mepepaGoTaHHYIO
BepCHI0 mpeamAyuilell KHHrH 3TOro e aBTopa <«Algo-
rithms + Data Structures = Programs» (pycckhit mne-
peBoA: AJITOPHTMH -+ CTPYKTYpH AAHHHX == IIPOrpaMMHI,
M.: Mup, 1985). Spa uHDOpMATHKH 1OPOAHJIA COBEp-
IIEHHO HOBYI0 BO3MOXKHOCTb: KHHra YyXe He TOJNbKO
MOXET NMepeBOAHTbCS Ha APYroH <«4esOBEUECKHH» fA3KIK,
ee MOXHO MNEepeJOXHTb Ha ApYyrofi s3HK NMPOrpaMMHpO-
BaHHs, TAK e KaK CHM(OHHIO MOXHO MEPEJOXKHTb IJs
tdoprenuaHo. Bce u3noXKeHHe B KHHre BeleTCs Ha f3H-
ke Moayaa-2, a He Ha [lackane. Ho necMoTrps Ha 3TO
KHHra, ee CIO)KeT, OCTAlOTCH MNpEeXHHMH: Kak Halo
11pOrpaMMHpOBAaTh.

[Mpeanonaraercs;, 4TO uYHTaTeJb— LOCTATOYHO OMKIT-
Hbli MPOrpaMMHCT, MO3TOMY a3hl 3TOr0 HCKyCCTBa 31echb
He 3aTparupaiorcsi. Ckopee MOXHO CKa3aTb, 4YTO JeJa-
¢TCS TMOMLITKA NPHBHTb YeJIOBEKY HEKOTOPHIA CTHJb Mpo-
rpaMMupoBaHusi. XOTs, KOHEUHO e, TaKOH ONBITHHIA
vuureab, Kak H. Bupr, He genaeT jaxe H IOMBITOK
OnpelesHTb, 4TO Ke Takoe 3TOT cTHab. [Ipocro ero
HYXXHO BIHTHBATb <«C MOJIOKOM Marepu». B Knure
jaeTcss Macca NPHMeEpPOB € pPas3HYHOrO poja KOMMeEH-
TapHsiMH K HHM. Yaie Bcero aTH KOMMEHTapHH CBfA3aHH
C OLEHKaMH MpPOU3BOJIHTENbHOCTH aJrOPHTMOB H MpO-
rpaMM, XOTsd nomajaloTcs W ApyrHe Temu. [IpuBenennue
NpHUMepH JOCTAaTOYHO HeGosbllHe, YTOOH HX MOXHO
6bLI0 BOCNPHHATb LUEJIHKOM, H B TO Xe BpPeMsl pPasyMHO
CJI0XKHHE, YTO NO3BOJSET UM ObiTb HHTEPECHBIMH H CO-
JepxaTeJbHBMH,
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Tenepb HECKONIBKO KPHTHUECKHX 3aMeuaHufi. Omneit-
HHie JIEKTOPHI 3HAIOT, KAK HHTEPECHO YHTaTh MepBHIl pas
HOBBIH KYPC H KaK CKYYHO NOBTOPATb €ro Aae NpH HO-
BBIX cryliaTessx, 06eCneyHBAIOUIHX KaXKABH pPa3 HOBBHIE
ofpaTHble CBA3H. A 3Aech {IPHIIOCH BTOpPOfl pa3 mepe-
NHCHBaTh Bclo KHHry. [loatoMy oHa OKasamach BO MHO-
TOM HepaGHOLEHHOM mnepBod. Bce npexnue pasgent
k3K O nocrapeni. OZHAKO HOBHIH pasfes O moucke
B MacCiBe CHMBOJIOB HANMCAH, KaK H paHblUe, Jerko H
npocto. B To Xe BpeMs, H 3TO HAaAO NpPH3HATb, HOBBII
paszes O MOMCKE B MHOTOMEPHOM NPOCTPaHCTBE HaMli-
can BeCb¥a MOBEPXHOCTHO AaX<e C TOYKH 3DEHHd NpOCTO
NOCTAHOBKH 3aJa4YH H HHKak He HJIIOCTPHPYeT Kaklie-
JH60 NPHHUMNB CAMOrO NPOrpaMMHPOBAHHSA.

Hecxonbko cJI0B O TepMHHOJIOTHH. BO3MOXHO, HeKO-
TOpHIX H3 HHTaTeJeH HIOKHDYeT NOsBJEHHe TAKHX MpPHJa-
raTesibHbIX, KaK «MacCCHBOBHI®, «3amHCHOfi», «mnocaesno-
BaTeJbHOCTHHIA®, OOPa30BAHHHX OT CJOB <«MAacCHB»,
«3aMHCb», <«IOCJIEN0BAaTEJbHOCTL», YNOTpebisieMBiX KAk
ONpeleseHHs K CJOBY «THm». Boo6ue, Hajzo cka3arTh,
nepeBoj cJaoBa «iype» Kak «THN» KpaliHe HeyJaaueH,
NIOCKOJIbKY B DYCCKOM f3blKe C/IOBO «THI® HeECET OYeHb
60.bILYI0 HATPY3KY Kak cayxeGHOe CJIOBO, H OTKas OT
ero HCMoJb30BaHHS B paboTax Nno NporpaMMHPOBaHHIO
Ha fI3HIKaX BHCOKOrO YPOBHS, HaBepHOe, 06elHseT fA3bIK.
ITonpo6yiite B pa3roBope O s3biKe NPOrpaMMHPOBaHHS
ynoTpebuth 060pOT: «06BHEKT TAKOr0 THNA» H BH Cpa-
3y Xe NOJYYHTe OT CTPOroro CJayliaTess HJIH 9HTATeNas
Borpoc: «Kakoro «rakoro» Ttuma?». IToatoMy Boipaxe-
Husa tuna (!) «array type» cienoBa/jo 6 NepeBOAHTH
KaK «THI MaccHB» (HJH <«THI-MAacCHB®), YTO B NepBOe
BpeMs H Jenanocb. OXHAKO H3-3a HeOpPeXHOCTH aBTO-
pOB, He 3aGOTHBLIHXCSI O CTPOTOCTH ONpeleseHHS S3bl-
KOB MpPOrpaMMHpOBAHHA, BbIpaX<eHHe «array type» cra-
JIO TepeBOJHTHCS KAK <«THN MacCHBa», H Cpasy xe
BO3HHKJH BoOnpochi: «O KAakOM MacCHBe HIET pedb?»,
[TostomMy mpu nepeBofe GHLIO MPHHATO peIeHHE BBECTH
B 3TOM CJyyae BbIpaXKeHHS «MacCHBOBHIH THO® H mojo06-
Hbe eMy. Boo6uie nepeBONUHK NPHAEPXKHBAJCA TaKOro
NpaBuJIa: ONpefesieHHe HEKOTOPOro o6hekTa ¢ MOMOUIBIO
NpHJIaraTeJbHOI0 XapaKTepH3yeT CBOHCTBO caMmoro 06b-
€KTa, a ¢ TOMOmBI0 MNPAMOr0 AOMNOJHCHHS — NMPHHAL-
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JIeXHOCTh O6bekta. (Koneuno, crtporo roBops, npa-
HaJJIeXXHOCTh — 3TO TaKOe e CBOWCTBO, HO MH ero
3ec» ToNKyeM Oosee «npsMmonuHeftHo».) [ToaTomy, Ha-
npuMep, BH He BCTPeTHTe B NepeBOje BHpaXKeHHA THMa
«IpOrpaMMHHE OIUMOKH» B CMHIC/Ie «OIUHOKH B MpOrpaM-«
Me» H aHAaJIOrMYHHX BHIPAaXEHHH, KOTOpHE C JIEerkoi
PYKH aBTOPOB pa6boT O KOMNbIOTEpaX BCTPeYyaloTcs B JiH-
TepaType.

B umenoM, ocraercs HazeaTbcsi, YTO yNOMSAHYTHE
BHIIle «HOBIIECTBA» TEPMHHOJIOrHH, BBeJEeHHhIe NpH ne-
peBOAe, H CHeJlaHHHIE BHIle 3aMeYaHHA HHKaK He TMO-
BJIHAIOT Ha OOUIYI0 BeCbMa M BechbMa BHICOKYIO OLEHKY
KHHTH, YBepeH, uTo 3Ta HoBas kuura H. Bupra 6yner
C HHTEPEeCOM BCTpeYeHa YHTATEeNAMH.

. b, I[Toduwusaros



MPEJVCJ/IOBHUE

B nocieande roan nporpaMMHpOBaHHe IJiA BHIUHC-
JIMTEJbHBIX MAalIMH BBIAETHAOCH B HEKOTODYHO AHCLHI-
JIMHY, BJlaJieHHe KOTOPOH CTaJl0 OCHOBHBIM H KJIOYEBHIM
MOMEHTOM, ONMpeNeNAIIIHM yCnex MHOIMX HHXKeHePHbIX
NIPOEKTOB, a CaMa OHa MpeBpaTHJIACh B 0OBEKT HAyUHOrO
HceaefoBanHa. M3 pemecna nporpaMMHpoBaHHe mnepe-
L0 B pa3paj akajeMudyeckux Hayk. [lepBHii KpynHH#
BKJaJl B ee cTaHoBJeHHe chedaadn 3. JleiikcTpa H
Y. Xoap. «3aMeTKH NO CTPYKTYPHOMY MNpOrpaMMHpoBa-
Huio» Jlefikerpu [1] 3acTaBHM B3MVISHYTb Ha Nporpam-
MHpOBaHHe KakK Ha 06bekT, TpebOyOulHi HAyyHOro MOX-
xoja u 6pocalouiuii onpejesNeHHBIl MHTENEKTYaabHBIH
BLI30B; TaKO#i MOAXOJ J[axe MOJYYHJ Ha3BaHHe <«PEBO-
JIOUMH» B MporpaMMHpoBaHuu. B cratbe «AKcHOMaTH-
yeckasg OCHOBa MPOrpaMMHPOBAHHS [ BBIYHCIHTENb-
HBHIX MamuH» [2] Xoap NPOAEMOHCTPHPOBAJ, YTO MPoO-
rpaMMH NOAJAIOTCA TOYHOMY 4HAJH3Y, OCHOBAHHOMY Ha
CTPOTHX MaTeMaTHYECKHX paccyxjeHHsX. B aTux pa6o-
Tax y6equTeNLHO MOKa3aHO, YTO MOXKHO n3bemaTp MHO-
rMX OIIHGOK, TPaAHUMOHHBIX [JS MPOrpaMMHCTOB, €CJH
nocJjenHue OYAYT OCMBICJEHHO MOJb30BAaTbCA METOAAMH
H npHeMaMH, KOTOpble DaHblllé OHM MPHUMEHSJIH HHTYH-
THBHO, YaCTO HE OCO3HaBas WX KaK Takosule. [Ipu aToM
OCHOBHOe BHHMaHHe YJeNfeTCH MOCTPOEHHIO H aHaJIH3y
nporpaMM, a 6osee TOYHO — CTPYKType aJrOpPHTMOB,
NpejCTaBiseMuXx TekcToM mnporpammbl. I[lpuuem coBep-
LLIEHHO OYEBHJHO, MTO CHCTEeMATHYeCKHHl M HayuHBHI MOX-
XOJ Npexje BCcero MpHMEHHWM K 60JbUIHM, KOMIJIEKCHHM
nporpaMMaM, paGOTalOUIHM CO CJIOXKHBIMH JaHHbIMH. Ta-
KHM 06pa30M, METOJ0JIOTHS MPOrpaMMHPOBaHHSA JOJAKHA
BKJIOYaTh BCE ACMEKThl CTPOEHHA [aHHHX. B KoneuHOM
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cueTe npozpamme: TPeACTaBJIAIOT cOO0# KOHKPETHHIC,
OCHOBaHHble Ha HEKUTOPOM DPEaJbHOM MNpPEACTABJEHHH H
CTPOeHUu OanHbiXx BOMJIOLIEHHA aGCTPAaKTHBIX GA20pUT-
Mos. Baxublii BkJajA B ynopsjouyeHHe TepMHHOJOTHH
H B KOHIENUHH CTPOEHHs AaHHBIX BHecsa pabora Xo-
apa «O cTpykTypHOH opraHH3auHH aauubix» [3]. Crano
AICHO, YTO pellleHHe O TOM, KaK MpeACTaBJATb AAHHLIE,
HEeBO3MOXHO NPHHHMATb, He 3HafA, KaKHe aJFOPHTMH
6yayT K HHM TpHMEHATbCA, H HaoGopor, BhGOp aJjro-
pHTMa 4YacTO OYEHb CHJIbHO 3aBHCHT OT CTPOEHHS AaH-
HbIX, K KOTOPHIM OH npHMeHsiercsi. Kopoye rosops,
CTPYKTYpa NpOrpaMMbl H CTpPOeHHE JaHHBIX HEPa3pbIBHO
CBsI3aHbl MeXay cobo#.

Hrak, y Hac 6bJH ABe NMPHYHHBH HayaTb KHHTY IJa-
BOH O CTpPOeHHH JAaHHbLIX. Bo-nepBbiX, Mbl HHTYHTHBHO
MOHHMaeM, YTO JaHHble NPeAlleCTBYIOT aJTOPHTMY, Belb
npexjie, YeM BHIIOJHATb KaKHE-JHOO ONepamnHH, HyXKHO
HMeTb OGBbeKTH, K KOTOpbIM OHH NpHMeHsTcA. Bo-BTO-
pBIX, H 3TO GoJiee HemocpeACTBEHHAs NMPHYHHA, Mbl Tpea-
nojaraeM, 4YTO YHTaTesNb YyXKe 3HAKOM C OCHOBHLIMH
MOHATHAMH nporpaMMHposanus. [lo Tpaauuuu, Aocra-
TOYHO ONMpaBAaHHOH, BBOJHbIE KYpPCbl NpPOrpaMMHpOBa-
HHSl MOCBSLIAIOTCA B OCHOBHOM aJITOPHTMaM, ONEpHpYlO-
IHM JAaHHBIMH C OTHOCHTEJNBHO NPOCTOH CTPYKTYpPOil.
[ToaToMy KasaJjoch BIOJHe pa3yMHbBIM MOCBATHTb Ha-
YaJbHYIO TVIaBY CTPOEHHIO JaHHbLIX.

Ha npoTsixkeHHu BCeHl KHHIH, H B YaCTHOCTH, B IV |,
MBI cjlelyeM TeOpHH (H TEpMHHOJIOTHH), PasBHTOH B pa-
6ote Xoapa H BOMJOILEHHOHA B sI3bIKe MPOrpaMMHpoOBa-
HHa [lackanb [4]. CyTb 3TOii TEOpDHH COCTOHT B TOM,
YTO JaHHble [pexje Bcero mnpeicrasaaoT cobofi ab6-
CTPAKIUHH peabHbIX OOGBEKTOB H HX MNPEANOYTHTENIBbHO
paccMaTpHBaTh Kak HeKOTOpble aGcTpakTHble o6pasosa-
HHA CO CTPYKTypaMH, He 00s3aTeJbHO MNpelyCMOTpEH-
HBIMH B OGlllepacnpoCTpPaHeHHHX A3BIKaX NMpOrpaMMHpo-
BaHHsA. B npouecce MpOeKTHpPOBaHHS MpOrpaMMmbl npea-
CTaBJieHHe JaHHBIX [OCTENeHHO, N0 Mepe YTOYHEHHs
CaMOro aJropHTMa, Bce GoJiee mposicHsieTcss H Bce Gosee
corjiacyercsi ¢ OrpaHHYEHHSAMH, HAaKJaAblBaeMbIMH KOH-
KpPeTHOH cHcTeMOH mnporpammHpoBanua [5]. [loatomy
Mbl OMNpeleJHM HECKOJbKO OCHOBHBIX CTPOHTENbHBIX
KOHCTPYKUHA — CTPpYKTYp OaHH6IX, KOTOpLIE Ha30BeM
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(pyndamentarvnbimu CcTpykTypamu. OyeHb BaXKHO, YTO
3TH KOHCTPYKUHH [OBOJIbHO JIErKO peajiH3yIOTCs Ha cy-
L1eCTBYIOLIHX MaIIHHAaX, Belb TOJBLKO B 3TOM CJyyae HX
MOXHO CYHTaTb JMAEHCTBHTEJILHO 3JeMeHTaMH (aKTH-
YEeCKOro NpeicTaBJeHHS NaHHBIX, T. €. <MOJIEKYJaMH»,
O6YCJIOBJIEHHBIMH TOCJEAHHMH, 3aKJIOYHTEJbHBIMH 3Ta-
NAiMH YTOYHEHHSA ONHCAHHA AAHHBIX. TakMMH CcTpyKTypa-
MH OyayT: sanuck, maccug (GHHKCHPOBAHHOro paamepa)
H mMHOMecT80. HeynUBHTENBHO, YTO 3TH OCHOBHHIE CTPO-
HTeJbHLle 6JIOKH COOTBETCTBYIOT MaTeMaTHUYeCKHM TM0-
HATHAM, OTpaxalouuM GyHlaMeHTaJbHbe HiEH.

KpaeyronpHblM KaMHeM BCE€H TEODHH CTPYKTYp AaH-
HBIX SIBJSETCH pa3jHyHe MeXAY (PyHIaMeHTaJbHHIMH H
YCJIOXHEHHHIMH CTPYKTypaMH. PyHnaMeHTalbHble CTPYK-
TYpH — 3TO MOJIEKYJH (B CBOX ouepelb 06pa3OBaHHHe
H3 aTOMOB), H3 KOTODHIX CTPOATCH COCTaBHble CTPYKTY-
pol. Ilepemennble ¢GyHNaMeHTaNbHHIX CTPYKTYpP MOrYT
H3MeHTb TOJNBKO CBOe 3HauyeHHe, a CTPYKTypa MX I
MHOXeCTBO NONYCTHMBIX 3HAYeHHi OCTalOTCA HeH3MeH-
HeIMH. B pesysnbrarte pasmep namsTH, 3aHHMaeMoOH Ta-
KHMH TNepeMeHHLIMH, OCTaeTcsi MOCTOsIHHWIM. HJas nepe-
MEHHbIX e YCJOXHeHHOH CTPYKTypH XapakTepHa CIO-
COGHOCTb H3MEHSITb B NpOLecCe BHIMOJHEHHsS NpOrpaMMmbl
H 3HayeHHs, H cTpYKTYpy. [1oaTOoMy A5 HX peanH3auuu
TpelGyloTcsi GoJsiee H3owmpeHHHle Metoian. B Tako#l kaac-
CHOHKALHH TOCJAeNOBATEIbHOCTH 3aHHMAIOT MpOMeEXY-
TOyHOe MecTO. KoHeyHO, NJIHHA HX MEHseTCsi, HO Belb
3TO H3MeHeHHe CTPYKTYPHl HOCHT TPHBHAJbHLIA Xapak-
Tep. [lockonbKy nocsenOBaTelbHOCTH HrpalOT MOHCTHHE
GbyHaaMeHTaAbHYIO pOJb BO BCeX MNpaKTHYECKH 3HaYH-
MBIX BHIYHCJIHTE@JbHHX CHCTeMaX, TO MH HX BKJIOYHJH
B ra. 1.

Bo BTOpO#i riaBe peub HIAET 00 AA20PUTMAX COPTU-
posku. 3hecb TPHBOAHUTCA MHOrO pas3jHYHHIX METOJOB
pellleHHst OOHOH H TOH Xe 3amayd. MaTemaTHYeckHH
aHaNKH3 HEeKOTOPHX H3 aJrOpHTMOB NOAYEPKHBAaeT HX
HeJOCTaTKH H [JOCTOMHCTBA H NOMOraeT NpOrpaMMHCTY
0CO3HATh BaXHOCTh TAKOro aHaJH3a NpPH BLIGOpE CNOCO~
6a pellleHHs NOCTaBJeHHOH 3ajayH. PasneneHHe Ha Me-
TOAH COPTHPOBKH MacCHBOB H MeTOJH COPTHPOBKH
¢dafinoB (yacTo HasHBaeMble BHYTpPeHHeHd M BHeUIHEH
COPTHPOBKOM) JeMOHCTpHpYeT pelllaloulee BJHsIHHE Npel-
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CTaBJIeHHS JaHHBHIX Ha BHOOp aJroOpHTMa H €ro CJOX-
HOCTb. MH He yAeasailu OH COPTHPOBKaM TaK MHOTO
BHHMaHHusA, ecad OH HAaM He Kas3alocb, YTO OHH Npel-
CTaBJAIOT COOOH HAeaNbHHH OOBEKT AMA HJNIOCTPaLHH
MHOTHX T[pPHHIMNOB NpPOrpaMMHpPOBaHHA M CHTYalHi,
BCTpevaloluxcs B Apyrux samauax. Cosgaercs Bneyar-
JleHHe, 4YTO Ha NPHMEpax COPTHPOBOK MOXHO NOCTPOHTh
Heas#t Kypc nporpaMMHpOBaHHS.

EcTte TemMa, KOTOpylO0 4YacTo ONYCKAalOT BO BBOAHHIX
Kypcax NporpaMMHpOBaHHs, XOT OHa H HIpaeT Baxk-
HYI0 KOHIENTyaJbHYI0 pOJb BO MHOTHX aJIFOpHTMax, —
3T0 pekypcusi. [ToaTomMy MBI nocBsiuiaeM TpeTbio I/1aBY
pexypcusnoim pewenusm. B He#t nokasaHo, 4TO peKyp-
cHsl — 0606IuenHe TOHATHA TNOBTOpEHHA (HTepaUMH), H
KaK TaKkoBasi OHa NpeACTaBJseT co00# BaXKHYI H MOIU-
HYI0 KOHLENUHIO NporpaMMupoBaHHsa. K HecdacTslo, BO
MHOT'HX Kypcax INpOrpaMMHPOBaHHSl DeKypPCHsl HCNOJb-
3yeTcs B NpHMepax, rie AOCTaTOYHO NPOCTOH HTEpalHH.
BMmecto 3TOro MH B ra. 3 cocpelOTOYHBaeMCs Ha He-
CKOJIbKHX MpHMepax 3ajay, B KOTOPHIX peKypcHs TNpH-
BOAMT K Haubojee eCTeCTBEHHHIM pelleHHAM, TOrAa Kak
HTepalHH NOopoXaaau Gb rpOMO3JKHEe H TPYAHHe MJIA
NnoHUMaHus nporpammu. HMaeaabHHM npHMEHeHHeM pe-
KypCHil mnpeicTaBisieTcsl KJaacc aJropuTMOB € 6038pa-
TOM, HO Hanbo/lee OYEBHAHO HX HCNOJB3OBaHHE B aJro-
puTMax o6pabOTKH [daHHBEIX, KOTOpHle CaMH ompeje-
asiores  pekypcuBHo. Takuwe 3ajauum pas6upalorcss B
nocJefHUX ABYX TJaBaX, a TpeTbsl rnaBa obecneyuBaeT
XOpOLIYIO MOATrOTOBKY AJSl HX NOHHMAaHHS.

B ra. 4 Mu ofpawmaeMcsi K OaHHbIM ¢ Ounamuveckold
CTPYKTYpod, T. €. NAHHBIM, YbS CTPYKTypa H3MeHseTcs
Nno Mepe BHINOJHEHHs NPOrpaMMhul. 3jech NOKas3aHo, YTO
AaHHHe C PEKYpPCUBHOH CTPYKTypo#t 06pasyloT BaXKHHMA
NoAKAacC OOGBIYHO HCNOJb3yeMHX AHHAMHYECKHX CTPYK-
Typ. XOTA peKypCHBHbe ONpelesIeHHs B 3THX cJaydasix
H €CTeCTBEHHH, H HONYCTHMH, TeéM He MEHee Ha IMpak-
THKe HX OGHYHO He Hcnosab3yloT. Bmecro storo moJb-
3YIOTCA B peaju3alHH MexaHH3MOM OoJiee HarJIAAHHIM
AJs1 IPOrpaMMHCTa: OH HMeeT Jeso ¢ SIBHHMH yKasaTe-
JSIMH HJH CCbLAOYHbIMU nepemenHbimu. Tak YTO B HEKO-
TOPOM CMBICJe Halla KHHra OTpaKaer COBpPEMEHHYI0
TOYKY 3peHHs Ha 3Ty npob.aemy. B uerBepToit rnase Mu
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BBOJHM B NpPOrpaMMHpPOBaHHE CChIJIKH, CMHCKH, AepeBbfl
H NPHBOAHMM TNpHMepH, TpebylowHe AaHHLIX elle Oojee
CJI0XKHOTO CTPOEHHsl. 34eCb peub HAET O TOM, YTO 4acTo
(1 He coBceM BepHO) Ha3HEAWOT «06pabOTKOL CRUCKOS».
3HaYUTENbHOE MECTO OTBOJHMTCS OPTaHH3allHH JEPeBbes,
H B YaCTHOCTH, IepeBbeB NOHCKAa. 3aKaHuHBaeTCs rJiaBa
paccMOTpeHHEeM pacCesiHHBIX TabJaHL H MeToda (YHKUHH
paccTalioBKH, KOTOPbHIH 4acTO mNpeAnOYHTAIOT [AePeBbsiM
NoHcKa. JTO NO3BOJsleT HaM CpPaBHHTb MexXAy coboil
ABa MNPHHUHMNHANBLIO pasHBHX MeToJa, HCNOJb3yeMbiX
IJ1s1 pellieHHs] 4aCTO BCTpedaloulelicss 3ajauH.
[lporpammupoBanue — 310 KOHCTpyuposanue, Kax
MOXKHO HayUHTb 3TOH KOHCTPYKTOPCKOH, H3o6peTaTe.ib-
CKO# JAesiTebHOCTH? OJHH H3 NPHEMOB — BbLAEJHTb Ha
MHOTHX TNpHMepax 3JeMeHTapHble MNPHHUHNL KOMNO3H-
UHH M TpPOAEMOHCTPDHPOBATb HX HEKOTOphHIM CHCTEMa-
THueckiIM ob6pasoM. Ho Beap nmporpaMmupoBanHe OTHO-
CHTCH K OYeHb GBICTPO H3MeHsilouleHcst H yacTo Tpebyio-
wed GONBbUIHX HHTENJEKTYaabHbIX 3aTPAT A€ATEJIbHOCTH.
TloaToMy KaeTcsi, YTO CBEeAEHHe JeJa K HeCKOJbKHM
npocTeiM peuentam Obo 6 ownOkod. M B mauwiem ap-
teHaJsle IpHEMOB OOGYYeHHsI OCTaeTCs TOJbKO OJHO: TpH-
BECTH HECKOJbKO TUIaTeJbHO NOA06paHHBIX, OYCHb XOPO-
wmux npumepoB. He cJaeayer, ecTecTBeHHO, HaAesiTbCH,
YTO H3yueHUe TNPHMEPOB OKaXeTcsi B paBHOH Mepe
nosie3ublM BceM. [lJ1si TAKOro NMOAXoia XapaKTEpHO TO,
YTO MHOroe 3aBHCHT OT Yuallerocsi, OT ero coobpasu-
TeJbHOCTH H HHTYHHHH. ITO 0cO6eHHO CnpaBelJiMBO MJsi
OTHOCHTEJILHO CJIOXHBIX H J[JHHHBIX TPHMEpPOB MpO-
rpamm. OHu He cJyyafiHO BKJIIOYEHH B 3Ty KHHrY. IlaHH-
Hble IporpaMMbl Ha NpPaKTHKE BCTPeYalOTCH yallle BCero,
H OHU Jyulie BCEro NOAXOAAT AAsl AeMOHCTpalHH TOro
HEYJIOBHMOTO, HO Ba>XHOro CBOHCTBA, KOTOPOe Ha3blBalOT
CTHJeM MJH MacTepcTBoM. Kpome TOro, OHH cayxkatr
yfpaxKHEeHHSIMH B HCKYCCTBe 4YTEHHsI NPOrpamMm, KOTO-
pHIM uacto npeHebperaioT, COCPeJOTOYHBAsi BHHMaHHe
Ha uX Hanucauud. HIMeHHO nO3TOMY H BKJKWYAKTCH
B KaueCTBE MNpPHMEPOB UEJHKOM OOJbLIHE NpPOrpaMMbl.
Mbl npoBoAMM YHTaTeNst IO BCeM 3Tanam NOCTENEHHOro
CO3/laHusl TpOrpaMM, NOKasbiBaeM €MY Kak Obl CepHio
«MOMEHTaJ/IbHBIX CHHMKOB®» €€ pOXJAEHHs, TaK MH €ro
BHAKOMHM C <«MeTOO0OM nOCAe008aTENbHbIX YTOHHEHUI»
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netanelf. §1 cuMTal BaXKHHIM, MOKa3aB MNpoOTPpaMMmy B
OKOHYaTe/bHOM BHAe, obpaulaTh BHHMaHHe Ha JeTallH,
[IOCKOJBbKY HMEHHO B HHX YacCTO KpPoeTcss TPYAHOCTb Mpo-
rpaMMHpoBaHHsA. OnHcaHHe NPHHUHNOB CaMOro aJro-
pHTMa M €ro MaTeMaTHYeCKHH aHaJH3 MOryT CTHMYJIH-
pOBaTh «aKajaeMHYeCKHii yM» U OPOCHTb eMy BHI30B, HO
5T0 6blJI0 Ohl 6eCYecTHO MO OTHOUIEHHIO K MPOrpaMMH-
cTy-npakTuky. [lostoMy A crporo npuaepHBaioch npa-
BuJa [aBaTh NpPOTpaMMbl B OKOHYaTeJ]bHOM BHIE, Ha
TOM fI3bIKE, Ha KOTOPOM OHH JEACTBHTEJbHO MOryT ObITb
BHIMOJHEHH Ha BbIYHCJHMTENBHON MalIHHE,

KoHeuHo, cpa3y e Bo3HHKaeT npobJjema NpeacTas-
JEHHA: XOTeJOCb, YTOObI NpOrpaMMbl MOXHO OblJIO H
BHIMOJIHATE H YTOOK OHH OLIJIH JOCTATOYHO MAUIHHHO-
HE3aBHCHMB, B€Ab HMX HYXKHO BKJOYaTh B TeKcT. [as
9TOr0 HEe MOAXOAAT HH 0O0llepacnpoCTPAaHEHHbIE fA3BIKH,
HH abcTpaktHas HoTtauusa. HyxxHbili komnpomucc obec-
neynBaercsi s3nkoMm Ilackaiab: HMEHHO C TaKHMH Le-
JAMH OH M co3faBaJcd. [Jo3ToMy B KHHre MB H Oyldem
MM T0Jb30BaThcA, [IporpaMMHCTH, 3HAKOMHE C APYTHMH
fi3bIKaMH TpPOTPAaMMHPOBAHHSA BHICOKOTO YPOBHA, TaKH-
MH, Kak Aaroa 60 uau I1JI/1, serko pasbepyTca B npu-
BOAHUMEIX MpPOTPaMMax, MOCKOJbKY €ro NOHATHA H HOTa-
LHHA B TeKCTe NMOACHAITCA. OAHAKO 3TO He 3HAYHT, 4TO
npeiBapHTe]bHas MOATOTOBKa He HYyXHa. Haeaabnyio
MOArOTOBKY AaeT KHura «CHcTeMaTHueckoe MpOrpaMMH-
poBatHe» [6], MOCKOJBKY B e€e OCHOBY TOXe [OJOXKEH
[Tackanb. Tem He MeHee OHA HE MOXeT CJAYXKHTb yuel-
HHKOM f3nKa [lackanb-— anaa 3TOro cyuiecTByior Gogee
NOAXOAsAIIHE KHHTH [7].

[Mpeanaraemas kHura npeicTaBaser coboft cxkatoe
H nepepaboTaHHOE H3JNOXKEHHe HECKOJbKHX KypPCOB Mpo-
rpaMMHpPOBaHKsA, NpPOYHTaHHBIX B DenepasbHOM TeXHO-
qoruuyeckom uHctuTyTe (ETH) B Lliopuxe. Muorumu
HOEAMH M B3rJALaMH, H3JOXCHHHMH B ITOH KHHre, d
o6s3an 6ecegaM ¢ Moumu koaneramn B ETH. Mue xo-
Tesoch 6bl, B YacTHOCTH, no6Gaarogaputs r-Ha I'. Caua-
Mefiepa 3a TUIATe/bHOE MPOYTEHHE DYKONMHCH U T-XKY
. Xeitan Teiinep 3a BHHMaHHE H TepNeHHe NpPH mnepene-
yaTKe TekcTa. 1 xoTes Oh TakXke OTMETHTb Ooablloe
BJMfIHME, OKa3aHHOoe 3acelaHuaMu pabouux rpynn 2.1
n 2.3 UOUIla, u ocobenHo MHOTOYHCJAECHHBIMH Oecena-
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MH, KOTOpHe 5 Bea npu 3tom ¢ 3. Heitkerpoft u U. Xo-
apom. M mnakonen, uto He Menee BaxHo, ETH menpo
NpenoCTaB/IAJ BHIUHCAHTENbHEE MAHHK H 06ecneuuBas
ycioBhs, 6e3 KOTOpHX Obila GH HeBO3MOXHa IMOAro-
TOBKAa 3TOH KHHTH.

liopux, .aBryct 1975 H. Bupr
JIMTEPATYPA
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[TPEAUCJIOBHUE K M3JAHHIO 1986 T'OJA

B HOBOM H3JaHHH NepecMOTPEeHb MHOTHe JeTalH al-
FODHTMOB H, KpOMe TOro, CAeJaHbl HEKOTOphe H3aMeHe-
HHfl, HocsillMe Goslee MPHHUMNHAJBHBIA XapakTep. Bce
9T0 OOBACHAETCA OMNBITOM, HAKOINJEHHHM 32 Te AeCATb
JIeT, KOTOphle NpOLIJIH ¢ MOMEHTa MOSABJEHHS MNEpBOro
H3aanus. OaHako 6oJpllas 9acTh COAEPXKHMOrO KHHIH
¥ ee CTHAb OcCTaluch G6e3 H3MeHeHHA. OcTaHOBHMCA
KPaTKO Ha TrJaBHHX H3MEHEHHAX.

OcHOBHOe H3MeHEHHe, KOCHYBIEeCH BCEro TeKCTa
LIeTMKOM, CBfI3aHO C H3bIKOM NPOrpaMMHpDOBaHHf, Ha
KOTOPOM 3alucaHbl Bce aiaropHTMH. [lackanab Oun 3a-
Menen Ha Moayay-2, XoTs Takoe peuieHHe He OKashiBaeT
onpeAe/IflOIIEro BJIHSHHA Ha MpelAcTaBJleHHE aJropuT-
MOB, TeM He MeHee OHO OmpaBjniBaeTcs 6oJee MpocToi
U 60J1¢e 5JeraHTHON CHHTaKCHUECKOH CTPYKTYDOH s3blKa
Monayaa-2, vacro npuBoasimed K Gojee MNpoO3payHoMy
NpEACTaBJEHHIO CTPYKTYpH aJroputMoB. Kpome Toro,
KaxeTcs lejiecooOpasHBIM YNoTpe6aATh TaKyl HOTa-
LHI0, KOTOpas 6blcTpo NpHo6peTaeT MPU3HAHHE LWIHPOKHX
cnoes obumectsa (nporpaMMHcTOB. — [lepes.), MOCKOJb-
Ky OHa XOpOWO MOAXOAHT AJS CO3AaHHA OOJbUIHX CH-
creM mporpaMM. Kak 6ul To HH GBHLJIO, COBEPUIEHHO Ode-
BHAHO, YTO «poAuTeseM» Moayau 6uin Ilackanb, u 31O
obJjeryaso 3ajgayy mnepexofa OT OJAHOro f3bika K ApY-
roMy. Jlas OpOCTOTH Bech CHHTakcHC s3bika Moayna
npuBeileH B NPHJIOXEHHH.

[IpsaMBIM CJl€ACTBHEM Mepexoja Ha APYroil S3HK
nporpaMMHpoBanHus Obia nepedenka pasa. 1.11, mocss-
LeHHOTO CTPYKType MocJefoBaTteibHoro dafina. B Mo-
Ayne-2 HeT BCTpoeHHoro dainoBoro THna. B mepenu-
canHoM pasa. 1.11 B kauectBe Gosee o6uied CTPYKTYpH
JAaHHBIX MpeACTaBJeHa KOHUENUHS noc.edosareabHoCTy
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H NpHBeleHa, B YAaCTHOCTH, HEKOTOpas CHCTeMa Mpo-
rpaMMm-MoayJei, noalepxHuBaiomas B Moayne-2 Ttakue
10C/1e10BaTeJbHOCTH.

HoBo# sBasieTcs M nocaefuss uacTb 1. 1. B nedt
obcyxaaiorcs npobseMbl NoHcka. HauaB ¢ JHHEHHOTrO
MOHCKa M TIOHCKa Je/jeHHeM TIIOoNoJaM, MB IMPHXOJHM
K HelaBHO H306peTeHHbIM aJroputMaM ObICTPOro IOHC-
Ka B CTPOKe. 3/1eCh Mbl, B YaCTHOCTH, AJs JE€MOHCTpalLHH
NPaBHUABHOCTH MPEACTABJEHHLIX aJrOPHTMOB  HCIIOJ/b-
3yeM MeToj] AOKa3aTesJbCTBA, OCHOBAHHHH Ha HHBapH-
aHTaX LUHKJIOB M JPYTHX YTBEpPXJEHHSX O Nporpammax.

HoBblli pa3flen 0 Odepesvax npuoputeTHOZO nOUCKA
3aKaHYMBaeT H IV1aBy O JHHAMHYECKHX CTPYKTYpax HaH-
HBIX. B HeM onpenessiorcss AepeBbs, ONATL Xe elle He
OTKpLITHlE B TO BpeMsi, KOria BHILLJIO IIepBOe H3JaHHeE.
Takne JepeBbsi JONYCKAalOT 3KOHOMHOe IIpeACTaBJeHHE
H ObICTPBIH IIOHCK B MHOXeCTBe TOYEK, JeXallux Ha
IJIOCKOCTH.

IlenukoM omyllleHa NsATas TIJjaBa IePBOro H3AaHMHsl.
B Heli peub 1A O MOCTPOEHHH TPAHCJAATOPOB, H OHA
BBIIVIsIle/la HECKOJbKO H30JHPOBAHHO OT MHPEALAYIEHX
rnaB. TeMmy TpaHcasTOpOB cnaenoBajo O6nl 6oJee ImOA-
po6Ho pa3obpaTh B CINELHaJbHOH KHHre.

M HakoHel, mNOSIBJieHHe HOBOro H3JaHHsA CBS3aHO
¢ COOHITHSIMH, OKa3aBLIMMH 3a MOCJeJHHe JAecATh JeT
r1y6oKoe BJHSHHE HA H3JaTeJbCKOe JeJ0: HCII0Jb30Ba-
HHEM BLIYHCJIHTEJbHHIX MaUIHH U CJOXHBIX 4/JrOpPHTMOB
IJIsi IOATOTOBKH AOKYMEHTOB M HX Habopa. Hama kuura
6blia OTpelaKTHpOBaHa AaBTOPOM H NOATOTOBJieHA HJIA
neyaTH C NOMOIUbIO peflakTopa AOKYMeHToB Lara ua ma-«
wHuHe Lilith. Be3 3THX HHCTPYMEHTOB KHHIa He TOJBKO
okaszanacp 6nl Gojiee joporof, HO M He Ghiia Oubl ele
3aKOHUYeHa.

Mao-Axro H, Bupr



HOTALUSA

B Haweil kHWre HcnoJb3yercs cjaelyiomas M03anM-
cTBOBaHHas M3 paGor . [lefikcTpH CHCTEMB! HOTAlHH.

B Joruueckux BhipaxmeHHsax cHMBoa & o6o3Hauaer
KOHBIOHKIHIO H TPOH3HOCHTcA Kak u. CHMBON ~ COOT-
BETCTBYeT OTPHLAHHIO H YHTaeTcs Kak He. BykBamu A H
E (moayxupHbiii wpH)PT) 0603HAYAIOTCA COOTBETCTBEH-
HO KBAHTOpH YHHBEpCAaJBHOCTH H cyliecTBoBaHHA. Huxke
npHBOAATCS ynoTpebasemble HaMu GopMyJH (creBa) H
HX OmnpelesieHHe B TPaAHIHOHHOMN 3amucH. O6paTuTe BHH-
MaHHe, YTO cJeBa MBI H3GeraeM HCIIOJIb30BaHHA CHM-
BOJIA <«..», aNeJUIHPYIOIEro K HHTYHIHH UHTaTes.

A m<i<n: P,=P_ &P, &...&P _,
3necy P; — npeankats, H ¢dopMysa yTBepXKAaeT, YTO HC-
THHHH Bce P; ansa i, npoberaiouero, HayuHas c 3ajah-

HOTO 3HaAuYeHMsl m, BCe 3HAYEHHs BIVIOTH 10 n (camo n
CIofa He BXOJHT).

Ei mi<n Pj=P, um P, van...uau Py,
Onats, P;— nmpennkatnl W QopMysa yTBepKAaer, 4TO

HCTHHEH XOTsi Obl OAMH TpeaukaT P mas i, npoGeralo-
uero 3HayeHHs OT m 10 n (MCKJIOYas camo n)

Siim<i<m xj=xp+ X541+ o0 + X
MIN i m<i < n: x; = minimum (X, X4 +« 05 Xp_y)
MAX i: m<i < n: x;=maximum (X, X415 «e-5 Xp_1)

C noMouwpio KBAaHTOPOB ONepaTopbl min M max MOXHO
BREIPA3UTh TaK:

MIN i: m<i<m x;=min =
(A mgi<m min<x)&(E;m<i<m min = x))
MAX i mg<i <n: x;, =max =

(A m<i <m: max}xi)&(Ei: m<i<n: max=x)



[. OCHOBHBLIE TOHATHUSA CTPYKTYP
JJAHHBIX

1.1, BBEAEHHE

CoBpeMeHHast BHYHCIHTENbHAsA MallkHa Ouljla H300pe-
TeHa H MBICIHJACh KAaK HEKOTOpPOe YCTpOHCTBO, O6Jer-
yaouee H YGHCTpsOllee MNpOBEJeHHE CJOKHHX pac-
4yeroB, TPeGYIOUIHX HA CBOE BHINOJHEHHE 3HAYHTENIbHOIO
BpeMeHH. Temepp B GOJIBIIHHCTBE CJAy4aeB HX AOMHHH-
PYIOLIKM  CBOMCTBOM M OCHOBHOH XapaKTepHCTHKOH
CYHTAETCs CNOCOGHOCTH XpaHHTh OrpOMHEIE OOBEMH HH-
dopmauru, K KOTOPHM MOXHO NmpocTo o6paTuthed. Cro-
COGHOCTb K€ NPOBOJHTEL BHIYHCJCHHS, T. €. BHIIOJHATH
apudmMerniecKkde HeHCTBHS BO MHOIHX CHTYalHAX, yXe
cTana MouYTH HecyLleCTBeHHOH.

Bo Bcex TakHX c/aydyasx 3HauHTeNbHbHIE OOBEMH HH«
dopmanud, noanexauell o6paboTKe, B HEKOTOPOM CMEIC+
Je NpelCTaBJSAIOT abCTpaKkyuro HEKOTOporo ¢parMeHTa
peanpHoro Mupa. HMudopmauusa, nocrynawmas B Ma-
LIHHY, COCTOMT H3 ONpEAEJEHHOrO0 MHOMXeCTBa OGHHbLLX,
OTHOCSIIMXCA K KakoH-To npoGieMe,— 3TO HMEHHO Te
AaHHHE, KOTOphle CYHMTAIOTCS OTHOCSIUHMHCA K AaHHOH
KOHKpDETHOH 3ajauye H H3 KOTOPHX, KaK MBl HajeeMcsd,
MOXHO MOJY4YHTb (BHIBECTH) XeJaHHHA oTBeT. MH ro-
BOPHM O HAaHHHIX KaK 06 abCTpaKTHOM NpEeACTaBJEHHH
peanuil, MOCKOJBKY HEKOTOpHE CBOMCTBA H XapaKTepH-
CTHKH OGBEKTOB MNpH 3TOM HrHopupyiorcs. CuHraercs,
YTO AN KOHKPETHOH 3ajauu OHH He SBJAIOTCA Cylle-
CTBEHHBIMH, omnpeleasiomuMu. IlosTomy abcrparupoBa-
Hue — 3T0 ynpoujerue GakToB.

B kauecTBe npuMepa MOXHO B3fTh, CKameM, CIHCOK
(daitn) HexkoTOpHX cayXamux. KaXanid cayxamui
B 3TOM CNHCKe NpeicTaBiasercss (aGerparnpyerca) Kak
HEKOTOpOe MHOXECTBO HaHHHX, OTHOCSIMHXCA JHOO K
TOMY, 4TO OH jenaer, JH60 K Npoueaypam, «oGpaba-
THBAJOLIHM» €ro AesTENIbHOCTb, DTO- MHOXKECTBO MOXET
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BRJAIOYATh H HEKOTOpHE HIASHTHOHUHDPYOUIHe IaHHHE
Bpolie ero (Hau ee) dbaMHIHH HIH okaajaa. OfHaKo Ma-
JIOBEPOSITHO, YTO cIOJa OyAyT BKJIOUATbCA TaKHe IOCTO-
pOHHHe CBeleHHs, KaK LBeT BOJIOC, BeC HJIH POCT.

Pemas mo6yi0 3ajiauy ¢ NOMOIIbIO MallHHH HJH 6e3
Hee, Heo6XoiMMO BLIGpaTb ypoBeHb abCTparHpOBaHHA,
T. €. ONpEeleJHTb MHOXECTBO JaHHHIX, NPEeACTaBJAIOLIHX
peanbHyio curyauuio. IlpH BhiGOpe cJ/elayeT PYKOBOA-
cTBOBaTbCA TOM 3ajauefl, KOTOpYIO HEOGXOAHMO DEIUHTb.
3areM HaMJeXHT BHOpaTb Cnocol npeicTaB/eHHs 3TOR
uHdopMauuH. 31ech yXKe HEOOGXOAHMO OPHEHTHPOBATHCA
Ha Te CpeiacTBa, C NOMOIILIO KOTOPHX pelIiaercss 3a-
Aaya, T. €. YYHTHBaThb BO3MOXHOCTH, NpeloCTaB/seMHe
BLIYHCJHTENbHO MallHHOA. B GOJBIIHHCTBE caAy4yaeB 3TH
IBa 3Tana He GHBAIOT NMOJHOCTbIO HE3aBHCHMHMH.

BrGop npeacTaBleHHs AaHHHX 4YacTo sBJAseTcs A0-
BOJIbHO TpyIHOH mnpoGaeMoH, HGO He ompepensiercs O«
HO3HaYHO NOCTYNHHMH cpeAcTBaMH. Bcerna HyXHO NnpH-
HHMaTb BO BHHMaHHe H ONepalHH, KOTOpHE BHINOM-
HAIOTCA Haj 3THMH JaHHHMH. Bor xopolunit npuMep:
npeActaBieHHe yuceJ. OHH caMH 1o cebe yXe abCcTpak-
LMH HEKOTOPHX CBOACTB OGBEKTOB, KOTOpHE cjelyer
KaK-TO OXapakTepH3oBaTb. EciH enHHCTBeHHOM (WM 10-
MHHHpYyIOLIeRt) onepauHed OyAeT CcJOXKeHHEe, TO XOpo-
IUHM Ccnoco60M NpeAcTaBHTb YHCJIO n OydeT NpocTo
noc/efloBaTeNbHOCTb H3 N «uepTouek». IIpH TakoM npen-
CTaBJEHHH MpPaBHJIO CJOXEHHs [eACTBHTEJIbHO H oOue-
BHIHO, H TNPOCTO. B OCHOBY «pHMCKOro» npeacTaB/IeHHS
NI0JI0KEH TOT XK€ MPHHLHIN NPOCTOTH, H MpaBHJa CJOXkKe-
HHS 175 HeGOJbIIMX YHCEJ CToJb XKe npocTH. C apyroft
CTOPOHH, «apalckoe» NpejcTaBJeHHe yHcesn TpebyeT aa-
JieKOo He OYEBHAHHX NpaBHa (Aaxe 1A HeGOJNbIUHX YH-
cen), mnpaBuiaa TpeOYyOT 3aNOMHHAHHA, BHyYHBaHHSA
HauaycTb. CHTyauus, OfHaKO, H3MEHAeTCs, eC/IH peyb 3a-
XOAHT O CJOXKeHHH GOJBbIIHX YHCeJ HJIH BBeISHHH YMHO-
JKeHHs H JleseHHs. PasjoXeHHe TakHX omepauuit Ha 6o-
Jlee NPOCTHE OKa3hBaeTcsl 3HAYHTEJNBHO IMpolle B Cay4ae
apalGCKOro mnpeacTaBieHHs, YTO OOBACHAETCA CHCTeMa-
THYHOCTBIO IPEACTaBJEHHsl, OCHOBAHHOTO Ha <NO3HLHOH-
HOM Bece» HHDD yHCA.

Xopolllo H3BECTHO, YTO B OCHOBE BHYTDEHHEro npen-
CTaB/IecHHA YHCeJ B BHUYHCJIHTEJbHHX MalllHHaX Jexar
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INBOHYHHEe nudpu. a5 yeJoBeka Takoe NpeACTaBJeHHE
He MOAXOAHT: Y OYeHb BEJIHKO YHCJO TaKuX HHPP. 3aTO
OHO OYeHb NMOAXOAHT AJS JIEKTPOHHBIX CXeM: 3HayeHHs 0
H | MOXHO yN0GKO H Haf€XHO KOAHPOBAThb HaJHYHEM HJIH
OTCYTCTBHEM 3JIEKTPHYECKOI0 TOKA WJIH MArHUTHOrO NOJS.

Ha stom npumepe MOXHO 06Hapy:KHTb, YTO BONPOCHI
NpeACTaBJeHHS YacTo pa30HMBAIOTCA HA HECKOJbKO YPOB-
Hell pmeranu3auuu. IlpeacTaBbTe ce6Ge, YTO HeOGXOAHMO
3ajaThb NOJIOXeHHe HeKoToporo o6bekra. IlepBoe petue-
HHe MOXeT INpPHBeCTH K BHGOpPY Naphl BelleCTBEHHbIX
yHceJ B NpPAMOYTOJbHOH HJH TNOJApPHOH cHCTeMe KOOp-
ruHat. Bropoe pelleHHe — K NMpeACTaBJACHHIO ¢ IJaBaio-
Liel 3anaTof, TAe Ka)KAoe BellleCTBEHHOE YHCJIO X CO-
CTOHT H3 NapH LeJHX yHceJ, 0603HayaloIHX ApOGHYIO
yactb { W nokasaTesb cTeNeHH e HEKOTOPOrO OCHOBaHHSA
(rak, yro x==1{+2¢). Tperbe pelreHHe — OHO OCHOBHI-
BaeTcl Ha 3HAHHH TOro, Kak B MalllHHe XpaHsTCH AaH-
Hhle, — MOXeT MpPHBECTH K ABOHYHOMY, MO3HIIHOHHOMY
NpeACTaBJEHHIO AJs LeabXx yHced. M nocseanee, ABOHY-
Hble Hu(PH MOXKHO KOAHPOBATb HamnpaBJEHHEM MarHHUT-
HOTO MOJI1 B «MarHHTHOM 3alOMHHANOLIeM YCTPOHCTBE».
OueBHAHO, YTO TNepBOe H3 pellleHWH B 3TOH Henoyke 3a--
BUCHT IJIaBHHIM 06pa3oM OT NMOCTAaHOBKH 3ajayd, a Mo-
cjeaywouue Bce Gosbine U 6oJiblile — OT HCIOJAB3YEMOrO
HHCTPYMeHTa U MeroAoB paboTh ¢ HuM. Tak, Bpsad JH
MOXHO Tpe6oBaTb, YTOOH NpOrpaMMHCT pelnaJ, Kakoe
cJielyeT HCNOJb30BaTbh NpeACTaBJeHHEe YHCEJ HJH KaKo-
BHIMH GYAYT XapakTEpHCTHKH 3aNOMHHAIOLIEro YCTpOi-
ctBa. Takde pelleHHsl HU3LIMX YpOBHeHl MOXHO OCTaB-
JATb CO3AATeJsIM CaMHX MallHH, OHH Jy4lle ApPYTHX HH-
$OpMHPOBAaHKH O CErOfHsIIHEH TEeXHOJOTHH, BJHAIOLIEH
Ha BHOOp, KOTOpHIl 3aTeM 6yneT pacnpocTpaHeH Ha Bce
(MM MOYTH Bce) NpHJIOXKEHHs, CBA3aHHHe C HCNOJb30-
BAHHEM YHCeJ.

B TakOM KOHTEKCTe CTAHOBHTCSl OUEBHIHKIM 3HaYyeHHE
A36IKO8 npozpammuposanus. JIo6oMy S3HKY Nporpam-
MHpOBaHHS COOTBETCTBYeT HeKoTopasi abcTpakTHas Ma-
IIHHa, cnocoGHas WHTEPNpeTHPOBAaTb IOHSTHA, HCNOJb-
3yeMbhe B 3TOM SH3HKe. JTO TOXe HEKOTOPHIH YpOBEHb
a6CTparupoOBaHHA OT PeasbHEIX YCTPOHCTB, HCNOJb30BaH-
HEIX B CYLIeCTBYIOI(HX MaurHHax. Takum obpasom mpo-
rPaMMHCT, HCNOJIb3YIOIIHHA TaKOH A3HIK BHICOKOIO YPOBHS,
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ocpoboXaeTcs (M orpaxfaercsi) oT BONPOCOB NMPEACTAan-
JeHHS UYHCeJ, eCJH 4YHCJa B KOHTGKCTE 3TOro sI3bKa —
3J]eMeHTapHbie 06beKTH.

JHaueHHe HCAOJb30BaHHA J1060T0 A3BIKa, NPEACTAB-
JAIOLEr0 NMOAXOASIIEe MHOXECTBO OCHOBHEIX albCTpak-
uuii, o6WHX aas GoJbluHHCTBA 3ajgau o6paboOTKH Aal-
HBbIX, 3aKJlOuaercs TIJaBHHIM o6pasoM B TOM, UYTO 3TO
NMPUBOAHT K MOJYUYCHHIO HaJeXHHX NPOrpaMmm.

Jlerue cTpouTb nmporpaMmbl, OCHOBHIBAafiCb Ha TAKHX
3HAKOMBIX TNMOHATHAX, KAaK 4YHCJa, MHOXeCTBa, MOCJaeno-
BaTeNbHOCTH M NOBTOpPEHHS, BMeCTO pa3pdlo0B, fiY€EK I
nepexoloB. KoHeuHO ke, B peajbHOl MalllHHe BC€ MaH-
Hele, Oylb TO YHCJa, MHOXeCTBa HJH MOCJel0BaTeJNbHO-
CTH, BHINISAAT Kak OrpoMHbie MaccuBbl pa3psioB. Ho
IJIsi MPpOrpaMMHCTa BCe 3TO He HMeeT 3HAaYeHHA, MO-
CKOJbKY OH (HJIH OHa) He GeclmOKOHMTCH O AeTansiX Npen-
CTaBJeHus BhO6paHHOH abcTpakuHH, H60 yBepeH, UYTO Ha
MaluHe (MJH B TpaHcasTope) Bnibpano HauboJsiee yMe-
CTHOE npelcTaBJieHHe.

Uem 6auxe abcTpaKuHs K KOHKDeTHOH MallHHe, TeM
Jerue AJs MHXKEHCpAa WJH peajnsaropa si3hika BHOpaTb
noAxoAsiliee NpelicTaBJieHHe, TeM Bhllle BepOSATHOCTb, UYTO
3T0 eXMHCTBEeHHOE IpefcTaBjeHHe NopofileT Mid. BCex
(M NouTH Bcex) MBICHMLIX NpPHJIOXKeHHH. DTOT akr
yCTaHaBJIMBaeT oOnpefeJeHHbHle MNpelesh Ha CTeNeHb
a6cTparupoBaHHsl OT 3alaHHoii Mamiunbl. Hanpumep, He
HMeeT CMHIC/Ia BKJIOYaTb B OCHOBHHIE 3JIEMEHTH YHHBep-
CaJIbHOro s3blka reoMeTpHuecKHe OOBEKTH, NOCKOJbKY
HX YyAOOHOe npeAcTaB/AeHHe H3-3a MNpPHCYIleH HM BHY-
TpeHHeH cJloXHOCTH 6yneT B 3HauYHTeJbHOH Mepe onpe-
neasaThCsl TeMH oMnepauHsiMH, KOTOphle Hal HHMH COBep-
wawrtcsd. IIpHpoaa u uacToTa 3THX onepauHi CO3AATeNIO
yHHBEpCAJbHOTO fI3BIKA H €ro TPaHCJSATOPa HEeH3BECTHH,
H kakoe 6B MNpelcTaBjeHHe OH HH BHOpaJ, OHO MOXeET
0Ka3aThCAd HEeMOAXOAAIIHM NPH HEKOTOPHX NMpHMEHEHHsIX.

HUMeHHO 3TH coobpaKeHus onpefessloT Bubop NoHs-
THH ANSl ONHCAHHS AJrOPUTMOB H HX AAHHHX, HCNOJb-
30BaHHBIX B Hame#l knHre. $lcHO, YTO HaM XOTeJOCh
HCMOJb30BaTh NPHBHYHHE MaTeMaTHUeCKHe MOHATHH YH-
cell, MHOXeCTB, Noc/aefloBaTeJbHOCTeH H T. M., a He NpH-
cyuiHe MalUHHAM MOHSTHS Bpoje CTpoK pa3psnos. Ctonib
e OYeBHAHO, UTO MH XOTeJH HCNOJb30BaTb H MOHSTHS,
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IJIf KOTOPHIX, H 3TO yXKe H3BeCTHO, CyuIecTBYIOT 3ddex-
THBHHle TPaHCAATOpH. [IpHyeM He xOTesoch OH Kak yno-
TpebasaTh MalIHHHO-OPHEHTHPOBAHHHIHA HJIH MaUIWHHO-
3aBHCHMHIH A3bIK, TAK H OMHCHIBAThb NPOTPAMMH AJs Ma-
UWIHHB B a6CTpaKTHHX MOHATHAX, OCTABJANUIHX OTKDH-
THIMH BONpPOCH INpeAcTaBleHusi. B nonmTkax HaiT
KOMIIDOMHCC MeXAy 3THMH KpalHHMH CcOOGpaXKeHHAMHU
yx¥e Obl1 co3flaH a3HK [lackanab, B JAecsiTh JeT paGOTH
c uuM [1.3] npuBenu Hac K a3mKy Moayna-2. B Hem co-
XpaHAIOTCA OCHOBHHE NMOHATHA [lackaasa H R06aBASAIOTCA
HEKOTOpHE YJYy4YlleHHsI H pacluIHpeHHs. MIMeHHO 3THM
A3HIKOM MH H OyReM M0Jb30BaTbCA B Hallef KHHre
[1.5]. SI3bik Moayna-2 yxe Gul yCNMEeUWIHO peasH30BaH
Ha HECKOJbKHX MalIHHaX, K 3TO MOATBEPAHJIO AOCTATO4-
HYyI0 GJH30CTb €ro MOHATHE K peajlbHHIM MallHHaAM H
BO3MOXKHOCTb JIEFKOro OGBACHEHHA KaK CaMHX IOHATHH,
TaK H HX NpeAcTaBjeHud. $I3HK A0CTaTOYHO GJH30K H K
IPYrHM fI3nlKaM, cjeloBaTelbHO, YPOKH, H3 Hero H3BJe-
YyeHHBle, TPHMEHHMEl H K HHM.

1.2, KOHUEINUHWA THUIIA OTAHHBIX

B mMaTeMaTHKe NPHHATO KJacCH(MHIHPOBATb MepeMeH-
HEle B COOTBETCTBHH C HEKOTOPHIMH BaXXHHIMH XapakKTe-
PHCTHKaMH. MH pasjHuaeM BellleCTBEHHHE, KOMIJEKCHEIE
H JIorHuecKkHe MNepeMeHHBle, MepeMeHHHE, NPEACTaB-
asomue coboft OTAeNbHHE 3HAaueHHs, MHOXeCTBa 3Ha-
YyeHHH HJIH MHOXeCTBa MHOXecCTB; (PYHKIHH Mbl OTJIHYAEM
0T (DYHKIHOHAJIOB HJH MHOXeCTB QYHKUHH H T. A. B 06-
paboTKe MaHHHX MOHATHe KJAacCH(PHKAILHH HTDAeT TaKyio
Xe, ec/IH He 60J1bUIYI0 poJb. Mbl GyleM NMpHAEPKHBATHCS
TOrO MPHHIKMA, 4TO JMI06as KOHCTAHTA, MepeMeHHas, Bhl-
pa)keHHe WJH (YHKUHMA OTHOCATCH K HEKOTOpOMY TuUnY.
QDaKTHUECKH THI XapaKTepPH3yeT MHOXeCTBO 3HaueHHH,
K KOTODHIM OTHOCHTCH KOHCTaHTa, KOTOpDHE MOXeT IpH-
HHMaThb HEKOTOpas MepeMEHHas HJH BHpPa)KeHHe H KO-,
TOphie MOXeT (popMHPOBaTh (BYHKIHA.

B MarteMaTHuecKOM TeKCTe THN NepeMeHHOH OOBIYHO
onpezeasieTcss MO WpPHOTY, AJSA 3TOTO HeT HYXAH obpa-
martbcsl K KOHTeKcTy. TaKo#f cnoco6 B MporpaMMHpOBas
HHUH He MOAXOAHT, IIOCKOJbKY OOBIYHO Ha MallHHAaX
HMeeTcsl 06OpydOBaHHe JIHIIL C OAHHM WIPHPTOM (Ha-
npuMmep, JaTHHCKHMH GykBamu). [JosaToMy WIHDPOKO HC-
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No.1b3yeTcsl NpPaBHJIO, MO KOTOPOMY THN SIBHO YKa3Hl«
BaeTCs B ONUCQHUYU KOHCTAHTH, MepeMeHHOH HJH J060#
(VHKUMH. DTO NpPaBHJIO OCOGEHHO BaXKHO NOTOMY, 4TO
TPAHCAATOP [AOJKeH BLIGHpAaTb INpeACTaBJieHHe AaHHOFO
00DbEKTa B MaMATH MaLIHHBL JICHO, YTO MaMsTbh, OTBOAH-
Mas TNOA 3HayeHHe NepeMeHHOH, J0JKHAa BHOHpaTbCs B
COOTBETCTBHH ¢ AHANMa30HOM 3HayeHHH, KOTOpHIE MOIKET
lpHHHMATh nepemeHnHas. EcaM y TpaHcasaTopa ecTb Ta«
Kas HHpOpMAIHA, TO MOXKHO OO0oHTHCH 6€3 TaK HasH-
13a€MOFO JHHAaMHYECKOro pacmpeneseHHss naMmsaTH. Hacro
3TO OYEHb BaxKHO AAs 3pdEeKTHBHOH peanu3alHH ajro-
nuTMa. OCHOBHBlE NPHHUMINLE KOHUENUHH THIA, KOTOPHM
1Bl 6yAeM CJAed0BaTh Ha MPOTSXKEHHH BCEro TEKCTa H KO-
TOpHE BKJIOYEHH B sI3HK NporpaMmHpoBanus Monyna-2
{1.2], TakoBH:

1. JTi060# THNn NaHHHX ONpeAeNsieT MHOMECTBO 3Has
yeHHH, K KOTODHM MOXET OTHOCHThCSl HEKOTOpas KOH«
CTaHTa, KOTOPOE€ MOXET NPHHHMaTb NepeMeHHas HJH
BhipaXXeHHe H KOTOpoe MoXeT ¢opMHpOBAaTbCA OIlepa-
uue#t HaH GyHKUHeH.

2. Tun moGo#i BeNHYHHH, 0603HayYaeMOl KOHCTaHTOH,
NepeMeHHOH HJH BHIpaXKeHHeM, MOXKeT OHTb BHBEAEH MO
e¢ BHAY WJIH 1O ee ONHCAHHIO; AJfA 3TOTO HeT HeobXo-
JUMOCTH NPOBOAUTb KaKHE-JIHOGO BHIUHCJEHHS.

3. Kaxnana onepauuss HaH ¢yHKuHs TpebyeT aprys
MEHTOB ONpEAeJEHHOr0 THNAa M AaeT pe3yJbTaT TaK¥kKe
¢ukcHpoBaHHOro THna. EcH onepauHs AolyckKaer apry-
MEGHTH HECKOJBLKHX THNOB (HanpHMep, «-+» HCIOJb«
3yeTcs Kak AJf CJIOXEHHS BeULeCTBEHHHX YHCeJ, TaK H
A1 CJIOKEHHSA LeJHX), TO THN pe3yJ/ibTaTa perJaMeHTHs
pyeTcs BHOJIHE Onpelde/IeHHHMH NpaBHIaMH f3HKa.

" B pesyJbTare TPaHCJAATOP MOXET HCNOJb30BATb HHs
(pOpMALHIO O THNAX AJS NPOBEPKH AONMYCTHMOCTH pa3«
JHYHHX KOHCTPYKUHil B nporpaMMe. Hanpumep, HeBepHOe
npiicRaHBaHHe JIOTHYECKOFO 3HAYeHHs apHMeEeTHYECKOH
nepeMeHHON MOXXHO BHISIBAUTH 6€3 BHIIOJHEHHS IpO-
rpaMMH. Takas H3GHTOYHOCTb TEKCTa NPOTPaMMH Kpai-
He NOJie3Ha M MOMOTaeT NPH CO3AaHHH NporpaMM; OHa
CYHTaeTCsl OCHOBHHIM INpPEHMYyLIeCTBOM XOpPOIIHX $3HKOB
BLICOKOFO YDOBHSl IO CPaBHEHHIO ¢ S3HIKOM MAIUHHH HJH
acceMbiepa. KoHeyHO, B KOHIle KOHILOB AaHHHE OyayT
NpcACTaBJEHH B BHAE OTPOMHOTrO KOJHYECTBA JBOHUHHX
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uHdp HeszaBHcHMO OT Toro, Gblia JH NMporpaMma HamH-
caHa Ha si3blKe BBICOKOTO YPOBHSt C HCIOJIb30BaHHEM
KOHUENLHH TuNa HJAH Ha s3HKe acceMObJepa, rie BCsKHe
THOBl OTCYTCTBYIOT. /st BBHIUHCJAHTEJNbHOH MalllHHBI Ta-
MSITb — 3TO OJHOpPOJAHAast Macca pa3pfloOB,” He HMelomas
Kako#t-nH6o cTpyktypbl. W Toabko abcTpaKTHast CTPYK-
Typa No3BOJ/IfieT MPOrpaMMHCTy paszo0paTbcsi B 3TOM Ol-
110006pa3HOM neHi3axe NaMsTH MalIHHBHI

Teopus, npencrapnenHasi B Hauled KHHre, H i3bIK MPO-
rpaMMHpoBaHHs Monyna-2 npeamosaraioT HeKOTOpbie
MeTOlbl OMNpele/seHHst THNOB JaHHWX. B GoJblLiHHCTBE
CJyyaeB HOBble THNH AAHHBIX ONpeNefsioTCS ¢ MOMOUIbIO
paHee onpejeJieHHbIX THNOB AAHHBIX. 3HAaYeHHS TaKOro
HOBOro THMa OGLIYHO NMPEeACTaBJAIOT co60f COBOKYIMHOCTH
3HaYeHHH KOMIIOHEHT, OTHOCSLUHXCSI K ONpefle/leHHBM pa-
Hee COCTABJSIOMIMM THIAM, TakHe 3HaYeHHs Ha3HBaOTCH
coctasHoimu, Ecniv HMeercst TOJNLKO OWH COCTaBJSIOMWHKH
THI, T. €. BCe KOMIOHEHTHI OTHOCATCS K OILHOMY THIY,
TO OH HasbiBaercst 6a3osbim. UHc0 pa3jHYHBIX 3Haye-
HHR, BXomsmwMX B THn T, HasbiBaercst MomHocTbio T.
MomHocTs 3alaeT pa3mep mnaMmsiTH, HeoGxogumoil s
pasmemienuss nepemeHHot x tuma T. [IpHHamneXHOCTb
K THNy oGo3HavaeTcs x: T.

ITockonbKy cocCTaBAsiIOWHE THNL TaKXe MOTYT OBITb
COCTaBHBIMH, TO MOXHO MOCTPOHTb LeNYI0 HepapxHio
CTPYKTYP, HO KOHEYHHle KOMIIOHEHTH JI000f CTPYKTYPH,
pasyMeercs, NOJIKHB OnTb atoMapHbiMH. CuienoBaTesib-
HO, CHCTeMa MNOHATHH [OJXKHAa NONYCKaTb BBeleHHe H
MPOCTHIX, 3JeMeHTapHbX THNOB. CaMuiii npsiMoJHHERHHH
MeTOJl ONMHCaHHs MpPOCTOr0 THNA — f1EPEeLUCACHUE BCEX
3HaYyeHH#, OTHocsiuiuxcst K 3Ttomy THny. Hanpumep, B
nporpaMmMe, HMelomeld JeJo ¢ NJOCKHMH reoMeTpHue-
CKHMH (HrypaMH, MOXHO ONMHCaTb NMPOCTOH THN C HMe-
HeM ¢pueypa, 3HaueHHs KoToporo o603HA4alOTCs HAEH-
THQUKATOPAMH: APAMOY20AbHUK, KBAJPAT, 3AAUNC, KPY2.:
Ho kpoMe THmOB, 3ajlaBaeMbiX NMPOrPaMMHCTOM, HYXHO
MMeTb HEKOTOphle CTaHAapTHHe, Mpelonpeje/eHHbe
tanel. Clona o6blYHO BXOISIT YHCJA H JIOTHYECKHE 3Ha-
yeHHst. Ecan 015 3HaYeHHH HEKOTOpOro THIa cyuiecTByeT
OTHOLIIEHHe TMOpsilKa, TO TaKOH THN Ha3blBaercs ymnops-
IOYEHHBM HJH ckaanpHelm. B Monyne-2 Bce 3jeMeHTap-
Hble THIB YNOPsiAOUEHH, B clydyae $IBHOTO NEpeyHCJIeHHs
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CYHTAETCA, 4YTO 3HAUCHHS YNnOpPsSAOYEHH B NOpslKe Mepe-
UIIC/EHHS.

C nomoupio 3THX NpPaBHJ MOXHO ONpeaeasiTb Npo-
CThie THIH H CTPOHTb H3 HHX COCTaBHHE THNH Jio6o#t
cTeneHu cnoxHocTH. OlHaKo HAa NMPaKTHKe HEJOCTAaTOYHO
HMETb TONLKO OJHH YHHBEPCAJbHLIA MeTOA 06belHHEeHHS
COCTaBJAKIIMX THNOB B cocTaBHOH THN. C yueToM npak-
THYECKHX HYXJA NpPEACTaBJEHHS H HCNOJIb30BaHHA YHH-
BepCaJbHHiA fA3bIK AOJKEH pacnojaraTb HeCKOJbKHMH
mnerodamu ob6wedurerus. OHH MOTyT GLITb 3KBHBaJEHT-
HBIMH B MaTE€MaTHYeCKOM CMBIC/IE€ H pa3/H4aTbCA onepa-
UHAMH JJIS BBHI6OpPAa KOMMOHEHT MOCTPOCHHLIX 3Ha4yeHHH.
OcHoBHEIE paccMaTpHBaeMble 3leCb METOAH MO3BOJSAIOT
CTPOHTDb CJeAylolUlHe OOBEKTH: MACCuBbi, 3anucu, MHO-
wecTéa W nocaedogareabHoctu. Bodee caoxnbe ob6bean-
HEHHA OOHYHO HE OMHCHIBAIOTCH KaK «CTAaTHYECKHE THMHI®,
a4 <«JAHHaMHYECKH» CO3MalOTCA BO BpeMsl BHIIOJHEHHS
nporpaMMul, NpUYeM HX paaMep H BHA MOTYT H3MEHATbCA.
TakHe 06beKTH pPacCMaTPHBAIOTCA B I 4 — 3TO CMHCKH,
KOJbla, AepeBbs H, BoOOILle, KOHeuHble rpadl.

[lepeMeHHble H THNH AaHHHIX BBOASATCA B NpPOrpaMmy
1A TOro, 4To6H HX HCNOJb30BaTh B KaKHX-NH6O BhIUHC-
aerusax. ClefAOBaTeNbHO, HYXHO HMETh €llle H MHOXECTBO
HeKOTOpHX onepauuil. Jas KaxKA0Oro u3 CTaHAapTHLHIX TH-
NOB B fI3nKe [pelyCMOTPEHO HEKOTOpPOe MHOXeCTBO
NPHMHTHBHLIX, CTAHAAPTHHIX onepanui, a U pas/HYHHX
MeTONAOB O6beAHHEHHS — OnepalHH CeJeKTHPOBaHHSA KOM-
NOHEHT W cooTBeTCTBylolLlas HoTauHs. CyTblo HCKYCCTBa
nporpaMMHpOBaHda OOLIYHO CUHTAETC yMEHHe COCTaB-
aATh onepaudd. OaHako MH YyBHAHM, YTO He MeHee
BaXXHO yMEHHe COCTaBJATh AaHHHE.

BaxHeiillHe OCHOBHBE ONepanHH — CpasHenue U npu-
csausanue, T. €. NpOBEpKa OTHOIIEHHs paBeHCTBa (K no-
psiKa B caydae YNOpSIAOYEHHBIX THNOB) W JAeACTBHe NO
«yCTaHOBKe paBeHCTBa». [IpHHUHNHAJbHOE pasJHuHe
3THX ABYX OnepanHi BHIPaXKaeTcsi H HYETKHM pasjHuHeM
X o6o3HayeHHit B TEKCTe:

IpoBepka paBeHcTBa: X ==y (Bhpa)eHHe, jfaollee 3HaueHHe
TRUE nan FALSE)

IlpucBarBanHe: x :=y (onepaTop, AefaiolHA X paBHHM Y)

OTH OCHOBHBIE JAeHCTBHA oMNpefeeHH AJas OOJbIIHH-
CTBa THNOB MAaHHLIX, HO cJeAyeT 3aMeTHTb, 4YTO AJfA
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JaHHHX, UMeloUHX 6oJbllofi 06beM H CJAOKHYW CTPYK-
TYPY, BHIIOJIHEHHE 3THX ONepalHii MOXKeT CONPOBOXIATh+
Csl IOBOJIBHO CJIOXXHBIMH BRIUUCJIEHUSIMHU

Ina craHgapTHRX NPOCTHX THNOB JaHHEIX MBl KpOMe
NpHCBauBaHUA M CpaBHEHHS NpelycMaTpHBaeM HEKQTO-
pOe MHOXECTBO omepalHii, CO34al0IIHX (BHYHCAAIOLINX)
HOBHIe 3HaueHHusl. Tak, AJS YHCJAOBHIX THIOB BBOAATCS
CTaHJapTHHe apHMeTHUECKHe onepalluH, a IJs Joruue-
CKMX 3HauyeHHH — 3JIeMeHTapHHle OoNepauuH JOrMKH BHI-
CKa3LIBaHHH,

1.3. ITIPOCTEVIIME THIIbl JAHHbIX

Jlio6oft HOBHIA NpOCTEHIIHH THO ompejaenserTcs MOpo-
CTHIM [epevyHcJeHHeM BXOASALIHX B Hero pasjIMUHHX 3Ha<
yenul. Takoii THN HasmhBaercs nepeuucasemoim. Ero om-
pelenieHle HMeeT CaeAyIOUHA BHA:

TYPE T =(cy, €2 ««s» Cn) (1.1)

rie T — ujaesTudukaTOp HOBOTO THMA, a C; — HAEHTH-
GUKATOPH HOBHIX KOHCTAaHT. MoOIIHOCTb MHOXKecTBa T
obosHauaetcs yepe3 card (T)=n.

ITPUMEPBHI

TYPE shape = (rectangle, square, ellipse, circle)

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, dollar, shilling, lira, guilder,
krone, ruble, cruzeiro, yen)

TYPE destination == (hell, purgatory, heaven)

TYPE vehicle = (train, bus, automobile, boat, alrplane)

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

colonel, general)

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

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

TYPE condition = (manual, Wnloaded, parity, skew)

OnpenesieHHe TaKHX THIIOB BBOAHT HE TOJNBKO HAEHTHOU-
KaTOp HOBOTO THNMa, HO H OJHOBDEMEHHO MHOXECTBO
nleHTHdUKATOpPOB, 0603HaYalOWKX 3HAYEHHUsA 3TOro HO-
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poro THOma, 3aTeM Besje B NpOrpaMMe HX MOXKHO yXe
HCNOJb30BaTh KaK KOHCTAHTH, YTO B 3HAYHUTEJNbHOH CTe-
7eHH CnocobCTBYeT HarJsgHOCTH, EcaH MH BBEleM, CKa-
sieM, nepeMeHHHe s, d, ru b

VAR s sex

VAR d: weekday

VAR r: rank

VAR b: BOOLEAN

T0 MOXHO HamHcaTb TakHe oOINepaTOPH MPHCBaWBaHHA:

s :=male

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

QOueBHAHO, OHH (oJiee HHPOPMATHBHH, UEM IKBHBAJIECHT<
HHe HM:

s:=1 d:=7 =6 b:=2

rie npeamnosaraercs, uto s, d, r H b ompezensioTes Kak
LeJHe YHC/Ia, 3 KOHCTAHTH B NOPSAAKE MX NepedyHCIeHUs
oro6paxawoTcs B HaTypaJbHHe uyHcia. Kpome artoro
TPAHCJAATOP MOXET NMPOBEPHTb COCTOSATEbHOCTb HCMOJb«
30BaHHs TOW WJM WHOA omepauwu. Hanpumep, mpu Ta-
KOM ONHCaHHH S, KaK BHIUE ONepaTop s :== s + I KoJXKeH
cyHTaTbesl 6eCCMHCAEHHRIM.

TTockoJbKY mnepeuync/aeHHst 3ajaloT YNopsiAOYeHHOCTb,
TO NepeuyHcJHMbe THNH GYAYT BecbMa UYBCTBHTEJbHHIMH
K BBeACHHIO OMepaudii, MOpPOXKAAIOWMX AJaA 3aAaHHOrO
apryMeHTa NpeAHAYLIHe HJH IMOciAeAYyiollHe 3HaueHHs.
TTo3TOMy MBH MPOCTO MOCTYJHPYeM CTaHZapTHHE Onepa-
LM, NPHCBAMBAIOIIHE CBOHM apryMeHTaM cJaeayiouee
HJIH NpeAHAyllee 3HAYEHHE:

ING (x) DEC(x) (1.2)

1.4. TPOCTENILIHUE CTAHJAPTHBIE THIIbI

K craHgapTHHM npocTeALINM THNAM MH OTHOCHM
TUNH, WMelolIHecs (BCTPOeHHHEe) Ha GOJbLIMHCTBE BhHI-
YUCJAHTEAbHHX MalHH. Cloja BXOAAT LeJEHeE YHCIa, JIo-
THYeCKHE HMCTHHHOCTHHE 3HaueHHs H MHOXeCTBO Meda-
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TaeMHX CHMBoJOB. Ha MHOTHX MallHHax ecTb W Apob-
HBle 4HCJa BMeCTe C COOTBETCTBYIOLUIHMH CTaHAapTHREIMH
apupMeTHYeCKHMH onepanusiMH. Mu OyldeM o603HauaTb
3TH THIH CJEAYIOLIHMH HAeHTH)HKATOpaMH:

INTEGER,CARDINAL,REAL,BOOLEAN, CHAR

Tun INTEGER BkJioyaer HeKOTOpOe NMOAMHOMKECTBO le-
JIbIX, Pa3sMep KOTOPOro BapbHpPYyeTcsl OT MallMHH K Ma-
mude. Ecau anst npeicTaB/ieHus 1esbX YyHcesl B MallHHE
ACNOJb3yeTCA n pa3pAnoB, NPHYEM HCIOJb3yeTcsA 10MOoJ-
HHTEJNbHBIH KOA, TO JONYCTHMBle YyHCJa AOJNKHB YAOB-
JIETBOPATh YCJAOBHK —21~! < x << 271, Cuyuraercs, 4TO
BCe OnepalHH Hajl NaHHBIMH 3TOrO THNA BHIOJHAIOTCA
TOYHO H COOTBETCTBYIOT OOWIYHEIM IpaBHIaM apHpMe-
THKH. Ecsin pe3ysbTaT BHLIXOAHT 3a npejesbl NpeacTaBH-
MOrO MHOXECTBa, TO BBHIYHCJeHHs OyAyT npepBaHhH. Ta-
Koe coOhTHe Ha3blBaeTcs nepenoaxeruem. UYernipe
OCHOBHble apH(p)MeTHYeCKHe ONEpalHH CYHTAIOTCSA CTaH-
NapTHHIMH: cJOXeHHe (-+), BhIUHTaHHe (—), yMHOMKe-
Hue (#)u penenue (/, DIV).

Mu Gynem ZenaTh OTJIHYHE MeXAy 3HJepOBCKON Ie-
N0# apHpMETHKOH H MOIYJbHOH; B INepPBOH JeseHHe
o0o3HayaeTcs KOCOH yepTOH, a B3ATHE OCTaTKa OT JeJie-
Hus — REM. Ilyctp uacrHoe ¢ =m/n, a ocTaTok r =
= mREMn. Bceraa cnpaBelJHBO OTHOUIEHHe

g*n+r=m u O0<ABS(r) < ABS(n) (1.3)

3HaK OCTaTKa TOT e, UYTO M y JeaHTens (WM Ke OCTa«
T0K paBeH Hymo). CienoBartenbHo, 3#jepoBo Lenoe ne-
JleHHe HEeCHMMETPHYHO OTHOCHTEJNBHO HYJS U AJAs Hero
CrnpaBelJIHBL PaBEHCTBA

(— m)/n = m/(— n) = — (m/n)

TTPUMEPHI

31/ = 3 31REM10 = 1
31710 = -3 »31REM 10 = -1
31/-10 = -3 31REM-10 = 1
$31/-10 = 3 -31REM-10 = -1

B MoayabHON (KOHTpYy3HTHOHR) apHU¢MeTHKe 3HaueHHe
m MOD n ¢akTHyecku ecTb HeKOTOPHIH KJ1aCC KOHTPY3HT-
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HOCTH, T. €. MHOXKECTBO LEeJHX, a He eAHHCTBEHHOE YHCJIO,
B 3TO MHOXECTBO BXOAfAT BCe YHcJaa BHAa m— Qn pas
npOH3BOMbHEIX Q. OueBHAHO, YTO TaKHe KJacChl MOXHO
npeACTaBaATh OLHHM ClelHPHYECKHM 3JeMEeHTOM, HanpH-
Mep CaMBHIM MaJIeHbKHM H3 HeOTPHLATENbHHIX 3JEMEHTOB.
CaepnoBaTesbHO, Mu onpenensieM R=mMOD n u B To
;e BpeMss Q = m DIV n, tak uto yLoBJeTBOpAIOTCA CO-
OTHOLUEHHS

Q+n4+R=m u O<R<n (14)
[TPUMEPDI
3IDIVI0 = 3 31MOD10 =1
~31DIV10 = -4 ~31MOD16 = 9

O6paTuTe BHHMaHHe, 4TO dejeHHe Ha 10° MOXHO BHI-
NOJIHATb, CABHras AeCATHYHOE YHCJIO BIPABO HAa N MO3H-
LHH, TpHYeM <«BHABHraeMbie» UH(PPH TNPOCTO HTHOPH-
pyloTCs. DTOT e NMpHeM JOMYCTHM, KOTJa YHCJAO MNpel-
CTaBJIEHO He B 1eCATHYHOM, a B ABOHYHOM BHAe. EciH Mbl
iMeeM 1eJ0 ¢ NpelcTaBJeHHeM B JONOJHHTeNbHOM KOJe
(a Ha GOJIbIIHHCTBE COBPEMEHHLIX MallHH HMEHHO TakK H
06GCTOMT [1eJ0), TO CIABHI peaJsu3yeT [eJeHHe, Onpele-
JeHHOe Bbllle Kak onepauus DIV (a ne omepauus /).
YMepeHHO CJIOXKHBIE TPaHCAATOPH MNOSTOMY MpPEACTaB-
AsiI0T onepaudi BHAa m DIV 2% ¢ noMouibio OnicTpoit
onepaunHH CABHra, OIHAKO 3TO yNpOUieHHe K BhHPaXKeHHAM
THNA mM/2" HenpHMEHHMO.

Ec/H npo HEKOTOpYIO mepeMeHHyl0 H3BECTHO, YTO OHa
He NPHHHMaeT OTpHUATe/NbEHIX 3HaueHHA (cKaxeM, 3To
KaKOH-TO CYETYHK), TO 3TO CBOICTBO MOXXHO MOAYEPK-
HyTh, COCJaBIIHCh Ha [ONOJHHTEJbHLIR CTaHAaPTHHA
tin CARDINAL. Ecan Ha MallkHe AJsi NpeACTaBJeHHS
uesnx (6e3 3HaKa) HCIoJab3yeTcs n pa3psioB, TO nepe-
MCHHBIM TaKOTO THINA MOXHO NPHCBAHBAaTb BEJHUHHH,
yIOBJIETBOpSIOLIHe YCJIOBHIO () <T X < 2",

Tun REAL oGo3HauaeT NOAMHOMXECTBO BeLieCTBEeH«
HbIX yHceJ. B To BpeMsi Kak cuntaercs, uTO apHdMeTHKa
c onepanaamu thna INTEGER n CARDINAL naer Tow-
HbIA pe3yJbTaT, AONYCKaeTcs, YTO aHaJIOTHUHHE Jef-
CTBHA cO 3HaueHHsAMH Thna REAL Moryr GuTb HeTOu-
HbIMH, B nNpeleJax OWHGOK OKPYrJIeHHH, BBI3BaHHHX
BHIYHCICHHAMH C KOHEYHHIM YHCJIOM LH(p. DTO NPHHUM-
li4aJibHOE pa3JiHuMe, H OHO NpHBeIO B GOJBLIHHCTBE
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SI3HKOB TNPOrPaMMHpPOBAHHS K SBHO Pa3jIHUHBIM THNAM
INTEGER n REAL.

IlBa 3uauennst crangaprtioro tuna BOOLEAN o6o-
sHauvaiotcsi uientuduratropamu TRUE u FALSE. By-
JIeBCKHe ONepalHH — 3TO JIOTHYeCKasd KOHBIOHKIHS, JH3b-
IOHKIMS H OTpuuande. Fx 3Hauenus (pe3yJbraThi)
onpegenen B Ta6a. 1.1. Jloruyeckass KOHBIOHKHHS 0060-
sHavaercs uepe3 AND (uau &), sornueckast AH3BIOHK-
unss — OR, a orpunaune — yepes NOT (uan ~). OG-
paulaeM BHHMAaHHe, UYTO OMNEpPalHH CpaBHEHHA JatoT

Ta6auna 1.1. Jlorgueckne onepauyu
p q pANDg pORg___NOTp

TRUE TRUE TRUE TRUE FALSE
TRUE  FALSE TRUE FALSE FALSE
FALSE TRUE TRUE FALSE TRUE
FALSE YALSE FALSE FALSE TRUE

pesayasratr THna BOOLEAN. Takum o6pa3om, pe3yJb-
TaT HEKOTOPOrO CPaBHEHHs] MOXHO NMPHCBOHTb KaKOH-TO
nmepeMeHHOH HJH e HCNOJb30BaThb B KauecTBe JIOrHuye-
CKOro oOnepaHaa B GyJaeBckoM BHpaxenudu. Hanpumep,
Bt GyJeBCKHX NMepeMeHHRX p U  H LeJHX NepeMeHHHX
x =5, y=_8, z = 10 aBa npHcBaHBaHHS

pi=x=y

=<y &(y<z)
nopoast peayiabrath: p = FALSE u q=TRUE.

Jloruueckne onepaunu AND u OR B Moayae-2 (4 B
HEKOTOPHX JpYrHX s3HKax) 006JafalT AONOJHHTENb-
HBIMH CBOMCTBAMH, OTJHYAIOLIMMH HX OT APYrux OHHAp-
HHX onepauuii. B TO BpeMsi koria, Hanpumep, cymma
X+ y He OnpejeseHa, ecqH X HJIH Y HEH3BECTHH, KOHb-
IoHKuHMs p&q onpeleneHa jJaxe NpH HEH3BECTHOM (, €CJH
H3BeCTHO, 4TO p uMeer 3HaueHde FALSE. Takas «ycaos-
HOCTb» SIBJSIETCS] BaXHHIM H NMOJe3HHM cBoicTBoM. [lo-
atomy TouHoe onpeienenne AND u OR naercsi Takumu
JBYMsl ypaBHEHHSIMH:

p AND q=-ccnu p Torga q unaie FALSE (15
p OR q=-cecau p Torza TRUE unaue q

B cranpapten@i tun CHAR BXOAHT MHOXecTBO me-
YaTaeMHX CHMBOJIOB, K HecyacThio, He CyLlecTBYeT Ta-
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KOTO CTaHAapTHOTO MHOXeCTBa CHMBOJIOB, KOTOpOe GHLIO
0Ll NPHHATO Ha BCeX BHYHC/JHTEJIbHHX MauiHuax, [lo-
$TOMy HCNOJb30OBaHHE ONpeleJeHHsl «CTaHLapTHOE» BO
MHOTHX CJy4Yasix MOXKeT NPHBOJHTH K HEBEDHOMY IMOHH-
MaHHIO: €ro CJelyeT BOCHPHHHMAaTh KaK: «CTaHAapTHOe
1715 TOH BBIYHCJHTENBHOH MalIMHH, Ha KOTOPOH CjefyeT
BLINOJHHTE HEKOTOPYIO NMPOrpaMMy».

Haun6o/tee MHPOKO pacnpoCTPaHEHO MHOXKECTBO CHM«
BOJ10B, NPHHATOE B KayecTBe CTaHAapTHoro MexiyHa-
pOJHOR opraHusauHe#t no crangaprusauuu (ISO), u B
yaCTHOCTH, ero aMepukanckas Bepcus ASCII (American
Standard Code for Information Interchange). ITostomy
B NPHJOXKEHHH 1 MH M NMPHBOAHM 3TO MHOXKecTBO. OHO
COCTOHT H3 95 neyataeMux (rpapHyecKHX) CHMBOJIOB H
33 ynpapJIOIHX, HOC/AeJHHe HCIOJb3YIOTCA IJ1IaBHHM
0o6pa3oM MpH lepeladye JAHHHIX H AJA YyIpaBJeHHA Te-
4aTaloUHMH YCTPpOHCTBaMH.

UTo6H HMETh BO3MOXKHOCTH COCTaBJATH aJTOPHTMH,
MaHHNYyJHPYIOLlHe CHMBOJaMH (T. e. 3HaUGHHAMH THINa
CHAR) u He3aBHCsIIHe OT -CHCTEMH, CJelyeT Bce Xe
BHIAEJNHTh HEKOTOPHEe M3 CBORCTB, HPHCYIUHX MHOXeECTBY
CHMBOJIOB, @ HMEHHO:

1. Tan CHAR comepxur 26 NpOMHCHHIX JaTHHCKHX
6ykB H 26 ctpounuX, 10 apaGckux UH(p H HekoTOpOe
YHCJIO APYPHX rpadHyecKHX CHMBOJIOB, HapHMep 3HaKH
NYHKTYalHH.

2. TlonMHOXecTBa GYKB M LH(P YNOpPAJIOUEHH H «CO=
IpHKacalTcas, T. €.

(«A» < x) & (x < «Z>») -> x — nponucHas Gyksa

(«a» < x) & (x < «Z9) > x = cTpounas GykBa (1.6)
(«0» < x) & (x < «99) > x - undpa

3. Tun CHAR conepxuT HekOTOpHil HenmeuaTaeMHf

CHMBOJI, npo6e.n, €ro MOXKHO HCIOJb30BaTh Kak pasie-
JHTJb.

THISUISLAWTEXT

THISLISIIALTEXT

Puc, 1,1, Ipeacrasnenne texcra.
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Koraa saxoguT peub 0 HalHCaHWH NPOTpaMM B Ma-
LWIHHHO-He3aBHCHMOH (dopMme, TO 0CO6EHHO Ba¥XKHO YyKa-
3aTh, YTO CYIIECTBYIOT AB€ CTaHJapTHhie QYHKIHMM Npe-
o6pasopanus tunos mexay CHAR u CARDINAL. Mu
6ynem uasnBaTh HXx ORD(ch) (naeT nopsAKOBHH HOMep
ch Bo MHoxectBe cumBosioB) H CHR(i) (aaer cumBoJa
¢ mopsakoBuM HoMmepoM i). Takum o6pasom, CHR 06-
paTHa no orHoulenuo K ¢yHkunH ORD, u Hao6opor, T. €.

ORD(CHR(i)) =i (ecau CHR(i) ompexnexnena) (L7)
CHR(ORD(c)) =r¢ )
Kpome Toro, MH BBOAUM CTaHIapTHYI0 (QYHKUHIO
CAP(ch). Ee 3HaueHne —nponucHass OykBa, COOTBET+
creyowas ch (ecau, xkoHeuHo, ch Boobiie 6ykBa).

ch — ctpounas  6yksa -» CAP(ch) = cooTpeTcTByomas npo+
nHcHas (1.8
ch — nponucuas 6yksa > CAP(ch) =ch

1.5. OTPAHHUUYEHHBIE TUIIbBl (JHUAITASOHBI)

YacTo npHXOAWTCA CTAJKHBAThCA € IIOJOXCHHEM,
KOTJla nepeMeHHOH NpHCBauBaeTCss 3HaueHHe HEKOTOpOro
YHNa, Jexkaliee TOJbKO BHYTPH ONpPENENEHHOr0 HHTEp-+
Basla 3HaueHHl. Takoe NoJIOXeHHE MOXHO NOAYEPKHYTD,
enpejesuB, YTO yKaszaHHasf IepeMeHHasd OTHOCHTCA K
orpaHnyeHHoMYy THny (aHanasoHy). Tako#l Tun 3agaercs
clelyIoluM o6pasom:

TYPE T = [min.max] (1.9)

rie min W max — BHpaXeHHH, ONpeAeAIHe KOHUH
T4KOro AManaszoHa. OTMETHM, YTO ONepaHIaMM STHX BhI-
paKeHH# MOTYT GHITb TOJbKO KOHCTAHTHI,

NPHUMEPHI

TYPE year e=[1900 . 1999]

TYPE letter  e=["A".."Z"]
TYPEdigit &= ]"0".."9"]

TYPE officet = [lientcnant ., general]
UYPEindex  =[0.24N-1]
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Ec/lH eeTb mepeMeHHHE

VAR y: year
VAR L: letter

TO npucBaHBaHHMA y:==1984 u L :=«L» ponyckaiotcs,
a y:=1291 u L:= «g» —Her. O1HaKO B JerajbHOCTH
NMOAOGHHX TNpHCBaHBaHHA MOXHO YAOCTOBEpHTbCA G6e3
BLITOJHEHHA NpPOrpaMMH JHIIL B TeX CJyyasx, Koria
peyb HAET O NPHCBAMBAHHH KOHCTaHT. CrpaBelJHBOCTb
>Ke NMpHCBaWBaHHA y:=i H L:=¢, rae i — nepemenHad
LeJOro THNA, C— CHMBOJLHOTO, TPaHCJATOP He MOXeT
ONpeNeJNHTb, €CJH OH TOJbKO NPOCMaTpHBaeT TeKCT.
CHCTEMH, BelylllHe TaKHe NMpPOBEpPKH B Npouecce BHMOJ-
HEHHSl CaMHX NpOrpaMM, OKa3HBAlOTCA OYeHb LEHHHMH
AJs HX pa3pa6oTkd. Mcnosb3oBaHHe TpaHCAATOpaMH H3-
OLITOYHOR HH(pOpPMaUHH AJsA BHAEJEHHS BO3MOXHHX
OIWHGOK ellle pa3 OODBACHAET CTpeMJeHHe NpHMEHAThb
S3HIKH BRICOKOTO YPOBHS *),

1.6. MACCHB

BeposTHO, HauGoJee IIHPOKO H3BeCTHas CTPYKTypa
JAaHHHX — MacCHB. B HEeKOTOpHX f3HKax TOJbKO Mac-
CHBH H CYLIECTBYIOT. MacCHB COCTOHT H3 KOMIIOHEHT,
NpHYEM BCe OHH OJHOrO THNA, Ha3HBaeMOro 6a308uiM.
[ToaToMy cTpykTypa MaccHBOB odHopodna. Kpome Toro,
MacCHBH OTHOCAT K TaK Ha3nBaeMHIM CTPYKTypaM CcoO
cayuatinoim doctynom. Jas toro uto6H 06O3HAUHUTH OT-
LeJbHYIO KOMIIOHEHTY, K HMEHH BCero MaccHBa 106aB-
JseTCA UHOeKC, OH-TO H BHIAEJSET HYXKHYIO KOMIIOHEHTY.
WUuaekc — 3T0 3HayeHHe ClelHaJbHOrO THMa, oOmpe-
NeJIeHHOTO KaK Tun undexca NaHHOro MaccuBa. [TosaTomy
onpeaeseHHe MaccupoBoro tHna T ¢ukcupyer xak 6aso-
ot THn TO, Tak M THN HHAekca TI.

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

*) Ho moxHo paccyxaaTh M ApyruM ofpasoM. B navane B f3HK
BBOAATCA OrpaHHYeHHsl, KOTOPHle HEBO3MOMHO NPOBEPATH CTaTHYe-
CKH, a 3aTeM PajAyIOTCH, 4TO YAAeTCA MOCTPOHTb CHCTEMH, KOTOpHe
6ynyT NpoBepATb HX AHHaMuYecKH. Tak M B caydae aHaNa3oHOB:
BBOJMAHMCH-TO OHH AJA IKOHOMHH NaMATH (r1aBHHM o6pasoM), a
NpHBEAH K apPXHCJOKHOA AHHaMHueckofi momnepixke. — ITpum. nepes.
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NMPYMEPHI

TYPERow = ARRAY[1..5]OF REAL
TYPECard = ARRAY (1. 80]OF CHAR
TYPEalfa = ARRAY[0..15]0OFF CHAR

KonKpeTHoe 3HaueHHe mepeMeHHOMH

VAR x: Row
C KOMMOHEHTaMH, YAOBJETBOPSIOIIHMH YpaBHEHHIO X; =
=2-!, MOXHO TpeACTaBHTb cJeAylIHM o6pa3oM
(puc. 1.2).

C noMompbI0 HHAEKCA MOXKHO BHJIHTH JIOGYI0 OT-
IeJbHYI0O KOMIIOHEHTY JiI060ro MaccuBa. Ec/H ecTb mepe«
MeHHas-MaccHB X, TO ceJekTop MJIs MaccHBa o6o3Ha-
qaeTcsl C MNOMOIIBI0 HMEHH COOTBETCTBYIOLEro MaccHBa,
3a KOTOpHIM ciaelyeT HeoGXOAWMHN HHAeKc i TpebyeMmo#H
KOMMOHEHTH — Xy HaH X[i]. M3-3a TpaAHIHOHHOCTH mep-
BOro, OOLYHOrO 06O3Ha4YeHHs] KOMIOHEHTH MacCHBOB
CTaJIi Ha3LBAaTb /EPEMEHHbIMU C UHOEKCAMU.

O6uuHni npueM paGoOTH ¢ MaccHBaMH, B ocoGeHHO-
CTH ¢ GOJIbIIHMH MacCCHBaMH, — BhOOpOUHOe H3MeHeHHe
OTJEJbHHX €ro KOMIOHEHT, a He KOHCTPpYHpPOBaHHE MNOJI-
HOCTBIO HOBOTO COCTaBHOro 3HaueHus. [Ipu sToM mnepe-
MeHHas-MacCHB paccMaTpHBaeTCss KAaK MAacCHB COCTaB-
JSOMHX NepeMeHHHX H BO3MOXKHO NPHCBaHBaHHE OT-
HeJbHBIM KOMIOHeHTaM, HanpuMep, x[i] :=0.125. Xora
BHGOpOUHOe H3MeHeHHe NPHBOAHT TOJBKO K KODPEeKIHH
OJHOI-eJHHCTBEHHOH KOMIIOHEHTH, C KOHIENTyaJbHOR
TOYKH 3pEHHS MH MOJKHBl PacCMaTPHBATb €ro Kak M3-
MeHeHHEe BCero cOCTaBHOTO 3HAYEHHS.

Tor ¢akT, YTo HHIEKCH MaccHBa, T. €. HMeHa ero

KOMIOHEHT, LOJKHB OTHOCHTBCH

x| os K onpegejeHHoMy (ckaJjsipHO-

My) THNY, HMeEeT BeCbMa BaX-
¥ 025 HOE CyIe]CTBHE: UHOEKCHL MONCHO
X3 | 0125 goiucante. Ha MecTo uHIeKkcCH-
% [ 00625 pytoliei KOHCTaHTH MOXHO MOA-

CTaBJsATH Ji060€ HHAEKCHpPYIO-
¥ | 003125 llee BhIpaXKeHHe; OHO GyleT Bhi-

YHCJEHO M pe3yJbTaT HIAeHTH(Du-

Puc. 12. Macces mama LUHPYeT TpeOyeMylo KOMIIOHEHTY.
Row, Takast o6mWHOCTL He TOJBKO
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00eCNeyuBaeT BaXKHOE H BecbMa MOILHOE CPeACTBO Npo-
F'PaMMHPOBaHHsA, HO H TNpPOBOUHpYeT OAHY H3 HauboJee
yacTO BCTPEYAIIHXCA B NpPOrpaMMHPOBAaHHH OWHGOK.
ITosyyeHHH pe3y/JbTaT MOXET 0Ka3aThCsl 3a mpedesaMu
IHTepBaJia, BHAEJEHHOro AJA HHAEKCOB [JaHHOrO Mac-
ciBa. MH OyaeMm npeanojaraTb, YTO «NOPSAAOYHAA» BhI-
UlICJIHTeIbHAA CHCTeMa B cilyyae ownGoyHoro obpauie-
HHA K HECYIUeCTBYIOIeA KOMIIOHEHTEe MaccHBa AOJKHA
J1aBaTb HEKOTOpoe Npeldynpexjawplnee cooblleHHe.

MoIHOCTh MaCCHBOBOIO THNA, T. €. YHCJO BEJHYHH,
npuHajfieXKallHx 3TOMY THIy, e€CTb NPOH3BeJeHHE MOIL-
HOCcTed ero KOMNoHeHT. Tak KaK BCe KOMIOHEHTH Mac-
ciioBoro tHna T oTHoOcATCA K OAHOMY 6a30BOMy THNY
TO, To npu THne HHaekca Tl noayyaem

card(T) = card (T0)ard(TD) (1.11)

CocraBsisifolllHe MAacCHBOB CaMH MOTyT GHTb COCTaB-
HHIMH 3HauyeHHsAMH. [lepeMeHHas-MacCHB, KOMIIOHEHTH
KOTOpOH ONATh e MacCCHBH, Ha3nBaercs marpuyed. Ha-
npumep,

M: ARRAYI[1..10] OF Row

5TO MacCCHB, COCTOAIUHA H3 AecATH KOMIOHEHT (CTpOK),
Ka¥XJAas M3 KOTOPHX COCTOMT M3 NATH KOMIOHEHT THNa
REAL, u HasmBaercsa Matpuueit pasmepom 10X 5 ¢ Be-
LICCTBEHHBIMH COCTaBJAAKIHUMH. COOTBETCTBEHHO MOXHO
COeHHATb H CeJeKTOpH, Tak 4To My u M[i] [j] o6ozHa-
Y4eT j-I0 KOMIOHEHTY CTPOKH M,;, a 3TO i-1 KOMNOHeHTa
maccHiBa M. OGHYHO MOXKHO NOJb30BaThCsl COKpallleHHEM
MTi, j], 1 B ToM Ke AyXe onmucaHue

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

OXKHO 3aNnHchBaTh 6oJee KOMNAKTHO:
M: ARRAYI[1..10],[1..5] OF REAL

Ecnn HeOGXOAHMO BHINOJHHTL HEKOTOPYIO ONepauHio
HaJ10 BCEMH KOMIOHEHTaMH MacCHBa HJH Hal COCEAHHMH
KOMNIOHEHTAMH HEKOTOPOH CeKUHH MaccHBa, TO AJA 3TOro
y106HO BOCMOJIb30BaTbCAA ONMEPATOPOM LHMKJIa. B npuse-
0CHHOM NpHMepe BHYHCIAETCS CyMMa 3JIeMeHTOB H OTH-
CKHBAETC MaKCHMaJabHHA 3JeMEHT MaccHBa, ONHCaH«
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HOI'O CJeAYIOIHM 06pasoM:

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

sum = 0;
FORi:= 0TO1!-1 DO sum := afi] + sum END
Xk := 0; max := a[0);
FORi:=1TON-1DO

IF max < a[i) THEN k := {; max = a[k] END
END.

B caenyomem npumepe mnpexnoJaraercsi, uTto ApoG«
nas vyactb [ nmpeacTaBasercs B AECATHYHOM BHJe C IO-
moIubio k — 1 uudpn, 1. €. TaKUM MaccHBoM d, uToO

f=Si: 1<i <k dj+107!

1} eAnosoX MM, YTO MBI XOTHM pa3feauts f nHa 2. 70
npoje/bBaeTcs NMOBTOPEHHEM 3HAaKOMOH omepauuH aefe-
yus aasn scex k — 1 uudp d;, Haumnasn c i = 1. Onepa-
LHS BKJIOUaeT JejeHHe KaxXaoH uuGpH Ha 2 c yueToM
BO3MOMKHOI'O «IlepeHoca» W3 NpeAuAylled NO3HUHH H Ie-
peHoca BO3MOXKHOTO OCTaTKa I B CJEAYIOULYI0 MO3HHHIO

r:=10#r 4+ d[i}; d[i]:=r DIV 2 r:=r MOD 2

B mnporpamme 1.1 3Ta npoueliypa HCHOJb3yeTcs Aas
nocrpoeHns TabaMuB OTPHUATEJNbHHIX CTelleHeld ABOHKH.
IMosTopsiiolneecss aeneHue AJs BuluucaeHus 274, 272, .,

MODULE Power;
(* BEIMHCIIEHHE AECATHYHOTO TIPENICTABIICHH CTETICHEH 2+)
FROM InOut IMPORT Write, WriteLn;
CONST N = 10;
VAR k,r: CARDINAL;
d: ARRAY [1..N]OF CARDINAL;

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

FORi:=1TOk-1DO
ri=10#r + dfi]; @i} :=r DIV 2; r:= rMOD 2;
Write(CHR(d[i] + ORD("0")))
END;
dfk] 1= 5; Write("5"); WriteLn
END
END Power,

{Iporp, 1.1, Buuncsenne crenedell ABofky,
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«.., 2N BHOBb peaJsIu3yeTcsi ¢ MOMOUIbIO ONepaTopa UHKAA
co c1080M FOR, uTo NpHBOAHT K nosBJIEHHIO ABYX BJO-
2KCHHHIX ONepaTopOB UHKJA.

Pesynbrupylomas Bujaya a8 n = 10 BHCJAAIXT
TaK:

.5

.25

.125

.0625
.03125
.015625
.0078125
.00390625

. 001953125
+0009765625

1.7. 3AIIUCH

Hau6oJiee o6LiHii METO MOJNy4YeHHsI COCTABHHIX THIOB
3aKJioyaercsi B 06beJHHEHHH 3JIeMEHTOB MPOH3BOJBHHX
THNOB. [IpHYeM caMH 3TH 3JieMeHTH MOryT OHITb B CBOIO
ouepefb cocTaBHHMH. [IpHBeneM NMpHMepH H3 MaTeMaTH-
KH: KOMIVIEKCHHE YHCJa, COCTOSIIIHE H3 ABYX BellleCTBeH-
HbiX YHCeJl, HJIH KOODAHHATH TOYKH, COCTORLIHE H3 ABYX
nian Oonee uHCes, — 3TO 3aBHCHT OT Pa3MepHOCTH Mpo-
CTpPaHCTBA, HAKPHIBaeMOro JaHHOA CHCTEeMOH KOOpJHHAT.
A BoT mpuMep H3 006paGOTKH AAHHHIX: YEJOBEK OMNHCH-
BaeTcs ¢ MOMOILIbIO HECKOJNbKHX MOAXOASIIHX XapaKTepH-
CTUK BpPOAe HMeHH, GaMHJIHH, NaTH DOMAEHHS, NOJa H
CeMeHHOrO MOJIOXKeHHH.

B MmareMaTHKe TaKHe cOCTaBHHe THIBI Ha3HBailoT Je-
KQpTOBbIM npoussedexruem COCTABJISIOUIMX €ro THIOB.
910 0GBACHSIETCSt TeM, YTO MHOXKeCTBO 3HayeHHH, ompe-
JeJleHHOE TaKHM COCTaBHBIM THIIOM, COCTOMT H3 BCeX
BO3MOMHHX KOMOHHAUHA 3HAYeHHH, OTHOCSAIIHXCS K KaX-
JOMY H3 MHOXeCTB, MPEACTABJASIOUIHX cO60A COCTaBJSIO-
e THOH. TakuM 06pasoM, YHCJIO TakKHX KOMOHHa-
Ui — HX HHOrAa Ha3HWBAalOT N-KaMH — DaBHO MpPOH3Be-
LEHHIO YHCJIa 3JIeMEHTOB B KaXXIOM H3 COCTaBJSIOLUIHX
MBOKecTB. [l03TOMY MOIIHOCTb COCTaBHOrO THMNA €CTb
npou3selleHHe MOLIHOCTeR COCTABJAIOUHX THIOB,
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[1pu o6paGoTke NaHHHX COCTaBHBE THIIH, ONHCHBAO«
HiHe JIoAeH MJIH O6beKTH, OOHYHO BCTpewaloTcst B (ai-
Jax HJAH OGaHKax AaHHBIX; OHH ONHCHIBAIOT CYLIECTBEH-
HbIC XapAKTEPHCTHKH HEKOTOPHX NEepCOH HJIH OGBEKTOB.
TTosTOMy K JaHHHIM TakoH NPHPOAHW CTaJo LIHPOKO MpH-
‘MeHATECSL cJoBOo 3anuce (record), W HMEHHO HM Ml
6yncM TMOJb30BAaThCS BMECTO TepMHHA «JEKapTOBO NPO-
u3BeleHue», B obuieM caydae 3anucHoit THn T ¢ koMmno-
nentamu Ty, Ty, ..., Tn onpeneasiercst cienyiomuM o06-
pasom:

TPET = RECORD sy: T2
55:Ta
a1

8a:Th
card(T) = card(Ty) # card(T;) ¢ ... » card(T,)

[TPHMEPBI

TYPE Compleg = RECORD re: REAL;
im: REAL,

TYPEDate = RECORD day: [1..31]
month: [1..12];

Jear: [1. 2000
END [ !

TYFEPetson == RECORD name, firstname! alfa,
birthdate; Date;
sex:.(male, female);
Warstatus: (single, married, widowed, divoreed)

BeJHYHHH 3aMHCHOTO THNA MOXHO NpeACTaBJAsATb rpadu-
YecKkH; HampHMep, Ha pucC. 1.3 NpHBeNeHH NepeMeHHHE

z: Complex

d: Date
p: Person
Hnentnpuratop Si, Sz, ..., Sp, NOSBJSIONIHECST B

ONnpeleJIEeHHH 3aIHCHOI0O THMNA, NPEACTaBJAIOT coboit HMe-
Ha, JaBacMhe€ OTIACJIbHBIM KOMIIOHCHTAM IE€PEMEHHRIX
AAaHHOroO THIIA. HOCKOJIbe KOMIIOHEHTH 3aNHCH Ha3hbl-
BawOTCA noaamu, ToO 3TH HMeHa HA3BIBAIOTCH uaenrutpu-



1.7. 3anuce

Complex 2 Dated Person p
1.0 1 WIRTH
-1.0 4 CHRIS
' 1973 1&1] 1966
male
single

Puc. 1.3. 3anucn THIIOB Complex, Date u Person.

raropamu nosed. Ilpu pabGore ¢ 3aMHCAMH OHH HCHOJb<
3yIOTCSl B CeJIeKTOpax, MpHMCHfIEMBIX K MNepeMeHHBIM«
sanucAM. Ecan ecth nepemensas x:T, To ee i-e moJae
o6o3HauaeTcs uyepe3 X.S;. Bu6opouHOe H3MeHeHHe X oCy-
LECTBJSAETCA MYTEeM yKa3aHHsl HYXXHOTO cejeKTopa B Je-
BOM YacTH omepaTopa NPHCBAHBAHHA!

XS5 (=¢

rie e — BeJHuHHa (Bblpaxenue) tHna T, Bosbmem, Ha-
npHMep, NepeMeHHbIe-3aNHCH z, d H D, ONHCAHHHE paHee.
Ce/leKTOpPH HX COCTaBJSAIOIIHX BHIAAAAT TaK!

z.im : (mana REAL)
d.month (tana [1.12])
p.name (tTuna alfa)

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

Ilpumep THma Person nokasbiBaeT, YTO COCTaBJAIOLIHC
3anMCHOro THNA caMH MOryT OHTb cocTaBHHMH. [losToMy
CeJIeKTOpH MOTYT COeAHHATbCA OAHH ¢ ApyruM. Ecre-
CTBEHHO, YTO BKJaAHBaTb OAHH B ADPYrofi MOXHO M pas-
JuuHble 3anHcHHe THNB. HanpuMep, i-1 KoMnoneHra mac-
cupa a, BXoJsuiero B COCTaB 3amHCH 1, o0o3HauaeTcs
r.afi], a KOMINOHEHTa C CeJIeKTHPYIOIIHM HMEHeM S B
i-i kKOMMNOHeHTe-3alMHCH MaccHBa a o0O3Hauaercs uepe3
ali].s.

Jl1s AekapToBa MpOH3BEHEHHA XapaKTepHO, YTO B
Hero BXOAAIT Bce KOMOHHAIHH 3J1eMEHTOB COCTaBJISIIOLIHX
tunoB. OBHAKO B OTAeNbHHX NPHJOXKEHHAX He BCe OHH
moryT OHTb ocmucieHHbIMH. Ckaxewm, tan Date, onpe-
IeneHHBA BhIe, BKAoYaeT 31 ampens u 29 despans
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1985, koTophie, KOHE4YHO e, He CyllecTBYOT. Tak u4To
onpeieseHHe TAKOTO THII2 He OTpa)KaeT COBepIUEHHO
TOYHO (PaKTHUECKYID CHTYalHIO, XOTA OHO H JOCTATOYHO
YAOGHO AJ1s1 mpakTHYecKHX unejeil. [TosToMy oTseTcTBeH-
'HOCTb 3@ TO, YTO GeccMHIC/EHHBbIe BeJHYHHB HHKOrJa He
BECTPETATCS B NpOLECCE HCINOJHEHHS NpPOrpaMMBbl, BO3-
Jlaraetcsi Ha NPOrpaMMHCTA.

B crenyromeM He6oJbLIOM (parMeHTe M3 NpOrpaMMH
NOKa3aHO, KaK Xe HCnoJb3yloTcs 3anucH. HyxHo nog-
CYHTATb YHCJO «NIEPCOH» H3 MacCHBaA family, OTHOCALLUX-
Csl K XKEHCKOMY NOJIy 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 H Apyro# BapHaHT 3TOro oneparopa
C KOHCTDYKLHEH, KOTOpPYIO Ha3hIBalOT ONEeparopom npu-
coedunerun:

FOR1i:=1TONDO
WITH family[i} DO
IF (sex == female) & (marstatus == single) THEN
count ;= count + 1
END
END
END

Kouerpyknus «WITH r DO s END» osnayaer, uto
BHYTpH omnepaTropa s HIAeHTHOHKATOpH noJel, OTHOCH-
ImiHecsl K TmepeMeHHOW I, MOXHO HCNoJb30BaTh 6e3 npe-
tdukca. CunTaercs, 4To BCe OHH OTHOCATCS K INepeMeHHol
r. Takum ob6pazoM, onepaTop NmpHcOeIHHEHHs NO3BOJISET
COKPaTHTb CaM TEeKCT NMpOrpaMMhl H, KPOMe 3TOTO, 3KO-
HOMHT YacTO NOBTOpsIOLlHecss BHIYHCJEHHS ajpeca HH-
IeKcHpoBaHHON KomnoHeHTH family|i}.

U sanucu,  MaccusH 06Ja1al0T OAHHM OGHIHM CBOH-
CTBOM — CJIly4aHBIM AOCTYNOM K KOMIIOHEHTaM. 3amlHcu
6osiee yHHBepCaJbHH B TOM CMBICJAe, YTO LA HHX He
TpebyeTcst HIEHTHYHOCTH BCeX COCTaBJSIOMIHX THIOB,
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B TO e BpeMs MacCHBH of6ecneuHBaloT GOJbINYK THG-
KOCTb — CeJIEKTOPEl KOMIIOHEHT MOXHO BHYHCIATH (3TO
BHIPAXEHHS) B OTJHYHE OT CeJEeKTOPOB AJS KOMIOHEHT
3allCH, KOTOpHIe ONHCHLIBAIOTCH B ONpejeJieHHH 3anHc-
HOTO THOA.

1.8. 3ATIMCH C BAPUAHTAMH

Ha npakTthke 4acTo GhiBaeT yHOGHO H eCTeCTBEHHO
paccMaTpHBaTb ABa THNA NPOCTO KAaK BADHAHTH HEKOTO-
poro oxHoro. Hanpumep, tun Coordinate u3 npeabiny-
1ero pasfiesia MOXHO CUHTaTb OObeIHHEHHEM ero ABYX
BAPHAHTOB — NPSIMOYTOJIbHEIX H MNOJSAPHHIX KOODAMHAT,
a HX COCTaBJSIOIMMH COOTBETCTBeHHO (a) ABe AJHHH H
(6) mauHy W yroa. Ilas toro uroObl yka3aTb, K KaKOMY
BapHAaHTY OTHOCHTCS Ta WJIH HHas NepeMeHHasl, BBOIMT-
csl TpeTbsl KOMIOHEHTa — OUCKPUMUHAHT TUNA WJH noae
npu3HaKa.

TYPE CoordMode = (Cartesian, polar);
TYPE Coordinate =
RECORD
CASE kind: CoordMode OF
Cartesian; X, y: REAL |
.polar: 1: REAL; phi: REAL
END
END

3aech HMs moss NpH3HaKa — kind, a HMeHa KOOpAHHAT
Ju60, B cjayuae NpSIMOYTOJBHHIX, X H Y, JHGO, B ciaydae
noAsipHBIX, I H phi. MHOXecTBO 3HaueHHH, onpeaese-
moe 3THM THnoM Coordinate, ecTb oGbeIHHeHHe ABYX
YKa3aHHBIX THIOB:

Ty = (X,¥: REAL)
T, = (r; REAL; phi REAL)

Ero MouHocTh — npocTo cymma MoiHoctelt Ty u To:
card(T) = card(T,) + card(T?) (1.13)

UYaute, 0oAHAKO, BapHaHTH GLIBAIOT He MOJHOCTbIO pas-
HHIMH THIAMH, 4 CKOpee THIAaMH C YaCTHYHO cOBMNajfalo-
UMMM KOMIOHEHTaMH. PacnpocTpaHeHHOCTb 3TOH CHTYya-
UMH H MOPOAMJIAa NOHSTHE 8@PUAHTOS 3anHcH. BosbMem
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B KayecTBe npHMepa THn Person, onpejesieHHHHA B mpe-
AnayueM pasfene. XapakTePHCTHKH, KOTOpHE HYXHO
3alHCHBAThb B JeJO, 3aBHCAT OT MoJa KOHKPETHOH mep-«
coHnl. JIJaf MYXYHH, CKaxeM, CYLIeCTBEHHHIMH B HEKO-
TOPOM CMHCJ€E MOXKHO CYHTaThb Bec H Hanuyue GOpOAH,
a AJf KeHUIHHH OnpejeNsiOlIAMH — TpH ee pa3Mepa.
B creaywoouieM oOnpejeseHHH THNA 5TH COOOpaXeHHs
YUTEHH,

"TYPE Person =
RECORD name, firstname: alfa;

birthdate: Date;

raarstatus: (single, married, widowed, divorced);

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

END

END

O6wui BHA oONpejeNeHHOIO 3aNMHCHOrO THMNAa C Bas
pHaHTaMH TaKOB:

TYPET = (114)
RECORD 57! T1: 822 T2% an 3 8n-1° Ty}
CASEs;: T, OF
Vi s '.1'11: w38t Tl,n]_ ]
V2! 500 Tk wd Syt Tang |
Ym' Sp,2 T3 § St Ty
END
END

Hnentndukaropu s; (anai=1.,, n— 1) — 3To HMeHa
noJiedd, OTHOCAUIMXCA K OOlIel 4acTH 3amHCH, a Sy — ce-
JIEKTHPYIOLlHE HMEHA MOJIeH, OTHOCSLIMXCA K B4ApUAHT-
HOU %acTu, KAIEHTHOHKATOP XKe Sy — HMS AUCKPHMHHAHT-
HOTO noss npustaxka tana T, KOHCTaHTH vy, Vi, ,.., Vm
0003HaYalT 3HayeHHA (Cka/lfApHHE) NOJA INpH3HAaKa
THna. KaXaunf BapHaHT i HMeeT B CBOeli BapHauTHOK
yactd mny noJgeii, Jlw6as nepeMenHas x Takoro tHma T
COCTOHT H3 KOMIIOHEHT

x.Sl. x.52, XEY) x.Sn, x.sk' froe ey x.Sk.nk
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TOJIbKO B cJyyae, €c/IH (H TOJbKO €CJH) TeKylllee 3Haue-
HHE X.Sp == Vk. [I03TOMy HCNOJIb30BaHHE KOMMIOHEHTH C
celeKTOopoM X.5x, n(l <Ch << nk) npH X.Sq % vk IOJKHO
paccMaTpHBaTbC KaK cepbe3Hast OMIHGKa NpOrpaMMHpO-
BanudA. Ec/H roBopuTh 0 THne Person, ynoMsiHyTOM BHILIE,
TO 3T0 6yAeT aHAJOTHYHO BOMPOCY, HMeeT JIH KeHIHHa
O00poly, a B cayuae H3IMEHEHHs JaHHHX el MOXHO Aaxe
ee npHaenats. [IpH HCMONbL30BAHHH BapHAHTHHIX 3anHcel
no3TOMy HeoOX0oAHMAa KpalHfs BHHMATEJbHOCTb, H Jyulle
Bcero co6HpaThb COOTBETCTBYIOLHE OMNepalHH Hal onpe-
JleIeHHBIMH BapHaHTaMH B OAMH CeJIEKTHPYIOLIHA omepa-
TOp, TakK HasuHBaeMHH oneparop sapuanra. Ero cTpyk-
Typa BecbMa NOX0Xa Ha CTPYKTYPY ONpeleseHHS 3anHc-
HOTO THINa.

CASEx.s, OF
VIZSI:
v2:82:
(1.15)
Yen * Sm

END

S¢ — onepatop, npelHa3HaueHHBIA AJA cjayyas, KOria

CYHTaeTcs, 4TO X HMeeT BHA BapHauta k. W oH BHOH-

paercst AJs1 HCIOJHEHHS TOJBKO B TOM CJlyyae, ecJIH MnoJie

NPH3HAKa X.Sp, HMeeT 3HaueHHe Vk. [103TOMY OueHb Jerko

3ALIHTHTBCA OT HEBEPHOTO HCMOJIb30BaHHS CeJeKTHDPYIO-

KX HMEH, MPOBEPHB, UTO KaXAHH Sk COAEPKHT TOJbKO

CeJIEKTOpH

X.S) .. X.8,_| B X.Sk’ [eee x-Sk’ ng
Caepyiomasi npocTas H KOPOTKas MporpaMMa HJLTIO-
ctpupyer paboTy onepatopa BapHaHrta, Heo6xoaumo
Y

{'x

Piuc, 1.4, TIpaMoyronntibie H noiapHbie KOOPAHHATH,
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BBIUMCJHMTbL paccTosinue d MeXay ABYyMs TouKaMu A u B,
npejacTaBJeHHHMH MepeMeHHHMH a M b, OTHOCAIMMMHCA
k tuny Coordinate (3amuch ¢ BapuantamHu). B cooTser-
CTBUH C YeTHIPbMs BapHaHTaMH KOMOHMHALH# npsaMo-
YrOJIbHRIX W NOJSPHHX KOOPAHHAT eCTb YeThipe pasJiuy-
Hhle NpoleAypH Bhiuuc/aeHUuH (cM. puc. 1.4).

CASE akind OF
Cartesian: CASE b.kind OF
Cartesian: d : = sqrt(sqr(a.x-b.x) + sqr(ay-b.y)) |
Polar:  d:='§qri(sqr(a.X - 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(a.rssin(a.phi) - b.y)) |
Polar:  d:=sqri(sqr(ar + sqr(b.r) - 2+arecos(a.phi-b.phi))
END

END

1.9. MHO)XECTBA

TperbuM yHAaMEHTANBHBIM KJAaCCOM JAAHHHX OYAYT
JaHHHe, NOCTPOEHHHe Kak MmHrosxcecTaa. COOTBETCTBYIO-
LKA THD onmpefenseTcs Tak:

TYPE T=SET OF T, (1.16)

BO3MOXHBIMH 3HAaUEHHSIMH HEKOTOPOA MNepeMeHHOH X
tuna T GyayT MHOXecTBa 3JieMeHTOB THma T, MHoxe-
CTBO BCeX IIOJMHOXeCTB M3 3JeMeHTOB MHoxXecTBa T,
Ha3nBaeTcad MHOKNECTEOM-cTenenso To. Takum oGpaaowm,
tun T BKJIIOUAaeT MHOXKECTBO-CTeeHb ero 6a30Boro
tuna To.

INIPUMEPDLI

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

Ecsu ecTb nepeMeHHHe

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

TO 3Ha4eHHs, HMelOLlHe BHA MHOXKECTB, MOXKHO «KOH-
CTpyMpOBaTb» M NpPHCBaHBaTbh, HanpuMmep, TaKUM 06Gpa-
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30M:

v:=1{235711,13}

43] : = TapeStatus{manual}

4[5] : = TapeStatus{}

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

3ech BeJHUHHA, IPHCBaKnBaeMas t;, HasnBaeTcs edunuy-
HolM MHOXECTBOM (CHHIVIETOHOM), COCTOSIHM H3 €IHH-
CTBEHHOTO 3JeMeHTa manual, nepeMeHHol ts NpHCBaH-
BaeTcs NyCTO€ MHOXECTBO, O3Hayalwoilee, 4To nNATasd
71eHTa NepexoAuT B paGouee coctosnHe (c Hefi HET HH-
KaKHX HeNpHATHOCTeH), tg K€ NPHCBAaWBaeTCs MHOXECTBO
13 BCEX TPEX KHHUHACHTOBS®.
MomHocTs MHOXKecTBeHHOro Tuna T pasHa

card(T) == gca rd(To)

B 3TOM Jerko yGedHTbCs, eCJHH YyecTb, YTO AJs Kax-
poro u3 card(Ty) saementoB Ty HyXHO OTMeuaTb, Haxo0-
AUTCA OH B MHOXECTBE WJIH HeT, NIpHYEM BCE IJIEMEHTH
p3auMHO He3aBHCHMH., CoOBepUIEHHO OYEBHIAHO, YTO AJA
30 }eKTUBHON ¥ FKOHOMHOH peasnH3auuu HeobXoAuMa He
TOJIbKO KOHEeYyHOCTb 6a30BOro THNa, HYXHO, YTOOH MOLI-
HOCTb ero GHJIa OCMEICJEHHO MaJCHbKOR.

I BceX MHOMXECTBEHHHIX THINOB ONpellesieHH TakHe
3JeMeHTapHEeEe ONnepaluu:

* nepeceyeHHe MHOXeCTB
-+ o6beanHerHe MHOXECTB
—  BbHIYHTAHHE MHOXECTB

IN nposepka Ha BXOX[eHHe

ITepeceuenue u o6vedunenue OBYX MHOXECTB 9acTo
Ha3HBAIOTCS COOTBETCTBEHHO YMHONMEHUEM H CAONEHUEM
mHOxecTB. OTCIOfIa ¥ NPHOPHTETH 3THX ONepauui: nepe-
CeueHHe cTaplle onepaudii O6belHHEHHs H BHUYHTAHHA,
a OHH B CBOIO o4epelb CTapllle NPOBEPKH Ha BXOXAECHHE,
KOTOpasi OTHOCHTCS K ONepauHsM OTHOLICHHS. Huxe npu-
BOASATCSA NpPHMEPH BHPaXKEHHA [/l MHOXKECTB H HX IKBH-
BaJIHTH C MOJHOCTbIO pacCTaBJEHHHMH CKOOKaMH:

res+t =(rss) + t
T-s*t =1 - (st)
T-s+t =(s)+t

XINs+t =xIN(+t)
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1.10. IPEACTABJIEHUE MACCHBOB, 3AITMCER
U MHOXECTB

CMHCJ HCNOJb30BAaHHS B NPOrpaMMHPOBaHUM a6+
CTPAKTHHIX NMOHATHI 3aKJI0YaeTcs B TOM, YTO NPOrpaMmy.
MOXHO INOCTPOHMTb, NOHATb M INpPOBEPHTb, OCHOBHIBAsICh
Ha 3aKOHAaX, YNpPaBJsOWHKX HMEHHO 3THMH NOHATHAMH.
IlpuueM HeT HeOoOGXOAHMOCTH <«3arJisALIBaTh BHYTPb» H
3HaTh, KaK PeaJM3yIOTC H NPEACTaBJsIOTCS B KOHKpeET-
HON MallHHE 3TH NOHATHA. TeM He MeHee AJs npodecs
CHOHAJbHOTO MNpPOrPaMMHCTa BaXHO MOHHMaHHe 006«
ILEepacnpOCTPAHEHHHX METOJOB NpEACTaBJEHHs TaKHX
OCHOBHHIX a6GCTPAaKTHHIX TNOHATHA NPOrpaMMHPOBaHHS,
KaKMMH SIBJASIOTCS JaHHHEe, Her HHuero mjoxoro B TOM,
YTO NporpaMMHcTy O6yleT NO3BOJIEHO NPUHHMATb petle-
HHf, KacaiollHecs CTPOeHHs AaHHHX H caMOW Nporpam-
MHI, HCXOAS He TOJbKO M3 abCTPaKTHHIX CBOHCTB HX
CTPYKTYp, HO H ODHEHTHPYSCb Ha HX p€ajIM3alHi0 B pe-
anbHOf MalMHe, YYHTHBAas €€ KOHKPETHhHIE BO3MOXHO+
CTH H OTpPaHHYEHHS.

[Ipo6nemMa mnpeicraBlieHHsl AAHHHX 3aKJIOYaeTcs B
oTOoO6paxXeHHH abCTPaKTHHX CTPYKTYDp Ha NaMsTb Ma-
IHHE. B nepBoM npubJHXKEHHH 3Ta NaMATb — MacCHB
OTAeJbHHX SU€EK, Ha3hBaeMHX caosamu. VIHAekcH xe
STHX CJIOB Ha3HIBAaOTCH adpecamu

VAR store: ARRAY ADDRESS OF WORD

Momnocts tHnos ADDRESS u WORD oT MamHHH K
MmamuHe namengercsa, Ocoboil npobiemolt octaercst 60Jib-
moe pa3Hoo6pasne MmomHuoctH THna WORD. Ero sora-
pudM HasnBaeTcss pa3MepoM CJIOBA, NOCKOJBKY OH Onpe-
JiesieT, H3 CKOJIBKHX pa3psiiloB COCTOHT OJHO CJIOBO.

1.10.1, TipeacrasaesHe MaccHBOB

Jlio60e npeicTaBjeHHe CTPYKTYpH MacCHBa 3akJio-
gaercss B OTOGpaxeHHH MaccHBa (a6CTPAKTHOTO) € KOM-
noHenTaMn THna T Ha namsiTh, KOTOpas NpeAcTaBjisfer
coboii MaccHB ¢ KomnoHeHTamMu THna WORD. Maccus
cleayer oToOpaxaTh Tak, YTOOK BHIYHCJIEHHE ajJipeca ero
KOMIIOHEHTH GOHIJIO KaK MOXHO npome (H nosToMy 3c-+
¢exTuBHO), Azpec i Ans j-A KOMNOHEHTH MaccHBa BH-
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| IEMATh

§[0]

- —

- 71~ aberpaxmini
MaccHB

Puc. 1.5. OTo6paxkeHHe maccHBa Ha MaMATh.

777
8~

AN

He 3aHATO

Puc. 1.6. [IpeacrapaeHne 3anmHcH ¢ BHpPaBHHBaHHEM.

yHCAAETCH C MNOMOLIBIO JHHeAHOA ¢YHKUHH OTOGpake+
HHA:

f=ig+ j*s (1.18)

rie ip— ajfpec NepBOAi KOMMNOHEHTH, a S— YHCJO CJOB,
3aHHMaeMHX OJZHOH KOMIoOHeHTOH. Ecad mpeanosoxurs,
YTO CJOBO NpeicTaBJsieT cobofi caMylo MaJleHbKYIO, OT«
JeJbHO aApecyeMyl0 €JIHHHLY NaMATH, TO CTaHeT oue-
BHAHBIM XeJlaHHe, YTOOH S OBLIO ILEJHM YHCJIOM, a
npouwe Bcero, yto6w s ==1. EcaH s He Wej0e YHCIO
(a aTo camas o6HYHas CHTyaLHs), TO, KaK NpPaBHJO, ero
OKpYrJfIOT RO GJuKaHIIero 1eJOoro 4Huc/aa, NpeBHIUAKO«
wero ero — [s]. Tenepr Kaxpas xoMnoHeHTa GyZRer 3a-
uumatb [s] caoB, a [s]—s c/J0B ocTaHyTCA HeHCNOJb-
3oBaHHEIMH (cM. puc. 1.5 u 1.6). Oxpyrienne Heob6xonu-
MOTO YHCJa CJOB JO CJAEAYIOLIer0o LeJOoro uucaa
HasHBaerca sgoipasuusanuem (padding). Kosdpduuuen-
TOM HCIOJb30BaHHA NMaMATH H Ha3HBaeTcs 4acTHOe OT
IeJleHHST MHHHMAaJbHOTO pa3Mepa naMsATH, HeoGXOAHMOH
AJS npeAcTaB/JeHHs HEKOTODHX AaHHHX, Ha pa3Mep dak«
THYECKH 3aHATOH NaMATH:

u=s/s] (1.19)
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Tak xak wenpb Jio6oro peannzaTopa — Kak MOXHO Jyduie
HCNOJIb30BaTh NaMATb, T. €. CTPEMHTbCA K u==1, a 10~
CTYI K 4YacCTH CJIOBa — HeYJAOOHHIH H OTHOCHTEJbHO He-
3¢deKTHBHHI NMpouecc, TO MPHXOAHTCA HATH Ha KOMMpPO-
mucc. Hano yyuThBaTh cieayionide coobpaxeHus:

1. BoipaBHHBaHHe YyMeHbLIaeT HCNOJb3YeMylo TIia-
MSITb.

2. OTKa3 OT BLIpABHHBAHHS MOXET NMPHBECTH K HecO-
XOJHMOCTH HCIOJb30BaHHA HOCTYNa K YAaCTH CJIOBA.

3. Opraud3amnHus J0CTyIa K YacTH CJOBa MOXET Ha-
CTOJIbKO YBEJNHYHTb pasMep OTTPAHCAHPOBaHHOH Ipo-
rpaMMBEl, YTO BHIHTPHUIA H3-32 OTKa3a OT BHIPABHHBAHUSA
He OyneT.

QakTHYeCKH coobpaxeHHs 2 H 3 HaCTOJbKO JOMHHH-
PYIOT, YTO B TpPaHCAATOpaxX BHpPaBHHBaHHe BCeraa HC-
nosb3yercs. OOpalijaeM BHHMaHHe, 4To InpH s> 0.5
K03 HIHeHT Hcnoab3oBaHHs Bceraa Goabuwe 0.5. Ecau
XKe, ofHako, s << 0.5, To KO3(PPHLUHEHT HCNOJIL3OBAHHA
MOXHO 3HAUHTEJbHO YBEJHYHTb, €CJIH B KaxJoe CJOBO
yKJaauBaTh OoJiee OJHOH KOMIMOHeHTHW MaccHBa. Ta-
Kofi MeTon HasHBaerca ynaxosxoyd (packing). Ilpu yna-
KOBKEe B CJIOBO I KOMIIOHEHT KO3 GHIHEHT HCIOJb30Ba-
HHus HMeeT BHA (cM. puc. 1.7)

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

Jocryn K i-ii KOMIOHeHTE YNaKOBAaHHOTO MacCCHBA BKJIO-
YyaerT BHYHCJEHHe j-— ajipeca CJOBa, B KOTOPOM pa3Me-
[aercsa HyXKHas KOMIOHEHTa, H BHYHCJIeHHe K — OTHOCH-
TeJIbHOTO [OJIOXKEHHSI KOMIOHEHTH BHYTDH 3TOTrO CJIOBa:

j=iDIVn k=i MOD n

B G6OJbUIMHCTBE HA3LIKOB NPOrpaMMHPOBAHHA INpOTrpaM-
MHCT He HMeeT BO3MOXHOCTH YNpaBJATb MpeiAcTaBJe-
HHeM alCcTpakTHHX AaHHHX. OJHaKO eMy CJeloBaJo Gbl
NpeloCTaBHTb BO3MOXHOCTb YKa3hiBaTb Ha KeJaTelb-
HOCTb YMAKOBKH N0 KpaiHe#d Mepe B TeX Cjayvasx, KOria

ne
U= L
nes

LT T T T T &g™

Puc. 1.7. ¥nakoBka B OHOM CJOBe LIECTH KOMIIOHEHT,
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B OLHOM CJIOBE€ MOXHO pa3MecTHTb 6oJsiee OAHOH KOMIIO-
HEeHTH, T, € KOrfla MOXHO JOGHTbCA KO3 dHUHEHTa KO-
HOMHH NaMATH, PaBHOTO ABYM HJH Gojee. MH GyneM
CUHTaTh, YTO B cJyyae KeJIaTeJbHOCTH YNAaKOBKH Neped
cioBoM ARRAY (unmn RECORD) B onpegmeneHun THna
craButcs cnoBo PACKED.

1.10.2. NpeacraBaeHue 3anucei

3anHcH oTO6pa)kaloTcs B MNaMATb BHYHCJIHTEIbHOH
MaIlIHHH NPOCTHM 006beAHHEHHEM OTOOpaXKeHHH HX KOM-
NOHEHT. Apec KOMIOHEHTH (MOJA) Iy OTHOCHTEJIbHO Ha-
yaJbHOrO aJpeca 3amHCH T Ha3wBaeTcAd cmeujenuem. On
BHIYHCJISETCH TaK:

kl=s|+s2+ veo +sy, (1.21)

rie sy — pasmep (B cJaoBax) j-fi KOMNOHeHTH. Tenepb
BOCIIOJIb3YeMCH TEM, 4TO BCE KOMIOHEHTH MacCHBA —
OAHOro THNa, H oTciola noayyuM ky=(i— 1)#s. K He-
CYacThblo, OGILHOCTb CTPYKTYPH 3alHCH HE [03BOJAET
BOCIIOJIb30BAaTbCA TaKOH MpoCTofl JHHeHHOA QyHKUHeH
AJsl BHYHCJEHHS cMellleHHA. MIMeHHO no3ToMy Kaxercs
BecbMa OCMHICJEHHHM Tpe6oBaHHe, 4TOOM O6palucHHe K
KOMIIOHEHTAM 3aMHCH MPOXOAHJ0 MO (PHKCHPOBAHHHM
naeHTHHKaTopaM. Takoe orpaHHYeHHe AaeT BHHIPHIL,
MIOCKOJIbKY OTHOCHTEJbHHeE CMeHleHHS CTAaHOBATCA H3Be-
CTHHMH B MOMEHT TPaHCJANUH, YTO NPHBOAHT K YyJydu-
1ieHHI0 3¢ PEeKTHBHOCTH AOCTYNA K MOJAM 3alHCH. DTOT
(axT 0O11EH3BECTEH.

Meton ynakoBKkH OyAeT AaBaTb BHHIPHII, €CJH B
OJHO-¢IHHCTBEHHOE CJOBO MOXHO YKJaAKBAaTb HECKOJbKO
KOMNOHEHT 3amHcH (cM. puc. 1.8), Tak kKak TpaHcaaTop

s2 l

<4

BLIPABHHBAHHS

sb
'] 8 V77

Puc. 1.8, Mpeacrapiedne YNaKoBaHHONR 3aMHCH.
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MOXET BHYHCJATb CMELIEHHs, TO OH MOXeT OnpeAeNsTs
H CMellEHHs noJiell BHYTpH cJoBa. JTO O3HAuaeT, YTO Ha
MHOIHX MallHHax AOCTYN K yNaKOBaHHHM 3aNHCAM OKa<
sHiBaercs Aaxe 3d¢exTuBHee AOCTyna K YNaKOBaHHHM
MacCHBaM.

1,10.3. IlpencraBiieHHe MHOKECTB

MmroxecTBO s yA06GHO NpPEACTaBJAATb B NaMATH Ma-
HIHHH C NOMOLIBIO €ro XGpPaKTepUcTULecKoill GynKkyuu
C(s). dro MaccHB JOrHueCKHX 3HaueHHfl, npHYeM i-f Co-
CTaBJsOllass yKa3nBaeT, 4YT0 i HaXoAuTcA B s. Paamep
MaccHBa ONpeAeNsieTcs MOIUHOCTbIO MHOXECTBEHHOI'O
THIA:

C(s) = (1IN s) (1.22)

Hanpumep, MHOXecTBO HeGosbLIMX Henux s ={2, 3, 5, 7,
11, 13} npeacraBasieTcs mnoCJeA0BATEJAbHOCTBIO JIOrHYe-
ckux 3naveHudl F (moxe) u T (uctHHA)

C(s) = (FFTTFTFTFFFTFTFF)

NpH YCJOBHH, uTO 6a3oBHf Tun s— auanason 0..15.
B wMalllMHe HOCJeJ0BaTeJbHOCTb JOrHYECKHX 3HaueHHi
npeAcTaBasieTcss MOC/JAeJ0BaTeNbHOCTbIO Pa3psajoB, T. €.
NOC/e0BATENbHOCTLIO HYJIEH H eAHHHUIL

[IpeacraBienne MHOXKECTB C NOMOLUBIO HX XapaKTepHu-
CTHUeCKHX (YHKUHH HMeeT TO NPEHMYIIECTBO, UTO Ole-
pauuy BHUYHC/JIEHHA OGbeAHHEHHs, NepeceueHHss U pas-
HOCTH ABYX MHOXECTB MOIYT PeaiM30BHBATbCA 3JEMEH-
TapHHMH JIOTHUECKHMH onepauusamu. Huxe npuBoasaTcs
SKBHBAJICHTHHE COOTHOILEHHS, CNpaBeAsiHBHE IJA BCex
3JeMeHTOB i 6a30BOro THna MHoxecTB X H y. OHH cBA-
3HBAIOT JOrHYeCKHe ONEepalLuH ¢ OlepauHIMH Haj MHO-
JKeCTBaMH:

{IN (x+y) = GINX)ORGINY)
{IN(z¢y) = (IINx)AND(INY) (1.23)
{IN(-y) = (INx)ANDNOT(iINy)

Takde JIOTHUECKHE OlEepauMH CyLIeCTBYIOT BO BCeX
LHPPOBHX BHUHCIHTEIbHHX MallHHaxX, 6ojee TOro, OHH
BHIOJHSIOTCA HajJ BCEMH COOTBETCTBYIOUIHMH 3JIeMEH-
TaMd (pa3psAiiAaMH) HEKOTODOro CJoBa OJHOBDEMEHHO,
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[103TOMY, 4TOOH HMETb BO3MOXHOCTb 5(peKTHBHO pea-
JH30BHBATb OCHOBHHE OMNEpPAlHH HAaJ MHOXECTBAMH, HX
cieAyeT NPeACTaBJATb HeGOJbIIHM H (HKCHPOBAHHHIM
yUCJIOM CJIOB, AJIA KOTOPHX AOCTYNHH He TOJbKO OCHOB-
Hple JOrHUeCKHe oONepallHH, HO H ONepauHH CIBHra.
B 5TOM Cjyyae npoBepKa Ha NPHCYTCTBHE 3J€MeHTa pea-
JH3yeTCsl OXHHM-eHHCTBEHHHM CABHIOM H MOCJeAyloled
onepailHed npoBepKH 3HAKOBOro paspsiza. Orcoja clie-
AyeT, 4TO NpoBepkKa, 3anHcaHHas B BHAe XIN{c, ¢y, ...
.++» Cn}, MOXET peaH30BHBATbCSl 3HAYHTEJbHO 3(deK-
THBHEE, YeM 3KBHBAJIEHTHOe el JIOTHYeCKOe BHpaXeHHe:

(x=¢;)OR(x=1¢3) OR ... OR (x ==¢p,}

3ak/I0ueHHe Xe TaKoe: MHOXEeCTBAMH CJAedyeT M0Jbe
30BaTbCA TOJLKO B CJAy4yae «HeGOJbIUHX» 6a30BHX THIOB,
[Tpeaen MOmMHOCTH 9THX 6A30BHIX THIOB, FapaHTHPYIOIUHX
OTHOCHTEJIbHO 3G EeKTHBHYIO peaJH3alul0, 3aBHCHT OT
pa3Mepa cJloBa KOHKpPeTHOH MallHHH. M scHO, uTo B 3TOM
OTHOLIEHHH MNpeANoYTeHHe OTAAeTcs MalUHHAM ¢ 60Jbe
UMM pa3MepoM cloBa. EcaH ke pa3Mep CJIOBa OTHOCH-
TeJIbHO HEBEJIHK, TO MOXHO OCHOBHBATbCS Ha MNpeACTaB-
JCHHH MHOXECTB NOCPEACTBOM HECKOJbKHX CJIOB,

1.11. TIOCJIELJOBATEJ/IbHOCTH

UeTBepTHM 3JEMEHTAPHHM KJIAaCCOM AAHHHX SBJSAET«
cs  nocaedosareasrocrs. [locnenoBaTeNbHOCTHHIA THR
MOXHO OnlJI0 6H ONHCaTb CJeAyIOLIHM 06pa3oM:

TYPE T=SEQUENCE OF T, (1.24)

Yxe H3 ONHCAHHS SCHO, YTO BCE IJEMEeHTH MOoc/enn-
BaTeJbHOCTH HMEIOT OAHMH H TOT Xe THI. [locaeaoBaresbe
HOCTb S H3 N 3/JeMeHTOB MH O6yaeM o0G6Go3HAyaTh § =
== (Sp, S1, 52, +++, Sn—1), IPHYEM N Ha3HBaercsi Gauxod
nocjeaoBaTeNbHOCTH. CTpPyKTypa noC/Jel0BaTeNbHOCTH
OueHb NMOXOXKa Ha CTPYKTYpy MaccuBa. CyluecTBeHHOe Xe
PasJiHUHE 3aKJI0YaeTcs B TOM, YTO Y MaCCHBA YHCJIO 9Jies
MEHTOB (PHKCHpYeTCS B ero OMHCAHHH, a Yy IOCJeAOBas<
TeJIbHOCTH OHO OCTaeTcs OTKpHTHM. H mpeanosaraercs,
Yyro B mpouecce paGOTH NMPOrpaMMH 3TO 9HCJAO MOXKeT
MeHATbCA. XOTA Kaxjias nocJefoBaTeJbHOCTb B JI0Go#R
3a/laHHHIA MOMEHT BpeMeHH HMeeT BIIOJIHe ONpefeNeHHYI0



52 1. Ocrosuble nOHATUR CTPYKTYpP OGHHGLE

KOHEUHYI0 [JIMHY, MBbl NOJIKHBl CYHTaThb MOILHOCTb IO«
CJlelOBaTeJbHOCTHOTO THIIAa OCCKOHEYHOH, NOCKOJBKY Ha.
NOTEHIHAJbHYI0 [JHHY IlepeMeHHBIX-[10C/e0BaTe bHO-
cTell HeT HHKAaKHX OrpaHHYeHHH.

[IpsiMoe ciencTBHe GeCKOHEYHOCTH MOIIHOCTH MocJe-
IOBaTeJbHOCTHOTO THIIA — HEBO3MOXKHOCTb BHIAEJHTb AJ15
COOTBETCTBYIOLIeH NepeMeHHOH NaMATb 3aNaHHOTO pas-
Mepa. BMecTo 3TOro MHB [OJIXKHB BBIAEJATb [aMATb B
npolecce BBHIIIOJHEHHS NPOTrpaMMBl IO Mepe pocTa IocJe-
IoBaTeJbHOCTH. Ecsau Ke mocseloBaTelbHOCTh YMeHb-
ulaeTcd, TO MaMATb MOXHO H BO3BpalaTh., B Jw6oM
cJydae cJelyeT [0Jb30BaThCcf HEKOH cxeMOA AMHaMuue-
CKOTO pachpelejeHHs NaMATH. DTO CBOMCTBO IIpHCYLie
BCEM THIIAM GeCKOHEUHOH MOIHOCTH, IpHYeM OHO (CBON-
CTBO) HACTOJIbKO CYylleCTBEHHO, YTO MHl 6yleM TrOBOPHTb
O THMax BhHICUIEro NOpsilKa [0 CPaBHEHHIO ¢ (yHAaMeH-
TaJbHBIMH THNIAMH, OOCYKAaBUIHMHCA [0 3TOr0 MOMEHTa,

Uro ke, OAHAKO, 3acTaBJdeT HAC 3aHATbCA PacCMOT-
peHHeM [OCJeNoBaTeJbHOCTeH B TJaBe, [OCBSIIEHHOR
¢dyHnaMenTanbHbiM THNAM? [lepBas npuunHa — cTparte-
THS yrnpasJleHHd NaMATbI0 AJA [ocjeloBaTelbHOCTeH,
€CJIM OTOBODHTb HEKOTODYIO NMCUHIVIHHY MX HCIO0Jb30-
BaHHs, NOCTAaTOYHO mpocta (O CPaBHEHHIO C APYTHMH
IHHAMHYECKHMH CTPyKTypaMu). Q@akKTHYeCKH NIpH cOGJIO-
IeHHH 3THX YCJOBHA paboTa C NaMATbIO MOXeT ObiTh
JOCTaTOYHO ObICTPO CBelleHa K MeXaHH3MaM, rapaHTH-
pylOUINM NpHeMJeMyio 3¢ ¢deKkTHBHOCTb, Bropas xe npu-
YUHA 3aKJKYaeTcs B TOM, YTO MOCJAEJOBATEIbHOCTH IO
CyLIeCTBY HPHCYTCTBYIOT BO BCEX IPHJIOXKEHHAX BBIYHC/IH-
TeJbHBIX MaulHH, OHH Kak GHl Be3fecymu. IlaHuble Ta-
KOH CTPYKTYphl IPEBaJHPYIOT BO BCeX TeX CJAydasX, KOTaa
ujaer pa6ora c NaMATSAMH pa3HOTO BHAA, T. €. KOTAAa AaH-
Hble MepelaloTCs W3 BHeLIHeH MaMATH, CKa)eM IHCKOB
HJIM JIEHT, B ONICPaTHBHYIO, TJIaBHYI0 NaMATb M 06paTHO,

YnomsHyTasgs HaMH JHCUHIVIHHA TpebyeT OrpaHHYH-
BaTbCA TOJBKO nociedosaressusim oocrynom. [lon stum
MBI Mojpa3yMeBaeM, 4YTO [0CJEIOBAaTeNbHOCTh [pocMa-
TPHBaeTCsd OT OJHOTO 3JeMeHTa CTPOro K ero Henocpel-
CTBEHHOMY INpeeMHHKY, (OpMHpyeTcs XKe OHa nocJjeno-
BaTeJbHbHIM H06aBjieHHEM 3JIeMEeHTOB B ee KoHen. OTciona
HeMeJJIeHHO cJiedyeT, 4To NpSAMOro (HenocpeaCTBEHHOTO)
JocTyma K 3JeMeHTaM HeT, HCKJIOUeHHeM sfBjsfeTcs
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JHIb 3JEeMEeHT, C KOTOPHM MEl B JaHHHR MOMEHT HMeeM
geno. Kak Mu y6eauMcss (cM. ra. 2), AMCUHIUIMHA AO-
cTyNa oKa3HBaeT OrPOMHO€ BJHAHHE Ha caMmy npo-
rpammy.

[IpeumyllecTBO TaKOH NpPHBEPXKEHHOCTH NOCJIeN0Ba-
TebHOMY AOCTYNY, KOTOPHIii, KaK 6H TO HH OHLIO, NMpea-
cTaBasieT co60il cepbe3Hoe OrpaHHueHHe, 3aKJOuaeTcs
B OTHOCHTEJNBHOR mpocToTe TpefyeMoro MexaHusMma ym-
paB/eHHst MaMATbIO. Ho eme Gosnee BaXKHOM, eCH peub
HAeT 06 o6MeHaX AAaHHHMH CO BTOPHYHOR NaMsTblO, BH-
[ASIAHT BO3MOXKHOCTb MNOJIb30BaTbesl 3G eKTHBHOR Tex-
unkoit 6ydepusanuu. INocnenoBaTeNbHHR AOCTYN NO3BO-
JasieT HaM MUl «mepeKauykH» AaHHHX MEXAYy NaMATAMH
pa3/HYHOTO BHAA HCINOJb30BaThb HeMpepHBHHE NOTOKH
nanuHX. BydepHsauus npeanosaraer, YTO YacTH NOTOKa
HAaKaNJHBAlOTCA B TaK Ha3WBaeMHX Oygepax, a 3aTeM,
yXe NpH 3amnojiHeHHH Bcero Oydepa, neperalTcs Kyaa
HyKHO. B pesyJbrarte, uTo 0COGeHHO BaxkHO, GoJee 3d-
(G EeKTHBHO HCMOJb3yeTcs BTOpHYHas namsite. Ecau roso-
pHTb TOJIBKO O MOC/JEA0OBATE/IbHOM AOCTYIE, TO MEXaHH3M
Gydbepusaunu AOCTaTOYHO XOpoIl AJs JIOOHX mocaeno-
BaTeJbHOCTell M J06HX namsred. [lostoMy, Kak mnpa-
BHJIO, 3TOT METOA BKJIOYalOT B JI06YI0 YHHBEpCaJbHYIO
CHCTEMY H NMPOTPAaMMHCTY HET HYXKJH 3a60THTbCA O BKJIO-
YeHHH ero B CBOK mporpammy. O6HYHO COOTBETCTBYIOLIHE
CHCTEMH HOCAT Ha3BaHHe (afAJoOBHX CHCTEM, NMOCKOJbKY
AJs1 MOCTOSIHHOTO XpaHeHHsl HCNOJb3YIOTCA OY€Hb eMKHe
yCTpOHCTBAa MOC/IEA0OBAaTEIbHOrO AOCTYNa, H OHH NpOAOJ-
KalOT XPaHHTb HHPOPMALHIO AaXe NMpPH OTKJIIOYEHHH Ma-
mHHN. EAMHHMIA JaHHHX Ha TaKHX YCTpPOWCTBax — Mo-
CJI€[I0OBaTeNbHOCTb, HJH nocaedogareavroid ¢paia.

EcTb HECKOJBKO THNOB NAMSITH, Ha KOTOPHX MOXHO
N0.1b30BaTbCA  TOJBKO NOCJAEA0BATEIbHHM  JOCTYNOM.
Cpen HHX, OYEBHAHO, Bce THNH JeHT. OHAaKO Aaxe Ha
MArHHTHOM JHCKe KaXXJAasi JOPOXKKa C 3amHchio HHGOp-
Mauud NpeAcTaBiseT cobodi namATh, AONYCKAaoOUlyio
TO/bKO NOcJaefoBaTeNbHHi Aoctyn. CTporo mnoc/ieaoBa-
TelbHHI AOCTYN €cThb XapaKTepHoe cBOfcTBO Ji0Goro
ycTpoilcTBa, OCHOBAHHOTO Ha MeXaHHYeCKOM JBHXEHHH,
a TaKe H HEKOTOPHX APYTHX yCTPOHCTB.

Tenepb cyMMHpyeM BCe BHILUECKa3aHHOE.
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1. MaccuBH, 3amnMcH H MHOXeECTBAa — 3TO JaHHHIe,
CTPYKTYpa KOTOPHIX AOMycKaeT ciydadHuit gocryn. Mmu
MOJIb3YIOTCHA B TeX CJydasiX, KOra HX MOXHO pa3MeCTHTh
B OCHOBHOM MaMsTH CO cJayualHEIM JOCTYIIOM.

2. [las paGoTH ¢ BTOPHYHOH MaMATLIO, AJIA KOTOPOK
XapakTepeH MOCJeAOBaTe/NbHHI AOCTYMN, CKaXeM A Au-
CKOB HJIM JIEHT, HCIOJIb3YIOTCH MOCJEA0BaTENbHOCTH.

1.11.1.91eMeHTapHbIe OMEPAHH C NIOCACA0BATEAbHOCTAMH

JMCUHNJIHHY MOC/AeI0BaTEbHOrO AOCTYa MOXHO CTH-
MyJIHPOBaTh, MPEAYCMOTpPEB HCKAIOUHTENBHO AJs Mepe-
MEHHHX-0CJeI0BaTeJbHOCTER MHOXKECTBO COOTBETCTBYIO-
wux onepauuf. TakuM o6pa3om, XOTd BpPOJE M MOXKHO
6HJI0 GH CCHJIATBCA Ha i-# 9J1eMeHT NOocJeA0BaTeNbHOCTH
yepes s;, HO B MpPOrpaMMe HamucaTb Takoe oOpalleHHe
HelMb3d. B MHOXecTBO omNepanufl, OUEBHAHO, AOJKHH
BXOAHTb OMepauuu Aas ¢GOpMHPOBAaHHA H KOHTPOJA MO-
crenoBatenbHocreil. Kak yxe ynomuHasoch, qaob6as no-
cJeJoBaTeILHOCTL MOpPOXKAaeTcs NyTeM AoGaBJeHHA B
KOHel[ ouepeHOro 3JeMeHTa, a MPH KOHTpPOJe MPOHCXO-
IHT NpOABHXKEHHe K cJelyloliemy sjaementy. CJaenosa-
TeJbHO, C KaXjaofl moc/iefoBaTe/]bHOCTbIO Bcerja acco-
uuHpyeTcsi HeKoTopas no3uyus. Tenepb MH moCTyJHpYyeM
¥ HeOpMaJIbHO OMHIIEM TaKHe MPHMHTHBHHE OMEPaLHH:

1. Open(s) onpefensier s KaK NyCTylo MOC/JAef0BaTE/ b~
HOCTDb, T. €. MOCJelOBaTeIbHOCTD AJIHHH 0.

2. Write (s, x) no6aBasier 3JeMeHT CO 3HayeHHEM X
B MOCJEI0BATEILHOCTD S.

3. Reset(s) ycraHap/iHBaeT TeKyIlylO0 MO3HIHIO B Ha-
4aJo S.

4, Read(s, X) npucBauBaeT 3JeMeHT H3 Tekyiiedl no-
3HMIMM [epeMeHHON X, MO3HLHA e NepeMellaercs K coe-
Ay0ILeMy JeMeHTY.

IOas toro uto6n Gosee TOYHO OXApaKTEePH30BaTh one-
palHH Haj MOCJe0BaTeNbHOCTAMH, MNPHBEAEM CJeaylo-
muil npumep. MH MOKaxeM, KaK €ro MOxXHO 6bir0 6ol
BHIPa3HTb B TeDMHHAX MaccHBoB. B Hauyalle peasusauns
CTPOMTCA Ha BBeJeHHHX paHee H yXe 06CYXAaBIUHXCSH
KOHLENUUAX, 37ecb HeT HH GydepH3aluH, HH MmOCTen0-
BaTeJLHOR MaMATH, KOTOPHE, KaK MH YXe YIOMHHaJH,
JeJ1al0T MOCJeOBaTENbHOCTH MO-HACTOANIEMY MNpHBJEKa-
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TelbHHM MOoHsATHeM. TeM He MeHee Hall npHMep Ha-
IJI51HO BeMOHCTPHpPYeT XapaKTepHHE OCOGEHHOCTH MpH-
MHTHBHHX OHNepauHii HaJ NOCJAEAOBaTEAbHOCTAMH, €CJH
OHH NOAAEPXKHBAIOTCS CHCTEMOH Noc/JefoBaTebHHX dafi-
JI0B BO BTOPHYHOH NaMSATH.

[lepBoe — onepauuH OMHCHBAIOTCA HAMH B TE€PMHHax
o0bLMHEX Npoueldyp. D10 — co6paHHe ONpefeeHHR, KO-
TOpOe HaswBaeTcs onpedeastoujum modysesm (definition
module). Tak kak THR Haillei NoceJOBATENbHOCTH (pH-
rypupyeT B CHHCKe (OPMajJbHHX NapaMerpoB, TO 3TOT
THI TaKXe JOMKeH OHTb omHcaH. Ero onucaHHe — Be-
JUKOJIENHHA NpHMep NpHMEHeHHs CTPYKTYpPH KJacca
3anHCb, IOCKOJbKY KpOoMe noJs, o603Hauaiomiero mac-
cns (OH MOJeJHpyeT MOC/Aef0BAaTENbHOCTb), HEOGXOAHMN
JOTOJHHTEJNbHEE N0JfA, 0603HaYaoLIHe TEKYIIYI0 IJHHY
H TO3HLHIO, T. €. ONHCHBAIOHIHE COCTOAHUE NOCJAefOBa-
TeabHOCTH. KpoMe 3THX noJseft MH BBefeM elile OJHO, OHO
fyAeT YKa3HBaTb, BEPHO JIH BHNOJHHJACh OMNEpauUHs
YTCHHA HJIH K€ HeT, H3-3a TOro, CKaXXeM, YTO He OKa3a-
JIoCh OYepefHOro ajeMeHTa.

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

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 FileSystem,

OfpaTuTe BHHMaHHE, YTO B 3TOM MpHMepe MaKCH-
MajbHasd JOCTHXKHMAas JIJHHA MNOCAeA0BaTe/IbHOCTH —
NpoH3BOJbHAsA KOHcTaHTa. EciH B KakoH-aH60 nporpaM-
Me CAYYHTCS, YTO NOCJeJOBaTEJbHOCTb CTaHeT AJHHHee,
TO 370 GyAeT paccMaTpHBaTbhcsl He KaK OWHOKa B Npo-
IpaMMe, a cKopee Kak HeallekBaTHas peaiusauus, C apy-
rot CTOPOHHI, ONEpalHsA YTEHH: 32 (paKTHYECKHM TEeKY-
HIHM KOHLOM NOCJIEAOBAaTEJbHOCTH AEHCTBHTENbHO AOJXK-
Ha cyhraTbes owH6Ko#l B mporpamme. [lab6u H3bexaTb
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TaKOH CHTyalHH, cJeAyeT pelycMaTpUBaTh BO3MOXHOCTh
NPOBEpPKH: He AOCTHTHYT JH KOHeu? [l/s1 3TOrO ectsh Jo-
ruyeckoe noJe eof (or end of — koHen yero-au60). IIpex.
noJjiaraeTcsi, 4TO MOJb30BaTe/b TaKOH peajH3anHd ab-
CTPaKTHOTO THINA NOCJEeJOBAaTeJbHOCTh 3HAET TOJBKO 3TQ
noie. B kauecTBe 6a30Boro THma 34ech BBIGpaH THN
WORD. Kak npasuJio, Mbl ero 6yeM HCIOMb30BATh B JIO-
6bix cayuasix. B si3pike Moaysa-2 uMeHHO 3TOT THI CO-
BMECTHM 10 NapaMeTpaM C HeCKOJbKUMH CTAHAAPTHHIMH
THnaMH, Bkaouas INTEGER.

Onepa'ropbl, COCTaBJIsIIOIIHE CAMH IIpOUEAYDHI, OIpe-
AeJAI0TCA B CJHEAYILIeM peajM3allHOHHOM MoayJe:

MPLEMENTATION MODULE FileSystem;
FROM SYSTEM IMPORT WORD; (1.26)

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

PROCEDURE WriteWord(VAR f: Sequence; w: WORD);
BEGIN
WITH fDO
IF pos { MaxLength THEN
apos] := 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 (snycTo»)
END Close;

END FileSystem,

HpH HalluX OIleépalHsX Hax MHOXECTBAMH MOXHO
NoJb30BaThCsl AJs 3aNHCH H TMOCJAeAYIOLIEro 4YTeHHs
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noc/eaoBaTeJbHOTO anﬁ.na TaKHMH CX€MaMH Mnporpammi

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

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

3aecs B ecTb HekoTOpOE€ YCJIOBHE, OHO AOJIXKHO BHI-
NOJHHTHCS, NpeXJe YeM BHNOJHHTCS P H BHUYHCIHT 3Ha-
yeHHe OuepefHOro 3jaeMeHra. [IpH uYTeHHH K KaXIOMY
3HaY€HHIO, MPOYHTAHHOMY H3 NOCJEJOBaTEJbHOCTH, MpH-
menserca oneparop Q. On <«oxpaHseTcA» YCJOBHEM
~ s.e0f, rapaHTHPYIOLIHM, 4YTO OYEPEeAHOH 3JeMEHT Aei-
CTBHUTEJNbHO npoyuTaH. JIONONHHTENbHHA onepaTop uTe-
HHA O0yCJOBJNeH TeM (PAKTOM, UTO AJs NPOYTEHHS N 3Je-
MEHTOB HYXXHO BHINOJHHTb 1 -+ | onepanHid YTeHHs, NpH-
yeM MocaeAHss 6yaerT HeyAauHOR. DTO HeyJayHOe yTeHHe
COBEpILEHHO HEOOXOAHMO, MO0 TOJbLKO ONEPATOp UYTEHHs:
H3MeHsieT 3HayeHHe nepeMeHHOA eof. Ero MoxHo 6HJ0
6nl H36eXaTb, €CAH MOCTYJHpOBaTh, YTO ONepaTop BOC-
cTaHoBJeHHs (reset) JdOMXeH onpefenaTbh 3HaueHHe
noas eof kak length = 0. B asumke [lackanb, nanpumep,
onepauusi reset onpefe/eHa HMEHHO TaKMM Da3yMHHM
o6pa3oM. OpHako GOJBIIHHCTBO PpacnpoCTpaHEHHHIX
¢alkJOBHX CHCTEM 3TOTO He JeNaloT, H HMEHHO NO3TOMY
Mbl NMpHAEPXKHBAaEMCSl TAKOA CTPATErHH NPH AEMOHCTpas
LMK MCNOJb30BAHUSA MOCJEA0BATEIBHOCTH.

JoBoabHO yacTo B (HaHMOBHX CHCTeMax AOMYCKalOTCA
HEeKOTOpHe nocsaabJeHHss B CTPOTOH AMCLUHNJIHHE nocJe-
J0BAaTeJbHOrO JIOCTYNa B TOM CMEICJTE, YTO CEpPbE3HOro
HaKa3aHUA 34 3THM He cJeayeT. B yacTHocTH, OHH Aony-
CKalOT MO3HLHOHMPOBaHHE NOCAELOBaTENbHOCTH B J106oe
MecTo, a He TOJbKO B Hauajo. TakHe paciiHpeHHs npa-
BHJ OOGHYHO CONMPOBOXAAIOTCS BBEACHHEM [OMOJHHTENb-
HOA npouelypH AJs paGOTH ¢ MNOCAeN0BaTEeJbHOCTAMH
SetPos(s, k) npu ycaosuu 0 << k << s.length. OueBHuiHo,
yro SetPos(s,0) sksuBaleHTHO Resef(s). Jlerkocts pea-
Au3a0HH TAKOro paclliupeHHss H OOBACHAETCS HAILHM
onpefelieHHeM ONEPALHH 3aMHCH, MOCTYJHPYIOLIHM, YTO
32MHCh BCETAa fIPOUCXOAHT B KOHel NOCJeJ0BaTeNIbHOCTH.
IlostoMy ecan onepalnst 3alMCH NMPOHCXOAHT B MOMEHT,



58 1. OcrosHble NOKATUR CTPYKTYP OGHKGIX

KOrja mo3uuus ¢paifia He COOTBETCTBYET €ro KOHIY, TO
HOBHH 3JEMEHT 3aMEHHT BeCb «XBOCT» 3TOro (paiJa,
T. €. IOCJIEA0BATENbHOCTb KYCeKaETCA»,

1.11.2. bydepusoBaHHble 110C/H€A0BATENbHOCTH

[lpu nepejaue AAHHHX BO BTOPHYHYIO NaMATb HJIH
A3 Hee OTAeJNbHHE pPa3psAH NepefaroTcs Kak CIVIOUIHOH
notok. OGHYHO YyCTpoOHCTBa AJs Nepefaud pacCYHTaHH
Ha CTpOrHe BpeMeHHHe orpaHHueHus. Hanpumep, eciau
NaHHHE 3alHCHBAIOTCA Ha JIEHTY, TO NOCJACAHSs JABHXKET-
csi ¢ HeKOTOpOH (HKCHPOBAHHOH CKOpOCTBIO H Tpelbyer,
yToOH AaHHHE JJI5 3alHCH NMepejaBalHch TaK Xe ¢ PUK-
CHPOBAaHHOH CKOpOCTbIO. Kora HCTOYHHK HCCSIKaeT, TO
JIEHTa «BHIKJIOYA€TCS®» H CKOPOCTb JABHXEHHs OHCTpO
yMeHbIlIaeTcsl, HO, KOHEYHO, He MTrHOBeHHO. [loaTomy
MEXJAy NepeJaHHHMH JAaHHWMH H TEeMH, KOTOpHeE IO~
CJEAYIOT MO3XKe, NMOsSIBJAseTCs HEKOTOPHHA «3a3op» (gap).
-Ecin MH XOTHM AOOHTbCS BHICOKOH IJIOTHOCTH 3aMHCH
NaHHHX, TO HeOGXOAHMO CTPEMHTbCA K YMEHBILEHHIO YH-
ci1a 3a3opoB. [losToMy, pa3 yX JieHTa ABHXKeTcs, JaH-
HHE TNepejaloTcs OTHOCHTEJIbHO OOJbIUAMH 6.40KaMU.
Ilono6Hasi cuTyauus ocraercs cIpaBeAJHBON H AJsl Mar-
HHTHHX AHCKOB. 3AeCb AAaHHHC XDaHATCS Ha JOPOXKKax
B (HKCHpOBaHHOM uHCJe G6JIOKOB Tak Xe (QHKCHPOBaH-
HOrO pa3Mepa, €ro Ha3hBawT pasmepom 6aoxa (block
size). dakTHUeCKH AHCK CJIEAYeT pacCMaTPHBaTh Kak
MaccHB GJIOKOB; KaXAHH 6JIOK YHTAeTcs HJIH 3alHChIBa-
eTCsl IeJHKOM, OOHYHO OH COAepPXHT 2% 6afiToB (rae
k=3_8,9 uan 10).

OnHako Hallll NporpaMMH He Moryr cobJiojath Ka-
KHe-THGO0 BpeMeHHHe orpaHHueHHs. U Anls Toro uyrobu
K36aBHTBCS OT 3THX CJIOXHOCTH, NpH mepefaue AaHHRIX
Kcnonb3yercsl 6ygepusayua. Jannne cobHpamwTcs B Tak
HasnBaeMylo OydepHylO nepeMeHHyIO (B ONepaTHBHOM
namsTH), H KOTJa HakallJluBaeTcs AOCTaTOuHOe s 06-
pas3oBaHHsl 6JI0Ka KOJHYECTBO AAHHHIX, 3TOT 6JIOK mepe-
Jfaercsl.

Bydepusanusi HMeeT €lle OAHO MNpPEHMYINECTBO: OHA
103BOJIsSIeT mpoueccy, (opmupywomeMy (HJIH moayuaio-
HieMy) AaHHHe, o6pabaTHBaThb HX OAHOBPEMEHHO C 3a-
MUCbIO (MJH uTeHHeM) HX ycTpoidcrBoM u3 Oydepa (uin
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p 6ydep). PaKkTHYECKH YCTPOACTBO yAOGHO paccMmaTp-
BaThb KaK HEKOTOPHH mpouecc, KOTOPHH CaM NPOCTO KO-
nupyeT MoTok AaHHHX. HasHauenne xe Gydepa — oGec-
IeYHTb HEKOTOPYIO CTeNeHb He3aBHCHMOCTH B3aHMOJefi-
CTBHS 3THX MNpPOLECCOB, KOTOpHe MH OYyAeM Ha3HBaTh
npougsoduresem (producer) W norpeburesem (consu-
mer). Ecau, ckaxem, B HEKOTOPHH MOMEHT MOTpeGH-
Tedb paGoTaeT MeAJIEHHO, TO OH MOXeT CBA3aTbCs CMpO-
n3poJHTeNeM nono3xe. Takas pasobUIEHHOCTH 4HacTo
OueHb Ba)KHa A/ XOPOILUIEro HCMOJb30BaHHA YCTPOHCTB,
HO 3TO AaeT 3¢¢eKT TOAbKO B TeX CaAyuasxX, Koraa cko-
POCTH NPOH3BOAHTENS H NOTpeGuTe]si B CPeAHeM OJHH
M Te e, HO BO BpeMeHH ¢aOKTyHpyloT. CreneHb pa3o6-
IeHHOCTH YBeJHYHBAaeTCA C DOCTOM pa3mepa Gydepa.

Tenepb nepefineM K BoOmpocy, Kak NpeactaBnsts Gy-
dep, €c/u OPHEHTHPOBATLCA Ha MHAMBHAYaJbHYIO YKJIaj-
Ky H M3BJeyeHHe OTAEJbHHX 3JEMEHTOB, a He Ha paGoTy
¢ ueaHM 6JokoM. Bydep dakTHueckH npeAcTaBiser Co-
Goii ouepeib, MOCTPOSHHYIO MO NPHHUHMNY «NEPBHA NpH-
mea — nepsuf ywea». Ecau Gydep onucaH KaK MaccHB,
TO ABe WHAEKCHpYIOUIHE NepeMeHHbe — NPEANOJIOXHM,
3T0 in M Out — yKa3sHBAlOT MO3HLHIO, B KOTOPYIO 3amH-
chLiBaeTcs 3JeMEHT H M3 KOTOpPO# OH H3BJjekaercd. Hne-
aJbHO OHJO GH, ecJH 6H y 3TOro MacCHBa HHACKCH He
6biH orpaHuyeHH. OAHAKO BNOJHE MOAXOAHMT M JIOGOA
KOHeYHH I MacCHp, Belb HAAO YYHTHBATb, YTO OJAHAXKAK
CUHTAHHHH 3JeMeHT 6oJblle yXe He HCnoJbsyercs. Ilo-
3TOMYy €ro MeCTO MOXHO MOBTOPHO HCNOJb30BaTb., ITO
coofpaxkeHHe NPHBOAHT HAC K HAEe YUKAU4eCK020 Oy«
¢epa. Onepauun pasmemenns (depositing) u usBieve-
uua  (fetching) s3ge-
MeHTa HpPHBOAATCA B
clefyiolleM MoayJe,
KOTOpPHH  3KCNOPTH-
pyeT STH ONepauHH
Kak NpOUEeAypH, HO
3akpniBaer cam Oy-
(ep M ero HHAEKCH-
pylouie nepeMeHHHEe,
T. e, (paKTHUECKH CaM

npouecc  GydepHsa- pyc, 19, Kpyrosod Gydep ¢ HAmeKcas
Ivn, OT npouecca- mH in r out,
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RIHeHTa. B 3TOT MeXxaHH3M BXOJIHT TAaKXe H [epeMeH-
Has n, XpaHsALlas YHCJO 3J€MEHTOB, HAXOMAUIHXCA B AaH-
HuA MOMeHT B Oydepe. Ecau uepes N 00603HaUHTh pas-
Mep Gydepa, To ycaoBue 0 << n << N OyaeT, OYEBHIHO,
uHBapHaHTOM. [losTomy onepauuio u3saeenusn (fetch)
JO/XKHO oOxpaHath ycioBde n >0 (1. e. Oydep He
nycr), a omnepauuio pasmeujerus (deposit) — ycaoBue
n << N (6ydep He noJsoHn). Heynosnersopenne nepBoro
YCI0BHS cJeAyeT KBaJHGHUHPOBATb KakK OLIMOKY mpoO-
rpaMMHpPOBaHHUs, a HapylleHHe MOCJeIHero — Kak HeToY-
Boctb (failure) npensoxennoit peanusauud (6ydep
CJIHIIKOM MaJ).

MODULE Buffer;
EXPORT deposit, 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 HALT END ;
n:=n+1; buffin] : = x; in := (in + JIMODN
END deposit;
PROCEDURE fetch(VAR x: WORD);
BEGIN
IFn = § THEN HALTEND ;
n:=n-1; x 1= buffout]; out ;= (out + I)MODN
END fetch;
BEGINn:=0;in:=0;out:=0
END Buffer.

Takas peann3auns Oydepa OpHUrofHa JHIIL B TOM
cayuae, ecld C NpoueaypaMu deposit M fetch paGoTaer
OJlHa MPOrpaMMa; OHa H NMPOH3BOAHTE]b, H MOTPEGHTED.
Ecau XKe HX aKTHBHPYIOT OTAeJbHHE, OJHOBPEMEHHO pa-
GoTalollde MPOLECCH, TO TaKasg CXeMa BHIVIAAHT CJAHLI-
KOM y(polleHHOR. DTO OGbACHseTcsl TeM, YTO MOMHTKA
pasMellleHHs1 B NOJHOM Oydepe @ MONKTKA H3BJIEYEHHs
u3 mycroro 6ydepa B 3TOM cJydae BIOJHE 3aKOHHHL
BunosHende TakKux JAeACTBHR cJeayeT MpPOCTO 3anep-
KaTb IO TOTO, KaK YAOBJIETBODHTCS OXpamsiollee ycJo-
BHe. DTH 3alepPXKKH (aKTHYECKH TpeGYIOT BBelleHusl CHH-
XPOHH3aUHH OJHOBPEMEHHO paboTaloUHX [pOLECCOB.
3anepKKH MB MOXEM 31eCb NpEeACTaBIATb COOTBET-
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CTBEHHO TaKHMH OllepaTOpaMHu:

REPEAT UNTILn< N
REPEATUNTIL n> 0

HIx crepyeT moacTaBHTb BMECTO ABYX ONEpaTopoB OCTas
nosoB (HALT) u3 (1.28). Onnako MH He peKOMeHAyeM
noJb30BAaTbCH TAaKHM pelleHHeM, Aaxe eCJH H3BECTHO,
yTO ABa Mpollecca ynpaBJdsiOTCS ABYMS OTAE/JbHHIMH pe-
anbHBIMH O6bekTaMHu. [IpHYHHA 3aK/OYaeTCs B TOM, YTO
ofa npoueccopa Mo HeoGXORUMOCTH pabOTalOT ¢ ORHOM
riepeMeHHOR n, T. e. HMeIOT JOCTYN K ONHOM H TOH Xe
naMATd. «3aMepLIHfi» Mpolecc MOCTOSTHHO MpOGyeT 3Ha-
yeHHe I, Mellasi CBOeMy NapTHepy, H60 MaMsATb HHKOrAa
He MOXeT OTBeyaTb Ha 3anpoch GoJiee yeM OJAHOIO Mpo-
necca. Cneayer usberaTb MOROGHBIX «MEUWLAIOUUX OHCU=
danuii» (busy waiting), 1 no>ToMy Mhl BBOAHM HEKOTO-
phle MeXxaHH3Mhl, JefaloiiHe AeTaJH CHHXPOHH3AaLUHH Me-
Hee SIBHHIMH, T. e. (paKTHYeCKH MH CKpDhIBaéM HX. IDTOT
MeXxaHH3M MH OyAeM Ha3HBaThb MeXaHH3MOM CL2HAA08.
Ilpeanonaraercs, 4YTO CHrHaJH JOCTYMHH H3 HCMOJb~
sylomero moayas (6yaeM HasHBaTb ero Process) Ha-
paBHe C MHOXECTBOM NPHMHTHBHHX onepauuii Haj Ta-
KUMH CHrHaJaMH.

Kaxan#t cHrHanm s cOnmocTaBAsieTC € OXpaHSIOWHM
ycaosueM (Ps). Ecam npoueccy Heo6xoauMo 3agepxarb-
cA A0 TeX Mop, MOoKa ApYroé npouecc He yCTaHOBHT P,
OH ROJIXKeH, npexje yeM paboraTh, MOJOXKAaTh NMPHUXOAa
cirHana s. Takoe seficTBHe BHpajXkaercsi uepes oneparop
Wait(s). Ecnn ke apyrofi npouecc AOJMKEH «OTKPHTb»
Ps, To OH curHaausupyet o6 3TOM, BHIOJHSIS ONMEpaTop
Send(s). Ecan P cuuraTh 3a npelycioBHe AJS KaXK-
zoro omnepatopa Send(s), To Py MOXHO paccMaTtpuBaTh
Kak nocrycnosne aas Wait(s).

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

Tenepb MH yXe MOXeM HanucaTh Moayib Oydepa
(1.28) B TakoM Bue, 4T0 OH GyAeT NpaBHJIbHO paboTaTh



62 1. OcrosHbie noOHATUA CTPYKTYp OaHHoLx

H JJs1 OTAEJbHHX, COBMECTHO pa60'raloumx NIPpOLECCOB.
MODULE Buffer; '
IMPORT Signal, Wait, Send, Init; .30
EXPORT deposit, fetch;
CONST N = 1024; (+pasmep Gydepa+)
VAR n,in; out; CARDINAL;
nonfull; Signal; (+n< N+)
nonempty: Signal; (+n> 0+)
buf: ARRAY [0.. N-1] OF WORD;
PROCEDURE deposit(x: WORD);
BEGIN
IF n = N THEN Wait(nonfull) 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 =  THEN Wait(nonempty) END ;
n:=n-1; g 1= buflout]; out:= (out + J)YMOD N;
1F n = N-1 THEN Send(nonfult) END
END feich; .
BEGIN n ;= 0; in := 0; out := 0; Init(nonfult); Init(nonempty)
END Buffer.

Onnako HeoOGXOAMMO cJeJaThb ellle OJHO NpeaocTepe-
skende, Cxema «pa3BaJjiuTCsi» NPH OAHOBpPeMeHHOM obpa-
LIEHHH NPOH3BOAMTENs] H NMoTpebHTeNs K BeJHUHHE N A5
ee u3MeHeHHs. B pesyabraTe — TOUHO mpeAcKasaTb Hellb-
31— ee 3HaueHue Oyner uau n 4 1, HaAH n— 1, HO HHKaK
He 1. Bece, 4TO HEO6X0AUMO, — 3TO AeHCTBHTEJbHO 3alH-
THTb IMpOLecCH OT TaKOro ONacHOr0 B3aHMOJeHCTBHS.
B ofiieM cayuae Bce ONEpaUHH, U3MEHAouiue 3HaveHud
06uux nepeMernsbix, TpeACTaBAsIOT cob0li noTeHuHalb-
HYIO ONacHOCTb.

HocratouHoe (HO He Bcerda HeoO6XOAHMOe) yCJO-
BHe — Bce OOllHe NepeMeHHBle ONMHUCHBATb KaK JOKaJb-
Hble B MOJyJe, FapaHTHPYIOIIEM, YTO €ro Npoueayph Ond<
HOBPEMEHHO BHINOJHATbC He Oyayr. Takue MonpyaH
HasmBaiorcss mounuropamu [1.7]. Ilompo6Hoe B3aHMHO HC-
KJOYaiolee MCIOJHEHHe rapaHTHpYeT, YTO B Ji060# MO-
MeHT TOJbKO OJHMH mpouecc aKTHBHO paboraer c Jto6o#i
H3 npoueAyp AaHHOro Mmosurtopa. Ecau apyroi npouecc
ofpamaercs K HEKOTOPOH npoueaype TOro e MOHHTO<
pa, To oH GyIeT aBTOMATHYECKH 3ajepXKaH L0 Tex Mop,
NOKa NepBHI Npouecc He 3aKOHYHT CBOKO NMPOLEAYPY.
3ameuanue: AXTHBHO paboTaeT — O3HayaeT, 4TO fpoilecc BHMONHALT
Jo6he onepaTOpH, KpoMe onepaTopa OxHAaHHA (wait),
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BepHeMcsi Tenepb, HaKOHell, K Haled 3ajaue, rae
npOH3BOAHTE]b HJIH MOTpeGUTEND (unun ob6a) Ttpebylior,
yTo6bl AaHHHE OHJH HEKOTOpPOTO OMNpEJEJEHHOro pas-
mepa. B caenyomem moayne (sto Bapuaut (1.30)) Mu
npeinojaraeM, 4To y MPOH3BOAUTENs pa3Mmep G6J0Ka
naHublXx — Np, a y motpebutens — N.. B TakoM ciayuae
pasvep Oydepa N BmOupaercs kak kpaTHoe Np # Ne.
Ja6sl NMOAYEpKHYTb CHMMETPHYHOCTb oOnepauui H3pJe-
YeHUs M pasMeLleHHs, €ANHCTBEHHHA CYETYHK N Temepb
GVAeT MpeACTaBJATbCS ABYMsS CHUETUHKAMH, a HMEHHO ne
¥ nf. OHH COOTBETCTBEHHO OMPEAENSIOT YHCJIO MYCTHX H
jano/JHeHHHX mno3uunii B Gydepe. Ecam norpebuteis
CTOMT, TO nf yKa3blBaeT 4HCJO 3JIeMEHTOB, HaNpaBJeH-
HHX TOTpebuTeNI0 A5 06pabOTKH; eciM MPOU3BOAUTEND
OXHAAET, TO ne 3aJaeT YHCJIO 3JEMEHTOB, KOTOPOE €MY
eme HyxHO Jnoaenatb. ([loaToMy cooTHoweHue ne--
+ nf = N He Bceraa cnpaBeAaHBo.)

‘MODULE Buffer;
IMPORT Signal, Wait, Send, Init; (131)
‘EXPORT deposit, fetch;
CONST Np.= 16; (» pa3Mep G10Ka NpoHIBONATENA +)
Nc = 128; (s pasMep GroxamoTpeGuTends)
N = 1024; (+pa3mep Gydepa, kparex Np ¥ Ne«)
VAR ne, nf: INTEGER}
in, out: CARDINAL,;.
nonfull: Signal; (sned>= 0s)
.nonempty: Signal; (snf>= 0s)
buf: ARRAY [0, N-1] OF WORD;
PROCEDURE deposit(VAR x: ARRAY OF WORD);
BEGIN ne {= ne - Np;

I1F ne < 0 THEN Wait(nonfull) END }

FOR1:= 0TO Np-1 DO buffin] ;= x[i;in 1=+ 1END:

IFijn = NTHENin:= 0 END;

nf:=nf +Np;

1F 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 i := 0 TO Nc-1 DO x(i] : = bufout]; out := ¢ut 4 1 END}

IF out = NTHEN out i= 0END ;

ne:=1ne + Nc:

1F ne >= 0 THEN Send(nonfull) END

END fetch;
BEGIN

ne:=N;nfi= 0; i 1= 0; out:= 0; Ini(nonfull); Init(gonempty)
END Buffer.
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1.11.3. CraHaapTHbie BBOJ H BHIBOJ

[Tog craHAapTHHIMH BBOJAOM H BHIBOAOM MEl TNOHH-
MaeM nepefayy AaHHBIX B BBIYHCJHTEJbHYIO CHCTEMY OT
0 CYLIECTBY BHEIIHEro AeHACTBYIOLIEro O6BEKTa, CKaXeM
onepaTtopa, H Hao60poT. BBod OOBIYHO MOXeET HaYHHATb-
cfl C KJaBHIUHOH TaHEJH, a BHIBOJA 3aKaHYMBAeTcs JKpa-
HOM auciJjesi. B Jio6oM ciayyae 1Js 3TOro mnpoiecca xa-
PaKkTepHO, YTO COOGLIEHHEe MOXHO NPOYHTATb, H OOBLIYHO
OHO COCTOMT H3 MNOCJeI0BaTeJbHOCTH CHMBOJIOB. Takas
€YHTAEMOCTb» TNPHBOJHT elle K OAHOMY YCJIOXHEHHIO
onepauufi, CBI3aHHEX C peaJbHHIM BBOAOM H BHIBOAOM.
KpoMe daktHyeckoit nepelayd NAHHHIX CIONa elle BKJIO-
yaercsi M Tpaxcopmayus npedcrasasenusn. Hanpumep,
yhcsaa, o6GHYHO CYHTAMOIIHecss HeleJHMBIMH eJHHHLAMH
P paspsIHOM TNpelCTaBJeHHH, HeOoO6XOAHMO TNpeobpaso-
BHIBATb B YAOG6OYHTaeMOe, AECATHYHOE IpEICTaBJeHHE,
CTpyKTypy HaHHBIX HYXXHO BRIAEJATb MOAXOASIUHMH OT-
CTYNaMH, 3TOT NpOLECC Ha3nBaeTcs (opmMaruposanuem.

KakuMm 6b HH OnlJIO Npeobpa3oBaHHe, KOHUEMNLUHS MO~
cJIel0OBaTeJbHOCTH CHOBa NPHBOAMT K 3HayHTEJbHOMY
YOpoIEeHHIO 3afayH. B OCHOBe 3TOro yTBepXAEHHs Je-
JKHT 3aKJIOYEHHe, YTO €CJTH MHOXKEeCTBO NaHHBIX MOXHO
paccMaTpHBaThb KaK HEKOTODYIO MNOC/€N0BaTeJbHOCTb, TO
npeoGpa3oBaHHe 3TOH MNOCJAEAOBaTEJIbHOCTH MOXHO OCY-
HIECTBATL KAaK I0CJ€J0BaTeJbHOCTh (HAEGHTHYHBIX) IIpe-
o6pa3oBaHHi 3J€eMEHTOB.

T ({S0, S15 ¢+ s Sn=1)) =(T (s0), T(s1)s..., T (5n-1)) (1.32)

Mu npoBeaeM HeGOJbllIOe HCCJENOBaHHe Omepaluii,
HeOOGXOMMMEIX 1Jif Npeobpa3oBaHHsl HAaTypaJbHHIX YHCEJ
NpH BBOJAE H BHBOAE. B OCHOBE JIeXHT yTBepXKAEHHE, UTO
J060e YHCJIO X, NMpeICTaBJeHHOe TMO0c/el0BaTeNbHOCTHIO
gecatHuHBIX wHpp d = {dn_y, ..., di, do), HMeeT 3Hauc-
HHE

x=8u:0<1i<n: d; =10

IpeacraBuM Temepb, YTO NOCJ€A0BATENbHOCTb d HYXKHO
npoyuTaTh H Npeo6pa3oBaTh, a MOJYYHBIIEECH YHCIOBOE
3HayeHHe NPHCBOMTb nepeMeHHol x. Huxke (1.33) mpu-
BOAMTCH TPOCTOH aJITOPHTM, OH 3aKaHYHBaeT paboTy
C TpPHXOLOM MEPBOTO CHMBOJA, OTIHYHOrO OT UHDpHL
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(ApudMeTHuecKOe TepenoJHEHHe 34echb He YUHTHIBa«
eTcsl.)

X ;= 0; Read(ch);

WHILE ("0" <= ¢h) & (ch <= "9") DO .33
Ex = 10+x + (ORD(ch) - ORD("0")); Read(ch)
ND

B cayuae BmBoAa mnpeofpa3oBaHHEe YCJIOXHSAETCH,
OCKOJIbKY NPH JEKOMIO3HIHH X B JECATHUHOE NpeACTaB«
Jedne nAGpH HAyT B obpaTHoM mnopanke. I[locnexnsas
pudpa ¢opmupyercsi nepBOod, ee BHUHCJAAIOT TaK)
x MODI10. 310 npuBOAHT K HEOO6XOAHMOCTH BBefeHHs Oy«
depa —ouepeaH, NOCTPOEHHOl NO NPHHIHNY <«MNOCJEAs
Hufl mpHmesa — nepBHil ob6ciyxunacsas, Takofi 6ydep MH
6yseM NpeACTaBJATb B BHIe MaccHBa d ¢ HHACKCOM i,
B pe3yJbTaTe moJydaercs cJaelyiouias nporpamMma:

1:=0;

REPEAT dff] := xMOD 10; 2 1= xDIV10; i 1= 141 (1.39)
UNTILx = 0;

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

UNTILi=0

Bameuanue: CHucremaTndeckan sameHa B (1.33) m (1.34) roucrautu
10 Ha Apyryio KoHcraty B (>>0) nopoxpaer noanporpammn ne-
pesoja B TpeACTaBJeHHH ¢ ocHoBaHMeM B. Uacto ucmouabsyorcs
BapuaHTH A1 B =8 (BocbMephuHoe mpeacrasiehue) @ B = 16
(wecTHaAUATEPHYHOE OpEACTABJEHHE), NMOCKO/AbKY BXOAALLHE B NOA-
nporpaMMnl YMHOXXEHHA H JA€JIEHHA CBOAATCA K MOPOCTOMY CABHTY
ABOHYHKIX QHCEJ.

OueBHAHO, HET HHKAKOA HeOOGXOAHMOCTH JeTajbHO
onpenesiATh 3TH «Be3JecyllHe» OMepalHH B KaxIOH Npo-
rpaMme. Ilo3TOMy MH cyHTaeM, 4TO CTaHAAapTHHA Mo-
ayab (utility module), o6ecneunsarowmuit GOVBIIKHCTBO
OOIIHX, CTAHAAPTHHX OMNepauHA BBOJAa H BHBOAA 11
YHceJ M CTPOK, BCerja B INporpaMMe <«NpHCYTCTBYET».
Ha rako#t moaysnb (oH HaswBaercss /nOut) MH ccRIaeM-
Csi BO MHOrMX nporpammax Hawe#dt Kuuru. Ero mpomeny-
pH oGecneyHBAaOT BBOA H BHIBOJ OTAEJbHHX CHMBOJIOB,
LeJbX, KOJHYeCTBEHHHX UHCAHTEJNbHHIX HAH CTPOK. [lo-
CKOJLKY MH €ro HCHoJb3yeM OdYeHb 4acTo, TO pasjed
onpeseJieHHA 3TOro MOAYJsA TNpPHBOAMTCA 3Jecb MNOJ-
HOCTbIO.

B ero npoueaypax urenus (read) u samucu (write)
HeT NapaMeTpa, YKa3HBaluero, ¢ KakOd mnoc/ieaosa-
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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; (* koHueso# cumpon B ReadInt, ReadCards)
in, out: File; (*TONBKO 1A HCKTHOUHTENbHBIX CITY4aeB *)

PROCEDURE Openinput(defext: ARRAY OF CHAR);
{» 3anpauniBaeTcA HMs HaANa ¥ OTKPIBAETCA BXOAHOA ¢asin "in",
Done : = "file was successfully opened"
Ecnu daitir oTkpeiT, TO nmocnenylommit BBOX KAET H3 3T0ro asrd,
Ecnu uMA 32K2HYHBAIOCE CHMBONOM ~.”, T0 loGaBaseTcA pacumpente defext*)

PROCEDURE OpenQutput(defest: ARRAY OF CHAR);
(» 2anpanmBaeTca HMA daina H OTKPLIBAETCA BHIXOIHOH daiin "oul™
Done : = "file was successfully opened.
ecru dhailit OTKpHIT, To NoCMeRyOIAA BBIZYa HAET B 3T0T Gaiit * )

PROCEDURE Closelnput;
(» BXomHOR ¢haill 32KpbIBaET A, BBOJ, BOIBpalllacTcA K TePMHHATY # )

PROCEDURE CloseOutput; .
(+ BbIxomHOM ¢ailyT 3aK pbIBacTCHA, BRIBOJL BOIBPANAETCA K IEPMHRATY »

PROCEDURE Read(VAR ch: CHAR);
(*Done ;= NOT in.eof*)

PROCEDURE ReadString(VAR s: ARRAY OF CHAR):

(# uTenHe CTPOKH, T. €. NOCNEROBATENIHOCTH CHMBOIOB, HE COEpIKaLLeH
Mpo6eNIOB HIH YTIPABIAIMX CHMBOJIOB; HavajibHbie TpoGennr
HTHOPHpYI0TCA, BBOJ 3aKaHuMBaeTCA MOGLIM CHMBOIOM (= ™ .
3TOT CHMBOJ NMpHCBaHBaeTcx termCH.

Tlpu BBOfIE C TepMHHana [ULA BO3IBPaTa Hcnonbayerea cumBoll DEL +)

PROCEDURE ReadInt(VAR x: INTEGER);
(s 9TeHME CTPOKH K npeobpaloBaHKe ee B uenoe. CHHTAKCHC:
ueno¢ = [*+”["~""] mdpa{ mdpa}.
Havansabie ipoGejial HrHOpHpYIOTCA.
Dong ;= “integer was read"s)

PROCEDURE ReadCard(VAR x: CARDINAL),
(* yTeHHe CTPOKH H npeobpa3oBanue ee  wicno tHna CARDINAL,
Cunrakcuc: wcno = mdpa {imdpa}l.
HananbHbte npoGensl uruopupytoTca,
Dong : = “cardinal was read"s)

PROCEDURE ReadWrd(VAR w; WORD);
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(+Done :=NOT in.eof+)
PROCEDURE Wirite(ch: CHAR);
PROCEDURE WriteLn; (»OKORYaHNE CTPOKE %)
PROCEDURE WriteString(s: ARRAY OF CHAR);

PROCEDURE WriteInt(x; INTEGER; n: CARDINAL);
{ 3AIHCH NETOTO X B HailT out ¢ MUHHMYM 1 CHMBONIAME,
Ecni n GoMbIIe QUcHa TpeGyeMbix uudp, 10
TIepey THCTOM IoGABNATCH MpoGenbi + }

PROCEDURE WriteCard(x, n: CARDINAL);
PROCEDURE WriteOct(x, n: CARDINAL);
PROCEDURE WriteHex(x, n: CARDINAL);
PROCEDURE WriteWrd(w: WORD);

END InOut,

TesbHOCTBIO (¢ahnom) maer paGora. IToapasymeBaercs,
yTO JaHHble YHTAIOTCH CO CTaHAapPTHOrO YCTPOHCTBA BBO-
na (KJ1aBHIIHAS NaHeNb), a 3alHCHBAIOTCA ONATbH XKe Ha
cTaHJapTHOE BHBOAHOe ycTpoicTBO. OJHaKO TakHe 10+
IYUEHHs MOXHO OTMEHHTb, 06paTHBLIHCL K MNpoleaypam
Openlnput n OpenOutput. ORH TpebYIOT OT omepaTopa
M5 ¢aisa H MOACTABAAIT 3ajJaHHHe (aigH BMECTO
CTaHAAPTHHX YCTPOACTB, H3MEHAS TeM CaMHM MNOTOKH
nannbix. Ilpouenypu Closelnput w CloseQutput Bo3-
BpallaloT CHCTEMY K paGoTe CO CTaHAapTHHMH YCTpOH-
CTBaMH.

1.12. TIOUCK

Oano u3 HauboJiee 4aCTO BCTpevaIOLUIHXCA B MPO-
rpaMMHUpoBaHHH JAeficTBHHA — noHcK. OH e mpeAcTas-
asier co6OR MAaeaJbHYIO 3alauy, Ha KOTOPOH MOXHO HC-
NbITBIBATh pasjHuHbBEe CTPYKTYDH JaHHHX MO Mepe HX
nospjeHHsi, CyllecTByeT HECKOJbKO OCHOBHHX «BapHa-
LU S5TOH TeMH», H JJIA HHX CO34aHO MHOrO pasjlHuHHX
aaropHT™MoB. TIpH naJjbHedlilleM pacCMOTPEHHH MH HC-
XOLMM H3 TAKOr0 MPHHUMIHAJILHOTO AOMYLIEHHS: rpynna
NAHHBIX, B KOTOpDOH HeOOXOJHMO OTHCKaTb 3a/laHHHHA
3JeMeHT, fuxkcuposana. ByneM cuHTaTb, UTO MHOXECTBO
n3 N 3JeMeHTOB 3afaHo, CKaXeM, B BHAE TaKOro Mac-
CHBA

a: ARRAY[0O..N —1] OF item
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OO6uiyHO THT ifern ONHMCHIBAeT 3aNHCh C HEKOTODHIM MO~
JeM, BHNOJHSIONINM pOJb KIo4a. 3ajaya 3akKkJAKYaercs
B MOHCKE 3JIeMEHTa, KJIY KOTOpPOro paBeH 3ajlaHHOMY
«apryMeHTy noucka» X. [losyueHHB#i B pe3yJjibTaTe HH-
AeKc i, yaoBJaeTBopsiomHil ycJoBHio a[i] .key = x, obecne-
yuBaeT AOCTYN K APYTHUM NoJasiM ob6HAapYyXKeHHOro 3JeMeH-
Ta. Tak Kak Hac HHTepecyeT B NMepBYI ouepeAb caM Mpo-
ecC NOUCKa, a He OGHApYXXeHHHE RaHHHE, TO MH OyleM
CYHTaTh, UTO THN {fem BKJIOYAET TOJbKO KJKY, T. € OH
ecre ka0u (key).

1.12.1. JIuHeAHBIH MOHCK

Ecan Her HuKakofi nonosHMTeNbHOH HHOODMAalHH
O pa3biCKHBaeMHX JaHHHWX, TO OUEBHAHHH noaxojx—
npocTofl nocJaeAOBaTeJbHHI NMPOCMOTP MAacCHBA C yBeJH-
yeHHeM War 3a mwaroM TOR ero 4acTH, Fie XejaeMoro
sjeMeHTa He OGHapyxeHo. Tako#i MeToJl Ha3hBaercs
AUHEURbIM NOUCKOM. YCJOBHS OKOHYaHHA IIOMCKa Ta-
KOBHI:

1. DneMeHT HafileH, T. e. aj=X.

2. Becb MaccHB NPOCMOTpEH M COBNafieHHs He obHa-
PY3KeHo.

STo naeTr HaM JIHMHEeHAHH aJrOpUTM;

i:=0; _ L.36)
WHILE({ < N) & (afi} # x) DOi:= i+1 END
OﬁpaTHTe BHHMAaHHE, 4TO MOPANAOK 3JIeMEHTOB B Jioruye-
CKOM Bblpa)KeHHH HMEEeT cym,ecmeﬂﬂoe 3HAYeHHe. I/IHBa-
pHaHT HKJa, T. €. YCJOBHE, BHITIOJIHAKOLIEECH nepell
Ka X AbIM yBeJlquHHeM HHAEKCA 1, BHIIVIAAHT Tak:

(0<i<KN)&(Ak: 0 <k<izag=x) (1.37)

OH ropopHT, YTO AJS BCeX 3HaueHH# k, MEHbIIHX YeM i,
coBnajeHus He 6b10. OTCIOAA ¥ M3 Toro dakTa, yTo IO-
HCK 3aKaHYMBAETCH TOJbKO B cjlydae JOXKHOCTH YCJOBHS
B 3aroJIOBKe IMKJa, MOXHO BBIBECTH OKOHUaTeJbHOE
yeJioBhe:

(G=N)OR (3 = x) & (Ak: 0 <k<ji:ag#X)
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IT0 yc/IOBHe He TOJNbKO YKa3nBaeT Ha XeJaeMH# pe-
3yJbTaT, HO U3 HEro Xxe cJelyeT, YTO €CJIH 3JeMeHT Haf~
JeH, TO OH HaljileH BMeCTe ¢ MHHHMAJbHO BO3MOMHHM
HHJEKCOM, T. €. 3TO NepBHA H3 TaKHX 3JeMeHTOB. PapeH-
cTBO i =N CBHAeTe/NbCTBYET, UTO COBHAAEHHs He Cylle-
CTBYeT.

CoBeplLIeHHO OYEeBHAHO, YTO OKOHYaHHe LHKJa rapas-
THPOBAHO, NOCKOJBKY Ha Ka)K/OM IIare 3HaueHHe | yBe-
JUYHBAETCH, H, CJeJOBAaTEJbHO, OHO, KOHEYHO XKe, J0-
CTHTHET 32 KOHeYHOe 4YMcjo maroB npegeia N; ¢akTu-
YeCKH XKe, ec/IH COBMajfleHHs He OBJO, 3TO NpPOH30HAeT
pocsae N maros.

$lcHO, uTO Ha Ka)xAOM mare Tpe6Gyercsl yBeJHYHBATL
MHAEKC H BHUYHCJIATb JIOTHYECKOE BHIpa)ieHHe. A MOMHO
JH 3Ty pa6GoTy YNPOCTHTb H TaKHM OGpasoM YOHCT-
pHUTb NOHCK? EAHHCTBEHHAs BO3MOMHOCTb —— MNONMKTATbLCH
yOPOCTHTL CaMO JIOTHYeCKOe BHpaXKeHHe, Belb OHO CO-
CTOMT H3 AByX uJeHnoB. CJjeloBarejbHO, €AHHCTBEHHMH
UIaHC Ha NyTH K GoJjiee NMPOCTOMY pelleHHIo — chopMy-
JUpPOBaTh MNPOCTOE YCJIOBHE, 3KBHBAJEHTHOE HalleMy
CIOXXHOMY.. DTO MOXHO CAeJaTb, €ClH MH FapaHTHPYeM,
YTO COBNajeHHe Bceraa npousoiaer. Ias storo jocra-
TOYHO B KOHelL MAacCHBA IOMECTHTb JAONOJHHTEJbHLIMA
3JeMeHT cO 3HauyeHHeM X. HasoBeM Tako#h Bcmomora-
TeJbHHH 3/eMeHT «6apbepoM», Beib OH OXpaHseT Hac
OT mepexoja 3a npejesn MaccHBa. Tenepb MaccHB Oyaer
ONHCaH TakK:

a: ARRAY[0.. N] OF INTEGER

H aJropHTM JHHEAHOro MOHCKa ¢ 6apbepoM BHIJIALHT
cleaylomHM o6pa3om:

BN]:=x;1:=0; _ (1.38)
WHILE off) # x DO1!=141END

PesyabrHpyiowiee yc/JOBHe, BHBEAEHHOE H3 TOrO Xe HH-
BapHaHTa, YTO H Npexje:

(a=x)&Ak:0<k<itag#x)

flcHo, uTO paBeHcTBO i =N CBHAETEIbLCTBYET O TOM, YTO
coBnajeHus (ec/JH He CYMTAThb COBNaJeHHs ¢ GapbepoM)
He GHJIO. '
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1.12.2. Tlonck peaenneM nonoaam (AXBOHUHBIH NMOHCK)

CoBepINEHHO OYEBHAHO, UTO APYTHX croco6os yGri-
CTpeHuS TNOHCKA He CyLIecTByeT, €CJH, KOHEYHO, HeT elle
KakoH-1H60 HH(POpPMauud O HAaHHHX, CpedHd KOTOphIX
HIeT MOHUCK. XOpOLIO H3BECTHO, YTO MOHCK MOXKHO CAe-
JaTb 3HauHTeJbHO G6oJee 3(p¢deKTHBHHM, €CJH AaHHbIC
6yayt ynopsiioueHH. BooGpasute cebe TeseOHHbIH
CIpaBOYHHK, B KOTOpOM (daMu/Jud He GYILYyT pacrnoJfoxe-
HBl 1O TNOPSAKY. DTO HeuTo coBeplIeHHO Oecrnoie3Hoe
IlosTOMy MH NpPHBOAHM aJITOPHTM, OCHOBAHHHIA Ha 3Ha-
HUH TOTO, YTO MACCHB a YNOpPAAOYEH, T. €. YAOBJETBOPAET
YCJIOBHIO

Ak: 1<k<N:a_;<ag (1.39)

OcHOBHast uaesi — BHGpaTh CJAyYyadHO HEKOTOPHI 3Je-
MEHT, NPEANOJOXKHM am, H CPAaBHHTb €ro C apryMeHTOM
noucka x. Ecan OH paBeH X, TO NOHCK 3aKaHYHBaercd,
€cJIH OH MeHblle X, TO MH 3aKJI0YaeM, YTO BCE 3JIEMEHTEI
C HHAEKCAMH, MEHbIUHMH HJH PaBHHMH Im, MOXHO HC-
KJIOYHTb H3 JaJjbHeflllero TNoHCKa; ecJd e OH OoJblue
X, TO HCKJIIOYAIOTCH HHAEKCH 60Jblile H paBHHe m. JTO
coofpaxKeHde NMPHBOJHT Hac K CJEAYIOLUEMY aJrOpHTMY
(OH Ha3HBAeTCH <NOUCKOM OeaeHuem nonosam»). 3Hecb
IBe HHAEKCHHe nepeMeHHne L # R orMeuaioT cooTBeT-
CTBEHHO JIeBH{ H NpaBW#l KOHeI| CEKIWH MaccHBa a, rie
enle MoXeT OHTE OOHapyx:eH TpeOyeMHH 3JIeMEHT.

L:=0;R:=N-1:found := FALSE; (1.40)
WHILE (I. < R) & ~found DO

m ;= Jgloboe 3nayeHue Mexdy L u R

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

ELSIFaim]<x THEN L := m+1

ELSER :=m-1

END
END

HHBapHaHT IIMKJa, T. €. YCJOBHE, BHIMOJHAIOMIEECH nepel
KaXJblM 11aroM, TaxkoB.

L <R)&(AR0 K<L ag<X) & (AKsRSKS N o) x) .41
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113 Y€ro BHIBOJAHTCS peE3yJbTaT
$ound OR (LY R) & (Ak: 0 S K<L 2 <x) & (AR R<KSN:ggd x))

OTKYAa cJaefyeT

2. =X)OR(Ak:0 LX<N:ag#x)

BbifOp m COBEPIUIEHHO NMPOU3BOJEH B TOM CMHCJE, YTO
KOPPEKTHOCTb aJIrOPHTMa OT Hero He 3aBHCHT. OXHAKO
Ha ero 3¢@deKTHBHOCTL BHGOp BaHAET. JICHO, YTO Halla
3ajaya — HCKJIIOYHTbh Ha KaXJOM wary d3 jfaJjbHeHllero
TIOHCKA, KaKuM OB HH OnJ pe3yJbTaT CpaBHEHHS, Kak
MOXKHO G6oJblie 3JeMeHTOB. ONTUMaJbHHM pelleHHeM
6yner BHOOpD CpeJHEro 3JjeMeHTa, TaK KaK NMpH 3TOM B
J11000M ciydyae OyAeT HCKJIOYaTbhCsd MOJOBHHA MacCHBA.
B pesyabTare MakKCHMaJbHOE YHCJIO CPaBHEHHH paBHO
log N, oxkpyraeHHoMy po 6auxaiiuero uejoro. Takum
06pa3oM, NpHBEJEHHHH aJropUTM CYLIECTBEHHO BHIHT-
polBaeT MO CPABHEHHIO ¢ JHUHEHHHIM TOHCKOM, Belb TaM
OXXHJAaeMoe YHCJO0 cpaBHeHH — N/2.

O¢peKTHBHOCTD MOXKHO HECKOJbKO YJYYLIHTb, NOMe-
HAB MECTaMH 3aroJIOBKH YCJOBHHX oneparopoB. IIpo-
BepKy Ha PaBEHCTBO MOXKHO BHNOJHSATh BO BTOPYlO ove-
Peab, TaK KaK OHa BCTpevaercs JHIIb efHHOXIH H MpPH-
BOAUT K OKOHYaHHI0O pabore. Ho 6osee cymecTBeHHO
caepylomee coo6paKeHHe: Heb3s JH, KaK H NPH JHHEH-
HOM MOHCKE, OTHCKAaTh TaKoe pelleHHe, KOTopoe OmnATh
Ol YNPOCTHJO YycJOBHE OKOHYaHHS. M1 MH peficTBHTENb-
HO HaxOAHM Takod OHCTPHH aJropuTM, Kak TOJBKO OT-
Ka3biBaeMCSl OT HaHBHOTO KeJaHHS KOHYHTb [MOHCK MpH
¢duxcauuu copnafeHHsa. Ha nepBuniit B3rasj 310 Kaxercs
CTPAHHHM, OAHaKO NpPH BHHMATeJNbHOM pPAaCCMOTPEHHH
00HapyXHBaeTcs, YTO BHHUIpHII B 3()(PEKTHBHOCTH Ha
KaXJOM LIare NpeBOCXOJAHT MOTEPH OT CpPaBHEHHAA C He-
CKOJbKHMH JOTMOJHHUTENbHHMH 3JeMeHTaMH. HanoMuum,
YTO yHCJAO 1WaroB B xyAuem caydae — log N. Brcrpuit
4JTOPUTM OCHOBAH Ha CJAEAYIOIUEM HHBapHIHTE:

(AK:0 k<L 2<x) & (AK:RLk{N:%>X) 1.42)
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npHYeM IMOHCK NpOAOJXKaeTcs N0 TeX Mop, noka obe cex-
IIHH He «HAaKpOMOT» MacCHB LEJHKOM.

L:=0;R:=N; 143
WHILEL<R DO

m:=(L+R)DIV2;

IF a[k]< x THENL:= m+1ELSER := mEND
END

¥YcnopHe OkOH4YaHHS —L = R, HO JOCTHXRHUMO JiiH
oHO? [lss AOKa3areJbCTBA 3TOTO HaM He06XOJIHMO MOKd:
3aTb, YTO MNpPH BCex OBCTOSTeNbCTBaX pa3HocTb R—L
Ha KaXJIOM liare yObiBaer. B Hauane kaxjoro uiara
L < R. ns cpennero apuhmMeTHYECKOTO m CIpPaBeJIUBO
yeaosue L << m << R. CnegoBaTesbHO, pa3HOCTb Jeii-
CTBUTE/NbHO yObiBaer, Befb Ju60 L yBeJHYHBaeTcs MmpH
NpUCBAHBAHHH eMy 3HaueHHss m + 1, JH60 R yMeHbiua-
eTcst MpH TNpHCBaWBaHdH 3HayeHHss m. [Ipyg L=R mno-
BTOpEHHE UHMKJa 3akaHuyuBaercs. OXHAKO Hall HHBapH-
aHT u ycjoBue L = R elle He cBHAETEJbCTBYIOT O COBIA-
nennu. Koneuno, npy R =N HHKakKuX cOBNajeHHH Her.
B npyrux xe ciyyasx MB JOJKHH YYHTHBATh, YTO 3Je-
‘MeHT a[R] B cpaBHeHHsiXx HHKOrjJa He yuacTtByer. Crejo-
BaTeJbHO, HeoGXoiuMa JOMOJHHTeJbHAasi MpOBepKa Ha
paBeHcTBO a[R]=x. B ornnumne ot mepBoro Hauero pe-
menus (1.40) npuBedeHHBI aJropuT™, Kak H B ciayyae
JIHHEHHOr0 TOHCKAa, HAXOJHT COBMAJalOHH 3JeMEHT C
HaHMEHbIIUM HHIEKCOM.

1.12.3. Hounck B Tabanue

Tlouck B MaccHBe MHOrJa Ha3bIBAIOT NOUCKOM 8 TuO-
Auye, OCOGEHHO €CJH KJKY caM sBJseTcs COCTaBHLIM
06beKTOM, TAKHM, KaK MAacCHB YHCeJ HJM CHMBOJOB. Ya-
CTO BCTpEYaeTcsl MMEHHO IOcJAelHHH cayvya#, KOria mac-
CHBBl CHMBOJIOB Ha3blBAIOT CTPOKaMH HJH CJOBaMIl.
Crpokoesiii TN onpefensieTcs Tak:

String = ARRAY[0.. M — 1] OF CHAR (1.44)
COOTBETCTBEHHO OIpeaensieTci H OTHOLIEHHE IOpsiKa
IJIsl CTPOK:

(x=y) = (A 0<j<M:x =y
(x<y) = ELO<i<KN:((A10<I<iix =) & K<)
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Jsia Toro yto6H YCTaHOBHTb (DaKT coBNaAcHHS, MH
JIOJIXKHH, O4eBHJAHO, YGeAUTLCS, YTO BCE CHMBOJH CpaB-
HHBA€MHX CTPOK COOTBETCTBEHHO DaBHEI OJHH JAPYTroMy.
ITosToMy cpaBHeHHe COCTABHBIX ONEPaHAOB CBOAMTCA K
[OMCKY MX HecOBNajalolMX uacTelf, T. €. K NOHCKY <Ha
HepaBeHcTBO», EcaM HepaBHHX uacTell He cylnecTByeT,
TO MOXHO TOBODHTb O paseHcTBe. [IpeAnonoxuM, uto
pasMep CJOB JOCTaTOYHO MaJ, CKaxeM, MeHbwe 30.
B 3sToM cayuae MH 6yideM HCNONb30BaTh JHHEHHHH MO-
HCK M 1ocTynaTth TakHM o6pasom.

Has GoablIMHCTBA NMPaKTHYECKHX NMPHJIOXKEHHH Xena-
TeMbHO HCXOAHTb H3 TOrO, YTO CTPOKH HMEIOT IlepeMeH-
HHil pa3mep. DTO npeanoJaraer, YTO pasMep YKa3bBa-
eTcsl B KaxAoil orAeiabHol cTpoke. EclHM HCXOAMTb H3
paHee ONHCAHHOrO THMA, TO pa3Mep HE JOJIKeH Mpeeoc-
XO[MTb MaKcHMaJsbHoro pasmepa M. Takas cxema A0-
CTaTOYHO rH6Ka W MOAXOAMT AJI MHOTHX cJyuaes, B TO
JKe BpeMsl OHa No3BoJseT H3bexaTb CJOXKHOCTEH AHHA-
MHYECKOro pacmnpejesneHus namsatH. Yaue Bcero HcnoJb-
3YIOTCA JBa TaKHX TIpeJCTaBJeHHs pa3mepa CTPOK:

1. PaaMep HesiBHO YyKa3mBaercd NyreM A00aBiieHHs
KOHIEBOro CHMBOJIa, GoJiblile 3TOT CHMBOJ HHIJE He ymno-
Tpebaserca. OGHYHO /S 3TOH LETH HCNOJb3yeTCs <«He-
neyataeMuil» cumBoJa co 3HauenveM 0C. (Ons pajgbHeit-
IIero BaXKHO;, YTO 3TO MUHUMAAbHbLL CHMBOJ H3 BCEro
MHOJXeCcTBa CHMBOJIOB.)

2. Paamep fABHO XpaHHTCA B KayecTBe NEPBOrO 3Je-
MEHTa MaccHBa, T. €. CTPOKa S HMeeT CJeAylouHil BHI:
S == Sg, 51, S2, +++, SN—1. 3AECb S1, ..., SN—i — (PAKTHUE-
CKHMe CHMBOJH cTpoKH, a sp==CHR(N). Tako#t npuem
MMeeT TO NpPEMMYLIECTBO, YTO pas3Mep SBHO JOCTYNEH,
HeJOCTATOK e B TOM, 4TO 3TOT pa3Mep orpaHHyeH pas-
MepoM MHOXecTBa CHMBOJIOB (256).

B nocneaywouiem ajqropHTMe NOHCKa MH OTAaeM mpel-
nouTeHHe nepsBoit cxeMe. B 3ToM ciayuyae cpaBHEHHE
~TPOK BHNOJHAETCA TaK:

i:=0; 1.45)
WHILE(x[i] = y[i]) & (x{i] # 0C) DO ;= i+1 END

KoHueso#t cuMBoa paGoTaeT Tenmeps Kak Oapnep, a HH-
BAPHAHT 1IHKJA TaKOB: :

Ap0<j<i:x=y; #0C
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PesyabTHpylolllee e YCJAOBHE BHIVISAHT CJeAYIOUIHM
obpasom:

((%; # y)OR(x;=0C)) & (A: 0<Cj < it x;=1y; # 0C)

Ilpu ycJIOBHH X;==y; CYHTaeTCs, YTO X H y COBMAajaloT,
€CJIH Xe Xy <]y, To X <.

Tenepb MH rOTOBH BEpHYTbCS K 3ajlaye NOUCKA B Tab6-
aupe. OH TpebyeT «BJ0XKEHHBIX» MOHCKOB, a HMEHHO: IO-
HCKa N0 CTPOYKAM TalJuubl, a A KaXKAOH CTPOYKH MO-
cleloBaTebHBIX  CPAaBHEHHHA — MEXAY KOMIIOHEHTaMH.
Hanpumep, nyctb Tabauua T u aprymeHT noucka x onpe-
JAEJSIOTCS TaKHM 06pa3oMm:

°r: ARRAY [0 N-1] OF String;
% String

Honyctum, N nocTaToyHo Besauko, a Tabaupa ynopsuo-
yeHa B aJdaBuTHOM nopsjake. Bocrnosb3yemcsi MOHCKOM
JeJleHHeM nonoJdaM. Hcnoabays coOTBeTCTBYIOILIHE aJjro-
putMbl (1.43) u cpaBHeHus crpok (1.45), o KoTOpHIX
Ja peub BhIllE, [OJyyYaeM Takod (parmeHr . npo-
rpaMMBbi:

L:=0;R:=N;
WHILEL{R DO (L.46)
= (L+R)DIV2;ii=0;
WHILE (T[m,i] = x[i]) & (x[i] # 0C)DOi:= {+1END;
TF Tim,i} < 2l THEN L := m+1 ELSER ;= m END

IFR(NTHENi:=0:
WHILE (T[R,i] = *[i]) & (x[i] # 0C) DO { := i +1 END
END

(* R<N) &(T[R,i] = x[i]) duxcupyer copmanciue «)

1.12.4. IIpamMoH NMOHCK CTPOKH

YacTo NPUXOJAMTCH CTAJKHBATbCS CO CHELH(PHYIECKUM
NIOHCKOM, TaK Ha3biBaeMBIM 7NOUCKOM CTPOKU. Ero Mox-
HO onpejesuTh caefyioimuM obpasoM. IlycTe 3anan mac-
cuB s 3 N 3/1eMeHTOB U MaccHB p U3 M 3/ileMeHTOB, NpH-
yeM 0 << M << N. OnucaHbel OHH Tak:

s: ARRAY[0 .. N — 1] OF item.
p: ARRAY[0.. M — 1] OF item
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TloHck cTpOKH OOHapyXHBaeT mepBoe BXOXKAEHHe p B s.
O6u4HO item —3TO CHMBOJH, T. € S MOXHO CYHTaThb
HEKOTOPHM TEKCTOM, a p — O6pa3oM HJH CJOBOM, H MH
XOTHM HaHTH NepBOe BXOXJAEHHE ITOro CJIOBa B yKa3aH-
HOM TeKcTe. JTO AEACTBHE THIHYHO IS JIOGHX CHCTEM
06paboOTKH TEKCTOB, OTCIOAa H OYeBHAHasl 3aHHTepeco-
BaHHOCTb B TIOHCKe 3¢ (EeKTHBHOrO aJIrOpHTMa AJsl 3TOR
3afayn. OnHako, mpexje uem o6pamaTb BHHMaHHE Ha
3¢ deKTHBHOCTb, AaBaiTe CHavala pasbepeM HeKufi «nps-
MOJIHHEHHHA» aJropuTM noucka. Mu ero 6yAeM Ha3H-
BaTh NPAMbIM NOUCKOM CTPOKU.

Eme n0o ompenesyienHst aAropuTMa HYXKHO 6oJiee TOY-
HO c(hOpMyJHPOBaTh, YTO 2Ke MH OT HEro Xejaem moJy-
yHTb. ByAeM cuHTaTh pe3y/bTaToM HHIEKC i, YKa3HBalo-
ILHA Ha mepBoe C HauaJa CTPOKH COBNajJeHHe ¢ 06pa3oM.
C sToft wmenblo BBefeM mpeRHkat P (i, j):

P, j)=Ak: 0k <j: s, =pg (1.47)

Haw pe3ynbTHpYIOILHA HHAEKC, OYEBHAHO, AOJNXKEH yAOB-
JeTBOpATL 3ToMy npenukaty P (i, M). Ho atoro nemocra-
TouHO. [JOoCKO/NIBKY MOHCK JOJIKeH OOGHApYXHTb nepsoe
BXOXJAeHHe o6pa3sa, P(k, M) nomkHO GHTbL JOXKHHM AJA
Bcex k << i. OGo3HauuM 3TO ycsaoBHe yepe3 Q(i):

QU)=Ak: 0<k<i: ~P(k, M) (1.48)
ITocraBnenHas 3amaya cpa3y Ke HABOAHT Ha MHCIb

opOpMHTEL MOHCK Kak MOBTOpAOIIEeCA CPaBHEHHE, H MH
npeajaraeM TaKOH BapHaHT:

§i=-1e
REPEAT{!=1+1; (+ Q(1) +)
Jound := F(LM)

UNTIL fotnd OR (i = N-M)

BuuHcienue P, ecTecTBeHHO, BHOBb CBOAHMTCH K MOBTO-
PSAIOIUMCA CPaBHEHHAM OTAeNbHHX CHMBOJIOB. Ecau
npuMeHuTb X P Teopemy MopraHa, TO moJaydyaercs, 4TO
HTepallid JOJKHH <«HCKaTb» HeCOBNajeHHe Mexay 006-
pasoM H CTPOKOH CHMBOJIOD.

P (i, )= (Ak: 0k < | 84 =Py =(~Ek: 0k < Jt
Si4k 7 Pk)

B pesyabTaTe 3TOrO yTOUHEHHs MH NPHXOAHM K [OBTO-
peHuio BHYTpH noBTOpeHHs, [Ipemnkata P u Q BKJO-
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yaloTCs! B COOTBETCTBYIOIHEe MecTa NPOrpaMMbl Kak INpH-
medyanus. OHH NpeACTaBJAsIOT COOOH HHBApHAHTHI IHK-
JIOB YNOMSIHYTHIX HTEpaTHBHBIX MPOIECCOB.

=1 (.49)
REPEATi:=1+1;]:=0; (s Qi) %)

WHILE(J < M) & (s{i+]] = pli) DO (s P(Gj+1) #}j := j+1 END

(= Q) &P(i.)) & (( = M)OR (s[i+j] # p[iD) *)
UNTIL( = M)OR (i = N-M)

B neficTBUTENbHOCTH UJIeH j == M B yCJOBHH OKOHYaHHA
COOTBETCTBYeT yCJOBHIO found, Tak Kak M3 Hero cjeayeT
P(i, M). Unen i=N —M unmnauuupyer Q(N—M) u
TeM CaMhiM CBHAETEJbCTBYET, YTO HHIAe B CTPOKe coBna-
JeHHs1 HeT. Ecau HTepaiuu mpojoJiKaiores npu j < M,
TO OHH JO/KHH NPOJOJKATBCH H NPH Si+; ¥ p;. B cooT-
perctBuH ¢ (1.47) orciona caeayer ~P(i, j), 3artem
u3-3a (1.48) caeayer Q(i+ 1), uto M MNOATBEpXKIaer
cnpaBeanuBocTh Q (i) nocse OYCpPeAHOro yBeJHYEHHs i.

AKaaua npamozo noucka 8 cTpoke. DTOT aJrOPUTM
paGoraer aocTaTOYHO 3(heKTHBHO, €CJAH Mhbi JAONYCKaeM,
YTO HeCOBNa/JeHHe Maphl CHMBOJIOB MPOHCXOJAHT MO Kpai-
Hell Mepe MnocJie BCEro JIHLIb HECKOJbKHX CPaBHEHHH BO
BHyTpeHHeM HukJje. IIpu GoJbluol mMouwHOCTH THna item
3TO JOCTATOYHO YacThil cayvail. MoxHo npeanonaraTb,
4YTO JJIs1 TeKCTOB, COCTaBJIeHHBX H3 128 cuMBOJIOB, He-
coBnajenve Oyner OGHApYXHBAaTbCs NOCJe OJHOH HJH
JBYX nposepok. TeM He MeHee B XyaweMm cJaydyae npo-
H3BOAMTeJbHOCTb OyaeT BHyllaTb onaceHue. BosbMmew,
HanpuMep, CTPOKy, cocTosiuylo M3 N —1 cumBosos A
H cauHCTBeHHOro B, a ofpa3 coaepxkuT M-—1 cuMBo-
dgos A u onate B. Urobu 06HapyXHTb COBnajeHHe
B KOHIe CTpOKH, TpebOyeTcss IPOH3BECTH MNOpsilKa
N«M cpaBHeHuii. K cyacTblo, K4K Mhl CKOpPO YBHIHM,
€CTb NpHeM, KOTOpHIH CyllecTBeHHO yJayuulaetr o6palor-
Ky 3TOoro HebJ1aronpHATHOrO BapHaHTA.

1.12.5 Tlouck B cTpoke. Ajgroputm KnyTa,
Mopuca u lIpaTra

[Npu6ausuteasio 8 1970 r. 0. Knyr, J. Mopuc u
B. Ilpatr u3o6penn aaroputM, pakTHyeckH TpebylOILHi
Tonbko N cpaBHeHHHl Ja)e B CaMOM IJIOXOM cJydyae
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[1.8]. HoBHil airopuTM OCHOBHIBaeTcsi Ha TOM coobpa-
JXKEHHH, YTO, HauyMHasg KaXAHH pa3 cpaBHeHHe o6pasa
¢ CaMOro Hayaja, M MOXEM YHHYTOXATb LEHHYIO HH-
¢dopmauuio. Ilocse yacTHYHOrO COBMajEHHs Ha4ajabHOM
uyacTH o6pasa c COOTBETCTBYIOILUMMH CHMBOJIAMH CTPOKH
MbH (QaKTHUECKH 3HaeM TMpOAJEHHYIO 4YacTb CTPOKH H
MOXEM <«BBLIYHCJIHTb® HEKOTOpHE CBeJeHHs (Ha OCHOBe
caMoro ofpasa), ¢ NOMOILbIO KOTOPHX MNOTOM OHICTPO
npojiBHHEMcA no TekcTy. [IpuBeseHHHHI NMpuUMep MNOHCKA
cnoBa Hooligan nokasunBaer npHHUHN paGoOTH TaKOro
ajqroputMa. CHMBOJIH, NOJABEPriiHecs CPaBHEHHIO, 3/eCh
noA4epKHYTH. O6paTHTe BHHMaHHE: NPH KAXKAOM HECOB-
najieHuH JBYX CHMBOJIOB 06pa3 CABHraercs Ha Bce Mpoi-
IeHHOe PacCTOSIHHE, NMOCKOJbKY MeHblllHe CABHFH He MO-
TYT NPHBECTH K NOJHOMY COBNafEHHIO,

Hoola-Hoola girls 1ike Hooligans.
Hooll gan
Hooligan
HooT{gan
Hool1 gan
Hooligan
Hooligan

Hooliqan.

KMIT-anroput™M sanucuhBaeTcs Tak (ONATb HCHOJb-
ayercs npeaukar P (1.47) u Q (1.48)):

it=0j:=0,

'WHILE < M) & (i{ N) DO (1.50)
(¢ QU-D&PELDH
WHILE (i >= 0) & (s[i] # p[i) DO j:= DEND;
It=i+1iji=j+1

END

OnHako Takas 3aMHChb YMHIIJEHHO He COBCEM TO4YHas,
NOCKOJIbKY B Hell eCTb CABHI Ha HEONpeleseHHYIO BelH-
yuny D. Bekope Mbl K Hell BepHeMcd, a Temepb CHavasa
otrMeTuM, 4to ycaoBHa Q(i—j) u P(i—j, j) coxpa-
HAIOTCA KaK rjo6ajpHble HHBapHAHTH M K HHM MOXKHO
106aBuTh otHoweHus 0<Ci<<N u 0<<j<<M. 3ro
NpeAnoJaraer, YTo Mbl JO/KHH OTKa3aTbCAd OT cOrJa-
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LIGHUS, YTO i Bcerja oTMeuaeT B TEKCTe TEKYILUEe 10J10+
JKeHHe MepBOro CHMBoOJa obpasa, Tounee, BbHIpaBHEHHOE
noJjioxenue o6pasa tenepb i—j.

Ecau aaroputM 3akaHunBaeT paborTy 0O MpHYHHE
j=M, 10 u3 cocrasowest P(i—j, j) caenyer cnpa-
sepauBocty P(i— M, M), 1. e, coraacho (1.47), coB-
najexHne HauMHaercs ¢ nosuuuu i— M. Ecan xe pabora
OKOHYeHa u3-3a i =N, To nockoabky j << M, H3 HHBa-
puanta Q(i) cneayer, uro coBmaZeHHs Boobule
HeT.

Tenepp MB JOJKHH MOKa3aTb, 4YTO AaJrOPHTM HH-
KOrza He Je/jlaeT HHBapHaHT JOXHBIM. JIerko BHAETH,
uro B Hayajse i =j =0, u oH HcruHeH. CHayaJa HccJe-
ayeM 3¢¢dekT OT ABYX ONMepaTopoB,. YBEJIHUHBAIOIHX i H
j Ha enmununy. OHH, OuYeBHIHO, He CHBHralT obpas
BNPaBO H He JeJaloT JOXHBM Q(i — j), MOCKONLKY pas-
HOCTb OCTaercsi HeHsaMeHHOH. Ho, Moxer OHTb, OHH Je-
JalT JOXHBIM P (i—j, j)— BTOpYIO COCTaBJSAIOUIYIO HH-
Bapuanta? OG6paulaeM BHHMaHHe, YTO B 3TOH TOUKe
HCTHHHO OTpHIlaHHe BHIPa’KeHHs B 3aroJlOBKe BHYTPEH-
Hero HMKJa, T. e. au6o j << 0, nubo s; = p;. Ilocaenunee
VBeJIMYHBaeT YaCTHYHOE COBNAJCHHEe H YCTAaHABJHBaeT
P(i—j, j+ 1), a nepoe TaK e NOCTYJHPYET HCTHH-
HocTe P(i—j, j+1). CaemoBartenbHO, yBEJHYEHHE Ha
€IHHHIY i H j He MOXeT TakKkKe cJAelaTb JOXHHM TOT
uau apyroi unBapHaut. Ho B aaropHurme ocraercst ToJb-
KO ellle npucBanBaHHe j:= D. MBl npocTo NOCTYJHPYEM,
uto 3Hauenne D Bcerma TakoBo, YTO 3aMeHa j Ha D
ocTapJjsieT HHBapHAHT CNpaBelJHBBIM.

Jasi toro uTo6bH HAHTH COOTBETCTBYIOLlEE BHIpaxe-
Hue aaa D, MH JQOJKHB BHauaje MOHATb CMBICJ 3TOTO
npucpaupanus. [Ipu ycaosun uro D <Cj, npHcBanBanue
COOTBETCTBYeT cdguzy obpasa enpaso Ha j— D mosunui.
EcTtecTBenHo, MBI XOTHM, uUTOOBI CABHI Obl1 HACTOJBKO
6osblie, HAaCKOJBKO 3TO BO3MOXHO, T. €. D jpojaxHO
6BTb KaK MOXHO MeHblle. DTOT MNpouecC MOKasaH Ha
puc. 1.10.

Ecan unBapuaut P(i—j, j)&Q(i—j) nocne mnpwH-
CBaHBaHHUs j 3HaueHHss D HCTHHeH, TO Mepel HUM JOJXK-
HO OHTb HcTHHHO P (i— D, D)&Q (i — D). 3ro npenycio-
BHe H 6ylIeT NO3TOMY HalliHM OPHEHTHPOM IIPH MOHCKE NOJ-
xoasuero BupaxeHus A D, OcHoBHoe coobpaxeHue:
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O (e
-

< |alslc j% cipoka [A[BLC'D
I

AlBjcle } o6pa3 Alsfcle

=3 D=0 ?I:O

Puc. 1.10, Tlpucpaueanue j:= D capuraer o6pas wa j—D mo+
3HUHH,

Gaarogaps P(i—j, j) Mu 3HaeM, uTo
sl_] ces 311 =Pgsss p]_l

(MB TONLKO UYTO MpPOCMATPHBAaJH MNepBHe j CHMBOJIOB
o6pasa u y6eAHJHcb B HX coBmafeHHH ¢ TekcTom). Ilo«
stomy ycaoBhe P(i—D, D) ¢ D<<j, 1. e,

Poes+ PD—1"==3|=p '+ 5i=]
npeBpamaeTcs B
Pgeee Pp—}==Pj_p .- P—1 (1.51)

u npeapkat ~P(i—k, M) ana k=1...j—D (uTo6u
ybenutbcs B HHBapHanTHocTH Q(i—D)) mpespa-
aercs B

Po«ee Pk P Py +++ Pj—1 ANA BCEX k=1...j—D (152)

BaxHuit BHBOA: OYEBHAHO, uTO 3HauenHe D ompese-
JAETCA ONHHM JHIIb 06pA30M H He 3aBHCHT OT CTPOKH
tekcra, Ycaosua (1.51) u (1.52) rosopsar, uto AN
onpegenenusi D MH JOMKHH AA KaXAOro j HaHTH
HaHMeHbulee D, T. e, caMyi0 IJHHHYIO [0CJel0BaTelb-
HOCTb CHMBOJOB oGpa3a, HeMmoCpeACTBEHHO MpeamIecT+
BYIOIUHX [MO3HUHH j, KOTOpas COBMajaeT MOJHOCTbLIO
¢ Hauanom obpasa. [lns kaxporo j takoe D Mu Gylem
o6o3nauath yepes dj. Tak Kak 3TH 3HAUEHHH 3aBHCAT
TOJNbKO OT o6pasa, TO Nepei HauajJoM (akTHYECKOro
MOHCKA MOXHO BHYHCTHTp BCMOMOraTesbHyio TaGJHLY,
d; 5TH BHIYHC/JEHHS CBOAATCS K HEKOTOPOH npedTparcass
yuu o6pasa. CooTBeTcTBYyIOLIHe YCHAHA OYAYyT ompaB<
JAHHBIMH, €C/IH pa3Mep TeKCTa 3HaYHTeJbHO MpeBhIlIaen
pasmep obpasa (M < N). Ecin HyXHO HCKaTb MHOTH®
BXOXZEHHA OLHOro H TOro e o6pasa, TO MOXHO IMOJIb%
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fp ommorounma m wogedgo O JMHAYEUEOD AOHRHIIEL '[['] ‘9BJ
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[r]d--(gld #[g]d - [o]d
[vjd--fe]d #[1]d - [o]d
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, i o
cpoxa = | a[8]c]p]E
B

0O6pa3s {

e

>
O
o

'
CasnnyThblit 06pas AlB l )-r
j=5.d[s)= -1 (shift=}-d[}}=6)

Als | -

§=5,d [5}= -1 (shift= j-d[}}=6)

I’re. 1.12. O6pa3 casuraercs sa ero mocaeAHH{ CHMBOJ,

30BaThCA OAHHMH H TeMH Xe d. [IpuBeaennule npumepH
00bsicHAIOT PyHKUHIO d.

[Tocneanuit npuMep Ha puc. 1.11 HABOAHT HA MBICJb,
YTO MBI MOXeM [OCTYNaTh ellle Jydlle: TaK KaK p; paB-
o A BMecTo F, TO COOTBeTCTBYIOUIHZX CHMBOJ CTPOKH
iz MOXeT ObLITh CHMBOJOM A H3-3a TOrO, 4TO YCJOBHe
s 7= p; 3axanukBaeT uukJ. ClenoBaTeqbHO, CABHF Ha D
e NpHBeAeT K NOCJeAyioileMy COBMAajeHHIO, H NO3ITOMY
MEl MOXXeM YBeJHUYHTb DasMep CABHFa 10 WIECTH (CM.
puc. L.11, Bepxuu#i npumep). YuuTHBas 3TO, MH nepe-
olpeAesHM BbuHCHeHHe d; KaK NOWCK caMoff JAJIHHHOA
COBHajaiomiedl MocJeq0BaTeJbHOCTH

Pgoees pdj_l =pj_dj e p]—l

C LOMOJIHHTE/BHHM OFpaHHUeHHEM Py % p,. Ecan nuka-

KHX coBnajieHHi HeT, TO MH cuntaeM d;=—I, 4T0
YKasnBaeT Ha CABHI «Ha ULeJaHfi» 006pa3 OTHOCHTEJNLHO
ero tekymefi nosuuuu (cM. puc. 1.12, HEHXHAS yacTh).

SlcHo, uTo BHUHCJeHHe d; caMo npeacraBnager coboft
nepeoe MpHJOKeHHe MOHWCKA B CTPOKe, H MHl AJA 3TOrQ
MOXeM HCnoJab30BaTh GuicTpyio Bepchio KMIT-aaroputs
Ma. 270 ¥ AeMOHcTpHpYyer nporpamma 1.2, cocrosilas u3
IByx uacTed. B neppoi unTaerca CTpoKa s, a 3aTeM HAYT
uTepaUHH, HaYHHAIOIHeCs ¢ 4TeHHsa obpasa, 3arem cies
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MODULE KMP;
FROM InOut IMPORT
Openlaput, CloseInput, Read, Write, WriteLn, Dorie;
CONST Mmax = 100; Nmag = 10000; ESC == 33C;
VAR L%, k0, M, N: INTEGER;
¢h: CHAR:
P: ARRAY (0., Mmaz-1]OF CHAR; (+06pa3s)
s: ARRAY [0, Nmax-1] OF CHAR; (+¢Tpoka s}
d: ARRAY [0.. Mmax-1] OF INTEGER;
BEGIN OpenInpwt("TEXT"); N 1= 0; Read(ch);
WHILE Done DO
Write(ch); S[N] ;= ¢h: N 1= N+ 1; Read(ch)
END;
CloseInpui;
LOOP WriteLn; Write(">"); M : = 0; Read(ch);
WHILE¢h> " " DO
Write{ch); p[M] - = chi M = M+1: Read(ch)
EN »

WriteLn;

IF ¢ch = ESCTHEN EXIT END ;

Ji=0k:=-1;d[0]:=-1;

WHILE j{ M-1 DO
WHILE (k >== 0) & (p[j].# pkD DO k := d[k]END:
Ji=j+L ki=%k+1s .
IF plj] = p[k] THEN d[j] :== d{k] ELSE d]i] := X END

END;

jr=0ji=0;ki=0

WHILE (j< M) & i< N) DO
WHILEK {= i DO Write(s[k[}; kK t= k- +1END s
WHILE (j = 0) & (s[i] # pi) DOj:= d[i] END s
ir=i4+1;§i=j+1

END;

1F § = M THEN Write("1") (+ Raiigen ) END

END

END KMP

INporp. 1.2. (lTouck B crpoke meronom KMIL

AYIOT ero NpeATpaHC/AsAUMsA H, HaKOHell, caM IIOHCK.
Anaauz KMII-noucka. Tounwii ananus KMII-noncka,
KaKk H cam €ero aJropuTM, BechMa cJjoxXeH, B paGore
{1.8] ero u3o6peraTesiH HROKa3HBAWT, 4YTO Tpebyercs
nopsiaka M + N cpaBHeHHH CHMBOJIOB, YTO 3HAUHTEJNBHO
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syuite, 9yeM M # N cpaBHeHuii H3 npsMoro noscka. Oun
74K JKe OTMeuyaloT TO NPHATHOe CBONHCTBO, UTO yKasaTelb
¢K2HHPOBAHHA | HHKOTAaA He BO3BpallaeTcs Ha3al, B TO
speMs KakK NPH NPAMOM NOHCKe Nocje HeCcOBNafeHHA
1ijpOCMOTP BCeria HaYHHACTCA € NepBOro cHMBOJA 06-
pa3a M NO3TOMY MOXeT BKJIIOYaTb CHMBOJH, KOTOphHE
paHce yXe NpOCMaTPHBAJHCb. ITO MOXeT NPHBECTH
K HEeNpHATHBIM 3aTPYAHEHHAM, eCJH CTPOKa YHTaeTcs
1'3 BTOPHYHOH NaMATH, Belb B 3TOM CJyyae BO3BpaT 06-
xoautcea aoporo. laxe npu OydepH3oBaHHOM BBOAE MO-
;keT BCTPETHTbCA CTOAb 6oJbloli o6pa3, uTO BO3BpaAT
IpeBBICUT eMKOCTb 6ydepa.

1.12.6. NMouck B crpoke, Anroputm Boyepa u Mypa

OcrpoymHas cxema KMII-noncka aaer noAJHHHBIA
BLIMTPHII TOJbKO TOrAa, KOrja Heyjaue npeAilecTBo-
BAaJ0 HeKOTOpOe uHcao coBnajenuii. JInwmp B aToM cayyae
ofpa3 cABHraeTca Gosee yeM Ha eAuHHLy. K HecuacTblo,
370 CKOpee HCKJIIOYeHHe, 4YeM NpPaBHJAO: COBNajeHHs
BCTPEYAIOTCA 3HAUMTENBHO peXie, 4eM HeCoBNaAeHHA.
ITosToMy Buiurpuil oT Hcnoab3oBaHus KMII-ctparernn
¢ OOJbIIHHCTBE cJydYaeB MNOHCKA B OGHYHBIX TeKCTax
BeCbMa He3HauHTeJeH. Metoa e, O KOTOpOM cefuac
rofiier peub, B ACHCTBHTEJILHOCTH He TOJAbKO yJyulllaeT
06paboOTKy caMOro NJOXOro cjayyasi, HO JaeT BHHIpPHIN
B NpPOMEXYTOUHHX CcHTyauusx. Ero npeanoxusau
P. Boyep u HI. Myp npu6ausureabio B 1975 r; Mn Gy-
LZev HaswBaThb ero DBM-nouckoM. Bhuauase Mb paauMm
YODOLICHHYIO BEpPCHIO 3TOrO aJropHTMa, a 3aTteM nepeii-
Ae¢M K TOH, KoTOpylo npuBoasaT Boyep u Myp.

BM-nonck OcHOBHIBaeTCA Ha HeOGHUHOM cooGpaiKe-
Hiljl — CpaBHeHHe CHMBOJIOB HauHHaeTcss ¢ KoHUa 06-
paza, a He ¢ Hayaja. Kak u B caysae KMII-noucka,
oGpa3 nepes ¢GpaKTHYECKHM NOMCKOM TpaHCHOpMHpYeTcs
B iicKoTOpyto Ta6auuy. [TycTb Aasa KaXAoro cMMBoJa X
13 angaeuta dx— paccTosHHe OT caMOro npasoro B 06-
pase BXOXAEHHA X 10 ero KoHua. Ilpeacrasum ceGe, 4TO
0fHapyKEHO pacxoXjeHHe MeXAy o6pasoM H CTPOKOH.
B s7oM cJayuae o6pas cpasy e MOXHO CABHHYTb
Bnpaso Ha dpM_l NO3HUHA, T. €, HA YHCAO NO3HUHH, CKO-
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pee Bcero Gosbliee efHHuubl. Ecan pm—1 B 06pase BooG.
lle He BCTPeyaercsi, TO CABHF CTAHOBHTCA Jaxe 6oJblle,
a MMEHHO C/BHraTb MOXHO Ha AJIHHY Bcero o6pasa. Bor
NpHMep. HAJIOCTPHPYIOLIIHH 3TOT nmpouecc:

Hoola-Hoola gfrls Vike Hooligans,

Hooligan
Hooligan
Hooligan
Hooligan
Hooligan

HOCKOJ’Ibe CpaBHEHHe OTAEJIbHbBIX CHMBOJIOB TEIlleph
NMPOXOAHT cnpaBa HaJieBO, TO Gosee y1106H0 HCIIOJIb30-
BaTb TaKHe CJlerka MOlIH(i)HU,HpOBaHHHe BEPCHH IIpEJH-

katoB P u Q:
P(.)
QM

Ak j<k<M:spjix =Pk (1.53)
Ak: 0 <Kk<i:~P(G, 0

1

|

STH npeAHKaTH HCNOJNB3YIOTCA NPH onucannn BM-aaro-
PHTMa, ¥ C HX MNOMOIUbI0O (GOPMYJHPYIOTCH HHBAPHAHT-
Hble YCJOBHS.

=M ]Ji=M:
WHILE(j> 0) & (i< N) DO
(G QU-M)#) ji=M k;=1;
WHILE (§> 0) & (s{k-1] = p[j~1]) DO
(+PkJ,J) & (k-j = i-M) #)
ki=kLji=j1
END;
ir= 1+ dfs-1]]
END

(1.54)

Wugexcy yAOBJAETBOPAOT ycaoBHaM O0<Cj<<M n
0<<i, k<< N. IlostoMy H3 OKOHuaHHs NmpH j = 0 BMe-
cre ¢ P(k—1j,j) caeayer P(k,0), 1. e. coBnagenue D
nosuunu k. [Ipn okownuanuu c j > 0 He6XoAMMO, YTOOMH
i=N, caenosarteapno, u3 Q(i— M) HMIAHUHPYeTCA
Q(N —M), curHaqHsHpyioliee, YTO COBNAJAeHHA He CY-
uectByer. KoHeuHo, Mul npojonxaeM y6exaarbes, 41O
Q(i—M) nu P(k—j,j) HeHcTBHTeNbHO HHBapPHAHTH
ABYX UMKJOB. B Hauase NOBTODEHHA OHH, €CTECTBEIIHO,
yaoBJeTBopsioTcest, nockoabky Q(0) m P(x, M) Bceria
HCTHHEHHI,
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Hapafite BHauaJe pasbepeMmcss B NOCJNEACTBHAX ABYX
oneparopos, ymenbwatowux k u j. Ha Q(i—M) onu
AefiCTBYIOT, H TaK KaK OHJIO BbISICHEHO, YTO Sk—1 = Pj-1
10 cnpaseanuBocts P(k—j,j—1) Kak npeayciosus
rapantupyer cnpaBeaauBocTb P(k—j,j) B KauecTBe
nocTycnoBusi. EcaH BHYTPeHHHH LHKJ 3aKaHYHBaeTCA
np j > 0, TO U3 Sk—y 7= pj— caeayer ~P(k—j,0), Tak
Kax

~P (i, 0)=Ek: 0k < M: 8, 5 py

Bosiee ToOro, u3-3a k —j = M —i creayer Q(i —M)&~
~ P(k—j,0)= Q(i + 1, M), dukcupywuiee HecoBnaae-
pue B no3uuMu i — M + 1.

Tenepp HaM HYXHO NOKa3aTh, 4YTO ONepaTop
i:=i+ds_, HHKOTAA He Je/laeT MHBAPHAHT JOXHLIM.

T'apanTupoBaHo, 4TO mepei 3THM omepatopoM Q(i+
+ds,_, — M) ucTuHHo. Tak Kak MH 3HaeM, YTO CNpaBel«
azso Q(i4-1— M), To n0CTATOYHO YCTAHOBHTb cnpa-
peannBocts ~P(i+h—M) ana h=2, 3, ..., ds’__l.
HanomHHaeM, uTo dx onpejenseTcd KakK paccTofiiHe OT
caMoro npaBoro B o6pa3e BXOXAEHHA X A0 €ro KoHIUa.
®opMaabHO 3TO BHIPAXKaeTcA TakK:

Ak M—d, <k <M-—1lp, #x
HOIXCTaBJIHH S; BMECTO X, HOJIy‘-laeM

A M-dy g SBSM-Lis1#ph
Ani1<h < dsi-l: 5j-1% Ph-M
Ah:1<h < dg 5 ~Pi+D-M)

Huxe npupoautcs nporpaMma ¢ ynpolleHHOR cTpare-
rueii Boyepa — Mypa, mocTpoeHHas Tak e, KaK W npe-
Iuaymas nporpaMma ¢ KMII-aaroputMom. OGparure
BHHMaHHMe Ha TaKyl0 JeTajb: BO BHYTPeHHeM IHKJe HC-
nonpayerca Luka ¢ REPEAT, rae nepea cpaBHeHHeM
S H p yBeJMUMBAIOTCs 3HaueHHd k u j. ITo nosponser
HCKJIOYHTb B HHIAEKCHHX BHpa)KeHUAX COCTaBJjAlo0-
myio —1.

Anaaus noucka no Boyepy u Mypy. B nepsoHauab-
Hoii ny6aukauuu [1.9] aaropurMa nNpUBOAMTCA AeTajb-
HbIfi aHAJU3 ero Mpou3BoAHTeabHOCTH. Ero 3ameuarteb-
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MODULE BM; {1.60)
FROM InOut IMPORT
Openlnput, Closelnput, Read, Write, WriteLn, Done;

CONST Mmax = 100; Nmag = 10000;

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

BEGIN Openlnput("TEXT"); N 1= 0; Read(ch);
‘WHILE Done DO
Write{ch); s[N] : = ¢h; N := N+1; Read(ch)
Closelnput;
LOOP WriteLn; Write(">"); M : = 0; Read(ch);
WHILEch>" " DO
Write{ch); pM] : = ¢h: M := M+1; Read(ch)

‘WriteLn;

IF ¢h = 33CTHEN EXIT END ;

FOR ch 1= 0CTO 177C DO d[ch] := MEND ;
FOR ] := 0TOM-2 DO d[pli]] := M-J-1END;

§:=M:i0:=0;
REPEAT
WHILE i0 < i DO Write(s[i0]); i0 := i0+1END ;
Ji=Miki=1
REPEAT k= k-1:§:=j1
UNTIL (§< 0) OR (p[i] # siil);
i:=1i+ q[s{i-1])
UNTIL(<0)OR(i>=N)
1F j <0 THEN Write("!")END
END
END BM.

Tlporp. [.3. ITouck ynpoimeHnnm metogoM BM,

HOE CBOHCTBO B TOM, YTO MOYTH BCeraa, Kpome ciie-
LHAJBHO MOCTPOEHHHIX NDHMepPOB, OH TpebyeT 3Hayy-
TeJIbHO MeHblue N cpaBHeHuil. B camux xe 6aaronpust-
HEIX OGCTOSITeJLCTBAX, KOTJa NOCJAEAHHA CHMBOJ 06pa3a
BCceria mnopajaeT Ha HeCOBNAAAOUHN CHMBOJ TEKCTa,
YHCJIO cpaBHeHHHA paBHO N/M,

ABTOpH NPHBOASIT M HECKOJLKO COOGpaXeHHit Mo no-
BOLY AajibHeRIUHX yCOBEpLIEHCTBOBAHHE aJirOPHTMA.
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0110 13 HUX — OOBEAMHHTL NPHUBEAEHHYIO TOJbKO YTO
cTpaTeruio, obecneuuBaiomlyio O60JbliHe CABHTH B CJYy-
yaec Hecosnadenusn, co ctparerueéi Kuyra, Moppuca u
Ilpatra, ponyckawouleii «OUlyTHMBeE» CABHTH NpH o6Hapy-
JKediiy coBnaaeHus (uacrtuyHoro). Takoit mMeron Tpebyer
ABYX Tab/uu, MojJydaeMHX npu npearpaHcasunu: dl —
TOJILKO 4TO YNMOMsiHyTas Tta6auuna, a d2 — rabauua, co-
orsercrBytomtass KMII-aaropurmy. K3 aByx CABHIOB
puiGlpaercsd GOAbIUKIH, NMpuuyeM H TOT W APYro «roso-
psiT», YTO HUKAKOM MEHbLIHH CABHI HE MOXET NPHBECTH
x cosnafenuio. Ot panbHefimero OOCYM/EHHS 3TOrO
npeAMeTa MH BO3AEPIKHMCSA, MOCKOJbKY AOMOJHHUTE]b-
HoC YCJIO0XHeHHe (QOpPMHpOBaHHA TabjHu H caMmoro nmo-
iCcKa, KaxeTcs, He ONpaBJAbBaer BHAMMOIO BHHUIpHILIA
B IPOM3BOAMTENbHOCTH, (PaKTHUeCKHe JOMOJHHTENbHhHE
pacxoib OYAYT BBICOKHMHM H HEH3BECTHO, NMPHBEAYT JH
BCE 3TH yXHUIpEHHUS K BHHUIPHIIY HJH NPOUTpHILY,

YTPA)KHEHH S

1.1. O6o3naunm momHocTH craHnaprtimx THnos INTEGER,
REAL u CHAR uepe3 c¢;, cg H Ccy. KakoBa MOLIHOCTH ClEdyIOULIHX
npuBeJeHHbBIX B JaHHOM TJaBe B KayecTBe MPHMEPOB THIIOB; SeX,
BOOLEAN, weekday, Petter, digit, officer, row, alfa, complex, date,
person, coordinate, tapestatus?

1.2,'Kak 6n BH NOpPeJACTaBHJH MepPeMeHHHe MePeYHCNeHHLX B
yap. 1.1 tunos:

a) B naMATH Bawed MalUHHB?
6) Ha doprpane?
B) Ha BameM JioGMMOM f3bKe MPOrpaMMHPOBaHHA?

1.3. Kakumu nocnejoBaTeNbHOCTSMH KOMaHj Ha Balled MaliHie
npe1cTaBAAITCS;

a) onepalMH CYHTHBAHHA M 3aMHCH 3JEMEHTOB YMNaKOBaH-
HBIX 3amHcell HJIH MacCHBOB?

6) onmepalHH HajL MacCHBaMH, BKJIIOYas NPOBEPKY Ha MPH-
CYTCTBHE BO MHOXeCTBe?

1.4, MOXHO JIH BO BpeMsi BHIMOJHEHHS KOHTPOJHPOBATb KOp-«
PEKTHOCTD HCMONBL3OBAMHA 3anHcedl ¢ BapuaHtaMH? A BO BpeMs
TPAHCIAUHH MOXKHO?

1.5. [ToyeMy HeKkoTOpHie JaHHbie ONpeAeJfIIOTCA KaK MocjiefoBa-
TEILIIOCTH, 8 He KaK MacCHBH?

1.6. MiMeercs ikenesHONOPOKHOE paclHCaHHe, cOnepiKallee CIH-
COKk e/ieAHEBHHX peficoB MOe3NI0B Ha HECKOJbKHX JHHHAX. Hahaute
npeicTaBlieHHe STHX JaHHHX C MOMOWIBIO MAacCHBOB, 3aMHCedl HJH
nociejioBaTeabHocTeli, o6neryaiouiee MOHCK BPeMeHH OTNpPaBJeHHs
w0 TIPUGHTHSA, eC/IH 3a/laHul CTAHUMA H HanpaBlieHHe.

1.7, IMycTe 3anaH B BHe MOCAENOBATENBHOCTH HEKOTOPHH TEKCT
I eCThb ABa CMHCKAa H3 HECKOJbKHX CJIOB B BHJE [ABYX MacCHBOB



88 1. OcnosHble NOHATUR CTPYKTYP GanHbIX

A u B. Npeanonoxum cnosa — HeGoJbuIHe MaCCHBH CHMBOMOB, Ix
paamep HesequK H ¢urcupoBaH. Hanuumure nporpammy, npeobpa.
ayomyo Tekcr T B Tekct S, myTeM 3aMeHbl KaXKAOro BXOMKJCEHR
¢10Ba A, Ha COOTBeTCTBYMWOIee c/oBO By

1.8. CpaBHuTe TPH CJeAYIOLIHe BePCHH MNPOrpaMMul JABOKH4HOrQ
noucka ¢ (1.43). Kaxas us Ttpex nporpamMm BepHas? Ompejemire
COOTBETCTBYIOIMEe MHBapuanTH. Kakas u3 Bepcuit Gonee schdexTis.
Ha? B nporpaMMme HCMONbL3YIOTCA TakHe NepeMeHHble (KOHCTalTa
N> 0):

VAR % x: INTEGER:
a: ARRAYI[L,, N]OF INTEGERS

IlporpaMma A:

=iy

REPEAT k1= (i+]) DIV 2;
IFa[k]{ x THEN i = X ELSEj := K END}

UNTIL (a[k] = X) OR (1 > j)

Iporpamma B:

It=1j:=N;
REPEAT k := (i+j) DIV 2;
IFx < ak]THEN j:= k-1 END »
IFak] < xTHEN i := k+1 END
UNTILi> §

Iporpamma C:

ir=1iji= Ny
REPEATK := (i+) DIV 2;

IFx<alk]THEN j:= kELSEi ‘= k+1 END»
UNTILi > §

Toxackaska: Bce nporpaMmbl AOJKHBL 3aKaHYUpBaTbCsA fpH ag == X,
eC/IH SJeMeHT CYWeCTBYeT, H NPH ay ¥= X, ecly 3JeMeHTa CO 3H:ue
HHEM X HeT.

1.9. KomnaHua c uenpio onpefeseHds crpoca Ha CBOIO MPO,.yk-
LMI0O OpraHHayeT HeKoTopnifi onpoc. TIpOAYKUHMS —— MJACTHHKY H
3amHcH ULIArepoB, naHGoJee MomyJspHble WIIAreps GYAYT fepenatn
no paaxo. Bce onpammnBaeMble AendTcs Ha ueThlpe rpymfbs B cuoT
BETCTBHH C MOJIOM H Bo3pacToM (ckaxem, MoJsoxe 20 W crapuie 20).
Kaxaufi onpamnBaeMulii AoJxeH Ha3BaTb MATH neced. IlecH iien-
THoHUUpyloTca HoMepamu oT | no N (mycts N = 30). Peayanratnt
onpoca KOAMPYIOTCH IMOC/AEAOBATENbHOCTHIO CHMBOJOB H o6panyiof
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fncene0BaTebHOCTb, [/ ee UTEHHS MOXHO MOJb30BATHCA NMPOUERY-
pamit Read n Readlnt. JlanHee OTHOCATCA K TaKHM THNAM:

TYPE hit = [0.. N-1];
sex = (male, female);
repofise =
RECORD name, firstname; alfag
Slsex.
vge: INTEGER,
choice: ARRAY (0. 4] OF hit
END;
VAR poll. Sequence

dailn ¢ RaHHLIMH o6pabaTHBaeTcd NpOrpaMMoil, KOTOpas MAOJXKHa
BLIYHCJATD:
1. Cnucok NeceH B mopsaake Hx monyaapHoctH. Kaxpasa crpoka ce-
JEePXHT HOMep MeCHH H YHCJO YNOMHHAHHA ee npu onpoce. Ilecuwm,
KOTOPHE HH pa3y He YMOMHHANHCh, B CITHCOK He BKJIIOYaloOTCA.
2. YeTblpe cnHcka (B COOTBETCTBHH € FPyNNaMH) ¢ HMeHaMH H a-
MHJIHAMH BCeX TeX OTBETHBUIHX, KOTOpPHE NOCTaBHAH Ha Nepsoe
MECTO ONHY H3 Tpex HaHOoJiee MONYJAPHHX MeCEH.

Bce nATh CMHCKOB JOJXHH CONPOBOXAATHCA COOTBETCTBYIOMWHMH
3ar0JIOBKaMH.
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2. COPTPOBKA

2.1. BBEJEHHE

OcHoBHOe Ha3HaueHHe JAaHHOH rJaaBbl — AaTb [i0-
6osblle NPHMEPOB HCNOJb3OBAHUS CTPYKTYpP AAHHuIX,
BBEJIEHHHX B MNpeAnAylleli I1aBe, H NPOLXEMOHCTPH)O-
BaTh, HACKOJbKO [J1yGOKO BJHsIET BHIGOP TOH HJH HHOH
CTPYKTYpH Ha aJrOpHTMBl, peliaiolllHe TMOCTaBJIeHHYIO
3ajauy. CopTHpOBKAa K TOMY Xe ellle H caMa JOCTaToOuuHo
XOpOLUHHA MpHUMep 3ajauH, KOTOPYIO MOXHO peliaTb C [i0-
MOIIbI0 MHOTHX pasJH4YHbIX aJropuTMoB. Kaxkawi 13
HHX HWMeeT H CBOH JOCTOHHCTBA, H CBOH HELOCTaTKH, H
BbIGHPATh aJrOPUTMH HYXKHO, HCXOAA U3 KOHKPETHOH 10~
CTaHOBKH 3aJavH.

B of6ueM copTHpOBKY ciaexyeT NOHHMAaTh KakK Ipo-
Hece NeperpynnHpoOBKH 3aJaHHOTO MHOXeCTBa 00BEKTOB
B HEKOTOpOM onpefejeHHom nopsiake. lleab copTHpoB-
KU — OOJIerYuTh MOCJAeAYIOUIHHA MOHCK 3JEeMEeHTOB B Ta-
KOM OTCOPTHPOBaHHOM MHOXecTBe. JTO MOYTH YHHBCP-
cajbHas, (yHAaMeHTaJbHas AeATeJbHOCTb. Mb BCTpe-
yaeMcsl C OTCOPTHPOBAHHBIMH OGbeKTaMH B TeJse(oHiibiX
KHHTax, B CMHCKAaX MOAOXOJAHHIX HAJIOrOB, B OIJIABJIEH!{fX
KHHT, B OHGJHOTEKaX, B CJ0BapsAX, Ha CKJajax — MOUTH
Be3jle, rfie HYXHO HCKaThb XpaHHMble 00bekTH. [lake
MaJblliel yuyaT Aep:KaTh CBOH BEILH «B MOPAAKE», H OHH
yXe CTaJKHBalOTCA ¢ HEKOTOPHMH BHAAMH COPTHPOBOK
3a/0JIr0 A0 TOTO, KaK MO3HAKOMSATCA € a3aMH apudsie-
THKH *),

Taxkum o6pasom, pa3roBop 0 COPTHPOBKE BNOJIHE Y \e-
cTeH H BaXkeH, ecJH peup uaer o6 ob6paboTKe JAaHI:IX.
YTo MOXeT Jerde COpTHpPoBaThCA, ueM AaHHbie? Ten ne
MeHee Hall MNepBOHAYaJbHHHA HHTepeC K COPTHPORKE

*) Mexay COpTHPOBKOH M apu(METHKOA HET HMKaKoil BumioH
CBSA3H, A3, NO-BHAMMOMY, M HeBHAuMOH HeT. CopTHPOBKa — hickul
«NepBHYHBIA® MPOLECC UYe0BEYeCKOH AeRTenbHOCTH. — [lpum. iivped.
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cnenyoUIHM o6pa3som:

TYPEitem = RECORD key: INTEGER; ]
(+ 30ech OMMCaHbI ApyTHE KOMITGHEHTD! 3) 22)

END

[Toi «APYTHMH KOMMOHEHTaMH» MOApa3yMeBaIOTCA AaH-
yble, MO CYLIECTBY OTHOCAIIMECH K COPTHPYeMBIM 3Je-
MCHTaM, a KJIY NPOCTO HAGHTHOHIHpYeT KaXKAHH 3Jje-
yenT. [oBOps 06 aJAropHTMax COPTHPOBKH, MH OyxeM
o6paiaTh BHHMaHHe JIHIUb Ha KOMIMOHEHTY-KJ04, ApY-
rie e KOMMNOHEHTH MOJXHO Jae H He ONpeAensThb.
[TosTOMy -H3 HaWHKX AaJbHeHWHX pacCMOTPeHHH BCA
conyTcTBYIoUlas HH(pOpMalHA ONyckaercs, H MB CUM-
7aeM, 4To THM saementa onpegenen kak INTEGER.
Bu6op INTEGER 0 HeKOTOpOH cTeneHH MPOH3BOJIEH.
MoxHO 6HJIO B3ATb W APYrOH THM, HA KOTOPOM Ompeje-
asieTcst obliee OTHOWIEHHE NMOPSAAKA. _

MeroA COPTHPOBKHM Ha3blBaeTCs YCTOUHUBLIM, €CIH
npouecce COPTHPOBKH OTHOCHTEJbHOE pacnojioxenue
3/1eMEHTOB C PAaBHHIMH KJIIOUaMH He H3MeHseTcs. YCTO#-
YHBOCTb COPTHPOBKM YacTo OhiBaer JeJjaTeJbHOH, ecsH
peur HEET 06 3JEMEHTax, yXe YNOpsIOYEeHHbIX (OTCOp-
THPOBAHHHX) NO HEKOTOPHM BTOPHUHHIM KJiouaM (T. e
CBOfiCTBAM ), He BJHSIOLIHM Ha OCHOBHOMH KJIOY.

JanHyi0 r1aBy He CJeAyeT paccMaTpHBaThb KaK HC-
yepnnBaoMHMi 0630p MeTof0B coptHpoBkH. Hao6opor,
MB TOAPOGHO paccMaTpHBaeM JIMIIb HEKOTOpHE, OTO-
6panHbe, crneuxpHUecKHe npHeMbl. 3a MOAPOGHHM 06-
CyXfleHHeM COPTHPOBOK 3aHHTEepecOBaHHHWIH uHTaTeNb
MOXeT OOpPaTHTBCA K BEJMKOJNENHOMY H BCeoObeMJiolle-
My uccaenosanmio JI. Kuyra [2.7] (cm. Takxe [2.10]).

2.2. COPTUPOBKA MACCHBOB

OcHOBHOE yCJOBHe: BbLIGpPaHHBI MeTOA COPTUPOBKH
MacCHBOB JOJKEeH 3KOHOMHO HCNOJb30BaTh AOCTYMHYIO
namsite. DTO NpeAnoJaraer, YTo MepecTaHOBKH, MPHBO-
Aslline 3JEMEHTH B MOPAAOK, AOJ/IKHH BBIMOJHATLCA HA
TOM oce MecTe, T. €. MeTOAbl, B KOTOPhIX 3J€MEHTH H3
MaccuBa @ MNepeAaloTcs B Pe3yJbTHPYIOIHHA Maccus b,
IpefcTaBAAIOT CYLleCTBEHHO MeHbWHA HHTepec. Orpanu-
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4YHB KDHTEPHEM 3KOHOMHH NaMATH Hawl BHGOD HYHHOO
MeT0Ja CpefH MHOTHX BO3MOXHHX, MH GyleM cHaua1ia
KJaaccHpHUHPOBATL METOAH IO HX SKOHOMHYHOCTH, T. C.
1o BpeMeHH HX paboTh. Xopoliell Mepofi 3deKTHBHOCTH
MoxeT OnTh C — uHCJIO HeOGXOOMMBIX CpPaBHEHHH K.1i0-
yell H M — 4HC/IO NMepechlIOK (NepecTaHOBOK) 3JEeMEHTOS,
OTH uHCIa CyTb (YHKIHH OT 71— YHCJA COPTHPYEMbix
9JIeMEHTOB. XOTSl XOpOWHe aJrOpHTMH COPTHPOBKH Tpe-
6yioT nopsiaka n =logn cpaBHeHHA, MH CcHauaJa pasle-
peM HeCKOJbKO NpPOCTHIX H OYeBHAHBIX METOJOB, HX Ha3bLl-
BaIOT npaAmbimu, rAe TpebyeTcs MNopsiAKa N? cpaBHEHII]
kJaoued. Haunnate pa3bop ¢ npAMbIX MeTOJOB, He TpO-
rag OBICTPHIX aJrOPHTMOB, HaC 3aCTaBJAKT TakHe Npi-
YHHBI:

1. TIpsaMble MeTOAHN OCOGeHHO YAOOHH AJs OO6bscie-
HHSl XapaKTepHHIX YepPT OCHOBHHIX NPHHIHNOB OOJbLIiiii-
CTBa COPTHPOBOK.

2. TIporpaMMHI 3THX METOJAOB JIETKO NOHHMAThb, 1i OHH
KOpOoTKH. HanoMHuM, 4To caMu nporpaMMb TakK#xe 3a-
HHMAIOT NaMSTh.

3. YcaoXKHeHHHEe MeTOAH Tpe6yroT HebGOJBIIOro 4ic-
Jla onepauufi, HO 3TH onepauuH OOLHIYHO caMH OoJiee
CJIOXHHB, H MO3TOMY AJSl JOCTATOYHO MAaJHX N NpsAMbie
MeTOJhnl OKa3hBalOTCs GHICTpee, XOTS NPH GOJBLIHX 1 X
HCNOJb30BaTh, KOHEUHO, He CJenyeT.

MeToabl COPTHPOBKH «H@ TOM e MecTe» MOXKHO pa3-
OHTb B COOTBETCTBHH C OMNpefeJSIOWMMH HX NpPHHUHMA-
MH Ha TPH OCHOBHHIE KaTEeropHH:

1. CopTHpoBKH ¢ mnoMoubio BKaoyeHHs (by inser-
tion).

2. CopTHpoBKH ¢ nNomouibio BHAeneHus (by selcc-
tion).

3. CoptupoBkH ¢ noMowbr o6meHoB - (by cx-
change).

Tenepb MHl HCCIeAyeM 3TH NPHHUMIB H CPaBHIM [iX.
Bce nporpaMMul oOnepHpPyOT nNepeMeHHOH @, HMEHHO
3/leCb XPaHATCA NepecTaBJsieMble HA MecTe 3JieMeHTH, H
CCHLIAKTCA HAa THNH ifem (2.2) u index, onpenensemuiil
caenywomum obpasom:

TYPE index = INTEGER;
VAR a: ARRAY[1 .. n] OF item (2.3)
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2.2.1. CopTHpPOBKA C NOMOILbIO MPAMOrO BKJIOUEHHS

Tako#t MeTOA WIMPOKO HMCMOJb3yeTcsl MPH Hrpe B Kap-
Thl. DJeMeHTH (KapThl) MBICJIEHHO AeJATCH Ha yXKe «ro-
TOBYIO» NOCJEAOBATENbHOCTh a1, ..., d—] H HCXOAHYIO
nocaenopatenptocts. Ilpu Kamzom ware, Hauunas
¢ i=2 u ypeauuuBas i KaXAHil pas Ha eJMHHLY, M3
HCXOLHOM MOCJEA0BATENbHOCTH HU3BJEKaeTCH i-H 3J€MEHT
§ TepeKAajnBaeTcss B TOTOBYI0 NOCJA€A0BaTEIbHOCTD,
NPH 3TOM OH BCTaBJsETCS HAa HYXXHOE MeCTO.

Ta6auua 2.1, TIpuMep COPTHPOBKH C MOMOULBLIO APAMOro BKJIOYEHHS

Hayanewble kiout 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
12 42 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 94

Sta bele pdn buia bdin 2y
wowtnwnuu
PR EEX Y

[

B ta6a. 2.1 nokasam B KauecTBe nMpHMepa mnpouecc
COPTHPOBKHM C MOMOILIBIO BKMIOUEHHS BOCBMH CJy4afiHO
BHOpDaHHBIX uHCeJ. ANrOPHTM 3TOA COPTHPOBKH TaKOB:

FORi:=2TOnDQ

x:= i}

6KAI0YENUe X Na COOTBETCTBYIOUee MecTo cpedu a[l]...a[i]
END

B peanbHOM mpolecce NOHCKA MNOAXOASILEro MecCTa
yLo6GHO, Yepeays CPABHEHHs] U ABHXEHHs N0 MocjejoBa-
TeJbLHOCTH, KaK OH NpoceHBaTh X, T. €. X CPaBHHBaeTcd
C ouepeJHHIM 3JEeMEHTOM a;, a 3areM Jubo X BCTaB-
JseTca Ha cBOGOAHOe MecTo, AnGO a; cApUraercs (mepe-
JlaeTcs) BNPABO W TpouUecc «yXoAuTs» Baepo. OGpartute
BHUMaHHE, YTO NPOLECC NPOCEUBAHUST MOXKET 3aKOHYHThb<
€1 NpPH BHNOJHEHHH OJHOTO M3 ABYX CJEAYIOIIHX paa-
quﬂux ycaoBHi:
. Hafinen asnemeHT a; ¢ KJI0UOM, MEHbIIHM YeM

Kmoq y X.

2. JlocTHrHYT JIeBHII KOHel| FOTOBOH NOCJEeL0BaTElbs
HOCTH.
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PROCEDURE Stralghtlnsertion;
VARS, §: Index; X: item;
BEGIN
FOR1:1=2TO1DO
=gl ef0]see x; Ji=1;
WHILEX < a[-1] DO 2[f) : = afj-1}; j1= J-1 END;
tf]i=2
END
END StraighiInsertion

Iporp. 2.1, CopTHPOBKa € MOMOLILIO MPAMOrO BKJIOUEHHS.

Takofi THMHYHHA cJay4yalh nOBTOpAOLIErocs nponecca
C ABYMSA YCJOBHAMHM OKOHYUaHHS MO3BOJISieT HaM BOCMOJb-
80BaThCA XOPOIIO H3BECTHHWM NpHeMOM «Gapbepa» (sen-
tinel). 3aech ero Jerko NpHMeHHTb, NOCTaBHB apbep ag
€O 3HaueHHeM X. (3ameTHM, u4TO AJA 3TOr0 HEOGXOAHMO
pacuupUTh AMana3oH HHAEKCa B OMHCAHHH MepeMeHHDI
a g0 0...n) IlorHWfi anropuTM NPHBOAHTCA B
nporp. 2.1 ¥,

Anaarus meroda npamozo exarodenus. Uncao cpabHe-
nuft kaoueli (Ci) npu i-M nmpocenBaHHH caMmoe GOJblIEe
paBHO i— 1, caMoe MeHblllee— |; eC/lH MPEANONONKHTb,
YTO BCe MEePeCcTaHOBKH H3 N KJIouell paBHOBEPOATHH, TO
cpefiHee 4HCJIO CpaBHeHHH — i/2, UHcJo Xe nepechlIoK
(npucBauBaHHii ajeMeHTOB) M, paBHo C;- 2 (BKmouas
Gapoep ). [ToaTomy oblee yuca0 cpaBHEHHH H YHCIO Me-
PECHIJIOK TaKOBHI:

Caip = 0-1 Mmin = 3+(0-1) Q4
Cave = (02 +0-2)/4 Maye = (02 + 92 -10)/4
Crax = (02 + n-4)/4 Mpax = (02 + 3n-4)/2

MuHNMaJbHHeE OLIEHKH BCTpeYaloTCi B CJydae yxKe ymo-
PAAOYEeHHOH HCXOAHOH MNOCJHeJ0BATENbLHOCTH 9JEMEHTOB,
HaMXyAllHne e ONeHKH—Koraa OHH [epBOHavYaJbHO
pacnojioXedin B ofpaTHOM mnopsake. B Hekoropom
CMHICJIe COPTHPOBKa C NMOMOLUbIO BKJIOYEHHHl JeMOHCTPH-

*) CTOMT OTMETHTb, UTO NPHBEAEHHAs MPOrpaMMa HE COBCEM CO«
OTBETCTBYeT €CTECTBEHHOMY XOAY MHILJIEHHf ODH ee MOCTPOEHHH,
EcrecTBEHHRIM KaXKeTCHi BeCTH MOHCK He BJEBO OT OYepefHOro mpo-
CMaTPHBaeMOro sJeMeHTa, a C CaMoro Hadaha roTOBOA NOCAeNOBa+
TenbHocTH. [IpH sToM H Gapbep cHeUHANbHO CTABHTb HET HYXKIH,
IlonpoGyiite cocraBuTs Takyio mporpammyl — IIpum, nepes,
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PROCEDURE BinaryInsertion;
VARY, j, m, L, R: index; x: item;
FEGIN
FORi:=2TOnDO
=gl Li=1Ri=}
WHILEL<RDO

m:= (L+R)DIV2
IF afm] <= x THEN L= m+1 ELSER := mEND
END;
FOR ji= iTOR+1BY -1 DO alj]:= o[j-1] END;
2Rli=X
END
“END Binarylnsertion

[Mporp. 2.2. CopTHPOBKAa METOAOM AENEHHS NONoJaM,

pyeT HCTHHHO eCTecTBeHHOe MoBeleHHe. fICHO, uTO nph-
BeAeHHHH aJIFTOPHTM ONHCHIBAeT NPOLECC YCTOHUYHBOH
COPTHPOBKH: NMOPSIAOK 3JIeMEHTOB ¢ PaBHHMH KJOYaMH
NpH HeM OCTaeTcsl HeH3MEHHHIM.

AJNropuTM C OpPSAMBIMH BKJIOYEHHSIMH MOXHO JerKo
yJIYYlIHTh, €cJH O6paTHTh BHHMaHHe HA TO, 4TO rOTOBas
nocJel0BaTeNbHOCTh, B KOTOPYIO HaJ0 BCTaBHTb HOBHI
3JeMeHT, caMa yXe ynopsiaodeHa. EcrecTBeHHO ocTa-
HOBHTBbCSl Ha ABOHYHOM IMOHCKE, NMPH KOTOPOM JefaeTcs
NONBITKA CpaBHeHHs1 ¢ cepelHHON roTOBOH moOCJenOBa-
TCJIBHOCTH, a 3aTeM [pouecc JefleHHsl [ONOJAM HAET AO
1eX nop, OoKa He OGyJeT HalileHa TOYKa BKJIOueHHs. Ta-
Koii MOAHQHIHPOBAHHBH aJrOPHTM COPTHPOBKH Ha3hl-
Baercss mero0om c OBouunbim 6xkaiodenuem (binary in-
sertion), 1 oH npeAcTapaeH Kak mporp. 2.2.

Anaau3 080u4HO20 BKAMOYEHUA. MeCTO BKJIOUEHHS
oGnapyxeHo, ecid L == R. Takum o6pasoM, B KOHLUe MO-
licKka HHTepBaJl AoJKeH OBITb eAHHMYHOH HJIMHHL, 3Ha-
YHT, JeJleHHe ero nomoJjaM npoussoaurcs ilogi pas. Ta-
KHM 06pasoM,

C=Si: I<i<n:[logi]
AnnpOKCHMHpYEM 3Ty CyMMY HHTerpajom
Integral(l :n) log xdx=n=*(logn—c¢) +¢ (2.5)

rie c=loge=1/In2=1.4426 ... . Uncao cpaBHeHu}
(aKTHUECKH He 3aBHCHT OT HayaJlbHOTO NMOpsJKa 3JeMeH-
tos. OAHAKO M3-32 TOro, YTO NPH AeaeHHH, PHrypupYIO- .
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meM NpH pa3OHeHHH HHTepBasa MOMCKa MOMoJaMm, Npo-
KCXOAUT OTGpachiBaHHe APOOHOH 4acTH, HCTHHHOE YHCJO
CpaBHEHHH MOXKeT OKa3aTbCsi Ha eAHHHLY Oosbuwe. Bee
5TO NPHUBOAHT K TOMY, YTO B HHXXHEH 4acTH MOCJeNOBa-
TeJLHOCTH MECTO BKJ/IOUEHHS OTHICKHBAeTCS B CPEAHE\
HECKOJbKO GbIcTpee, YeM B BepXHeH uacTH, NO3TOMY
NPEANOYTHTEIbHA CHTYalHs, B KOTOPOH 3JIEMEHTH 4Yy-
TOYKY YNOpsiZoueHH. PaKTHUECKH, €C/H B HCXOLHOM CO-
CTOSSHHH 3JIEMEHTHl pacnojioxkeHnl B oOpaTHOM NOPAAKC,
norpedyercsi MHHHMaJbHOE YHCJO CpPaBHEHHH, a ecan
OHH yXe YNOpsAOYeHH — MakcHMasbHOe uHcao. Chaeno-
BAaTEJNbHO, MOXHO TOBODHTL O HEECTeCTBEHHOM TMOBeje-
HHH aJrOpHTMAa MOHKCKA.

C = n# (logn — log e == 0.5)

K HecuacTbio, yJayulleHHsl, NOpPOXJAEHHHE BBEACHHEM
JBOHYHOTO NOMCKA, KacaloTcs JHIb YHCJAa CPaBHEHHS,
a He yHMCJa HeOOXOAWMBIX NOABHXek uHcel. Ilockoabky
ABHXKEHHE 3JeMEeHTa, T. €. CaMOro KJloua, H CBS3aHHOI
C HUM HHOOpPMAUHH 3aHHMAaeT 3HAYHTEJNbHO GOJiblLe Bpe-
MCHH, 4eM CpaBHeHHe ABYX KJawouelt ¥, To (akTHueckn
yJAyullleHHs He CTOJb YX CYHULeCTBEHHBI, BeAb BaXHBIH
yJeH M Tak u npoaoJxaer octaBaThes nopsaaka n’ M ua
caMOM JeJfie, COPTHPOBKa yXe OTCOPTHPOBaHHOIO Mac-
cuBa notpeGyer Gosbllle BpeMEHH, 4eM B Cjyyae Mnocle-
JOBATe/bHONH COPTHPOBKH C NPSIMBIMH BKJIOYEHHSIMH.
DToT npHMep NOKa3blBaeT, YTO «OYEBHAHHE yJjyulle-
HHA> YacTO AAIOT He CTOJb yXK OOJblIOR BLIMTPHIL, Kak
3TO Ka)keTcsl Ha NepBHH B3rsi[, a B HCKOTOPHIX CJiy-
yasx (CAYYJalOHIHXCS Ha CAMOM JeJsie) 3TH «YJyYlUeHHsi»
MOTyT (DaKTHUECKH NpHBecTH K yxyAueHusM. [Tocse Beero
CKa3aHHOTO COPTHPOBKA C NMOMOHIbIO BKJIOUEHHH yXKe He
KaMeTCA CTOb YAOOHHIM METOAOM JAJsl UHM(pPOBHX Ma-
IIHH: BKJIOYEHHE OJAHOrO 3JieMEeHTa C MOCJEAYIOHLIM
CIABHFOM Ha OJHY NO3HLUHIO LeJof TPYNNH 3JEMEHTOB
He 3KoHOMHO. OcTaercsi BneyatJieHHe, 4TO JYYLIHHA [e-
3yJbTaT AAaAyT METOAH, rje NepeaBHXKKa, NYCTh H Ha

*) D10 coofpaxkeHHe BepHO He s Bcex MmawHn. Heno B toM,
uTO cpaBHeHHE CBA3aHO ¢ MPHOCTaHOBKOH <«KOHBeiepa» mnpoueccopa
A0 TIpHHATHS peWeHHs, a TNepechiika 3TOT NpoLecc He Hapyw:ier
W AjeT A0CTaTouHo GuicTpo. OJHAKO 3TO BepHO A caydas OBICT) u1X
MmawnH. — [Ipunm. nepes.



2.2. Copruposka maccusos 99

Gonbutue paccTosinus, 6y11e'r CBfi3aHa JIHWIE C OJHHUM-
CIHHCTBEHHBIM 3JICMCHTOM.

2.2.2., CopTHpOBKa ¢ NOMOILbIO NPAMOro BhIGOpa

STOT mpueM OCHOBaH Ha CJIEAYIOUIHX NPHHUHMAX:

1. Bu6HpaeTcs 37eMEHT ¢ HaHMEHBLIHM KJIOYOM.

2. O MeHseTcs MeCTaMH C NEepPBHM 3JeMEHTOM aj.

3. 3areM 3TOT NpoOLECC NOBTOPSETCS C OCTaBLIKMHCAH
n— 1 snemeHTaMy, n— 2 3J1eMeHTaMu u T. 1. 10 TeX Iop,
IOKa He OCTaHeTCH OXHH, caMHHi OOJBbLIOA 3JEeMEeHT.

[Ipouecc paboTH 3THM METOAOM C TeMH e BOCEMBIO
KJloyaMH, 4yto W B Tabua. 2.1, npuBegeH B Taba. 2.2,
AnropuT™m opMyaHpyerco Tak:

FORi:=1TOn-1DO
npcaouns k UROEKE Kausensuezo 43 afil.. a [n]:
MoMeNAT MecTaMt afi] ua [kf;

END

Taxofi METOJ — €ro Ha3uBaloOT npssiM eblbopoM — B He-
KOTOPOM CMBICJIE IIDOTHBOMNOJIOXKEH NPAMOMY BKJIOUEHHIO.
[lpu npsMOM BKJIOYEHHH Ha KaXKJAOM LIare paccMarpH-
BaloTcd TOJbKO OCuUH OUYEpeAHOH 3JeMeHT HCXOLHOH
NOCAeROBATENLHOCTH H 8Ce 3JeMeHTH TOTOBO#i INOCJaeROo-
BaTeJbHOCTH, CpPelH KOTOPHX OTHCKHBaeTCsl TOUKa BKIIO=
YcHHSA, NpU NpsSIMOM BHGOpe AJS TMOHCKa 00HO20 3Je<
MEHTa € HAHMEHBLUIMM KJIOYOM INPOCMAaTpHBAIOTCS BCE
3J/eMEHTH HCXOJAHOH TNOC/JeN0BAaTEJBLHOCTH K Ha#JAeHHHH
noMelraercs Kak OyepeaHOH# 3JeMeHT B FOTOBYIO NOCJe-
RoBaTeNbHOCTh., [10JIHOCTBIO aJropHTM NpsMOro BhIGOpa
NpHBOAMTCA B mporp. 2.3.

Ta6anua 2.2. IIprMep cOpTHPOBKE € NOMOWILI NpAMOro BHGopa

Haammexmem 44 55 12 42 9 18 06 €7
06 55 12 42 9 18 44 67
06 12 55 42 94 18 44 67
06 12 18 42 94 55 44 67
06 12 18 42 94 55 44 67
06 12 18 42 44 S5 94 67
06 12 18 42 44 55 94 67
06 12 18 42 44 55 67 94
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PROCEDURE StraightSelection;
VAR |, j, k: index; x: item;

BEGIN
FORi:=1TOn-1DO
k:=ix:=ai]

FORj:=i+1TOnDO
IF i< x THEN k := j; X .= a[k] END
END;
alk}:= afi]: afi]:= x
END

END StraightSelectiont

ITporp. 2.3. CopTHPOBKA ¢ NOMOLIBIO NPSAMOro BHGOPa,

Anaauz npamoeo geibopa. Uncno cpaBHeHHH KJAOYel
(C), oueBHIHO, He 3aBHCHT OT Ha4YaJbHOro MOPSAAKA KJIO-
yei. MOXKHO CKasaTh, YTO B 3TOM CMHC/]Ee NOBeAeHHe
3TOro MeToja MeHee eCTeCTBeHHO, YeM MOBefeHHe Npf-
Moro BrJwoyeHns. Jas C nmeem

C=(n%?—n)/2

UHc10 nepecTaHOBOK MHHHMaJbHO
Mpn=3x(n—1) (2:6)

B CJyyae H3Ha4yaJbHO YNOPSAZOYEHHHX KJIOueli H MaKCH-
MaJbHO

Mpax=n%/4+3%(n—1)

eCJi NepBOHAYaJbHO KJIOYH pacrnoJfarajiuch B o6paTHOM
nopsanke. Jlas Toro yToGH OnpeaeauTb Mavg, MB BOJKHE
paccyXpaatbh Tak. AJITOpHTM TNpoCMaTpHBaeT Maccus,
CpaBHHBas KaXAHWHA 3J1eMeHT ¢ TOJbKO YTO OOHapyKeH-
HOH MHHHMaJbHOW BeHYHHON, eC/IH OH MeHblle NepBoro,
TO BHIMOJNHsIETCST HEKOTOpoe npucBanpaHhe. Bepoar-
HOCTb, YTO BTOPO# 3JIeMEHT OKaXeTcs MeHblle MepBoro,
paBHa 1/2, c 31Ol e BepOATHOCTbIO NPOHCXOAAT NpH-
cBaWBaHHsT MHHHMYMYy. BeposiTHOCTb, uTO TpeTu#i 3.e-
MEHT OKaxeTcs MeHbllle NMepBHX ABYX, paBHa 1/3, a ge-
POATHOCTb AJSi YETBEPTOTO OKa3aThCA HaHMEHbWHM —
1/4 u 1. 1. [losTOMY NoOJHOE OXHAAEMOE YHCJO Nepechl-
Jok paBio Hy— 1, rie H, — n-e rapMoHnyeckoe 4HC.10:

Ho=1+1/24+1/34 ... +1n @27
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H,, MOXHO BHPa3HTb H TaK:
Hy=Inn+g+ 1/2n— 1/12n2 4 .., (2.8)

ric g =0.577216 ... — koHcTaHTa Diinepa. Ias aocra-
TOYHO GOJIBIIHX N MH MOXKeM HTHOPHPOBaTb APOGHBIE
COCTaBJAIOIIHE H NO3TOMY aNNpOKCHMHPOBAaTb CpelHee
ylic10 PHCBAaHBaHHA Ha i-M NPOCMOTpPe BHpaXKeHHeM

Fi=Ini+g+1

CpenHee uyHCnO nepecHOK Mayg B COPTHPOBKE € Bhi«
Gopom ecTb cymma Fycior 1 mo n:

Myyg =n%(g+ 1)+ (Si: 1<i<n: Ini)

BHOBb aNNpPOKCHMHPYSl 3Ty CYMMY [IHCKPETHHX YJEHOB
HHTErpajoM

Integral (1:n) Inxdx =x*{(lnx—1)=n*In(n) —n—+1
no/JiyuaeM, HakoHell, HpHdJIHSHTeJIbHOC 3Ha4YeHHe
M g =n#(ln(n) +g)

Otcioaa MOXHO clie1aTh 3aK/IIOYeHHe, UTO, KaK NPaBHJIO,
aIropHTM C NPSMHM BHOOPOM NpeANOYTHTENbHEe CTPO-
roro BkJoYeHHs. OLHAKO, ec/H KJIOYH B HayaJe ynops-
AOYCHBl HJIH IMOYTH YNOPAJOYEHH, HPAMOE BKJIOYEHHE
Oyser ocTaBaTbCA HECKOJAbKO Gojee GHICTPHIM.

2.2.3. CopTHpoBKa C noMOILbI0 NPAMOro o6mMeHa

Kaaccugukauus MeTonoB COPTHPOBKH peaKo OhiBaeT
GembicneHHofi. O6a pas3bupaBIIMXCA OO 3TOMO MeToAa
MOZHO TOXe paccMaTpHRaTh KaK <«OOMEHHHE» COpTH-
poBkd. B naHHOM XKe, 0OJHakKo, pasjese MH ONHIIEM Me-
T01, rae o6MeH MecTaMH ABYX 3JIeMEHTOB MpeACTaBjfer
coboit xapakrepHeiiyio oco6eHHocTh nponecca. Hano-
HMeHNIBHA HUXE aJTOPHTM OpAMOro o6MeHa OCHOBHBACTCH
Ha CpaBHEHHHM H CMEHe MeCT IJ1fl Maphl COCEAHHX dIeMeH-
10B H NPOJOJKEHHH 3TOrO Ipolecca A0 TeX NOP, MOKA
e 6yAyT yNOpAAOYEHH BCEe 3JEMEHTH,

Kak ¥ B ynoMHHaBlleMcs MeToje NpAMOro BHGOpa,
Mbl IOBTOPSi€M NPOXOJAM IO MACCHBY, C/BHras  KaKIHi
pa3 HaMMEHbLIMH 3JileMeHT OcTaBlleHcs NOCJEeI0BATENb-
HOCTH K JIEBOMY KOHUY MaccHBa, Ecaum Mu 6yfeM pac-
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Ta6auua 2.3, IIpumep nMy3HpbLKOBOM COPTHPOBKU

=12 3 4 5§ & 71 8

44 06 06 06 06 06 L6 06
55 44 12 12 12 12 12 12
12 55 44 18 18 18 18 18
42 12 55 A4 A2 42 42 42
94 42 18 55 44 44 AL 44
18 94 42 42 55 55 55 55
06 18 94 67 67 671 671 67
6T 61 67 94 94 94 94 94

CMaTpHBaTb MAacCHBH KaK BepTHKaJbHHle, a He IOPH30H-
TaJbHHIE NMOCTPOEHHS, TO 3JE€MEHTH MOXHO HHTEpIpeTii-
pPOBaTh KaK NY3HPbKH B YaHe ¢ BOJOH, MpHUYEM BeC KaX-
JOTO COOTBETCTBYET ero Kjaiouy. B 3ToMm cayuae npH Kax-
IOM NpOXOJe ORMH Ny3blpeK Kak OH NOXHHMAaETCs 10
YPOBHS, COOTBETCTBYIOLIEro ero Becy (cM. taba. 2.3).Ta-
KOH METOX IIMPOKO H3BECTeH MOJ HMEHeM €ny3blpbKosas
copTuposka». B cBoeM npocreiilieM BHAE OH NpEACTaBJeH
B nporp. 2.4.

YayuilleHHsi 3TOrO aJropHTMa HalpaulMBAKOTCA CaMH
co6oit. Ha npumepe B Ta6J. 2.3 BUAHO, YTO TPH MOCJ]e]-
HHX TNPOXOJAa He BJHAIOT Ha I[OPAAOK 3J€MEHTOB H3-3a
TOrO, YTO OHH YXe OTCOpTHpoBaHH. OueBHAHHH MpHEM
yJYYHIEHHS 3TOCO aJAlOpPHTMa — 3alOMHHATh, OHIH H.IH
He GBUIH NEepecTAHOBKH B INpoilecce HEKOTOPOro Npoxoia.
Ecau B nocjeiHeM Npoxoje NepecTaHOBOK He OwLIO, TO
aJrOpUTM MOXHO 3aKaHYHBaThb. JTO YJy4llleHHe OXHAKO,
MOXHO ONSATb XKe YJYYUIHTb, €CJIH 3aNOMHHATb HE TOJb-
Ko caM ¢akrt, 4yTo o6MeH HMeNl MeCTO, HO H MOJIoXKeHiie

PROCEDURE BubbleSorts
VAR |, j: index; X: item;
BEGIN
FORi{:=2TOnDO
FORj:=nTQiBY-1DO
IF alj-1]> alj] THEN
x:i=4f-1); = ol afl:=x
‘END

END
_END
END BubbleSort

Iporp, 2.4, ITysuppKOBast COPTHPOBKa,
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(1H1ekc) nocienHero ob6MmeHa. SlcHo, uTO Bce mapm co-
CeHHX 3IJIEMEHTOB BhIUle 3TOr0 HHAeKca k yKe HaxoaAT-
¢l B xKenaeMoM nopsaake. I[TosToMy npocMoTpu MoxHO
334KdHYHBAaTh Ha 3TOM HHJEKce, a He HIATH A0 3apaHee
onpelleJIeHHOro HHXKHero npejaena A i. BHUMaTenbHBIH
NpOrpaMMHCT 3aMETHT TeM He MeHee 3/leChb HEKOTOPYIO
cBoeo6pasHyo acummerpuio. OIHH MJIOXO pPacHOJOXeH-
Holfl y3HIPEK Ha <TAXKEJOM KOHILe» B MacCHBe C o6paT-
HbHIM MOPAJAKOM OyIeT NepeMellaThcsl HAa HYXKHOE MECTO
B OAHH NPOXOJ, HO ILIOXO pAaCHOJIOXKEHHBIH 3JeMeHT Ha
«1CTKOM KOHLe» OyldeT NpOCayHBaTbCH Ha CBOe HYXKHOE
MCCTO Ha OJIMH WIar npH KaxXaom npoxoae *). Hanpumep,
MacCHB

12 18 42 44 55 67 94 06

c NOMOHIBIO YCOBepLIGHCTBOBAHHON «Iy3HIPHKOBON» COp-
THPOBKH MOXHO YNOPSJOYHTb 32 OJHH IIPOCMOTP, a AJs
COPTHPOBKH MacCHBa

94 06 12 18 42 44 55 67

Tpebyeyca ceMb NIPOCMOTPOB. Takasa HeecTeCTBEHHAS CHM-
MeTPHS HaBOJHT Ha MEICJb O TPETheM YJyYlleHHH: yepe-
J0BaTh HalpaBJeHHe MOCJe0BaTeNbHLEX [POCMOTPOB.
[Tonyuaromiuiics MpH 5TOM aJrOPHTM MEl COOTBETCTBEHHO
Ha3oBeM «uwelikeprod» copruposkod (ShakerSort)*%),
Tadauna 2.4 HJIMIOCTPHPYET COPTHPOBKY. HOBHIM CIIOCO-
6om Tex ke (Tabs. 2.3) BOCBMH KJIOUEH.

Anaaus nysvipexosod u welkeprot copTuposok. Yuc-
JO cpaBHeHHA B CcTporo o0MEHHOM aJrOpHTMe

C =(n? —n)/2 (2.10)

a MHHHMAaJbHOE, CpelHee H MaKCHMaJibHOe YHCJO nepe-
MelUeHHHA 5JeMEHTOB (NpHCBaHBaHHH) paBHO COOTBET-
CTBEHHO

Mn=0. Mavg =3+ (n?—n)/2, Mpy,,=3+(n*—n)/4
(2.11)

*) [lpowte 6m/0 GW CKa3arb TaK: BCIJIWBaeT Ny3HpPeK cpasy,
32 OQMH NPOXOJ, a TOHET OYeHb MEeAJIEHHO, 338 OAHH NPOXOA HA OAHY
noauwuio. — ITpum. nepes.

**) HanomuuM, uTo wefikepoM Ha3HBaeTcA He4TO BpOAe ABYX
HaKpWBAIOIMX APYr ApPyra: CTaKaHOB, B KOTOPHX BCTpPAXHBaHHEM
Buepx-BHH3 TOTOBAT KoKTednb, — [Tpum. nepea.
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Tabauua 2.4. Ilprmep welikepHo# COPTHPOBKH

L= 2 3 3 4 4
R=8 3 7 7 4
dir= 1 i 1 3 )

44 06 06 06 06
55 44 44 12 12
12 55 12 44 18
42 12 42 18 42
94 42 55 42 44
18 94 18 55 55
06 18 67 67 €7
67 67 94 94 94

AHaJH3 Xe yJy4ylieHHHX MeTOJ0B, 0COOEHHO IleHKep-
HOH COPTHPOBKH, NOBOJIbHO cJI0XKeH. MHHHMAJIbHOE YlCI0
cpaBHeHHH Cmin=n— 1. Kuyr cuuraer, 4to AJs yJayu-
[IeHHOH Ny3bIPbKOBOH COPTHPOBKH CpelHee YHCJIO MOpo-
XOLOB TIPONOPUHOHaJbHO n — kin'/%, a cpenHee yuc/I0
cpaBHeHu#l npomopuxoHamsHo !/o(n? — n(ks 4 Inn)).
O6paruTe, ONHAKO, BHHMaHHEe Ha TO, YTO BCE NEpevHC-
JIeHHH e BHILE YCOBEpPLUEHCTBOBaHHS He BJHSIOT HA YHCJIO
nepeMerileHHd, OHH JIMIIb COKPAlIAlOT YHCIO H3JHIUHHX
IBOAHBIX npoBepok. K HecuacTblo, 06MeH MecTaMH ABYX
3JIeMEHTOB — 4Yallle Bcero GoJiee AOPOrocTOANLast omepa-

PROCEDURE ShakerSort;
VAR }, k, L, Ri'index; x:item;
BEGINL:=2;R:=njk:=n;
REPEAT
FOR|:=RTOLBY-1DO
IF alj-1]> afj] THEN
x:= afj-1}; alj-1] ;= alj afjl i= x k=2 §
END
END:
L:=k+1:
FORj:=LTORBY +1DO
IF a[j-11> a[f} THEN
x:= afj-1]; afi-1} ;= afi}; afil: = x;k:=§
END
END:
R:=k1
UNTILL>R
END ShakerSort

Iporp. 2.5. Illefikepuas copTHposxa.
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uusd, "eM CpaBHCHHE KJIOueH, MO3TOMY HallH, BPOL2 Ode-
BHAHbIE, YJYULIEHHs AAIOT He Tako# yx 60Jabuieil BH-
MIpHIL, KaK Mbl HHTYHTHBHO OXKHJaJH. v

Takoil aHa/JH3 NoKa3HBaeT, 4TO «O6MEHHasi» COPTH-
poBKa H ee He6oubliIHe YCOBEPUICHCTBOBAHHS NpeicTaB-
JSI0T cO60H HeuTo cpeAHee MEXKAY COPTHPOBKaM# C MO-
MOILbIO BKJIOUEHHH H ¢ NMOMOMIbIO BHGOpa. PakTHUeCKH
B Ny3LIpbKOBOH COPTHPOBKE HET HHYEro LEHHOro, KpoMe
ee NpHBJEKaTeJbHOrO Ha3paHHa (Bubblesort). Ileiikep-
Hasl e COPTHPOBKA C YCIEXOM HCNOJb3yeTCs B TeX CJay-
yasxX, KOTJa M3BECTHO, YTO 3JEMEHTHl MOYTH YNOPSNO-
YeHH — Ha NpaKTHKe 3TO GLIBAeT BeCbMa PeaKo.

MoXHo nokasaTb, uTO cpeJHee¢ pacCTOsiHHe, Ha KO-
TOpOe AOJIKEH IpPOABHraTbCsid KaMAHH H3 n 3JeMeHTOB
BO BpeMs COPTHPOBKH, paBHO n/3 <«MecT». Jrta uudpa
ABJSeTCA LeJbI0 B TOHCKE YJAYUIUCHHH, T. €. B NOHCKE
6onee 3¢PeKTHBHHX METOAOB COPTHPOBKH. Bce crporue
NMpHeMH COPTHPOBKH (haKTHUYECKH MepeABHTaloT KaxXAbli
9JIeMEHT Ha BCAKOM 3JIeMCHTapHOM llare Ha OAHY MO3H-
nuio. [TostoMy oHH TpebyloT mopsjKa n? TakHX LIaros.
CnepoBaTesbHO, B OCHOBY JIOGHX YJAYYIIEHHA [AOMXKEH
OHITb MOJIOXEeH NMPHHILHI NEePEMEUICHHs Ha KaXKJOM TakTe
5JIeMEeHTOB Ha GoJbliHe pacCTOSHHS.

Ianee Mu paccMaTpHBaeM TpH YJYYIUECHHHX METOAA:
Mo OJHOMY IS KaXJOro H3 OCHOBHHX CTPOTHX MeETOJOB
COPTHPOBKH — BKJIOUeHHs, BH6Opa H oOMeHa.

2.3. YJIYUUIEHHBIE METOIbl COPTHUFOBKH

2.3.1. CopTHpOBKA ¢ NOMOIIbI0O BKJAIOYEHHA
€ YMEHbIUAILHMRCA PACCTOSAHHAMH

B 1959 r. . Ulennom 6HJO NpeaoKeHO YCOBepLUEH-
CTBOBaHHE COPTHPOBKH C NMOMOUIbIO NMPAMOrO BKJIOYEHHS.
CaM MeTOon oObBSACHAETCA H JeMOHCTPHDYeTCA Ha HauleM
cTaHaapTHOM mnpuMepe (cM. Ta6a. 2.5). CHauana oOT-
JeJ/IbHO TPYNNHUPYIOTCA H COPTHPYIOTCS 3JEMEHTH, OTCTOSA-
ye Apyr oT Apyra Ha paccrostiuu 4. Tako#t npouecc
Ha3nBaeTCsl YeTBepHOH COPTHPOBKOH. B HallleM mpumepe
BOCEMb 3JIEMEHTOB M KaXKJas rpynna COCTOMT TOYHO M3
AByx snemeHToB. [locje mepBoro npoxoaa 3J€MEHTH ne-
PerpynnupoBHIBAIOTCA — TeNepb KaXKAHH 3JeMeHT Ipynnyl
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Ta6auua 2.5. CopTHpOBKAa ¢ MOMOUIbIO BKJIOYEHHIT C YMEHbluzio-
LIHMHACA PACCTOSIHHSIMH

44 55 12 42 94 18 06 €7
yerpepHast COPTHPOBKa JaeT
%4 18 06 42 54 55 12 67

JBOfIHAA COPTHPOBKA Haer
06 18 12 42 44 55 94 67

OfIMHAPHAA COPTHPOBKA NALT
06 12 18 42 4 55 67 9%

OTCTOHT OT ApPYroro Ha JBe MO3HIHH — H BHOBb COD-
THPYIOTCSl. DTO HasHBaeTcsl ABOHHOH COPTHpOBKOH. M Ha-
{OHell, Ha TpeTbeM Npoxoje HAeT o6HYHasA HJH OAMHap-
Hasi COPTHPOBKa.

Ha mnepBruifi B3rjisi MOKHO. 3aCOMHeBaTbCsA: eCJH He-
06X0/IMMO HECKOJIbKO MpOLIECCOB COPTHPOBKH, NpHYEM B
KaXJAHHi BKJIOUAIOTCA BCe 3JEMEHTH, TO He A00aBAT JH
oHH GoJsbuie paboTH, yeM CIKOHOMAT? OAHAaKO Ha Kax-
oM sTane AHGO COPTHPYETCS OTHOCHTEIbHO Malo 3Jje-
MCHTOB, U060 3J€MEHTHl YXKe JAO0BOJABHO XOpOILO Ymops-
JoueHH H TpebyeTcs CpPaBHHTENbHO HEMHOTO MepecTi-
HOBOK.

$lcHO, uTO TakoW MeToA B pe3y/bT3aTe AaeT yHoOpsao-
geHHBIH MacCHB, H, KOHEUHO e, Cpa3y BHAHO, YTO KaX-
AR MpPOX0A OT MpelAblAYIHX TOMbKO BHHIPHBaeT (Tak
KaK Ka)/Jas i-COpTHpOBKa 00heAHHsET ABe IPYINH, yXe
OTCOPTHPOBaHHHE 2i-COpTHpPOBKOH). Tak ke OueBHAHO,
uyTO paccTosHis B rpynnax MOXKHO YMeHbIIaThb NO-pa3-
HOMY, JiHllb Obl mocjenHee ObIJIO €AHHHYHHM, Befb B Ca-
MOM IJIOXOM cJyuae TOCJHEAHHH NMPOXOR H clelaeT BCIO,
pabory. OaHaKO cOBCeM He OUEeBHAHO, UTO TaKOH MpHeM
«YMEHbUIAIOIIHMXCS PACCTOSAHHA® MOKET AaTh Jyullde pe-
3yJbTaTH, €C/H PACCTOSAHUS He GYAYT CTENEeHAMH NBOHKH.
[losToMy npuBOAHMas mporpaMMa He OpDHEHTHPOBaHa Ha
HEKYI0 OMNpelesieHHYI0 MOCJeA0BaTeJbHOCTh PacCTOSHUH.
Bce t paccrosstHHR 0003HaualTCA COOTBETCTBEHHO i,
hy, ..., hy, 419 HHX BHMOJHSAIOTCS YCJIOBHSA '

hy=1h,, <h (2.12)
i+1 i

Kaxnaas h-copTHpoBKa mporpaMMHpYeTcsi Kak COPTH«
POBKa C MOMOIIBK MNPSAMOro BKJIOuUeHHs. [IpHueM mpo-
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PROCEDURE ShellSort;
CONSTt =4}
VARG 1k, st indexs
xritem; milats
h! ARRAY [1 .. t] OF INTEGER;
BEGIN h(1]:= 9: h[2] = 5; h[3] := 3; B[4] i< 1;
FORm:=1TOtDO
X :=h[m}]; s:= -k; (+Mecro Gaprepa+)
FORi:=Kk+1TOnDQ
xi=aliliji=1ik
IFs = 0THENs (= -KEND;
si=s+1afs]i=X;
WHILE x € alj] DO aff+k] := a[j]; ] 1= - KEND {
afj+k]i=
END
END
END SheliSort

Iporp. 2.6. Coprupoeka llenna.

CTOTa YCJIOBHsI OKOHYaHHSA MOHCKA MecTa AJisl BKJIOYEHHS
o6ecneunBaeTcsi MeTooM OapbepoB. $IcHO, 4TO KaXjas
M3 COPTHPOBOK HYXAaeTcs B NOCTaHOBKe CBoero cob-
CTBeHHOro 6apbepa ¥ NPOrpaMMy AJs ONpelelieHHs ero
MecTOnoJoXeHus: Heo6XOAUMO JesnaTh HAaCKOJbKO BO3-
MOXHO npocTofl. [103TOMYy NPHXOAHTCA PaCWIMPSATb Mac-
CHB He TOJbKO Ha OAHY-eAHHCTBEHHYIO KOMIOHEHTY ao,
a Ha h; koMnoHenT. Ero onucaHue Tenepb BRIIJISAAHT TaK:

a: ARRAY[—h,..n] OF item

CaM anroput™ AJsa t=4 onuchBaercs NpoUEAypOH
Shellsort [2.11] B nporp. 2.6.

Anaaus copruposku llleasa. AHanu3 3TOro ajropur-
Ma MOCTaBHJ HECKOJbKO BecbMa TPYAHHIX MaTeMaTHue-
ckux npobjeM, MHOTHe H3 KOTOPHX Tak elle H He pe-
lleHH. B YacTHOCTH, He H3BECTHO, KaKHe pacCTOAHHA
JAlOT HaWayyliHe pe3yJbTaTh. Ho BOT yAuBMTENbHHI
dakT: oHH He AONKHH OHTb MHOXHTENAMH OAHH ApY-
roro. 3To NO3BOJseT H30eXaTh SABJEHHS yXKe OUEBHAHOTO
M3 npHBeAeHHOTrO BHILIIe NpPHMepa, KOTAa NPH KaxJAOM
NpoXOje B3aWMOAEACTBYIOT ABe [eNOYKH, KOTOpHE A0
3TOro HHUIAe ellle He nepecekanaucb. M AedcTBUTeNbHO,
®KeJjarteqbHo, 4TO6H B3aWMoAeHACTBHE Pa3JHYHHIX Ileno-
Y€K NPOXOAMJIO KaK MOXHo uaule. CrnpaBelsiHBa Takas
Teopema: ecsaH k-OTCOPTHNOBAHHYIO MOCJAeA0BaTeNbHOCTD
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i-oTcopTHpOBaTh, TO OHa ocTaeTcs Kk-OTCOPTHPOBaHHOH.
B pabore [2.8] KHyT nokasbiBaeT, 4TO HMeEET CMHIC]
HCNOJb30BAaTh TAKVI0 [OCJAEAOBATENbHOCTb (OHA 3arnit-
caHa B o6paTHoM mopsake): 1, 4, 13, 40, 121, ..., rxe
hi—; =3hi+ 1, hy=1n t = llogzn ] — 1. Ou pexkomei-
AyeT W ApYryio mocjaegoBateibHocTb: 1, 3, 7, 15, 31, ...
rae hxy; =2hv«+ 1, hy=11n t= Llogan) — 1. Mare-
MATHYECKHIl aHAJM3 NOKA3LBaeT, UYTO B HOCHELHEM Cly«
yae AJ8 COPTHPOBKH n 3jemeHTOB MeTofom Illenna 3a-
TpaThl NpONOpUHOHAJIbHH n'2 XOoTd 3TO YHCJO 3HAYH-
TEJbHO Jyulle n?, TeM He MeHee Mbl He OPHEHTHPYeMcs B
AaNbHeHIIEM HAa 3TOT METOJ, NOCKOJbKY CYUlECTBYIOT €LLe
JYyYUIHE aJrOPHTMHI.

2.3.2, CopTupoBKa C NOMOULLIO A€peBa

Meton copTHpPOBKH € moMoOIibIO NpAMOro Bubopa Oc-
HOBAH HA NOBTOPSAIOLIHXCA MOHCKAaX HAHMEHbIUETro KJAKYa
CpPelH n 3JeMeHTOB, CPelH OCTaBLIHXCA n— ] aneMmeH-
ToB H T. A. O6HapyXeHHe HaHMEHbLIEro Cpeau n 3Jje-
MEHTOB TpefyeT— 3TO OYEBHAHO — N — 1 cpaBHeHIld,
cpean n— 1 yKe Hyx®HO n — 2 cpaBHenuil u T. 1. CymMmMa
nepBelx n— 1 ueabx paeHa !/;(n? — n). Kak xe B Ta-
KOM cllyyae MOXHO yCOBEPLIEHCTBOBATb YIIOMAHYTHIA Me-
TOJ COPTHPOBKH? DTOro MOKHO AOGHTbCA, TOJbKO OCTAB-
Jss MOCJe KaXAoro npoxoja GoJbile HHPOpMALHH, UCM
NpoOCTO HAeHTHOUKAUHA eAHHCTBEHHOrOo MHHHMaJbHOrO
saeMmedta. Hanpumep, caenas n/2 cpaBHEeHHH, MOXHO
ONnpeAeJHTb B KaXJAoH mnape kawoded MenpwHi, C mo-
MombIo n/4 cpaBHeHHH — MeHbWIHH H3 NapH yXe BH-
6paHHHIX MeHbWMX ¥ T. A. IlposenaB n — 1 cpaBHeHHil,
MB MOXKE€M NOCTPOHTb AepeBO BLHIOOpPa BPOAE NpEACTaB-
JIEHHOTO Ha pHC. 2.3 U HAEHTHUPHLHPOBATL €ro KOpCHb
KAaK HyXKHbIH HaM HauMeHbUIHMH Ka0Y [2.2].

BTopo#i stan cOpTHPOBKH — cnycK BAOJb MYTH, OTMeE-
YEHHOTO HAUMEHbIIUM 3JEMEHTOM, H HCKJIOUYEHHE €ro
U3 JepeBa NyTeM 3aMeHH JHO0 Ha NYCTOH 3JEMCHT
(ABIpKY) B caMOM HH3y, JH60 Ha 3JEMEHT U3 coceaHefi
BETBH B NPOMEXKYTOYHBIX BepUIMHaxX (cM. puc. 2.4 u 2.5).
DJeMeHT, nepeABHHYBLIHIHCSA B KOpPE€Hb AepeBa, BHOBb Oy-
JA€T HaUMEHbIUUM (Telepb yxe BTODHIM) KJIOYOM, H €ro
MOXKHO MCKJIOuHTb. [locse n TaKMX wWaros pepeBo cTa-
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Puc. 2.5. 3anonHeHue AHPOK.

HeT MycTHIM (T. €. B HEM OCTAHYTCH TOJNbKO ABIPKH), R
npouecc COpPTHPOBKH 3akaHuuBaercsi. O6GpaTuTte BHHMa-
HHe — Ha KaXXAOM H3 11 maroB Bu6opa TpebyeTcs TOJbKO
log n cpaBHenuii. [loaTOMy Ha Bech npolecc NOHaZOGHT-
cs nopaaka n«logn sJeMeHTapHHX onepauuit nJioc
eule n WAaros Ha MOCTPOeHHe AepeBa. DTO BecbMa Cyuie-
CTBEHHOE yJyylleHHe He TOJbKO NpSMOro MeToja, Tpe-
Oyromero n? waros, HO M naxe wMetoma llleana, rze
HyXHo n'? mara. EctecTBeHHO, coxpaHeHHe [ONOJHK-
TCJbHOH HHpOPMALMH AenaeT 3afauy GoJsee H30LIPEHHOI,
I03TOMY B. COPTHPOBKE MO AEPEBY KaXAHWH OTACbHHIM
lar ycnoxHsiercs. Beib B KOHLle KOHLOB [AJs COXpaHe-
Bdas  u3bmTouHoR  MHGopMauMH, noaydaeMol  npH
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HauaJbHOM INPOXOJe, CO3/aeTcs HeKoTopas ApeBoobpas-
Has cTpyKtrypa. Hama caeayouas saanaya— HaWTH
npHeMnl 3 ¢ekTHBHOH OpraHHsauuyH 3ToH HHQOPMAUHH.:

Koneuno, xoTesochk 6B, B UaCTHOCTH, H36aBHTBCS OT
AHPOK, KOTODHIMH B KOHEYyHOM HTOre GyleT 3anojHeHO
BCe JepeBO H KOTOphle NOPOXKAAIOT MHOIO HEHYXHHIX
cpaBHenHil. KpoMe Toro, Hafio 6u10 6H NOHCKAaTh Takoe
NpeJCTaBJieHHe NepeBa U3 11 31eMeHTOB, KoTopoe Tpebyer
JHMIOb N GAMHHI NaMsATH, a He 2n—1, Kak 3To 6BUIO
paHblue. DTHX UeJseil JAeHCTBHTeNbHO YAAJOCh NOOHTHCA
B Merofle Heapsort®), usoGpereHHoM J[I. Yuaabsamcom
{2.14], rme 6Bb10 nNOJyYeHO, OYEBHAHO, CylLIeCTBEHHOE
yayulneHHe TPaRHUHOHHBIX COPTHPOBOK C TNOMOILBIO Je-
pesbeB, [lupaMuaa onpeiensieTcsi Kak MNoOcCJeld0BaTelbs
noctb katoue#t hy, hpyy, ..., hg, Takas, urto

h,<<hy, n high,‘_,“_1 ana i=L...R/2. (2.13)

Ecau no6oe IBOMUHOE JepeBO paccMaTpHUBaTh Kak Macs
CHB 1O cxeMe Ha pHc. 2.6, TO MOXHO IOBOPHTb, UTO Je-
PEeBbS COPTHPOBOK Ha pHc. 2.7 H 2.8 cyTb nHpaMuiH, a
3jieMeHT h;, B 4aCTHOCTH, HX HaHMeHbLIHH 3JeMeHT:
hy = min(hy, hy, ..., hy). Ilpennonoxum, ectb HekoTO-
pasi MHpaMHAa C 3aJaHHBIMH 3JeMeHTaMH hiyy, ..., hg
AJS HEKOTOPHX 3HaueHHH L W R ¥ HYyXHO p06aBHTH HO-
B 371eMeHT X, 006pa3ys pacuMpeHHyl0 nHpaMuay hy, ...
..., hg. BosbMeM, HampuMep, B KauecTBe HCXOXHOH nH-
pamuny hy, ..., hy;, nokasaunywo Ha puc. 2.7, u Ro6aBuM
K Hell cjeBa 3aeMeHT h; =44 **), Hoas nupaMuaa no-
JiyyaeTcs Tak: CHayaJa X CTaBHTCS HaBepX JApeBOBHAHOM
CTPYKTYPH, a 3aTeM OH MOCTeleHHO ONyCKaeTcsi BHH3
KaXJIbi pa3 10 Hanpas/eHHI0O HaHMeHbIIEro H3 JBYX
NMPUMBIKAIOIHX K HEMY 3JeMeHTOB, 4 CaM 3TOT 3JIeMEHT
nepejsHraercs BBepX. B npuBefleHHOM mnpuMepe 3Haye-
HHe 44 cHauyajga MeHsiercs Mectamd ¢ 06, zatem ¢ 12 u

*) 3xechb MH OCTaBJfeM MONLTKH NMePeBeCTH Ha3BAHHSA COOTBET«
CTBYIOIUHX METONOB Ha PYCCKHA fA3HK, HO60 HH yXe He Gonee ueM
CcOGCTBEHANE HMEHa, XOTA B Ha3BaHHAX UePBHX YNOMHHABUHIHXCH
MeTORO0B ellle (QHryPHPOBAA HEKOTOPHH 3/1eMEHT OMHCAHHA CYTH Cas
MOro nmpHeMa COPTHPOBKH. — [Tpus. nepea.

ATO HECKONLKO NDPOTHBOPEUHT YTBEPKAEHHIO, YTO Nriq . «f
+.. hg —mupaMuza, HO Hajeemcs, caM uHTaTeJb pa3bepercd, YTO
X0Tes1 cKka3aTb aBrop. — Ilpum. nepea,
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Puc. 2.8. IlpocerBanine k1ioua 44 yepes nHpaMHAy.

B pe3yabraTe obpasyercs OepeBO, NpelCTaBJeHHOe Ha
puc. 2.8, Tenepb MH chOpMyJHpPYeM STOT CHBHIAIOLIHH
aJrOpHTM Tak: i, j — napa HHAEKCOB, PHKCHDYIOLIKX dJ€-
MEHTH, MEHAIOHecs Ha KaXIoM umiare mecramH. Yura-
TEJI0 OCTaeTCs JHUb Y6eAHThCS CAMOMY, YTO NPEAN0XKEH-
HBIi METOJ CABHTOB NeACTBHTEJbHO COXpaHSeT HeH3MeH-
HHM ycoBhA (2.13), onpeneasiomive NHpaMumy.

P. ®aofaoM Gblsl npelJoxeH HEKHH «J1aKOHHYHBIA»
crnoco6 MOCTPOEeHHS NMHPaMHAL «Ha TOM Xe MecTe». Ero
npoleAypa CIOBHra mpeicraejaeHa Kak nporp, 2.7. 3aech

! «.. hy — Heku#t maccup, npuuem hp ... h, (M=
= (n DIV 2)+4 1) yxxe o6pa3yoT nupaMuiy, NOCKOJbKY
HHIEKCOB i, j, YJAOBJIETBOPSIOWIHX OTHOMIEHHAM | = 2j
(nam j = 2i -+ 1), npocTo He cyliecTBYyeT. OTH 3/1€MEHTH
00pa3yloT Kak G6GH HHXHHE CJOR COOTBETCTBYIOIIErO
ABOHYHOrQ JepeBa (cM. pHc, 2.6), AAs8 HHX [lIKaKoH
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PROCEDURE sift(t,, Ri index):
VAR, ji index; &:item;
BEGINi!= L;jr=2¢Lsx:=alLll:
IF(GCR) & (alj+1] < ali) THEN ji= J+LEND
WHILE (§ <= R) & (alj]< ©) DO
ai]:=aflili=dji=2+08
IFG<R) & (afj+1]< afi) THEN ji= J+LEND
END
END sift

Nzorp. 2.7, Sift,

ynopsiiouenHoctH He Tpebyercs. Temepb mupaMupa pac-
LIHpseTcs BJE€30; KaXABH pa3 Ao6aBisieTcss W CABHTaMH
CTaBMTCA B HajJeXallyio INO3HIHI0O HOBHH 3JIEMEHT.
Taba. 2.6 namocTpupyeT Becb 3TOT IpoOllecc, a NOJAyYato-
nascs nHpaMuja nokasaHa Ha puc. 2.6.

CrnenoBatesbHo, npouecc (pOPMHPOBAHHS HHPAMHIH
H3 n 31eMeHToB h; ... h, Ha TOM Xe caMoM MecTe Oltil-
chiBaercs Tak:

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

Ins Toro 4yTo6ni MOJYYHTb HEe TOJBKO YACTHYHYI, HO H
NOJIHYIO YNOPSiI0YEHHOCTb CPEJAH 3JEMEHTOB, HyXHO HpO-
JesaTb n CABHTAKOLIKX LIaroB, NPHYEM HOCE KaXKI0i0
urara Ha BepUIMHY JepeBa BHITAJKHBaAeTCs oOuepeiHOil
(nanMenblIMd) sneMenT. 1 BHOBb BO3HHKaeT BONpOC:
rjle XpaHdTb «BCI/IbIBAIOLIHE» BEPXHHE 3J€MEHTH H MOM:-
HO /M HWJH HeJb37 NPOBOJAHTbL OOGpallleHHe Ha TOM :e
MecTe? CylIecTBYeT, KOHEYHO, TAKOH BHIXOA: KaXALiit
pas 6patb NOCJEAHIOI KOMIOHEHTY DHPaMHAH (CKaXe,
3T0 OYyAeT X), NpsATaTh BEpXHHH 3JeMeHT NHPaMHAH 1
0CBOGOJHBLIEMCS] TeNEPb MECTe, @ X CABHraTb B HYXKHO:
mecTo. B Taba. 2.7 npuBefleHH HEOGXOAUMBIE B 3TOM CJY-

Tab6anrua 2.6, Moctpoenne AupaMuin

4 55 12 42] % 18 06 67
4 55 12] 42 94 18 06 67
4 55| 06 42 94 18 12 67
41 492 06 55 94 18 12 67
05 42 12 55 94 18 44 67
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ju6nuna 2.7. Ilpumep mpouecca copTHpoBrH ¢ moMouibic Heapsort

D6 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 67 941 18 12 06
44 55 94 67) 42 18 12 06
55 67 94| 44 42 18 12 06
6 94] S5 44 42 18 12 06
94] 67 55 44 42 18 12 06

yae n— 1 waros. Cam npouecc oNUCHBaeTCs C MNOMOLILIO
npoueayph sift (nporp. 2.7) TakuM o6pasom:

R:i=1n;
WHILER>1DO
xi= 21]; a1} := a[R]; 2[R]) v = x;
1= R-1; sifi1, R)
END

[Mpumep u3 Taba. 2.7 noxasnBaeT, yToO mnoJyuaioumufcs
HOPAAOK (paKTHYeCKH aBJseTcsl o6paTtHHM. OAHako 3TO
MOXKHO JIETKO HCNPaBHTb, H3MEHHB HalpaBJieHHE <«yIO-
PANOYHBAIOIIErO OTHOLLEHHA» B npoueaype siff. B xoHue
KOHIOB nosyyaeM npoueaypy Heapsort (mporp. 2.8),

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

PROCEDURE sifY(L, R: index);
VAR, j:'index; x:item;
BEGIN{:=L;j:=2¢L;x:= a[L];
IF(i<R) & (afj]< a[j+1]) THEN j:= j+ 1 END}
WHILE(j<=R) & (x< a[j) DO
Al i=afi];i:=§ 1= 24;
IF(j<R) & (afj)< alj+1)) THEN j : = j+1 END
END

END sift;

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

x:=a[l]; al1):= a[R}); a[R]) := x;
R := R-1; sif(L, R)
D

END HeapSort
IIporp. 2.8. Heapsort.
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Anaauz Heapsort. Ha nepBHit B3risil BOBCE HE 09e-
BHIHO, YTO TaKOH METOA COPTHPOBKH HaeT XOpOlIHe pe-
ayJbTaTh. Beab B KOHIE KOHHOB GOJbIIHE 3JEMEHTH,
npexjae uem NOMajyT Ha CBOE MeCTO B NPaBOH 4YacTH,
cHauajga cjABHraiotcs BJeBo. K xeficTBUTesBHO, NpO-
LeAypy HE pEeKOMeHAyeTcs NPHMeHATb AJs HeGOJbUIOro,
BpoJe Halllero npuMepa, uucja sJjeMeHtoB. [as Gosp-
wux xe n Heapsort ouenb s¢dekTHBHa; yeM GoJblue n,
TeM Jyullle oHa paboraer. OHa Jaxe CTaHOBHTCA CpaB-
HUMOH ¢ coptupoBko# llleana.

B xyaweM cayyae HYXHO n/2 cCABHralOIHX IIaros,
OHH CABHMraloT ajeMeHTH Ha log(n/2), log(n/2—1), ...
..., log(n — 1) nosuuuii (norapudm (no OCHOBaHHIO 2)
«06py6aeTcs» A0 caenylouero Menbuiero penoro). Cie-
JOBaTe/bHO, (ha3a COPTHPOBKH TpebyeT n— 1 CABHIOB ¢
camoe Gouabwoe log(n—1), log(n—2), ..., 1 nepeme-
menusamu. Kpome Toro, Hy:HO eme n— 1 nepeMemeHuit
I/ TpOCAayHBaHUA CABHHYTOrO 3JIEMEHTa Ha HEKOTOpoe
paccTosiHHe BnpaBo. JTH coo6paXKeHHs MOKa3HWBAIOT, 4TO
naxke B CaMOM IIJJOXOM H3 BO3MOXHHX ciydaes Heap-
sort motpe6yeT n +log n maros. BennkosenHas npoH3-
BOAHTEJBHOCTb B TaKHX IJIOXHX Cydyasax — OLHO H3 MpH-
BJI€KaTeJbHEIX cBoHcTB Heapsort.

CoBceM He SICHO, KOTJa CJelyeT OXHAaTbh HaHXyaulei
(unu Hauayuiiell) npouspoauTenbHoctH. Ho BooGuie-To
Kaxercs, uto Heapsort «a06HT» HayaJbHBE MOCJENO-
BAaTeJbHOCTH, B KOTOPHX 3JeMeHTH G6oJiee MJIH MeHee
OTCOPTHPOBaHH B o6paTHoM mnopsike. [loaTomy ee mo-
BeleHHe HECKOJbKO HEeCTeCTBEHHO. Ec/iH MH HMeeM 1eJlo
C 06paTHHIM TIOPAAKOM, TO (pa3a NOPOKAEHHS NMHPAMHILI
He TpebyeT Kakux-1H60 nepememenuft. Cpeanee gucio
nepeMemeHHi NpUGJIH3UTeNbHO paBHO n/2 #log(n), npu-
yeM OTKJOHEHHS OT 3TOr0 3HAUEHHS OTHOCHTEJbHO HeBe-
JHKH.

2.3.3. CopTHpOBKA C MOMOLILIO Pa3feNeHHA

Pa3o6paBiukch B ABYX YCOBEpUCHCTBOBAHHHIX METO-
JAax COPTHPOBKH, NMOCTPOEHHBIX Ha MNPHHUHNAX BKJAKOYC-
uus H Bi6Opa, MBl Tenepb KOCHEMCS TPETBEro yJy4lleH-
HOTO MeTo[a, OCHOBAaHHOIO Ha ob6MeHe. Ecau ydecTb, 4TO
ny3LHpbKOBasi COPTHPOBKA B cpelHeM Ghlia camoit Head-
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(deKTHBHOR H3 BCeX TpeX aJropHTMOB npsMofi’ (ctporof)
COPTHPOBKH, TO CJelyeT OXHAAaTb OTHOCHTEJBHO cylle-
CTBEHHOro yJayulleHus. M Bce Ke 5TO BHIVIAAHT KaK He-
Ki#l CIOpNpH3: yJyulleHHe MeTORa, OCHOBAaHHOrO Ha 006-
MCHE, 0 KOTOPOM MH O6yldeM celuac rOBOPHTb, OKa3H-
BACTCA, NPUBOJHT K CAaMOMY Jy4llleMy H3 H3BEeCTHHX B
JAHHBA MOMEHT MeTOAY COPTHPOBKH AJsf MaccHBOB. Ero
NpOH3BOAHTENbHOCTh CTOJb BNEHATJAIOLLA, YTO H306pe-
ratenb Y. Xoap [2.5] u [2.6] maxke HazBan Merton Got-
crpoii copruposxoli (Quicksort).

B Quicksort HcxoasaT H3 TOro coobpaxeHHs, uTo A1
JIOCTHXKeHHS Hauayulied 3(p¢eKTHBHOCTH CHauanla Jyuylle
NpOH3BOAHTb TNEPECTaHOBKH Ha O6OJblLIHE  PacCTOAHHA.
TIpeANONIOXKHM, Yy Hac eCTb N 3JEMEHTOB, PacroJOoXKeH-
HBIX MO KJaouaM B o6paTHOM nopsajgke. Mx MoxHoO orcop-
TUpoBaTh 33 n/2 06MeHOB, CHauaja NOMEHATb MeCTaMH
caMbiff JIEBHH C CaMbIM NPaBhHIM, a 3aTeM NOCJaeJ0BaTeNb-
HO ABHraTbCfl € JABYX CTOpoH. KOHeUHO, 9TO BO3MOXKHO
TOIBKO B TOM CJy4dae, KOrja MH 3HaeM, 4TO NOPAJOK
agcicTBHTeNbHO oOpaTHeii, Ho H3 3sToro npumepa
MOJKHO - H3BJ€e4b M HeUTO JCHCTBHTENbHO TNOYUH-
TeabHOe.

JlaBaliTe, NONLITaeMcsl BOCNOJb30BAaThCA TAKHM aJro-
puTMoM: BHOepeM Hayrai KakoH-TH60 3JeMeHT (Has30-
BeM ero x) u 6yAeM NpOCMarpHBAaTb CJeBa Hall MaCCHB
IO TexX nop, MoKa He OGHApYKHM 3JeMEHT a; >> X, 3aTeM
GyZem mpocMaTpHBaTh MacCHB cpaBa, MOKa He BCTpe-
TUM a; << X. Tenepb NoMeHsieM MeCTaMH 3TH [Ba 3Jje-
MeHTa M NpOAOJKHM Halll mpouecc NpocMOTpa H 06MeHa,
noka o6a MpoCMOTpa He BCTPETATCA IAe-TO B CepelHHe
MaccHBa. B pesyabrare MaccHB OKaXKercs pa3GHTHIM Ha
NeBYI0 4acTh, C KJIOYaMH MeHblle (HJH DaBHHMH) X, H
npaBsyl — ¢ KJaOuaMH GoJabule (HJAH paBHHMH) X. Te-
nepb 3TOT MpOLECC pa3jeseHHs NpeACTaBHM B BHJIeE Mpo-
ueaypu (nmporp. 2.9). O6parHTe BHHMaHHe, YTO BMeCTO
OTHOIIEHHH > W <C HCOOJb3YIOTCA > H <, a B 3aro-
noske nukaa ¢ WHILE — ux orpuuanns <<u>>. Ilpu ra-
KHUX. H3MEHEHHSAX X BHCTynaer B pojH 6apbepa AJs TOTO
u gpyroro npocMorpa. Ecaum B3ATh B KauectBe X
015 cpaBHEHHS CpeJHHHA KJiou 42, TO B MaccHBe
Kmoyer

44 55 12 42 94 06 18 67
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PROCEDURE partition}
VAR w, x: item;
BEGINi:=1;j:=1n;
CAVHAinG 8bI0PATL X§
REPEAT
WHILEa[iJ<{xDOi:=i+1 END;
WHILEx< afj] DO = j-1 END;
IFi<{=]jTHEN
wizgfiiaili=afl dfili=wii= 141 5:= 1
END

UNTILi>§
END partition

Iporp. 2.9. CopTHpOBKa ¢ MOMOWILIO Pa3jie/eHHs.

AJs pa3jleleHHs NOHaao6saTcss ABa o6Mena: 18 «»44 n
6 <> 55

18 06 12 42 94 55 44 67

nocJenHHe 3HAUYeHHS HHJEKCOB TaKOBH: i =205, a j=3.
Kmioun a; ... aj_; MeHbllle HJH paBHH KUy X =42,
a KJIIOYH a4 ... ap OoJblle WIH paBHH Xx. CJelosa-
TeJIbHO, CYHIeCTBYeT JBe YacTH, a HMEHHO

Ak: 1<k <iia <x

Ak:j<knix<a, (2.14)
OnucaHHHA aJroOpHTM OYeHb NpocT H 3(dexTHBeH, no-
CKOJIbKY T'JIaBHHE CpaBHHBaeMhle BEJHUHHH i, ] H X MOX-
HO XpaHHTb BO BpeMs IpPOCMOTpa B OHICTPHX perucrpax
MaluHHH. OJHAaKO OH MOXET OKa3aThCA H HeyJayHbIM,
4yTO, HaNpHMep, NMPOHCXOAHT B CJydyae n HAEHTHYHHX
KJloued: AJs pasfieleHHss HYXKHO n/2 o6MenHoB. Itux
BOBCe HeoOsizaTeJbHHX O06MeHOB MOXHO H36exXaTb, eCau
onepaTopH NMPOCMOTpa 3aMeHHTb Ha TaKHe:

WHILE a[i] < =x DO i:=i-+41 END;
WHILE x < =a[j} PO j:=j—1 END

Onnako B 3TOM cJyuae BHOpaHHHH sJeMeHT X, HaX0n1fl-
HiHiica cpelli KOMNOHEHT MacCHBa, yXe He paboTaeT Kak
Gapbep AJs ABYX MPOCMOTPOB. B pesyJsibraTe npocMOTpH
MaccHBa CO BCEMH HAEHTHYHHIMH KJIOYaMH I[PHBELYT,
ecJH TOJIbKO He HCIOJb30BaTh 6oJiee CJOXKHHE YCJIOBHS
HX OKOHUYaHHS, K MepeXoAy uepe3 rpaHuaun Macchpa. I1po-
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cTOTa YyCJOBHH, ynotpebaeHHmx B mnporp. 2.9, Bmogxe
ollpaBJHBaeT Te JOMOJHUTEeNLHHE 0OMEHH, KOTOphe Npo-
HCXOAAT B CpeJHEM OTHOCHTENbHO peiko. MoXKHO ewle
HEMHOr0 C3KOHOMHTh, €CJH H3MEHHTh 3aroJIoBOK, ympas-
JAI0IMA caMuM o6MeHoM: OT | << j nepeliTh x i < j. Oa-
HAKO 3TO H3MeHEeHHe He JOKHO KacaThCcsl ABYX omnepa-
topoB: i:=1i- 1, j:=j— 1. IlosTomMy Aas HHX noTpe-
OyeTcs OTAeJNbHHH YCJOBHHHN onepatop. ¥Y6elnuThcs B
npaBHILHOCTH aJrOpHTMa pa3lelleHHs MOXHO, YAOCTO-
BEPHUBIIHCL, 4TO OTHOoWIeHHA (2.14) nmpeacraBasloT coboit
yHBapHaHTH onepartopa uukia ¢ REPEAT. Buauane npu
i=1Hj=n HX HCTHHHOCTL TPUBHAJbHA, a NPH BHX0Le
C; > j OHH JAIOT KaK pa3 XejaeMuil pe3y/bTar.
Tenepr HamOMHHM, YTO Halla LeJb— He TOJBLKO MpPO-
BeCTH pa3jieJleHHe HAa YaCTH HCXOJHOro MacCCHBa 3JleMeH-
TOB, HO H OTCOpTHpOBaTh ero. COpTHPOBKY OT pa3sjeseHHs
oTAeaseT, OLHAKO, JHIIb HeOOJbIIOH 11ar: HYXHO IpH-
MEHHThL 3TOT MNpOLECC K MNOJYYHBIHHMCH ABYM 4acTsM,
3aTeM K YacTaAM yacTell, H TaK J0 Tex mop, MokKa Kaxaas
i3 yacreii He GYIeT COCTOATH H3 OJHOro-eHHCTBEHHOrO
3/1eMeHTa. DTH AeHCTBHA ONMHCHBAIOTCA nporpaMmoit 2.10.
[Ipouenypa sort pekypcuBHO obpauiaercsi cama K
cebe. PekypcHH B aJirOpuTMax — 9TO OYeHb MOUIHHH Me«
XaHH3M, ero Mur GyaeM paccmMaTpuBaTh B Il 3.

PROCEDURE QuickSort;

PROCEDURE sort(L, R: index);
VAR, j: index; w, x: item;
BEGIN{:=1L;j:=R;
x:= a[(L+R) DIV 2];
REPEAT
WHILE afij<{ xDOi:={+1END;
WHILE x< 2[j) DO J := -1 END ;
IF{<=JTHEN '
w:= afi]; ali] :="afj}; ali] := w; 11= 141; ] := 31
END

UNTIL 1> j;

IF L<jTHEN sort(L, ) END ;
IF 1< R THEN sort(l, R) END
END sort;

BEGIN sort(1, n)
END QuickSort

Mporp. 2.10. Quicksort.
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Bo MHOrHX «craphiX®» S3bHKax MpOrpaMMHpDOBaHHS OT
pPeKypcHHf MO HEKOTOPHIM TEeXHHYECKHM IpHYHHAM OTKa-
3blBaJiuch, [loaToMy MH Telepb NOKa)XeM, KakK TOT e
aJrOPUTM MOXHO BHIPa3UTb M HePEeKyPCHBHOH Npoueny-
poii. Peuwenue, oueBHJHO, 3ak/iouaerc® B TOM, 4YTO pe-
KypCHIO HYXXHO 3aMeHMTb urtepauded. IlpH 3TOM InOHa-
A06ATCA, KOHEYHO, HEKOTOphle JAONMOJIHHTeJbHLIE ollepa-
LMK N0 COXpaHEeHHIO HYyXHOH MHDOpMaUHH.

CyTb UTEpaTHBHOrO pelieHHs 3aKJloYaercss BO BBele-
HUH cnucka Tpe6yeMHX pa3fiesieHHH, T. e. pa3jeneHuf,
KOTOphle Heo6xoAuMO mpoBecTd. Ha kaxjaoM srane BO3-
HHUKAIOT JBe 3aj/auM No pasfeneHHio. ¥ ToabKO K OAHO#M
M3 HUX MBl MOXE€M HeNOCpeACTBEHHO cpa3y Xe MpHCTY-
IHTL B OuepeAHOM HTepalud, Apyras Xe 3aHOCHTCH B
ynoMsaHyTH# cnucok. I1pu 3TOM, KOHEYHO, CYINECTBEHHO,
uyTo TpeGOBaHUA U3 CIHCKA BHIOJHAIOTCA HECKOJLKO Clle-
uuduyeckum obpasoM, a UMeHHO B 06paTHOM INOpsAKE.
CaenoBaTenbHO, NEepBOe U3 NepeyHcHeHHHX Tpe6oBaHUH
BHINOJIHSIETCH MNOCJEAHUM, MU Hao6opoT. B npuBoaHMO#H
HepekypcuBHoHl BepcHH Quicksort kaxpoe Ttpe6oBaHue
3ajlaeTcss NpPOCTO JIEBHIM M NPaBBIM HHJAEKCAMH — 3TO
rpaHuUB 4acTd, Tpebywolled AanbHedmero pasjeneHus.
Takum o6pasoM, MH BBOAMM I[epeMEHHYIO-MacCHB IOA
WMeHeM sfack M UHJEKC S, YKa3blBalOUMHA Ha caMywo nio-
CJeHIO CTPOKY B cTeke (cM. mporp. 2.11). O rom, kak
BHI6pATh NOAXOAALIU pa3Mep creka M, peub mofifer npu
aHaau3e pabotn Quicksort.

Anaaus Quicksort. Jlnsa uccreoBaHUs TNPOHM3BOAH-
resibHOocTH Quicksort cHauana Heo6xoaumo pasobpaTtbes,
KaK HIeT fpouecc pasjesneHus. BubpaB HekoTopoe rpa-
HMYHOE 3HayeHHe X, MBEl 3aTeM IPOXOJAHM LEJHKOM IO
BceMy MaccuBy. CneloBaTe/sbHO, NIPH 3TOM BHINOMHACTCS
ToYyHO n cpaBHeHuH. Yucao xxe 06MeHOB MOXHO ompee-
JIUTb U3 CJelYIOIHUX BEPOATHOCTHHX coobpaxkenuil. [Ipu
3ajlaHHOM TpaHHUe 3Ha4YeHHH X OXHAaeMoe 4HHCJIO one-
pauuit o6MeHa paBHO YHCJY 3JEMEHTOB B JieBOH uacTil
pa3jensieMofi nocJael0BaTeIbHOCTH, T. €. 1 — I, yMHOCH-
HOMY Ha BepPOATHOCTb TOro, 4YTO IpH obMeHe KaXbiil
TaKoil 3JeMeHT nonajaaerT Ha cBoe Mecto. O6MeH mpcuc-
XOJMT, €CJIM 3TOT 3JIEMEHT Nepeld 3THM HaXOJMJC:T B
npaBoii uyacTH. BepoATHOCTb 3TOro paBHa (0 —(X—
—1))/n. TlosToMy oXnjaemoe UuHMCIO OOMEHOB eCTb
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PROCEDURE NonRecursiveQuickSort:

CONSTM = 12;
VAR, j, L, R: index; X, w: item;
s: {0 M];

stack: ARRAY [1..M]OF RECORD L, R: index END 3
BEGIN s := 1; stack[1].L.: = 1; stack[s].R := n;
REPEAT (+ Br150p H3 CTeKa NOCHEAHET0 3aNpoca )
L := stack[s]L; R : = stack[s]R; s := 5-1;
REPEAT (* paspenense afL]...a[R]*)
ii=LyJ:=R;Xx:=a[(L+R)DIV2];
REPEAT
WHILE a[i]< xDO1:={+1END;
WHILE x< afj] DOj:= j-1 END;
IFi<= jTHEN
wi=ali]; afi] := afi]; ali := w; = 1411 1= -1
END

UNTILi) j;
IFi< R THEN (*3amich B CTeX 3a11poca 3 NpaBoii 4acTH * )
s:=s+1; stack[s].L : =: {; stack[s]R := R
END;
R:=j (s Teneps L ® R orpannunpaior JIcBYI0 YacTs )
UNTILL>=R
UNTILs =0
END NonRecursiveQuickSort

ITporp. 2.11. Hepekypcusuas sepcus Quicksort,

cpelHee 3THX OXHJaeMHX 3Ha4YeHHA I/ BCEX BO3MOX-
HEIX FPaHHL X.

M e [Sxil<xgn: (x-Ds(a-(x-1))/n)/n
= [Su: 0 L ugn-1; us(n-w))/m2
= n#(0-1)/2n-(202~30 + 1)/6n = (a-1/n)/6 2.15)

[lpencraBum ceGe, 4TO MH CYaCTIHBYHKH M HaM
BCerja ylaeTcs BHOGpaTh B KauecTBe rpaHHLN MelHaHy,
B 3TOM cJydyae KaXAHH mnpouecc pasje/ieHHs paciiem-
JsieT MacCHB Ha JBe NOJIOBHHH M JJs COPTHPOBKH Tpe-
Oyercsa Bcero log n npoxonos. B pesysnrate o6imee uncio
cpaBHeHHH paBHO n =logn, a ofwee uuci0 06MEeHOB —
n % log(n) /6. Hesnb3s, KoHeuHO, OXHAATb, YTO MH KaX-
Awlfi pas OyleM BHOHPaThb MeluaHy. BeposiTHocTh 3TOrO
coctaBjiseT TOJbKO 1/n. YauBHTesbHHIH, oZHaKo, (akT:
cpeansisi npousBoauTesnbHocTh Quicksort npu cayuaiinom
BrifOpe FPaHUUB OTJIHYaeTCA OT YyNOMSHYTOrO ONTHMAaJb-
HOro BapHaHTa JHWDbL Kospduuuentom 2=in(2),
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Kak 6bl To Hu 66110, HO Quicksort npHcyumk 11 HeKOTO-
pble HeloCTaTKH. [ MTaBHbIA H3 HIIX — HEAOCTATOYHO Bhi-
COKast NpOH3BOAMTENbHOCTb NPI HeGOALUIHX N, BIPOYEM
3TUM rpemaT Bce YCOBepLICHCTROBaHHble aeToAH. Ho me-
pel IPYruMH YyCOBEpIUIEHCTBOBAHIBIMH METOJAAMH 3TOT
HMeeT TO MPEHMYIIECTBO, 4TO /s ¢6padoTKH HefOoAbIILX
yacTell B Hero MOXKHO JIETKO BKJIOYHTb KakoH-n1u6o 13
npsiMBX METOJOB COPTHPOBKH. DT0 0cO6eHHO yAOGHO Mde-
naTh B cjyuae PeKypPCHBHOH BepCHH NpOrpaMMbl.

OcTaeTcs Bce elle BONpOC O caMOM IJIOXOM cayyac.
Kak Ttorma Gymer paboraTh Quicksort? K HecuacTsbio,
OTBET Ha 3TOT BONMPOC HeyTellHTesJeH H HIeMOHCTPHPYCT
OHO HenpHsATHoe cBofcTBo Quicksort. PasbepeM, cka-
JKeM, TOT HecUacTHHH cayyad, korja KaxKAblH pa3 A.as
cpaBHeHHsi BhOHpaercss HauboJbluee H3 BCeX 3HaueHHI
B yKazaHHOi uacTH. Toraa Ha KaX/OM 3Tane CerMeHT H3
n 3JeMeHTOB 6yleT pacllensfiTbcs Ha JieBYlO uacTb, CO-
CTOSILYI0 H3 n— ] 3JeMeHTOB, H NpaBylo, COCTOALLYIO
H3 OMHOro-elHHCTBEHHOro 3jleMeHTa. B pesyabTate mo-
Tpe6yercss n (a He log n) pasieneHHH W Hauxyawas npo-
H3BOAHTEJIbHOCTb MeTola OGyAeT nopsiaka n2.

f1BHO BHJHO, UTO TJIaBHOE 3aKJlouaercss B Bhbope afe-
MeHTa [if cpaBHeHHs — X. B Hallell pelakuHu HM cTa-
HOBUTCS Cpe[IHHH 3JeMeHT. 3aMeTHM, OJAHAKO, YTO NOUTH
C TeM Xe YCneXoM MOXHO BHIGHpaTb NepBHA HJAH moO-
cnegnuit. B aTux cayuasx xyxe Bcero 6yjaeT, ecjH Mac-
CHB OKaXeTcsl NepBOHAaYasJbHO YXKe YNOpAJOuYeH, Belb
Quicksort onpesnejieHHO «He JIOGHT» TaKyl0 TPHBHAJb-
HYI0 paGoTy M NpPeANOYHTAeT MMeTb JeI0 C Heymnopsalo-
YeHHHIMH MaccHBaMH. BuiGupas cpelHHH 3JeMeHT, MH
Kak O6bl 3aTylleBHBaeM 3Ty CTPaHHYI OCOGEHHOCTb
Quicksort, nockonbky B 3TOM cJydyae NepBOHAuYa. bHO
ynopsiIoUeHHBIH MaccHB OyAeT yXe ONTHMaJbHHM Ba-
puantoM. TakuM o6pa3oM, (aKkTHUECKH CPeAHAA NpOH3-
BOAMTEJBHOCTb NpH BbiGOpe cpelHero 3jJeMeHTa YyToukKy
yayuwaercs. CaM Xoap npeanoJjaraer, uTo X HaiO Bbi-
6upaTh cayyaiiHo, a AJs HeGoJbUIHX BbIGOPOK, BPOAC
BCEro Tpex KJlouel, ocTaHaBiIMUBaTbCcA Ha MeauaHe [2.12,
2.13]. Tako# pa3yMHblii BHOOp MaJio BJHUAET Ha CPEAHiOI0
Npou3BOAHTENbHOCTb Quicksort, HO 3aTo 3HaAuMTE1LHO
ee yJayuiiaer (B HaMXyAWHX ciyuasx). B HexoTopoM
cMucTe OHCTpas COPTHPOBKAa HanOMHHAaeT a3apruyid
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Irpy: BCerja cJeiyeT yYHTHBATb, CKOJbKO MOXHO INpo-
HrpaTh B cayuae HeBe3eHHS.

W3 5THX coobpaxeHHA MOXHO H3BJeub OJANI Bax-
HHIH YPOK, KacaloUHACA HeNocpeACTBEHHO NporpaMMHpo-
BaHHA. UTo XKe cjlelyeT H3 YNOMSHYTOro cJyudasi camoro
NJI0X0ro mnosefeiHss nporpaMMsl 2.11? Mul ee mocTpoHan
TaK, 4TO KaXJ0e pa3jiesleHHe 3aKaHuMBaeTcs o6paso-
BaHHEM NpaBo#l 4acTH, cocTosiled JHWDbL H3 €JHHCTBEH-
HOro 3JieMeHTa, H Tpe6oBaHHe nocjeiyoulei COPTHPOBKH
3TOH HacTH 3aHocHTcs B crek. CJjeloBaTesbHO, MaKCH-
MaJbHOoe 4HcJo TpeboBaHH#, T. e. obulMit pa3mep creka
Tpe6oBaHHi, paBHO n. KoHeuHO, Kak npasHJO, 3Ta rpa-
HHLA He JocTHraercsl. (3aMeTHM, 4YTO C peKypCHBHOH
BepcHedl nporpaMMhl Jeqo OOCTOHT He Jyulle, a Jaxe
XyXe, TIOCKOJNbKY CHCTEMH, JONMYyCKalollHe PpeKypCHB-
HHle obpallleHHs K npoueaypaM, aBTOMAaTHYeCKH COXpa-
HAIOT 3HAUYCHHS JIOKAJbHBLIX TNEepeMEeHHHX H NapaMeTpoB
BCeX aKTHBalUMil TakHx npouenyp. Has storo HCHOJIbSleT
HEKOTOpHi# HesIBHHIH CTeK.)

BhIXOX M3 NO/MOXKEHHS 3aK/I0UaeTCs B TOM, 4TO B CTEK
HaJlo npsATath TpeGoBaHHEe COPTHPOBKH AJs Oojee IJHH«
Ho#t 4yacTH M cpa3y e NpPOAOJNKAThb pa3jie/ieHHe MeHb-
wef uactd, B 3ToM cayuae paimep creka M MOXHO
orpaHuuuTh uHcJaoM logn. Bce H3MeHeHHs, KOTOpHe
HYKHO BHecTH B nporpammy 2.11, cocpenorouenn B paa-
nene, yCTaHaB/JHBalolleM HOBHeE TpeGosanus. Tenepb o
BHIFVISIAHT TaK:

IFj=L{R-1THEN
IF1< R THEN (*3amacs B crex 3a1poca Ha coj: iKPORKY NpaBoii 3acTi »)
s t= §+41; stack[s].L 1= {: stack[s] R :=
END;
R := § (+ IpOOIKeHHE COPTHPOBKH NEBOf YACTH +)
ELSE (216)
IFL ¢ THEN (s3amics B cTeK 3aMpoca HA COPTHPOBKY NIEBOi HaCTH +)
§ 1= §+1; stack[s].L := L; srack[s]R : =
END;
L :=1{ (s Npoponxecuue COPTHPOBKH NPaBOil HACTH » )

TN
-—LN

2.3.4. Haxoxpaenune MelHaHbI

Meduanoid nns n 31eMeHTOB HAa3HBAeTCs 3JIEMEHT,
MeHBUIHA (HMJH paBHBIl) MOJIOBHHE M3 n 3JIeMEHTOB H
Gombmu#t (MM paBHHH) 1Apyrodl NOJIOBHHE M3 1 3Jes
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MCHTOB. Hanpnmep, MeJAuaHa aJs 3JeMeHTOB
16 12 99 95 18 87 10

paBHa 18. 3ajmaua noWcka MeJAMaHH TeCHO CBsS3aHa
¢ npobJeMoll COPTHPOBKH, NOCKOJbKY OYeBHAHBIH MeToj
onpejleleHUs MeJHaHH 3aK/J0YaeT¢s B TOM, YTOOH OT-
COPTHPOBaTb N 3JIEMEHTOB, a 3aTeM BHOGpaTh CpPeXHHN
sneMment. OJHAKO pasjesieHHe, BHIIOJHSEMOe IpOrpam-
Mol 2.9, Nno3BoJisieT NOTeHIHaJbHO OTHCKUBATb MeAHaHy
3HAYHTe/bHO GHCTpee. DTOT NMpHEM MOXHO Jerko 0606-
IHTb H JJI MOHCKa CPeJAH N 3JeMeHTOB k-ro HauMeHb-
wero yucaa. B 3ToM cayyae nowck MemHaHH — NPOCTO
yacTHHE cayuyail k == n/2. AaropuT™, npeaJoXKeHHbIl
Y. Xoapom {2.4], pa6oraer cienywoimum ob6pazom. CHa-
uaja NpHMeHseTCA onepauus pasgenenus u3 Quicksort
¢ L=1 # R=n, B KauecTBe pa3fe/flOLIero 3HaYeHH:
x Gepercs ax. B pesyabTaTe mosyyaeM HHIEKCH | H j,
YIOBJIETBOPSIOLIHE TaKHM YCJIOBHAM:

l.ay; <x ana seex h<i

i 2.17)
2. ay>x paas Beex h > j
3.i>]
Tlpy 3TOM MBI CTajKHBaeMcs C OJHHM H3 TaKHX Tpex
cJydyaen:

1. Paspensiionmee 3HaueHHe X ObLIO CAHIIKOM MaJo,
H FpaHulUa MeXAy ABYMS YacTAMH JIEKHT HHIKe HYXKHOH
peauudnn k. Ilpouecc pasmeneHus nosTopsiercs AJs sJe-
MEHTOB a; ... ar (puc. 2.9).

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

Puc. 29. FpaHnua cAHmKoM Masa.

2. Bub6pannas rpanuua x 6HJa CJAHWKOM GOJILIIOH,
Onepauuu pasjejeHHs cJelyeT MOBTOPHTb AJS 3JeMeH-
TOB aL ... 2; (puc..2.10).

| < [ > 1
1 P 1
1 k I i r

Puc. 2.10. panuua canmxoM Besnxa
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3. j << k < i: aneMeHT ax pa3jenseT MacCHB Ha 1Be
yaCTH B HY>KHOH NpONMOPUHH, CJAEA0BATEJIbHO, 3TO TO, YTO
nyxHO (puc. 2.11).

C < > 1

‘T
!

S
-

Puc. 2.11. Bepnas rpanuua,

Ilpoueccu pasnefeHust NOBTOpSHIOTCS A0 TeX MHop,
[I0Ka He BO3HHKHeT TpeTHA cayuafi. CaMH HTepauuH
ONHCHIBAIOTCS CJEAYIOIMHM (parMeHTOM IpOrpaMMal:

L:=1:R:=n;

WHILEL{R DO (2.18)
x 1= alk]; pasdeacnue (a[L].. a[R]];
IFj<KkTHENL:=iEND;
IFk<iTHENR := JEND

END

3a ¢QopMaJbHHM J0Ka3aTeNbCTBOM KOPPEKTHOCTH
3TOr0 aJroOpUTMa MH OTCHIJIAaeM YHTaTesl K OpHTHHAJbe
Hoil paGotre camoro Xoapa. Tenmepb Jerko moJsyyaercs
H Bcs mporpaMMa Find. Ecnu mpelAnoNOXKHTb, YTO KaXs
I0e pasjlielieHHe B cpellHeM pa30uBaer 4acTb, e HAXO0<4

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

WHILEL< RDO
x:=akLii=L;j:=R;
REPEAT

WHILE afij]<x DOl := {+1END}
WHILEx< afj]DOj:= j-1END;
IFi<{= jTHEN
wi= afi); afi]:= i afi] i= Wi Lis [+1; 1= jL
END

UNTIL > j;
IFj<{kTHENL:=1{END;
IFK{ITHENR:=jEND
END
END Find

ITporp. 2.12. Houck k-ro HaGoanwero sneMexTa,
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IHTCH XesaeMasl BeJW4YHHA, NONOJAM, TO 4HCJO Tpebye-
MBIX CpPaBHEHUH PaBHO

n4+n/24+nM44+ ... +1=2n

T. €. OHO NMopsiAKa N. IT0 H 06BSICHSET «MOILHOCTb» MpPO-
rpaMMmbl Find B ciyuyasXx HaxoxKAeHHd MeAHaHH H Ipy-«
rUX nOoJOGHBIX BEJHUYHH H ee HPeBOCXOACTBO Hajx MNps-
MHIMH MeTOAaMH, TAe CHauasJa COpPTHPYeTCs! BCe MHOMKe-
CTBO KaHAHJAATOB, a 3aTeM Yxe BhGupacTcsa k-# aneMeHT
(B syumeM cayvae Ha 310 notpebyercs nopsiaka nxlog(n)
onepauuii). OaHako B caMoOil HeGJaronpUATHOH CHUTya-
IHH KaxAbiil [1ar paspeieHHs GyjaeT yMeHbilatTh MHO-
eCTBO KAHAHAATOB TOJbLKO Ha eqHHHIY, H B pe3yJbTaTe
norpebyercsi nopsiaika n? cpasHeHHd. M BHOBb HamoOMH-
HaeM: eABa JIH CTOHT NOJb30BAaTbCH 3THM aJrOpPHTMOM,
€CJIM YMCJO 3JEeMEHTOB HeBeJHKO, cKaxeM nopsaka 10%)

2.3.5. CpaBHeHHe METOAOB COPTHPOBKH MACCHBOB

3akaHuuBas Hawl 0G30p METOJAOB COPTHPOBKH, Mkl MO-
nhTaeMcst CpaBHHTb UX 3(dekTHBHOCTL. Kak H paHblie,
N — YHCJIO COpTHpyeMHix aiaeMeHToB, a C U M cooTBerT-
CTBEHHO YHCJIO HEOGXOAHMBIX CPAaBHEHHH KJ/IOuWeH H 4HC.10
o6MeHoB. JlJist Bcex NpsiIMBIX METOJOB COPTHPOBKH MOXKHO
JaTb TOUHKle aHaJuTHYecKHe opmyan. OHH NpHBOAATCA
B Taba. 2.8. Cron6ubl Min, Avg, Max onpeensior coor-
BETCTBEHHO MHFHMaJbHOE, YCpeJHeHHOe H MaKCHMaJbHOe
no BceM n! nepecTaHOBKAM M3 1 3J1eMEHTOB 3HayeHHSA.

Jas ycoBeplieHCTBOBAHHRIX METOLOB HeT CKOJIbKO-
JUG0 OCMBICJAEHHBIX, NPOCTHIX H TouHhX (opmys. Cyme-
CTBEHHO, OJHAaKO, 4TO B cuayuae copTHpoBkH IHenna
BHIYHCJHTEAbHblE 3aTPATH COCTABJSAIT c+n'?2, a nas
Heapsort u Quicksort —c#n«logn, rae ¢ — coorset-
cTByIOUIHe KO3((bHIIHEHTHI.

Oty ¢dopMyan InpocTo BBOAST Trpybyl Mepy AaA
NPOM3BOAHTEJIbHOCTH KaK (DYHKIHH N H MO3BOJSAIOT Pajs-

*) ABTOp, Kak NpaBH/0, He YUATHBaeT B OLUEHKax ko3pdrumen-
TH, BXOAfLIHe B OLEHKY NpoH3BoAHTeabHOoCTH. [Ipn meGoapmmx n
OMH MOryT HrpaTbh GOJbIIYIO POJb, 4eM CaMH NPHBOAHMEE TEOPETH-
yeckHe ouenkH. OcoGeHHo 3TO CYUeCTBEHHO NPH HCMONb30OBAaHHMH pe-
KyPCHBHLIX mpoueayp. Jlaxke npH cnelHa/lbHOH apXHTEKTYpe, OPHEH-
THPOBaHHOM Ha HCNOJL30BaHHe Npouesyp, HTEPaTHBHbie MeTOAul
Jyuile peKypCHBHHX, ~— [Ipum. nepes,
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Ta6auua 2.8. CpaBHeHHe MPAMLIX METO0B COPTHPOBKR

Min Avg Mag
Tipamoe C= nl (n2+0-2)/4 (m2-n)2-1
pknoyenwe M= 2(n-1) (n2-9n-10)/4 (n2-3n-4)/2
Tpamoit  C=  (02-n)/2  (02-n)/2 (n2-n)/2
BhIGOp M= 3(1) ne(lnn + 0.57) 024 + 3(n-1)
Tpamor C= (n2n)/2  (a2-n)/2 (n2-n)/2
obMexrt M= 0 (02-n)+0.75 (n2-n)+1.5

GHTb aJrOpHTMH COPTHPOBKH Ha NPHMHTHBHHE, NPAMBE
MeTOAH (n?) W Ha YyCNOXKHEHHBE HJAH «JorapHupMuye-
ckHe» MeToAn (n=#log(n)). OnHako ANA NPaKTHYECKHX
uenefft MOJe3HO HMeTb HEeKOTOphe 3KcnepHMEHTaJbHhe
JlaHHHe, CNOCOGHHE NMPOJHTb cBeT Ha Te KO3((dHIHEHTH
¢, KOTOPHIMH OXHH METOJ OTJHuYaeTcs oT apyroro. Boaee
TOro, ¢opMyJH He YYHTHBAIOT JPYTHX 3aTpaT Ha BH-
YHCJeHHsl, KpOMe CpaBHeHHsl KJIOYeR H NepeHoCcoB 3Je-
MEHTOB, TaKHX, HalpHmep, Kak YyIpaBJeHHe LHKJIaMH
H T. A. $lcHO, uTO 3TH ¢paKTOpPH BO MHOrOM 3aBHCAT OT
OTAENbHOR BHIYHCJIHTEJLHOH CHCTEMH, HO TeM He MeHee
pe3yJbTaTH 3KCNEPHMEHTOB JOBOJbHO HHGPOPMATHBHHIL
B Ta6a. 2.9 cobpaHn BpemeHa (B CekyHAax) paboTH,
of6cyxAaBIIMXCA BHIlIe METONOB COPTHPOBKH, peasiH3o-
BaHHHX B cHcTeMe Moayna-2 Ha nepcoHaabHoR IBM
Lilith. Tpu cronbua cojepaT BpeMeHa COPTHPOBKH
y¥Ke ynopsiAOYeHHOTO MacCHBa, CJy4aiHOR NMepecTaHOBKH
M MacCHBa, pacnoJioeHHoro B o6paTHOM nopsike. B Ha-
yajie npuBoOAATCA UHPPH Ans 256 s71eMeHTOB, a HHXKe —
aas 2048. Yerko mpocaexuBaeTcsl OTJNHYHE KBaapaTHy-
HBIX MeTONOB OT Jorapu¢muyeckux. Kpome Toro, 3acay-
JKHBAIOT BHHMaHHSA CJeAylomHe 0COOEHHOCTH. _

1. Yayuiredue NBOHYHOTO BKJIOYEHHS MO CPaBHEHHIO
C MPSAMBIM BKJIOYEHHeM NeACTBHTEJbHO MOYTH HHYEro He
JaeT, a B cJydyae yNnopsiouyeHHOrO MaccHpa laxe MoJy-
yaercsl OTpHUATEIbHHA 3¢ dexT.

2. Ty3nlpbkoBasi COpPTHPOBKA OMNpeJeJeHHO HauXyn-
Ilasg M3 BCeX CPaBHHBaeMHX.

Ee ycosepiueHcTBOBaHHasi BepCHsl, LIeHKepHas cop-
THPOBKA, NPOJOJKAeT OCTaBaTbCA MJIOXOH MO CPaBHEHHIO
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Ta6uuna 2.9. Bpems paGoThl pa3HYHBIX NPOrPaMM COPTHPOBKH

Ynopano- Cnyuaii- B obparHom
YCUHBIT  HBIH TOpAJIKe

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 .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 50.74 103.80
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

¢ NPSIMBIM BKJIOYEHHEM U NPSMHM BHGOpOM (3a HCKJIO-
YeHHEM INaTOJIOrHYECKOrO cJydast yXe YNOpANOYEHHOrO
MaccHBa).

3. Quicksort ayume B 2—3 pa3a, uem Heapsort. Ona
COPTHPYET MacCHB, pacloJIOXeHHHH B O6GpaTHOM Io-
pAAKe, NPAaKTHYECKH € TOM e CKOPOCTbIO, YTO H YyXe
ynopsAoUYCHHBIH.

2.4. COPTUPOBKA T1OCJIEAOBATEJIbHOCTEH
2.4.1. lipamoe causnue

K COXaJICHHIO, aJTOpHTMH COPTHPOBKH, INpHBEICH-
HHe B NpeALAylIEeM pa3jene, HEBO3MOXKHO IPHMEHATH
AJI1 AAaHHHX, KOTOpHE H3-3a CBOEro pasmepa He INoMe-
nanTca B OﬂepaTHBHOﬁ naMsTH MalIHHH H HaXOAATCH,
HanpHMep, Ha BHEUIHHX, NOCAE€AOBaTENbHHX 3allOMHHAM0-
IHX yCTpOﬁCTBaX NaMATH, TaKHX, KaK JIEHTH HJH JHCKH.
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B TaKOM cJydyae MH FOBOPHM, 4TO JaHHHE PEJACTaBJASAIOT
cobo# (mocienoBatesnbHui) ¢aiia. Odas Hero xapakrepHo,
yTO B KaXKAbLIH MOMEHT HENOCPeACTBEHHO AOCTYNHa OJHa
§ TOZBKO OJHa KOMIIOHeHTa. JTO BecbMa CHJbHOe Orpa-
HllYeHHe, ec/IH CPaBHHBATh C BO3MOXHOCTAMH, IpeAocTaB-
J15¢MBIMH MacCHBaMH, H MO3TOMY MPHXOAHTCHA [0Jb30-
BaTbCH JPYTHMH MeToAaMH copTHpoBKH. HanGosee Bax-
Hbifi U3 HHX — COPTHPOBKA C MOMOILIO causnus. ClusHue
osHadaeT oOnelHHeHHe ABYX (HJaH 6oJjee) mocJenoBa-
TeJIbHOCTEH B OJHY-eJHHCTBEHHYIO YNOpPSJAOYEHHYIO M0+
cJ€l0BATeNbHOCT € NMOMOLIbIO MOBTOPSAIOILErocs BhGOpPa
U3 JOCTYNHHX B JaHHHA MOMeHT 3jeMeHToB. CiHsiHUe
HaMHOIO Mpollle COPTHPOBKH, H €ro HCMNOJb3YIOT Kak
BCIIOMOraTe/bHYI0O ONepanHio B GoJiee CAOXKHHX MpoLec-
cax COPTHPOBKH mocJjeaoBaTesbHOCTedl. OfHa H3 COPTH«
POBOK Ha OCHOBe CJHSHHS HAa3HBAeTCH NPOCTLIM CAUA-
nuem. OHa BHNOJHSETCA CJAeAYIOIHM OGpas’oM:

1. IocnenoBaTesnbHOCTL @ pa3GHBaercss Ha JiBe M0JI0-
BHHH: b H C.

2. Yactu b u ¢ cIHBalOTCA, IPH 3TOM OJHHOUHHE €.
MeHTHl 06pa3yioT ynopsiioueHHhe MapH.

3. IlonyueHHas MOcCJefOBaTENbHOCTb MOJA HMeHeM @
BHOBb ofGpabaThiBaeTcssi Kak yKa3aHO B myHkrtax [, 2;
NpH STOM ynopsjaodyeHHhe NAapH NepeXOAAT B TAKHe Xe
4eTBEPKH.

4. TloBTOpAs NpeinNAyliHe WIArH, CJHBaeM UeTBepKH
B BOCbBMEPKH H T. A., KaXAHWA pa3 «yiBaHBasg» NJIHHY
CJHTHX ROANOCTENOBaTeNbHOCTeH RO TeX MOp, MOKa He
GyAer ynopsiioueHa LEeJHKOM BCSl MOC/TeJ0BaTebHOCTh,

Bo3bMeM B KauecTBe mpHMepa TAKYI0 NOCJeN0OBaTE]be
HOCTb:

44 55 12 42 94 18 06 67
[ocne pasbuenus (war 1) noayyaem mnociaenoBaTelb-
HOCTH

44 55 12 42

94 18 06 67
ChHsiHHe OJHHOYHHX KOMIIOHEHT (T. €. YMOpsJAOYeHHHX

noc/eioBaTeNbHOCTeA AJMuHE 1) B ynopsiiOuYeHHHe NMapH
laer

44 94 18 55°.06 12' 42 67
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Jens 3Ty NocCJeJ0BaTeJbHOCTb MONOJAaM H CJOHBasg yno-
PANOYEHHHE NapH, NoJy4aeM

06 12 44 94’ 18 42 55 67

TPETbe paszieJjieHHe H CJAHAHHE NPHBOJAAT Hac, HaKOHeEl,
K 2KeJlaeMOMY pe3yJbTaTy:

06 12 18 42 44 55 67 94

JHefictBusi no oaHOKpaTHOH 06paGoTKe BCEro MHOXECTBa
A3AHHHX HasnBaloTcA ¢pa3zoi. HaumeHbluuit e nOANpO-
Iecc, NMOBTOpPeHHe KOTOPOro COCTaBJjsieT NPOLecC COPTH«
POBKH, Ha3nBaercsi npoxodom WJaH aranom. B npubemeHs
HOM NpHMepe COPTHPOBKa MPOHCXOAMT 3a TPH NpOX0OJa,
KaXXIbli H3 KOTOPHIX COCTOHT Hu3 (hasu pasfesyeHHS H
¢asn causgHus. [ BHNOJHeHHS Takofl COPTHPOBKH
HYXXHBl TPH JIEHTH, NOSTOMY OHa Ha3hiBaeTcs TpPeXAeH-
TOYHOIM CAUAHUEM.

Qa3n pasfesneHHs (paKTHYeCKH He OTHOCATCS K COp<
THPOBKe, Belb B HHX D5JeMeHTH He MepecTaBJsIOTCA.
B HekoTOpOM cMHIC/Je OHH HenpoOAYKTHBHH, XOTH H 3a-
HHMAIOT TOJIOBHHY BceX omnepauuii no nepenucH. Ecau
O6BeIUHHTb pasjieleHHe CO CJHsIHMEeM, TO OT 3THX Ile-
penucefi MOXHO BooOlle H36aBHTbcsl. BMecro cJausAHHA
B ORHY NOCJTEJOBAaTeJbHOCTb pe3yJ/bTaThl CJAHAHHA GyleM
cpasy pacnpeiensTb NO ABYM JIeHTaM, KOTOpHE CTaHyT
MCXOAHHMH ISl NOCJeayiollero npoxoia. B orauune ot
YNOMAHYTOH 08YX(pa3HOi COPTHPOBKH C MNOMOUIbIO CJIHS-
Hus OyleM Ha3LBaTb TAaKYld COPTHPOBKY 0O0HOga3Hod.
Omna, OueBHAHO, Jyullle, NOCKOJbKY Heo6XOAHMa TOJbKO
NOJIOBHHA ONepaluii 0 NepenucH, HO 3a 3TO NMPHXOAHTCA
«IJATHTb» YeTBepTOH JIeHTOH.

Tenepp nepefinemM K 60Jee AETaJbHOMY pPacCMOTpEs
HHIO mporpaMMm cJausHusi. JlanHble Mbl OyneM npei-
CTaBJATb Kak MaccuB, obGpalleHHe K 3JIeMEeHTaM KOTO-
poro, OfHAKO, HAeT CTporo mocsejaoBaTesbHo. [locie-
IylolUasi BepcHs COPTHPOBKH CJHSAHHeM 6yleT yxke
OCHOBaHa Ha NOCJeI0BaTeJbHOCTSX, — 3TO NO3BOJHT HaM
CpaBHHTb /B NOJYYHBLIHECS NPOrpaMMHl H NMOAYEPKHYTDb
CTPOryI0 3aBHCHMOCTb NpPOrpaMMhbl OT BHIOpaHHOrO npen-
CTaBJIEHHS /I JaHHBIX.

Ecau paccMaTpuBaTh MacCHB KAk MOCJef0BaTelb-
HOCTb 3JIeMEHTOB, MMEIOLUHX JBa KOHLA, TO €ro BecbMa
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BXOIIHOH MaccHB BBIXOIHO# MaCCHB
11 T 1 1] |
4 ¥ 4
i I k 4
CITUAHAE _/ paibuennre

Puc. 2.12. CxeMa COPTHPOBKH NpPAMHM CJHAHHEM IJA ABYX Mac-
CHBOB.

NpoOCTO MOXHO HCNOJAb30BaThb BMeCTO ABYX MocJej]oBa-
TenbHOCTel. Mu Oyaem npu caHAHHH 6paTh 3JEMEHTH
¢ IBYX KOHLIOB MacCHBa, a He M3 JBYX BXOJHHX ¢aifi-
jgoB. Takum ob6pasoM, obmasi cxeMa O06beAHHEHHOR
¢dasel CIHAHHA-pa36HeHHs HMeeT BHJ, MOKa3aHHHWH Ha
puc. 2.12. Hanpapsenne nepechiKH CIHBaEMHX 3JIEMEH-
TOB HM3MEHSIETCA Ha NepBOM INpOXOoje TNOcCjae KaxJoil
ynopsA04eHHON NapH, Ha BTOPOM — MMOCJe KaXJAo# ymo-
PSALOYEHHOH YETBEPKH H T. A., PAaBHOMEPHO 3aMoJjHsaA
JBe¢ BHIXOJHHEe TMOC/eJ0BaTeJbHOCTH, MpeAcTaB/seMble
IBYMS KOHLaMH oAHOro MaccuBa. Ilocsie kaxporo mpo-
X0a MAacCHBH «MEHSIOTCH pOJNIAMH», BLIXOJHOH CTaHO-
BUTCA BXOAHBIM M Hao60poOT.

Ecan o6belHHHTb ABa KOHLENTYaJbHO pPAa3JHYHHIX
MaccHBa B OAMH-eJJHHCTBEHHHH, HO ABOHHOrO pasmepa,
TO mporpaMma eue 6ojiee ympomaerca. B aToM caydae
JaHHble MpeACTaBJSAIOTCA TakK:

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

Vunekcs i ¥ j QUKCHPYIOT ABa BXOAHHIX dJMeMeHTa, k u
L — npa BHxoaHux (cMm. puc. 2.12). Hcxoanwmu nan-
HbIMH GyAYyT, KOHEYHO e, 3JeMEHTH a; ... a,. Kpome
3TOro, OYEBHJHO, HYXHO BBECTH [JIfi YKa3aHHs Hanpas-
JCHHSL MepechlJKH GyJeBCKylo nepeMeHHylo up. Ecan
Up HCTHHHAa, TO B TeKylleM MpOXOAe KOMIOHEHTH

4; ... an JABHXYTCA Ha MeECTO any1 ... dgn, ECJAH 2Ke
HCTHHHO BHpaMeHHe ~up, TO an41 ... dzn MEPECCH-
JAKTCH B a; ... ap. Mexay nocjefnoBaTelbHBHMH IpO-

XOlaMH 3HauyeHHe up H3MEHAeTCs Ha MNPOTHBOMOJIOX-
Hoe. U B 3akmioueHne naM elle norpeGyercss NepeMeH-
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Has p, 3ajamoulasg pasmep OObeJHHAEMHX INOCJe10Ba-
teabHocTell. Hauanbnoe sHauenne p paBHO 1, M mepeg
KaxJbM TOCAEAyIOUIMM TPOXOAOM OHa YABauBaercs,
Jast npoCTOTH MBI NpeAnoJsaraeM, 4Tto BCeria N paBHo
crenenn ABoiikn. Takum o6pa3oM, nepBas BepcHs Ipo-
rpaMMbl COPTHPOBKH C IIOMOMIBIO IIPOCTOrO CJHSHHSR
lIMeeT TAKOH BHI:

PROCEDURE MergeSort: (.21)
VAR i, j, k, L: index; up: BOOLEAN; p: INTEGER;
BEGINup:=TRUE;p:=1;
REPEAT unuyuayua unoexcoa; ,
IFup THENi:=1;ji=nk:=1n+1; L= 21
EISEk:=1;L:=n;i:=n+1;j:=2en
‘END ;
causnue p-rabopoa ul {- U j-8x000é @ k+ U L-evtxodsl;
up = ~up:pi= 2D
‘UNTILp=n"
END MergeSort

Creayiomuii 3Tan — yTOYHEHHe OIepaTopoOB, Bhife-
JIGHHBIX KypcHBOM. SIcHO, 4TO mpouecc CJAHAHHA n 3Je-
MEeHTOB CaM TMpeacTaB/seT cOO0H MNOC/1eJ0BATENbHOCTD
CIHSHMEA TocJaejoBaTeqabHOCTell, T. e. p-Habopos. Ilocae
Ka¥XJO0ro TAaKOro YaCTHYHOTO CJHMSHHA BHIXOJ INepeKJio-
yaercs ¢ HHKHEro Ha BepXHUHA KoHel BHXOXHOTO MAacCH-
Ba *) ¥ nHaobopoT, YTO rapaHTHpPyeT OJAHHAKOBOE pacrpe-
JeneHne B o6oux HanpaBJeHHAX. Eciu caHBaeMbe 3Je-
MeHTH HanpaBJsIOTC B JeBHH KOHell BBIXOLHOrO
MacchBa, TO HanpaBJjieHHe 3ajaercsd HHAeKCOM Kk, H
nocje TNepechlJKM O4epeJHOTo 3JeMeHTa OH YBEJHYH-
BaeTcsl Ha efuHuny. EcaH Xe 3/eMeHTH HalpaBJAIOTCA
B NpaBHil KOHel, TO HanpaBJieHHe 3afaeTC HHAEKCOM
‘L n oH KaxAu# pa3 yMmeubmlaerc. [laa ynpoiieHus
¢dhaKTHUECKOTO orepaTopa CIHAHHA OYyAeM CUHTaTh, 4TO
HanpaBJeHHe Bcerja 3ajgaercs HHAekcoM k, Ho mocae
caAusiHuA p-HaGopa OyneM MeHATb MeCTaMH 3HayeHHA
k n L, npupauenne Xe Bceraa o6o3Hayaercst uepe3 h,
HMewuUlee sHadenue Jjan6o 1, nub6o —1. BrickaszaHnbie
coo6paXeHHs TNPUBOAST K TaKOMY YTOYHEHHIO Tmpo-

* TouHee, ¢ JseBOro KoHIa Ha npaBuift. HyxHo wucnpasadTh
60 pHCyHOK, nnbo Teket, Mu BHOupaeM mnocaesHee, — J1pus
nepeas,
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TPaMMBbl:

D=1 M= n) (+m-GHCTIO CTMBAEMBIX MEMEHIOB #) (222)
REPEATqi=piri=pim:=m-2sp;

CHIHLE  57CMEHTOS U3 16X00a ¢ I BAeMeNTaMU U3 | -6x00a;

unoere srxooa k, 3areM k yseauvusaerca na hy

hi=<hike L
TUNIILm =0

JlampHefillee YTOYHEHHe BelleT yKe K (OPMYNHPOBAHUIO
canoro omepatopa cauauua. [Ipn stoM caeayer yuurwi-
BaTb, YTO OCTAaTOK TOAMOCJEAOBAaTENbHOCTH, OCTaBIIHACA
nocJie CAHAHKA HENycTOfl NOANOC/AEA0BATEeNbHOCTH, 106aB-
J151eTC NPOCTHM KOMHPOBaHHEM K BHIXOAHOH MOCJEN0Ba-
Te.IbHOCTH,

WHILE(q # 0) & (r # 0) DO
1F ali] < ofj) THEN (2.22)
2.eMEHT U2 {-ex00a nepecsinaerca Hak-6ux0d; 1 u k npodeuzawrea;
g:=q-l
ELSE
s.ze.\reH]r uz j-6x00a nocelAaeTCA Ha k-66iX0d, fu k rpodsuzawica;
TI=-
T
END;
KORUPOCAHUE XBOCTA §-MACCUGH; KONUPIGRHUE XGOCTR j-MACCUEg

Eciu Tenmepbh YTOUHHTL Omepalid KONMHPOBAHHA OCTaT-
KOB, TO mMporpaMMa cTaHeT coBeplleHHo Touuofl., Og-
Haxo, mpexje yeM cAenaTp 5TO, MB XOTHM H36aBHTbCH
OT OrpaHHYeHHs HA 1! MOKA OHO JOJNXKHO OHTh CTene-
Hoio ABOHKHM. Ha kakue yacTH aaropuT™Ma BJHAJIO STO
ycaoBne? Jlerko y6eautb ceba, 4TO HAHAYYWIHE cnocob
CnpaBHTbC ¢ OoJee ofwel CHTyauHedA— MpoaoOaAXKATH
JeilcTBOBaTb, HACKOJBKO 5TO BO3MOXKHO, MO-CTapoOMY.
B nanHo# cuTyallMn STO O3HAayaeT, 4yTO MH 6yaeM Npo-
J0:1:KaTh CJAHAHHE p-Hab0OpOB A0 Tex nOp, MOKa He OCTa-
HyTca MOC/JENOBATEJBLHOCTH pa3MepoM Menee p. IJTOT
npouecC 3aTparuBaer TOJNLKO Ty 4YacTh, TAe oOmnpeje-
JAAICTCA 3HAYEHHA Q H I — MJHHH CJAKBaeMHIX MOCAE0+
BaTesbHocTell, BMecTo Tpex onepaTtopoB

GQ:=1p; r:=p, Mi;=m-—2%p
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HCNOJBL3YIOTCA ueThipe, 3G(@eKTHBHO, KaxK 3TO MOXHo
3aMeTHTb, peaJju3ylollilie ONHCAHHYIO Bbillle CTPATETHIo,
Yepes m 3aech o6o3Hauaercs ofiee YHCJIO 3JEMEHTOB
B JBYX BXOJHHIX NOCJ€A0BaTENbLHOCTAX, NOAJAEKAIIHX
CJHAHHIO.

IJFm>=pTHEN(q'!= pELSEq:=m¥END;

m:=m-q:
3IFm>= pTHENTY:;=pELSEr;=mEND;
m:i=mr

Kpome Toro, AJsd rapaiTHH OKOHYaHHs MPOrPAMMH yc-
JuBMe p ==, ynpasJsiiolllee BHEIIHUM LHKJIOM, 3aMe-
usierca Ha p == n. [Ipojesnas Bce 3TH MOAHGDHKAUUH, Mbi
MOXeM Tenepp OMNHCAThb BEChb aJrOPHTM YXKe KaK [MoJ-
Hyo nporpammy (nporp. 2.13).

Anaaua copruposku ¢ nomoujbto cauanus. Ilockosb-
Ky Ha KaXJ[OM Npoxoje p YyIBaHBAaeTCd H COPTHPOBKA
3aKaHuYHBaeTCH NMpH p == N, TO Bcero Tpebyercsa [logn]
npoxoaoB. Ha kaxxaoM mnpoxoge no onpejiefeHHIO KOMH-
pyIOTCS N[O OJHOMY pasy Bce n 3sJjeMeHnToB. [lostomy
ob1ee uHCAO MepechHJIOK

M=n=+[logn] (2.24)

Uncao cpasHenuit kJjaiouelt C gaxe Menbme M, no-
CKOJIbKY TNpPH KOMHPOBAHHUH OCTATKOB HHKaKHX CpaBHe-
Huil He npousBoAuTcs. OAHAKO NOCKOJbKY COPTHDOBKH
cJAdsHHeM 0O0BYHO YNoTpebJdIOTCA B CHTyauMsXx, TAe
NPUXOAHUTCH NOJIb30OBATHCS BHEIIHHMH 3aNOMHHAKOIHMH
YCTPOHCTBaMH, TO 3aTPaTH Ha ONEPaLHH NepecHJIKH Ha
HECKOJIbKO MOPSAJKOB INpeBHILAIOT 3aTpaThl HAa CpaBHe-
Hus. [losToMy [JeTajbHWH aHaaM3 4HC/Ia CpaBHEHHA
oco6oro  NMpaKTHYeCKOTO HHTepeca He  MpPEACTaB-
JfeT.

A/ITOPHTM COPTHPOBKH CJAHSHHEM BHIJEPXHBAeT CpaB-
HeHHe Ja)e C yCOBeplIeHCTBOBAaHHHMH MeTOJaMH, pas-
6upaBlMMHCA B npeibiayuieM pasjene. OaHako, XOTd
37eCh OTHOCHTEJbHO BLICOKH 3aTpaThl Ha paboTy ¢ MH-
JleKCaMH, pelnaiollee 3HayeHHe HIpaeT Heo6XOAHMOCTDb
pa6otaTs ¢ namaTeio pasmepom 2n. [loaToMy copTHpOB-
Ka cJaugHHEeM AJ8 MAacCcHBOB, T. €. JJA JaHHBIX, pa3me-
IlaeMbLIX B ONMEpaTHBHOH MNaMATH, HCNOJb3yeTCs pedkKo.
B nocaesaneii crtpoke Ta6a. 2.9 npuBOAHTCA IJf CpaB-
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PROCEDURE StraightMerge;
VAR K, L, t: index; (s muanmalon numexcos 1., 2sns)

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

BECGINup := TRUE; p:=1;
REPEATh:=1;m:=n; .

IFupTHENi:=1:j:=nk:=n+1:L:=2«

ELSEk:=1;L:=nji:=n+l;j:=2sn

END;

REPEAT (*cimsue cepHit H3, {-H j-BXOIOB B K-BBIXOJ*)
IFm>=pTHENQ:=pELSEq:=mEND;
m:= m-q;
IFm>=pTHENT:=pELSEr:=mEND:
m:=m-r;

WHILE (q # 0) & (r # 0) DO
IF ai] € alj] THEN
akl:=afifki=k+h;i:=i+1;qi=q1
ELSE
akl:= Al ki=k+h;ji=fLri=r1
END
END.
WHILE?> 0DO
ak]:=alj; k:=k+h; Ji=jliri=1-1
END;
WHILEq > 0DO
ak]:=ali k:=k+hf:=i+1;q:=¢q-1
END; .
hi=-hit:i=kik:=L;L:=t
UNTILm = 0;
up i= ~up; pi= 2}
UNTILp>=n;
IF ~up THEN
FORi:=1TOnDO afi] := a[i+n] END
END
END StraightMerge
Ifporp. 2.13. IpsiMoe cIHsIHHE B MACCHBE.

HeHHa BpeMsi paGoOTH aJrOpHTMa COPTHPOBKH C .MOMO-
upio cauanua (Mergesort). Ono ayume, uem y Heap-
sort, Ho xyxe, ueM y Quicksort.

2.4.2, EcTecTBeHHOE CAHSHHE

B c/nyyae npsMOro CJIHSHHA MH HE NOJyyYaeM HHKa-
KOro INpEeHMYILeCTBa, €CJH JAaHHHE B HavaJe YyXe
YacTHYHO YNOpALOYeHH, PasMep cauBaeMHX Ha k-M
npoxofe MOANOC/]ENOBATENbHOCTE MeHbllle HJIH paBeH
9k y He 3aBHCHT OT CyllecTBOBaHHA 6oJiee NJIHHHHX yXe
yNOpAZOYEHHBX  MOAMNOC/TENOBATENbHOCTEH,  KOTOphIe
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MOXHO OnJ0 O6n mnpocto o00bedlHHHTb. DPakTHYECKH
Jic6ble  [Be YNOpsiAOYeHHHe NOANOC]Ae0BaTe]bHOCTH
IJIHHOH m H N MOXHO Cpa3y CJHBAaTb B OJHY MNOCJaeN0-
BaTeJbHOCTL H3 m - n  3jgeMeHtoB. COpTHpPOBKA, NOpu
KOTOpOH Bcerjla CJAHBAIOTCS JBe CaMhle JUIHHHbIE H3 BO3-
MOXHHX MNOANOC/AeqoBaTe/NlbHOCTed, HA3HBAaeTCsl ecTe-
CTBEHHOIM CAUAHUEM.

YnopsiioueHHHe NOAMOC/AEA0BATENbHOCTH 4YacTO Ha-
3pBaOT crpokamu. OAHAKO TaK Kak CJOBO «CTPOKas
elle yame ynotrpeGJsiercs A8 Ha3BaHUS NOCJefOBaTelb-
HOCTH CHMBOJIOB, TO MH AJSl YNOPSZOYEHHHX NOAMmOCTe-
noBaTejibHOCTeH OylAeM HCNONbLIOBATL TEPMHH <«CEpHS»,
Takum 06pa3oMm, MOAMOCAEAOBATENbHOCTb 34 ... dj, YAO-
BJIETBOPAKOLIAS YCJIOBHUIO

(2~ > ay) &(Ak:i<k <jitay<Kagy ) &(a; > 341) (2.25)

Ha3HBAaeTCs MAKCUMAALHOL cepued WIH, KOpoue, cepuell.
ITosTOMy B COPTHpPOBKE €CTeCTBEHHHIM CJHsHHeM 00be-
IHHAKTCS (MaKCHMaJbHblE) CepHH, a He MOCJeA0BaTeNb-
HOCTH ¢HUKcHpOBaHHOH (3apaHee) AJauHH. Ecau caH-
BAaIOTCSl [IB€ MOCJEJOBATEJBHOCTH, KAaXAas H3 N CepHH,
TO pe3yJbTHPYIOLIASl COAEPKHT ONATb POBHO N CEpHH.
CrenoBaTeslbHO, NPH KaxAOM mOpoxoge ofliee 4YHCIO
cepUH YyMeHbllaeTcss BABOe H ofIlee YHCJAO MNepechlIOK
B CaMOM IJIOXOM cJjyuae paBHO n=*[logn], a B cpea-
HeM Ja)Ke MeHbpille. OXKHAaeMoe e YHCJO CpaBHEHHH,
OZHAKO, 3HAYHTEJbHO 60Jblle, NOCKOJbKY KpOMe CpaB-
HeHuil, HeoOXOAHMBIX AJsi 0T6Opa 3JEeMEHTOB NpH CJHSA-
HUH, HYXXHH elle JOMOJHHTENbHbE — MeXAY NOoCJaef0Ba-
TeJbHEIMH 3JIEeMEHTAMH Kaxpaoro ¢afina, utobu onpe-
JEJHTb KOHel CepHH.

CllefyolliM HalHM YynpakHeHueM OyZAeT CO3AaHHE.
aJropHTMa €CTeCTBEHHOTO CJHSIHHS C NOMOLIbIO TOro Xe
npHeMa MOWAroBOr0 YTOYHEHHS, KOTOPHH NpPHMeHAJCH
npH OObSCHEHHU &AJrOPHTMA NPSMOTO CJAHsIHHsA. BmecTO
MAacCHBOB 3/leCb HCMNOJIb3YIOTCS NOCJA€JOBaTeNbHOCTH, H
peub HIeT O HecOajlaHCHDOBaHHOH, NBYX(pasHOH cOpTH-
POBKe CNHSIHHEM c TpeMs JeHTaMH. Mb npeanoJaaraew,
4TO nepeMeHHasi ¢ mpejacTaBJisier co0ofi HauaJbHYO 1O~
cJefoBaTebHOCTh 3jeMeHTOB. (B peasbHHX nponeccax
06paboTKH JaHHHX Ha4yajJbHble [daHHHlE, €CTeCTBEHHO,
CHaya/la KONHPYIOTCS H3 HCXOZHOro ¢aina B ¢; 3TO
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a a
[ [ ¢
b b b
"_Y"'-\'H——-" dasa cusHuS
<ada pacnpeseNICHRS
. v -\ J \~ _ J
npoxon 1 npoxop 2 lipoxon n

Puc. 2.13. ®a3nl COPTHPOBKH H NpPOXOAH.

aeaaercs Aas  GesonmacHoctH *). Kpome Toro, a u
b — BcnomoraresibHBle NE€PeMEHHbIE-NOC/AEI0BATENLHOCTH.
KaxAuHA npoxold COCTOHT H3 (asnl pacnpeieieHus ce-
pHii H3 C NMOPOBHY B a H b H (asu cauAHHA, 06bedH-
HsiloIEeR CepHH H3 a U b BHOBb B ¢. DTOT MpPOLECC HIIIO-
cTpupyercst pHe. 2.13.

B kayectBe npumepa B Taba. 2.10 npuselden daha c
u3 20 yHcesn B ero HCXOOHOM COCTOSIHHH (mepBasi CTpod-
Ka) H Tocae KaXAOoro H3 NPOXOLOB COPTHPOBKH ¢ IO-
MOLUBI) €CTECTBEHHOro cJaHAHHSA (cTpokn 2—4). O6pa-
THTE BHHMaHHe: BCero noHaJo0HJIOCL TPH Npoxoia.
ITpouecc cOpTHPOBKH 3aKaHYHBaeTcd, KaK TOJABKO B €
YHCJI0 CepHi craHeT paBHuM enuHuue. (ITpeanoaa-
raercd, YTo B HayaJbHOH NOC/AEAOBATEJbHOCTH €CTb IO
kpaliHeli mepe oAHa Henycras cepusi.) I[lostomy mas
cueTa YyHcJa CEpHil, HampaBJAseMbX B €, Mbl BBOJLHM
nepeMenHylo L. Bocnosns3oBaBuruch THOOM moc/enoBa-
TesqbHOCTH (Sequence), BBegeHHHIM B pasg. 2.11, MOXHO

TaGnuua 2.10. TIpeMep COPTHPOBKH € NOMOLILIO ECTECTBEHHOIO
CAHAHHUSA

17 31'05 59'13 41 43 67 11 23 29 47°03 07 71'02 19 57'37 61
05 17 31 59'11 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 5961 67 71

*) Hcxonanuit ¢ahn MoxeT OuTb HECKOJbKO chnelH(HYeCKHM, K
€ro, KaK NpaBHJO, He/b3f HCNOJb30BaTh B KauyecTBE «NOC/IEA0BATENb~
Hoctis. Hanpumep, 970 MoXeT OHTb <nephoteHTOYHHHA» daia, —
{pum. nepes,
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HanHcaTb Takyw nporpammy (2.27).

VARL: INTEGER; 3, b, ¢: Sequence

REPEAT Reset(a); Reset(b); Reset(c):
Pacnpedeicnuc; (* ¢ pacipeensercas 1 M be) (2.27)
Reset(a); Reset(b); Reset(c);
L =0, cruanue (*a W b CTMBATCA B C +)

UNTILL =1

JlBe a3 SBHO BHAEJSIOTCS Kak JBa pa3JHYHLIX Ole-
patopa. Temepp HX Hal0 YTOYHHTb, T. €. IepeNMHCcaTh
¢ GoJsblieH paerajaH3aunel. YTOYHeHHOe OMNHCaHHe pac-
npedenenus (distribute) npusoaurtcs B (2.28), a caus-
Husa (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)

1F ~a.eof THEN copyrun(a, c); L ;= L+1 END

Takoii MeTox pacnpeneseHHs MNPHBOAHT MPEANOJOXH-
TEJBbHO K CJEAYIolleMYy pe3yabTaTy: JHGO B a M b 6yxer
NopoBHy cepHil, 1H60 B a GyaeT Ha oany Goabule. [lo-
CKOJbKY COOTBETCTBYIOILHE Napu CEpHA CJAHBAIOTCS
B OJIHY, TO B a MOXeT 0Ka3aTbCs elle OfHA JIHIIHASA ce-
pHsi, ee HYXHO NPOCTO cKOnHpoBaTb. OnepaTopu cauf-
Hue A pacnpedeserue (OPMYJHPYIOTCS B TEPMHHAX
YTOYHEHHOrO ONepaTopa CAusAHue ceputi W NMOAYHHeHHOH
npouenyps copyrun, Ha3HayeHHe KOTODHIX COBEpIICHHO
nousitHo. [IwTasicb mpoaenarts 3Ty paboTy, Mbl CTaJKH-
BaeMCsi C CEPbe3HBIMH TPYAHOCTSIMH: JJSi TOrO 4TOOH
ONpeAe]HTb KOHEL CEPHH, HYXXHO CDABHHBATb KJIOUH
ABYX [MOCJeA0BaTelbHBX 3JeMeHToB. OpHAKO NpHPOAA
NOCJe0BaTeNbHOCTE TAaKOBa, YTO HENOCPEACTBEHHO 10-
CTYNEeH TOJbKO OAMH-eQMHCTBEHHBIH 3JeMeHT. [losTomy
HEBO3MOXHO H306eXaTb «3arjsnBaHHA Bheped», T. €.
C KaXJ0# MOCJeA0BaTeNbHOCTBIO HYXXHO CBs3aThb HEKHW
6ydep. B HeM colepKHTCs NEPBHH, eule He CYHTAHHBIA
3JleMEHT [MOCJeA0BATEAbHOCTH, T. €. Gydep HamoMHHaer
OKHO, CKOJIb3silllee BAOJb [OCJA€A0BATENbHOCTH.
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Bmecto TOro urto6m mNpOrpaMMHpOBaTh SIBHO 3TOT
MeXaHH3M B Hallle§ mnporpaMMe, MH NpelNOYHTaeM
onpeleNHTh ellle OJHH YpoBeHb abcTpakuHH. D10 Oymer
HOBHIi MOZyJb ¢ HMeHeM Sequences, AJS NOJb30BAaTENS
oH 3aMeHHT Moay.b FileSystem. KpoMme Toro, Mn onpe-
JensieM COOTBETCTBEHHO H HOBHIA THN AJA NOCJel0Ba-
TENBHOCTH, HO OH OyleT cchl/aTbcs Ha Sequence H3
FileSystem. B 3ToM HOBOM THNe GyaeT (HKCHPOBATHCA
He TOJNBKO KOHell MOC/JeJOBaTeJbHOCTH, HO H KOHel ce-
pHH H, KOHEYHO Xe, MEePBHH 3JleMeHT OCTaBillefic 4acCTH
nocjenoBaTe/IbHOCTH. HOBHA THN M cBA3aHHbE C  HHM
onepalHH 3aJal0TC TAKHM MOAYJeM OnpeleseHHH:

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 x, y: Sequence);
PROCEDURE CloseSeq(VAR s: Sequence);
PROCEDURE ListSeq(VAR s: Sequence);
END Sequences,

Heo6X0aHMO cAeNaTh HEeCKOJbKO AOMNOJHHTEAbHLIN
nosicCHeHH#, KacalouHuxcs BoiGopa npoueldyp. Kak wmun
yXe BHIEJH, AJrOPHTMB COPTHPOBKH, O KOTOPHX 3J€Ch.
H TNo3Xe MoHJIeT peub, OCHOBaHH HA KOMHDOBAHHH 3Je-
MeHTa H3 OAHOH Mnoc/aelOBaTeJbHOCTH B Apyryto. [Ilo«
3TOMY BMECTO OTAEJbHBIX ONepauuil YTCHHA H 3aTHCH
Mbl BKJIOYaeM OJAHYy NpOUeAypy KONMHPOBaHHa (copy).
[Tocne oTKpHTHA ¢aiina HeOOXOAHMO BKJIOUHTb Mexa-
HH3M «3arJfjbBaHHs Brnepel», pabora KOTOpOro 3aBH-
CHT OT TOro, YHTaercd JH B JAHHBIH MOMeHT (ada HIH
nuulerca. B nepBoM cayuae mnepBulii 3JeMeHT Heo6x0-
JIHMO 3anucaTh B «onepexalwiuniis 6ydep first. Tloato-
My BMecTO npoueaypw Reset u3 FileSystem 3pecb uce
noabayerca StartRead u StartWrite.
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Eme JABe J0NOJHHTENbHBE NpPOUELYPH BKJIOYEHH B
MOJy./b eAHHCTBEHHO pajH yAobcta. [lponeaypy Open-
RandomSeq wmoxuo wucnoan3oBath BMecto OpenSeq,
€CJIH NOCJAeJOBaTeJbHOCTh HYXHO HHHUHHDOBATh Kakil-
MH-AH60 YHCJaMH B caydaiiHom nopsjike. Ilpoueaypa
xKe ListSeq dopmupyer pacneuaTKy yKa3aHHOH mocJe-
JOBaTeJbHOCTH. DTH JBe IpoueAypn OyayT ymoTrped-
JIITBCSA TIPH TEeCTHPOBAHHH PacCMaTpHBAEMOrO ajropHT-

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

PROCEDURE OpenSeq(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 i:= 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.cof ;= s.f.eof
END StartRead;

PROCEDURE StartWrite(VAR s: Sequence);
BEGIN Reset(s.f)
END StartWrite;
PROCEDURE copy(VAR X, y: Sequence);
BEGIN y.first : = x.first;
WriteWord(y.f, y.first); ReadWord(x.f, x.first);
x.eof : = x.f.eof; x.eor: = Xx.cof 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.£.4[i]), 6); 1 := 1+1;
1FiMOD 10 = 0 THEN WriteLn END
END;
‘WriteLn
‘END ListSeq;
END Sequences,
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Ma. Peanusauus sTHX KOHUeMUHA NpencTaB/jeHa B BHAE
caegywulero Moxyas. Mu o6pamaeM BHHMaHHe, YTO
B mpoueiaype copy B noJe first BHXOAHOH mOCJeROBa-
TEJIBHOCTH XPAHHTCA 3Ha4yeHHe MOCJeXHEr0 3amHCaHHOro
aneMenta. TakuM o6pasoM, moas eof W eor npeacras-
Aq10T coboft pesyabTaTH paboTH copy, NOZO6GHO TOMY
KaKk eof Gbla onpegejeHa pe3yabTaTOM OMepauHH
YTEHHS,

BepHueMcs K mpoueccy yTOuHEHHS paGOTH €CTeCTBeHHOro
causnus. Tlpouenypa copyrun u onepatop causntue Te-
nepp yno6uo 3anucuBaworca B BHZe (2.30) m (2.31).

PROCEDURE copyrun(VAR £, y: Sequence);
BEGIN (s« H3XB Y %) (2.30)
REPEAT copy(x, y) UNTIL z.cor
END copyrun :
(scmusnnen3 A Hb B c4) (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

[Tpouecc cpaBHeHHs H BHOOpa Katoyefl MPH CAHAHHH ce-
pHil 3aKaHYHBaeTcs, KaK TOJbKO HCYEPNIaeTcs OJiHA H3
aByx cepufi. [locse aToro ocrasuwiasics HeHCuepnaHHOH
CepHs MPOCTO MepenaeTcs B Pe3YJbTHPYIOLLYI0 CepHIO,
TOYHEE KOMHPYETCH €e «XBOCT». JTO AEJAETCs C MOMo-
wblo obpalleHHs K Mpouexype copyrun.

Boo6uie-To Ha 3TOM CO34aHHE COPTHPOBKH ¢ MOMO-
LIbI0 €CTECTBEHHOrO CJAHSHHA c/1eJ0BaJo OH 3aKOHYHTB.
K coxaneHHlo, OueHp BHHMATEeJbHHH WYHTATE/lb MOXET
o6HapyXHuTb, 4YTO NporpaMMma HekoppekTHa. Ee H3baH
B TOM, YTO B HEKOTOPHX CJy4YasiXx OHa He MPOBOLHT COP-
THPOBKY HOJ/UKHHM oGpasoM. Bo3bmeM, nampumep, cJie-
AYIOUIYyI0 MOCJeROBaTeJbHOCTh BXOAHHX HKAHHHX:

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

Pacnpesensis nocnexnoBaTeslbHbHEe CepHH M0 MOCAEROBa-
TEeJbHOCTAM a H b, monyuaem

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 nocAefOBaTEeJbHOCTH Cpasy Xe «CAHBaIOTCA»
B OJNHY CEepHIO, U COPTHPOBKa YCMeLlHO 3aKaHYHBaeTcs.
3ToT npuMep, XOTS H He NPUBOJAUT K HENpaBHJbHOH pa-
6oTe nmporpaMMhul, JAeMOHCTPHpYyeT, 4TO pacnpejpeleHie
cepuH MO HeCKOJbKHM TMOCAeA0BaTe]bHOCTAM MOMer
laTb B pesyJbTaTe B CyMMe MeHbile CepHH, ueM HX
6bJ10 BO BXOAHOM MOC/AEA0BaTe/IbHOCTH. 3TO APOHCXOAHT
M3-32 TOTO, YTO NepBHii 3JeMeHT i 2-fi cepun MOXer
OKazaTbCa OoJsiblle, 4eM MocaelHHH 3JAeMeHT i-H cepHu,
YTO MPHBOAMT K aBTOMAaTHYECKOMY CJHAHHIO 3THX JBYX
CepHil B OJIHY-€IHHCTBEHHYIO CEPHIO.

Xorsi MBI cudMTaeMm, 4TO npoueaypa pacnpedeserue
MOPOBNY pacnpeienseT CepHH B JBe MOCJeJ0BaTe/b-
HOCTH, BCJEACTBHE OTMEYEHHOrO HABJEHHA UYHCJAO Ce-
puii B mocjefoBaTe]bHOCTAX a H b MOXKeT oOKasaTbCs
cyulecTBeHHO pasauuHeiM. OJHako Hamwa nponeaypa
CAMB4eT TOJNbKO Napul Cepuil U 3akanyuBaer paboTy,
KaK TOAbKO OyjAeT mnpouurTaha MNOCAeL0BaTeqbHOCTb b,
OPH 3TOM MOXKHO NOTEPATb OCTaTOK OAHOH nocJaepoBa-
TeJpHOCTH. BosbMeM, HanpuMep, Takylo BXOAHYIO MocJe-
JoBaTteabHocTb. OHa copTHpyeTcst 3a JBa NpPOXOAa, HO
YyacTb ee TepseTcH:

Tabanua 2.11. Hesepuwit pesayabTaT paGoTn nporpammbl 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

drta ownbka THNHYHA [V nporpammupoBanus. Ona
Dbi3BaHa TeM, YTO H3 BHAY YNYCKaeTcsi OAHO H3 BO3IMOIK-
HBIX TMOCJeACTBHi, Kasajocb Obi, npocroil onepauu.
THnuYHa OHa H B TOM CMBIC/e, UTO CyLIECTBYET HECKOJb-
KO cnoco60B ee HCNpaBJeHHA H HYXKHO BHOpaTh Kakofi-
HHOYAb oiauH. BoobGuie roBsops, cyulecTBYIOT ABe MPHH-
IHNHAJbHO OTJHYHbBIE OfHAa OT JPYrodl BO3MOMKHOCTH:

1. Mu ofHapyxHBaeM, 4TO OmepalHs pacnpepeJe-
HHMsA 3anporpaMMHpOBaHa HeBepHO H He YJOBJeTBOpseT
yCJ0BHIO, YTOObI YHCJAO CepHil OT/IHYaJoCh He 6oJiee ueM
Ha eanHuuny. CoxpaHsem BHIOpaHHYIO DaHee cxeMmy Jef-
CTBHH H COOTBETCTBYIOIUHM 00pa3oM MNonpasJsieM HeBep-
HYl0 UOpoueaypy.

2. Mbl oOuapyxuBaeM, 4TO HCIOpaBJeHHe HeBepHOM
YACTH MPHBOAHT K CYUleCTBEHHLIM MepejesKaMm, H MNbi-
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MODULE NaturaiMerge;
FROM Sequences IMPORT item, Sequence, OpenSeq, OpenRandomSeq,
StartRead, StartWrite, copy, CloseSeq, ListSeq;

VAR L: INTEGER; (* yMCno CIHBaeMbIX cepHit »)
a, b, ¢: Sequence;
ch: CHAR;

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

REPEAT copy(x, y) 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);
1F ~c.eof THEN copyrun(c, b) END
UNTIL c.eof;
StartRead(a); StartRead(b); StartWrite(c);
Li=0;
REPEAT
LOOP
1F a.first € b.first THEN
copy(a, c);
1F 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,c); L := L+1END;
WHILE ~b.eof DO copyrun(b, ¢); L := L+1END
UNTILL =1;
ListSeq(c); CloseSeq(a); CloseSeq(b); CloseSeq(c)
END NaturalMerge.

[Tporp. 2.14. EcTecTBeHnOe CIAHANHE,

TaeMCAi HAaHTH, KaKHe YaCTH aJrOpHTMa MOXHO H3Me-
HHTb, YTOOH CKOMIIEHCHPOBaTb pPabOTy HEKOpPEeKTHOI
YacTH MPOrpaMMH.

B o6meM-To nepBHii NyTb BHIMAAHT 6oJee Haaex-
HBIM, ACHBIM H 60Jiee UECTHHM, OH B JOCTAaTOYHOH# Mepe
cBO6OeH OT HenpeAyCMOTPeHHHX NOCJAeACTBHA H 3amy-
TaHHHX N0604HHX 3(dekToB. [loaTOMy OOGHYHO peKo-
MEHIyeTCss HMEHHO TaK HCNIpPaBJAATh OUIHGKH.

OpHako Hajg0 3aMeTHTb, YTO He Bcerfa Hajfo OTKa-
3biBaTbCA H OT BTOPO#i BO3MOXHOCTH. VIMeHHO mosToMy
MBl MPOAOJNMKHM Hall NMPHMepP H NMONPaBHM [es0, MOAn-
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(QUUHPOBAB NpOLEAYPY CJHsHHS, a HE H3HAYAJBHO He-
BEPHYIO NpOLEAYpYy paclpejeseHHs.

3TO o3HauaeT, YTO Mbl OCTaBJseM cXeMy pacnpeje-
JIeHHsl, HO OTKa3hBaeMCs OT YCJOBHs, YTO CepHH pac-
npejensioTcs NOpOBHY. B peayanTaTe NPOU3BOAHMTEb-
HOCTb MOXeT OKa3aTbCs MeHblle onTHMaJbHOH. OaHako
B HaHuXyAlleM cJyyae IPOH3BOAMTENbHOCTh HE H3Me-
HUTCs, a CyllleCTBEHHO HepaBHOMEDHOe pacnpejeleHue
CTATHCTHYECKH MaJoBeposiTHo. Ilostomy cooOpaxeHus,
CBsi3aHHBIE C 3¢ (PeKTHBHOCTBIO, He MOTYT NpensiTCTBOBaTh
NpefoKEeHHOMY DeLIeHHI.

Ecan ycnoBus paBHOro pacnpejlesieHHsi cepHit 60.ib-
e He CyLIeCTBYeT, TO NPOUEAYPY CJHSHHS CJEAYeT H3-
MEHHUTL: NOCJe JOCTHXKEHHS KOHIA OJHOro H3 ¢daiion
HYXXHO KONHPOBAaThH He OJHY CEepHIO, a BCIO OCTaBUIyKCH
yacTb APYroro. JTO NPHBOAHT K YETKHM H OYEHb IIPO-
CTHIM NIO CPaBHEHHI0 ¢ MOAM(HKauHed NpoUeAypH pac-
npedeaerus uameHeHussM. (Uutatesbp MoxeT caM ybe-
JHTbCS B CIPaBe[JIMBOCTH TAKOro yTBepxkieHHus.) Ilepe-
CMOTPEHHAsi BepCHA aJIrOPHTMA CJHSIHHS BKJIOYEHA B
yKe NoJHyw nporp. 2.14, npuueM npoueayps, K KOTO-
pHM obpamaioTrcs JHUbL OJHH pas, NPsSIMO NOACTABJEHH
B COOTBETCTBYIOLee MeCTO.

2.4.3. C6anancHpOBAHHOE MHOrONyTEeBOe CJHSIHHE

3atpath Ha J00YI0 NOCJeAOBATENbHYIO COPTHPOBKY
NPONOPILHOHANLHE YHCJY Tpe6yeMbX NPOXOAOB, TaK Kak
1o Onpefle/IeHHIO NPH KaxJAOM H3 NPOXOJOB KOMHPYIOTCH
Bce AanHble. OHH H3 CNOCOGOB COKPATHTb 3TO YHCJIO —
pacnpenensTs cepudH B GoJiee ueM JBe MOCJeA0BaTel]b-
socTH. CIMsIHHe T CepHH NOPOBHY pacnpejeneHHbx B N
nocjefoBaTelbHOCTeH Aact B pesyabrate /N cepui.
Bropoii npoxoJd ymeHblT 3TO uHcaA0 Ao I/N?, Tpe-
THit — 1o r/N?® u T. 1., nocae k npoxodos ocranercs r/Nk
cepuii. Iloatomy ofuiee YucIO NPOXOAOB, HEOOXOAHMMBIX
JJIs COPTHPOBKH N 3JeMeHTOB ¢ Nomoliplo N-nyregozo
caunnusn, pasHo k = [lognn]l. IlockonbKy B KaxAOM
Npoxoje BHINOJHSETCS N oNepalHi KONHPOBaHHS, TO B
caMOM TIJIOXOM cJayuyae noHaao6utcs M = n=[lognnl
TaKHX onepanui.

B kauectBe cJieaymoluero npuMepa Ha NporpaMMmu-
poBaHHe MK HayHeM paapabGaTbiBaTb NPOrpaMMy coOp-
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TUPOBKH, B OCHOBY KOTOPOH MHOJIOXXHM MHOTONYTEBOE
cauanuHe. UTo6u MOAYEPKHYTb OTJIHUYHE HOBOM Nporpam-
Mbl OT NpexXHeil ecTecTBEHHOH AByxda3HOH NpoueAyphl
cAHAHMSA, MBI 6yfeM = QOpPMYJHPOBATb MHOTONYTEBOO
caHAHHE KaK c6aJaHCHPOBAaHHOE CJAHSHHE C OJHOH-e[HH«
cTBeHHOH (pa3ofl. DT0 mpeAnosaraet, YTo B KaXAOM IPO+
XOfle y4YacTByeT paBHOe YHCJO BXOAHBIX M BHIXOAHHIX
¢ailJioB, B KOTOPhlEe MO OYepe]H pacnpefelfioTCs HOCaes
JoBaTefbHble CcepHH. MH Oydem Hcnoib3oBaTh N Mo«
caefoBarespHocTel (N — yeTHOe 4HCJIO), MO3TOMY Hall
anroputM Gyaer 6asupoBatbcsi Ha N/2-myTeBoM CJaHf-
nuH. ClleAysl paHee H3JIOXKEHHOH CTpaTervH, Mul He Gyfem
ob6palliaTb BHHMaHHe Ha aBTOMAaTHYeCKOe CJHSHHE ABYX
clellyOliHX OfHAa 3a Apyroil nocjefoBaTeJbHOCTeH B
oany. IlosTtoMy MBI mocTapaeMcs nporpamMmy CJAHSHHA
HE OPHEHTHPOBAaTb Ha YCJIOBHEe, YTO BO BXOJAHBIX MOCJ]E-
JIOBaTebHOCTAX HaXOAHTCS MOPOBHY CepHH.

B mnamefi nporpaMme MH BhnepBHe CTaJKHBaeMCS
C €CTeCTBEHHBLIM MNpHJAOXKEHHEeM TakKo# CTPYKTYypH AaHs
HHIX, KaK MaccuB ¢aiiyioB. 1 B caMoM gmene, Raxe yAH-
BUTEJNbHO, HACKOJbKO 8Ta NporpaMma OTJHYaercs OT
npeAnAylled, XOT MH BCero JHIUbL MEPEeUIH OT JABYXs
NyTeBOro CAHAHHA K MHOronyreBoMy. Takoe OTJIHYHE —
pe3yJabTaT YCJOBHS, UTO MpOUEce CAHAHHSA O HCUepnaHHH
OMHOTO H3 BXOJOB ellle He 3akaHuuBaercs. [TosToMy HyX~<
HO XPaHHTb CIHCOK BXOMOB, OCTAIOLHXCH AKTHBHHIMH,
T. €. BXOI0B, KOTOpHE ellte He HcuepnaJuch. [loasaserca
¥ ellle OHO YCJOXHEHHE: HYXHO Nocje KaxXJAoro npo«
X0/la MepeKJIoYaThb [PYNNH BXOAHHX H BHIXOAHHX [0+
clefoBaTebHOCTER.

Mmu HauHeM c onpefesieHHHA H K ABYM YyXe 3HaKOMBIM
THNaM item u sequence 106aBUM THI

seqno=={1 .. N] (2.33)

ﬂCHO, YTO HOMepa NocJeA0BaTeNbHOCTEH HCNOJb3YIOTCA
KaK HHACKCH AJd MacCHBa I'IOCJlelIOBaTeJleOCTeﬁ, CO-
CTOSILEUX H3 3JIEMEHTOB. ByneM CUHTaATb, YTO HavaJibHas
NocaeA0BaTE/IbHOCTD 9JIEMEHTOB 3aJa€TCsd nepeme}moﬁ
f0: Sequence (2.34)
H Aas npouecca COpTHPOBKH HMeEM B CBOEM pacnopsKes

HHH N JeHT (n — YeTHOe)
f: ARRAY seqno OF Sequence (2.35)
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Jas pelieHHs 3ajaud NepeKkJIOYEHHs JeHT *) MOXHO
PEKOMEHJOBAaTh TEXHHKY KapTH HHJEKCOB JeHT. Bmecto
NPsMON aJpecailHd JIEHTH C MOMOIIBI0 MHJeKca OHa aj-
pecyercs yepes kaprty t, T. e. BMecTo f; Mm Oyaem mnm-
caTh f‘;' nmpHYeM caMa KapTa (map) onpeaessercs Tak:

t: ARRAY seqno OF seqno

Ecnn B Hauane t; = i ana Bcex i, TO nepekJaioYeHHe npea-
craBaser co6oii o6MeH MecTaMH KOMMOHEHT ti < tnnyi
ans Bcex i=1 ... Nh, rae Nh = N/2. B stom cayuae

MBI Bcerja MOXEeM CYHTaTh, YTO ft‘, . f*Nh— BXOJHbIE

AOCJe10BaTebHOCTH, a ftN . ftN—— BHXoAHHe, ([a-

h+1” *
Jee BMECTO ftj ME OyJeM NIPOCTO TOBOPHTB: «IOCJEN0-

BaTe/JbHOCTb j»). Temeps MOXHO JAaTh NMepBHHA «Ha6po-
COK» aJTOpPHTMa.

MODULE BalancedMerge;
VAR {,j: seqno;
L: INTEGER; (#uciio pacnpene/naeMblX CEpHi )
t: ARRAY seqno OF seqno;

BEGIN (+ pacnipesienenue Havansusrx cepuit 8° t{17]...t [Nh]+) (2.37)
ji=Nh;L:=0;
REPEAT

IFj<NhTHENj:=j+1ELSEj:=1END;
xonupocanue oouoli cepuu uz f0 @ nocacdosarenskocrs J;
L:=1+1
UNTIL f0.eof;
FORi:=1TONDO{i]:=iEND;
REPEAT (*cnuanue 3 t[1]..t[nh] B t[nh+1]..t[n] )
YCTAHOBKE GXOOHBIX NOCAEA0GATEALUOCTEH;
L:=0;
J:=Nh+1; (+j npexc BLHIXOTHOI NOCTEROBATEMMHOCTH +)
REPEATL:=L+1;
caunnuie a cepuii ¢ 8xodos b ¢ 1fjf;
IFj{NTHENj:=J+1ELSEj:= Nh+1END
UNTIL ace 8x00b1 ucyepnaitsl
nepercaiouenue nocaedoGaTenbHOCTER
UNTILL =1
(* oTCOpTMPOBaHHAA IIOCIENOBATENLHOCTE B t]1]#)
END BalancedMerge.

*) Hamo OTMeTHTB, YTO CaMa 3axada elle He ONHCAHA H He SICHO,
KaKkHe 3eCb MOryT GuTb nmpobiemu, — [Tpum. nepes,
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[Ipeiiie BCErO yTOUHHM ONEPaTop NepBOHaYajJbHOrO pac-
qpeicaeHHs cepHit. Mcnoab3ys onpelenenHe nocjenosa-
reabHOCTH (2.26) W mpouenypn copy (2.32) samenseMm
xoniposarnue o0Hol cepuu u3 [0 8 nocaedosareabHocTs |
Ha 0epaTop

REPEAT copy (f0, f{j]) UNTIL f0.eor

KonupoBaHHe CepHH mpeKpauaercs Ju60 npu oOHapy-
JKeHHH TEpBOTO 3JeMEeHTa cJaenywoule#f cepHH, Jau60 no
JOCTHXXEHHH KOHLla BXOAHOro ¢akna.

B naweM aJrOpHTMe COPTHPOBKH OCTaJOCh Onpefe-
anTh 6oJiee DeTaJbHO CAEAYIoUHEe ONepaTopH:

1. YcTaHOBKa HAa HauaJ0 BXOAHHX MNOCJAENOBaTelNb-
HocTed.

2. CnusiHve OJHOH cepHH M3 BXOZa Ha tj.

3. INepekaoueHne mocjel0BaTENbHOCTEH.

4, Bce BXOAH HCUEPNAHHI.

Bo-nepBHX, HeOOXOZMMO TOYHO HAeHTH(HHUHPOBAThb
TeKylllie BXOAHHE NocJenoBaTeabHOCTH. O6paTHTe BHH-
MaHHE: YHCJO GKTUBHLLX BXOAOB MOXeT OHTb MeHbLIe
N/2. ®akTHueCKH MaKCHMaJbHOE UHCJIO BXONOB MOXET
6bTb paBHO YHCJY CepHil, H COPTHPOBKA 3aKaHUYMBaeTcs
KaK TOJbKO OCTaHEeTCH OJAHA-CAHHCTBEHHAs MOCJefoBa-
TeJbHOCTb. MOMET OKa3aThCd, UTO B HauaJje MOCJeLHero
poXofa COPTHPOBKH uHC/IO cepHil Oyaer Menbme N/2.
TosToMy MBI BBOAHM HEKOTODYIO NepPeMeHHYyl0, CKaXeM
k1, sapaomyo ¢akTHUeCKOe YHCJIO PaGOTAKOIIHX BXOAOB.
Unnnuanns kl BKJIOYaeTcs B ONEPaTop yCTAHOBKA 8X00-
HolX nocaedosaTeabHOCTell TaKuM 06pa3oM:

IFL<NhTHEN k1 := L ELSEKL := NhEND;
FOR1:= 1 TO k1 DO StartRead(f[t[i]]) END

HonsTHO, yTo onepaTop (2) nMo HcuepnaHHH Kakoro-1H6o
Bxoga mposxeH yMmeHbwath kl. CnenoBaTesbHO, NpemH-
Kat (4) MOXHO JIeTKO TNpeACTaBHTb OTHOLIEHHEM
kl = 0. YTounnTb ke onepatop (4), OLHAKO, HECKOIbKO
TPyAHee: OH BKJOYaeT NOBTOPAIOILHINCA BHOOD HaHMeHb-
Mero U3 kJwued H OTCHJKY ero Ha BHXOJH, T. €. B TeKy-
Ilyio BEIXOAHYIO MOCAENOBaTeJbHOCTb. K TOMY e 3TOT
ipouece ycaoxHAETCA HEOGXOAHMOCTbIO ONMpPEAENATL KO-
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Hell KaXJ0# cepuH. Konen cepun pocturaercs Ju6o (1),
KOTra oyepefHOH KJIOU MeHblle TEKYILero KJiua, JiH6o
(2) no mocTHXeHHH KOHUA BXORAa. B mnocienneM ciydae
BXOJ HCKJIouaeTcsl u3 pa6oth u kl ymenbimaercs, B nep-
BOM ’Ke 3aKPHIBAETCSl CepHs, 3JeMeHTbl COOTBETCTBYIO-
llefl nocJae0BaTENbHOCTH YXe He ydyacTBYOT B BhOOpe,
HO 3TO NPOAOJIKAETCs JHLIb AO TOr0, Kak OyReT 3aKOH-
4eHO co3/laHHe Tekylued BuhXomHOH cepuu. Otciofa cie-
IyeT, YTO HYXHa elle OfHa NepeMeHHas, ckaxeM k2,
YKa3HBawolllasg YHCJIO BXOAOB HCTOYHHKOB, AEHCTBHTEJb-
HO HCNOJb3yeMHX NpH BhHOOpe OYepefHOro 3JeMEeHTa.
B Havase ee 3HaueHHe ycTaHaB/JuBaeTcs paBHbIM kl u
yMeHblIaeTcs BCAKHH pas, Koraa u3-3a ycaoeus (1) ce-
pHsl 3aKaHYHBaeTCH.

K coxaJsenHio, He{OCTaTOYHO BBECTH NepeMeHHYIO k2.
HaM Heo6x0oauMO He TOJBKO 3HATH YHCJIO NOCJAELOBa-
TeJbHOCTEH, HO H 3HAaTh, KaKHe H3 HHX JeHCTBHTEJbLHO
Henodabsyloresds.  OueBHOHOe — pelleHHe — HCIOJNB30BATh
MaccuB OyJeBCKHX KOMIIOHEHT, OnpefeqsiiollMX HOCTYh-
HOCTb nocaefoBaTeqpHocTedl. “OfHAKO Mbl BHOHpaeM
JApyrofi MeTox, OH npHBefleT Kk OoJjee 3¢dp¢eKTHBHORA
npouenype Bni6opa, a 3TO B KOHEUHOM cyere HaH60-
Jlee 4aCTO MOBTOpSIOILAfACH 4YacTb aJropHutva. Bmecro
6yJIeBCKOrO MaccHBa BBOJHM BTOpYIO KapTy AJs JIEHT
—ta, dTta KapTa HCnoJb3yercs BMecTo t, mnpuuem
ta; ... taxg— HHAEKCH JOCTYNHHIX MOCJEAO0BATENbHO-
creli. Takum o6pasoM, onepatop (2) MOXKHO 3anHcaTh
caelylo UM 06pasoM;

2=kt
REPEAT @b160p MUHUMANLRO20 RAIOUE
ta[mx] ~ HoMep nocaedoearensRocTy, 3¢ Ol €0Tb;
copy(fltalmx]}, ftHIN: (2.39)
IF f{ta[mx]].eof THEN ucicarotenue nenrse
ELSIF f{ta[mx]].cor THEN 3arptirue cepuud
END
UNTILk2=0

Tak Kak 9HCJIO NOC/JeA0BaTeJbHOCTel B J11060M MpakTH-
YeCKOM HCMOJb30BaHHH OORIYHO OBIBaeT JAOCTATOYHO
MaJo, TO B KaueCcTBe aJropuTMa BHOOpa, KOTOpDHA HaM
HYXHO ONpeleJHTb Ha OdYepelHOM 3Tale YTOUHEHHS,
MOXeT OLITb HCMONb30BAH NPOCTOH JIHHEHHHIH MOHCK:
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OnepaTop UCKAIOHUTL AeHTYy NpeAnojaraeT yMeHbllleHHe
k1l n k2, a TakXe mnepeynopsaoueHde MHAEKCOB B KapTe
ta. OnepaTop 3akpeiTe Cepuro npocTo yMmeHbluaeT k2 u
nepeynopsiiouHBaeT COOTBETCTBYIOILUM o6pa3oM fa. Jle-
Taldl MOKasaHu B nporp. 2.15 — pe3y/bTaThl YTOUHEHHH,

MODULE BalancedMerge;
FROM Sequences IMPORT item, Sequence, OpenSeq, OpenRandomSeq,
StartRead, Start Write, copy, CloseSeq, ListSeq:

CONST N = 4; Nh =NDIV2;
TYPEseqno = [1.N};
VAR i, j, mx, tx: seqno;
1, k1, k2: CARDINAL}
nin, X: item;
1,1a: ARRAY seqno OF seqno;
10: Sequence;
f: ARRAY seqno CF Sequence;

‘BEGIN OpenRandomSeq(f0, 100, 737); ListSeq(f0);

FORi:=1TONDO OpenSeq(f(i)) END ;

(* pacnpenernene navanssix cepuit 1[1]...t[Nh] «)

TOR 1 := 1TO Nh DO StartWrite(f[i) END ;

j:=Nh; L= 0; StartRead(f0);

REPEAT
JIFj<NhTHENj:=J+1ELSEj:=1END;
REPEAT copy(f0, f[j]) UNTIL f0.e0r;

= L+1

UNTIL f0.eof;

TORi:=1TONDO1]:=1END}

REPEAT (+ cimsmmme w3 1[1]...t[nh] B t[nh+ 1]..t]n} #)
IFL<NhTHENX1:= LELSEK]l;= NLEND;
FORi:=1TOX1DO

StartRead(f[t[i]]); tali] : = ti]

L:=0; (+mMcI0 CIHBaeMBIX cepuii *)
Ji=Nh+1; (+] smpexc BxonHoil MoCHeNOBATBHOCTH *)
REPEAT ( » Criusinue BXORHBIX CEpHit B t[j] )

Li=L+1;k2:=kl;

REPEAT (+ BbIGOD MHRHMATLHOTO KITIOU) &,
i:=1; mx:=1; min:= ffta1]}first;
WHILE ¢ X2 DO

ii=i41; x:= ftali]]. ﬁrst'
IFx ( mmTHEN mini= = {END

END
. cng(fIw[mx}]» i)
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IF fltafmx]].&of THEN (% MCKITioueHHE JISHTBI * )
StartWrite(f[ta[mx]]); ta{mx] ¢ = ta[k2];
ialk2] = talkl]; kL := K1-1; k2:= k2-1
ELSIF f{ta[mx]}.eor THEN (% 3aKpbITiuo Cepust +)
tx 1= ta[mx]; tafmx] i = talk2]: ta[k2] = tx; K2 1= K21,
D

UNTILk2 = 0;

IFj¢NTHENj = j+1ELSEj:= Nh+1 END
UNTILKL = 0;
FORI:=1TONhDG

% 1= tif; tfi] i = t{i+ Nh]; ti+Nh] := tx;
END

UNTILL =13

ListSeq(flf1])
(% oTcopmHpoBanHat WOCHENOBATENbHOCTE B 1{1]+)
END BalancedMerge

[porp. 2.15. CopTHpoBKa ¢ mOMOIIbI0 C6aTaHCHPOBAHHOrC CJAHAHIS,

HaunHaowuxca ¢ (2.37) no (2.39). Onepatop nepexato-
4eHus nocaed0BaTeAbHOCTU HANHCaH B COOTBETCTBHH
C JaHHHIMH paHee NOSCHEHUSAMH,

2.4.4. Muoroda3Has COPTHDOBKA

Mu yXe no3HaKOMHJHCH C HeOGXOAHMBIMH NpHEMa-
MH M B JOCTaTOYHOH Mepe FOTOBH K HCCJIEJOBAHHAM H
NpOrpaMMHpPOBAHHUIO, CBA3aHHLIM C HOBHMH, Gosee 3o-
teKTUBHHMH, uyeM c6asaHCHpPOBaHHAs COPTHPOBKA, aJ-
roputMamMu. B c6asaHcHpOBaHHON COPTHpPOBKe Hcue3Ja
HEOGXOAMMOCTb B YHCTHIX OnepalHsx KONHPOBaHHA,
KOTAa pacnpelesieHHe M CJHAHHE OKa3aJucb 06bedHHEH-
HHMH B OAHY ¢a3y. BosHukaer Bonpoc: a Hesb3s JH
ette addexkruBHee pa6oTaTh C AAHHBIMH NOCJEL0BATENb"
HoctaAMH? OkasnBaeTcs, MOXHO, B OCHOBe Halliero ouye-
pelHOro YCOBEPIIEHCTBOBAHUS JIEKHT OTKa3 OT XeCT:
KOTO NOHATHA NPOXOAA H nepexol K GoJiee H3OLLPEHHOMY
HCNOJIb30BaHHIO nocjaeloBartesqpHocTel. MW GoJblle He
6yaeM CuHTaTh, uTO ecTb N/2 BXOZOB H CTOJNBKO Ke Bbl-
XOJOB H OHHM MEHSIOTCS MECTaMH InocJe Kaxjaoro Or-
JeJbHoro npoxoda. BoJee Toro, yxe camMo noHsTHE Npo-’
xoAa jAesnaercs pacninByaThM. HoBeifi MeTon 6bia H30-
Gpeten P, TmacragoM [2.3] u HasuwBaetcs mro2o¢asnod
copruposxoil (Polyphase Sort),
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Puc. 2.14. Miorogas- Puc. 2.15. Muorodasnan copTHPOBKa
Haa COPTHPOBKA CAHA- CAHSIHHEM 65 cepm"x Ha WeCcTH nepe-
HHEM 21 CEepHH Ha Tpex MEHHbIX-NIOCNEe10BATEAbHOCTAX.
NepeMEHHLIX -NoCAe 10~
BaTe1bLHOCTAX.

ChHayasna npoAeMOHCTPHPYEM ero Ha npuMepe ¢ Tpe-
Mg N0C/1el03aTeNbHOCTAMH. B KaXAbli MOMEHT CJH-
BAIOTC 3JleMEHTHl H3 JBYX HCTOYHHKOB H MHLIYTCA B
TPETbIO MepeMeHHYIO-N0c/aeJ0BaTeIbHOCTb. Kak TOJbKO
O[H& H3 BXO/JHbIX MOCJeJOBaTe/]bHOCTEH HcuepnblBaeTcs,
OHa c¢pa3y Ke CTaHOBHTCH BHIXOJHOH AJs1 onepaLHH
CIHSHHA H3 OCTaBlIedCsi, HeHCYepPNnaHHOH BXOJHOH no-
Cle0BaTeJbHOCTH H NpeAblaylieid BHIXOAHOH.

ITocKONIbKY H3BECTHO, YTO N CepPHH Ha KaXIOM H3
BXOJ0B TPaHCQOPMHPYIOTCS B N CepHi Ha BHIXOJe, TO
HYXKHO TOJbKO Jep:KaTb CINHCOK H3 YHCJa CepHA B
K2X10H H3 noc/ejoBaTeJbHOCTeR (a He onpeaeasiTb HX
AeficTBUTe/IbHHE Kalouu). ByneMm cuurtath (pHc. 2.14),
YTO B HayaJle ABe BXOJHble NocJeloBaTeNbHOCTH fy H {3
cojep:KaT cooTBeTcTBeHHO 13 H 8 cepuit. Takum obpa-
30M, Ha nepBoM npoxode 8 cepuét us f; u f; caupaworca
B f;, na BropoMm — 5 cepuil u3 f3 u f; cauBalorca B i,
n T. 1. B koHue Konuos B f, okaamiBaeTcss OTCOpTHpO-
BaHHAs NOCJeA0BaTeJbHOCTD,
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Ta6auua 2.12. HaeansHoe pacnpejeneHue cepufi 0o ABYM NOCAEA0-

BaTeJAbHOCTAM

L al(L) az<L) Sum ai(L)
Q 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 BTrOopoM npumepe MHorodasHas COPTHPOBKA HJIer
Ha 6 nocnepoBatenbHocTax (puc. 2.15). CHauana B f,
Haxoaurca 16 cepuit, B f,— 15, B f3— 14, B i4,— 12 u
8 cepuit B f5. Ha nepBoM uacTHUHOM MPOXOAE CJHBAIOTCA
H nonajawT B fg 8 cepuit, a B KoHLUe [y COMepXKHT Bce
OTCOPTHPOBaHHOE MHOXKECTBO 3/1eMEHTOB.

Muorodasnaa copTHpoBka GoJjee 3(pPeKTHBHA, TeM
c6ajaHCHpOBaHHas, MOCKOJBKY OHa HMeeT JeJo ¢
N — l-nyTeBuM causHueM, a He ¢ N/2-nyTeBnM, €CaH
oHa HauuHaercs ¢ N mocseloBaTtenbHocTel. Beab UHC/I0
HeOGXOAHMBIX NMPOXOAOB MPHOIM3UTENbHO paBHO logn O,
rle N — YHCJIO COPTHPYEMBX 3JeMeHTOB, a N — cTenenb
onepalHH CJHSAHHS, — 3TO H ONpejesseT 3HauHTeJbHOE
NpeuMyIeCTBO HOBOTO METOAA.

KoneuHo, A/ 3THX NPHMEPOB MBI TIATe/JbHO BHIOH-
pa/ju HauaJbHOe pacnpejeleHHe cepHii. Bubupas pac-
npejeneHde A8 xopolwed pabOTH aJropuTMa, M ILJIH
«C KOHIa», T. €. HaUHHAJH C 3aKJIOUHTeJbHOro pacmnpe-
JejeHns (nocnaepHei cTtpoku Ha puc. 2.15). Ilepenwuch-
Bas TakK TaGJHIB AJs8 HAlUMX ABYX MPHMEPOB H «Bpa-
af» Ka)JAyl0 CTPOKY Ha OAHY MO3HUHIO OTHOCHTEJIbHO
npeanAylllel CTPOKH, nosyyaeMm Ttaba. 2.13 u 2.14, co-
OTBETCTBYIOIIlHE MIECTH MPOXOAaM JJA Tpex H IUecTH
nocJieJJ0BaTeabHOCTeH.

HUs taba. 2.12 npu L > 0 MOXKHO BBIBECTH COOTHO-
eHus

all ) = 4L

a(IL'H) = a(lL) + a(zL) (2'40)
a al=1, a®=0. Cunras f_ ,=al), nonyuaem aud

i>0
L=+, =1 1=0 (2.41)
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Tadunua 2.13. WneanvHoe pacnpenesenue cepuit no N4TH DOC/AeA0-
BA1C.ILIOCTAM

L 3 a) a3 ) afl)  Suma)

0 1 0 0 0 0 1
1 1 1 1 1 1 5
2 2 2 2 2 1 9
3 4 4 4 3 2 17
4 8 8 7 6 4 33
S 16 15 14 12 8 65

At0 peKypCHBHbie mpaBHAa (HJIH PeKypCHBHbie OTHOLIe-
Nist), onpeAenslollHe TaK HasbBaeMble 4ucaa Pubo-
Hawyy:

i=0 1,12 3,5, 8, 13, 21, 34, 55, ...
Jlio6oe u3 uHcea PubGonayyH —cyMMa AByX mpeatie-
crayiomux. ClefloBaTenbHO, A48 xopolied paGOTH MHO-
roda3HOH COPTHPOBKH Ha Tpex NoCJael0BaTeNbHOCTAX
HCOOX0AHMO, 4TOOGH uHCJa HaYaJbHBIX CepHH B ABYX
BXOIHLIX MOC/AEAOBATENbHOCTAX ObIIH ABYMSI COCCAHHMM
yucaavu Pubonauumu,

A 4TO MOXHO CKasaTb 1O MOBOAY BTOPOTO NpHMepa
C LIeCTbiO MoCJAefoBaTeNbHOCTAMH (Taba. 2.13)? Onartb
JICTKO BHIBECTH NpaBuJia o0pa3oBaHHR AR YHC/]aA CepHI:

(L+1 L

al ) — a(l )
(L+1) _ (L) L) _ ,(L) (L-1

Dl ol

a(L-l-l)__= a(L) 3 a(l—) — a(L) + a('--l) 3 a('-—?) (2.42)
lL+l) a(L)_l_ a(L) — a(L) + a(L—l) 4 a(L 2) L a(L -3)

allL+l)= all) 4 afl) = oD 4 L=y -2

+all= . lL=0

Nogcrapasa f, BMecto af’, moayuaem
=0+ +f_+1_+1_, nan i=4
fi=1

=0 i<4 (243)

Takie yHcna Ha3biBalOTCA 4YHCAAMH PHGOHAYYH YeTBep-
Toro nopaaka. B o6uleM caydae «ucaa Dubonawdu
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nopadka p onpeneisOTes CAeAyloHM 06pasom:
10 = 100, + 04 2, 1),

g i=p
P — (244)
fgp)=0 s 0<Ci<p

3aMeTHM, uTo oOHunbie yHcaa PuboHAyyYH — YHCIAA mep-
BOTO NOPAAKA.

Tenepp yxe fICHO, YTO Haua/bHHeE yHcJa cepHil s
coBeplleHHOA MHorogasHoli copthpoBkH ¢ N mnocaeno-
BATEJBHOCTAIMH TNPEACTaBJAT ¢€060fi CYMMHl JH06nX
N-—1, N—2, ..., | nochenosateabHuix uucea Puéo-
Hauyy nopsiaka N-—2 (cm. taba. 2.14). Otcrona sBHO
cjleflyeT, YTO HaWl METOJ TMPHMEHHM JIMUIb JUIS BXOJOB,
CyMMa cepHH Ha KOTOpHX ecTb cyMMa N — 1 Takux uu-
cen ®uboHauyu. A 4yTO JenaTh, €CJAHM YHCJIO HayaJbHHX
cepuii OTJHMYaeTcss OT TaKoi HAeatbHOH cyMMbi? OTser
npoct (M THNMYEH JJA TNOAOGHHX cHTyauHi): Oyaem
CUHTATb, YTO Y HAC eCTb THNMOTETHYECKHE MYCTHIe CEPHH,
NpHYEM CTOJbLKO, YTO CyMMa NYCTHX H DeaJlbHbIX CepHil
paBHa HpieasbHOH cyMMe. TakHe cepHH OyaeM Ha3BBaTh.
npocro nycreimu (dymmy rums).

Onnako akTHYECKH 3TOT BHIXOJ H3 TOJIOXKEHHA He-
YAOBJIETBOPHTENEH, MOCKOJbKY OH CPa3y e NOpoxKAaerT.
HOBLIH H 60Jee TPYAHHIH BONpPOC: KaK y3HaBaTb BO Bpe-
Msl CJMAHHA TakHe nycTHe cepuu? [Ipexne ueMm oTse-
yaTh Ha TAKOH BOMpOC, CHauajJa HccleayeM npobaemy

Ta6anua 2.14. Uucno cepufl, nonyckamoliee HAealdbHoe pacnpeje-
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 94 129 161 193
7 34 105 481 253 321 385
8 55 193 349 497 636 769

9 89 355 673 977 1261 15631
10 144 653 1297 1921 2501 3049
i1 233 1201 2500 3777 4961 6073
iz 377 2209 4819 7425 9841 12097
13 610 4063 9289 14597 19521 24097
14 987 7473 17905 28697 38721 48001
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HAuaJbHOro pacnpefe/eHHsi (QaKTHYECKHX M MYyCTHIX ce-
puii Ha N — 1 aenTax *).

OaHako B MOHCKAxX MOAXOASLIEro npaBu/a pachnpefe-
JeHusl HeOOXOAHMO NpexJe BCero 3HaTh, Kak O6yAyT cJH-
paTbCsl NyCTble H peaJjibHble CepHH. SICHO, YTO €CJH MM
6yleM CUHTATb CEPHIO H3 MOCJEAOBATENbHOCTH i MyCTOH,
TO 3TO MPOCTO O3HAYaeT, YTO B CJAHAHHH OHAa He Yyua-
CTBYEeT W OHO (causiHHe) npoxoanT He W3 N — 1 nocie-
J0BaTeJAbHOCTEH, a M3 MeHblUero ux uucaa. CaHsaHUe my-
cTHX cepuit Ha Bcex N — | HCTOUHHKOB O3HayaeT, 4TO
HHKAKOTO peasibHOrO0 CJAHSHHA He MPOHCXOAHT, BMECTO
HEro B BBIXOAHYIO MOCJAEJ0BaTeJbHOCTb 3aMHCHIBaeTCs
pe3yJbTHpyiollas nyctas cepus. OTcioga MOXHO 3akJIo-
UHTb, YTO NMYCTble CEePHH HYXKHO KaK MOXHO GoJjlee pas-
HOMepHO pacnpefesTb no N — | nmocjeAoBaTeNbHOCTAM,
BeAb Mbl 3aHHTEPECOBaHbl B peaJbHOM CJHSHHH H3 KakK
MOXXHO 60JblLEro yHc/J1a HCTOYHHKOB.

Tenepp Ha HekoTOpOe BpeMs 3a6yaeM O NMyCTHIX ce-
pusiX M paccCMOTPHM 3ajauy pacnpeje/ieHHs HeH3BeCT-
HOro uucaa cepuit no N — 1 nocienosaredbHOCTAM. JICHO,
YTO B IpoUecce pacnpefe/ieHHsi MOXKHO BHUHCJAATbL YHCJA
®ubonayud nopsaaka N —2, onpegeasioliue xeJaTelb-
HOe YHCJIO CepHil B KaxAoM H3 HcTouHHkOB. IlpeanoJo-
AHM, Hanpumep, uto N = 6, H, cchisasnch Ha Taba. 2.14,
HauHeM pachpele/iaTb CEpPHH, KaK YKa3aHO B CTPOKe
c uagekcom L =1 (1, 1, 1, 1, 1); ecau ecTb ellle cepHH,
TO MepexOAHM KO BTOpoO#t cTpoke (2, 2, 2, 2, 1), ecau Bce
elle OCTAlOTCA CepHH, TO GepeM TPeTbiO CTPOKY
(4, 4, 4, 3, 2), u 1. 4. Bynem Ha3bBaTb HHAEKC CTPOKH
yposrem. QOueBuaHo, dem OoJblle YHCJAO CepHH, TeM
Bbille ypoBeHb yHces PHOOHAYYH, KOTOPHA B JaHHOM
cJyyae paBeH KOJNHYECTBY TNPOXOAOB HJH MepPeK/JIoYeHHH,
HeOOXOAMMBIX [Js MocJedytolleil coptipoBkd. Toraa B
nepBOM NPHGJIHIKEHHH MOXHO cdopMyaHpOBaTh Tako#
aJropHTM pacnpefeseHHs:

1. [lycTb Hawa ueJb— MOJYYHTb NPH pacnpeneJe-
HHH yucaa PuboHavun nopsaka N —2 u ypoBHs I.

*) Pa3zmewatb HeAOCTalOLIHe NYCThE CEPHH B OAHOA NochenoBa-
TEJILHOCTH He HMeeT CMuCAa, H60 aNrOPHTM MOXKET NPOCTO 3alHK-
antbesd. CnejoBaTeNbHO, HX HYXKHO KaK-TO NMepeMellHBaTh ¢ peadb-
HHIMH Ha Bcex NeHTax. — JIpum. nepes.



154 2. Copruposka

2. IlpoBoaum pacnpefeleHue, CTPeMACb JOCTHYb
eJu.

3. Ecau wmeap [QocTUrHYTa, BHIUHC/ASIEM CJAEAYIOUIHH
ypoBeHb uHces (PuOOHayuHM; Pa3HOCTb MEXAY 3STHMH
YHCAaMH M YHCJAMH Ha NpeluAylieM YPOBHe CTAHOBHTCSH
HOBO# 1esbl0 pacnpeleneHus. Bo3spaliaeMcs K ary 2.
Ecau upend HeBO3MOXHO JOCTHYb H3-3a TOTO, 4TO
BXOJHHE JaHHbie HCUEpNaHHB, 3aKaHUYMBaeM pacrpefe-
JIeHHe.

[lpaBusia BHUYHCJEHHS CJAEAYIOUIEr0 YPOBHA YHCea
®ubonayuu coaepxarcs B Hx onpefeneHud (2.44). Ta-
KUM 006pa3oM, MBI MOXeM CKOHIEHTPHPOBAaTb BHHMa-
HMe Ha 1uare 2, rje, HMes MeJb, Heo6XOAHUMO pac-
npefeasaTb OAHY 3a JpYyroi nocTynampulHe CEepHH [0
N — | BHXOJHHM MOCAeA0BaTeNbHOCTAM. HMIMeHHO B 3TOT
MOMEHT B HAIUIHX PAacCYyXAEHHAX H MOABJSIOTCH NyCThie
CepHH.

Ilpeanonoxum, NOBHIUAs YpPOBeHb, Mbl BBOAMM HO-
Bble LEeJH ¢ noMoulbio pasHocredl dy gt i=1... N—1,
rae d; o603HayaeT YHCAO Cepuil, KOTOpbIe HYXKHO HA AaH-
HOM Lilare HanpaBUTb B nocjaefoBaTesbHocTb i. Ternepb
MOXHO CYHTaTh, 4TO Cpa3y nomeutaem d; mMycTHXx cepuit
B MNocJel0oBaTe/bHOCTb i, a 3aTeM paccMaTpHBaeM Io-
clefyoliee pacrnpeleleHde Kak 3aMeHy MNYCThiX CepHil
Ha peaJbHble, OTMedass Kax/[Ayl0 3aMeHy BBIYHTaHHeM I
u3 cuerudka d;. Takum o6pa3oM, Mo HCuepnaHHH BXOL-
HOro HucrouHHka d; 6yleT yKasnBaTb YHCJO NYCTHIX Ce-
pHil B nocJie10BaTeNIbHOCTH i.

Kakoii ajroput™ BeleT K ONTHMajJbHOMY pacnpeje-
JIGHHIO, HEHM3BEeCTHO, HO H3jlaraeMbii HHXKe aJropHTM
JaeT BecbMa xopoliue pesyabTathl. OH HaswBaercsd 20-
pusontasshelm pacnpedeasenuem (cM. Kuyr, 1. 3, c. 322);
5TOT TePMMH CTAHOBHUTCS MOHATHLIM, €CJH MpPEACTAaBHTb
cebe cepdH CJOMEHHBIMH B NHpaMHAy, KaK 3TO [OKa-
3aHo Ha pucC. 2.16 aas N = 6 yposus 5 (cM. Taba. 2.14).

Hnas toro uto6H NOJyYHTH paBHOMepHOe pachnpele-
JieHHe OCTaIOIUXCH NYCTHX cepuil HaHGoJee OBICTPHIM
cnoco6oMm, OyRem cuHMTaTh, HYTO 3aMeHbl Ha peaJibHbie
CepHHd COKpalllaloT pasMep NHPaMUAH: MNYyCThle CepHH
BHOMpAIOTCA M3 NMHpaMuAb cJjeBa Hanpaso. Ilpu TakoM
cnocofe cepuu pacnpefessiloTcs MO NOCJAeA0BaTeNbHO-
CTAM B NOPSAJKe HOMEpOB, NpPHBeJEeHHHIX Ha puc, 2.16,
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Puc. 2.16. Topn3ouranbHoe pacnpenenelne CepMit.

Tenepp Mu y>Xe B COCTOAHHH ONHCaTh AJFOPHTM B
BHle NpOoLeAypH ¢ HMeHeM selecf, K KOTOpoH o0G6pa-
malTca KaXAhi pas nocje KONHPOBaHHs, KOTr4a HYXHO
BL6HpaTh, KyJa OTNpaBaATh HOByl0 cepuio. Byaem cuu-
TaTb, YTO €CTb NepeMeHHas j, yKaswBawoollas HHAEKC
TeKyIUel BHIXOAHOH MNOCJAeJOBaTeNbHOCTH, a a; H di—
yicsa MAeaNbHOrO M «NyCTOrO» pacnpefieneHus Aas no-
CJeA0BATENbHOCTH i.

js seqno;
a, & ARRAY seqno OF INTEGER
level: INTEGER

OTH nepeMeHHble HHHIHHUPYIOTCA TAKHMH 3HAYEHHAMH:
a=1d=1mai=1...N—1
ay=0, dy=0 (nycTne)
j=21, level =1

OTrMeTHM, 4TO Select AOJMKHO BHYHCAATL OYEPEAHYIO
cTpoky Taba. 2.14, T. e. 3nauenusa™ ... all) npu xax-
llOM YBeJHYeHHH YPOBHA. B 3TOT XKe MOMEHT BHYHC-
JA0TCS M CAeAyiOllHe LeaH — pasHocTd d,=a(l) —

‘—agl"”-ﬂpuseneﬂnuﬁ aJrOPHTM OCHOBaH Ha TOM, 4TO
pesyabTHpyioulee d; NPH yBeJIHYEHHH HHAEKCA YMEHb-
waercs (BedyllHe BHH3 CTyneHH Ha pHc. 2.16). O6pa-
THUTe BHHUMaHHe, YTO mepexod oT ypoBH 0 K yposHio |
npeacTtaBiaser coGofi HMCKJKOYEHHE, NO3TOMY AaJropHTM
MOXHO HCIOAb30BaTh, HayMHas c ypoBHa |. Pa6ora
select sakanuMBaeTcs yMeHblllenuem d; Ha 1, 3Ta omne-
pauus COOTBETCTBYeT 3aMeHe MYyCTOH CEPHH B IOCJAEA0-
BaTeJIbHOCTH j Ha peajibHYIO CEPHIO,
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ByaneM cuMTaTh, 4TO Yy Hac ecTb Ipoueaypa KOIHPO-
BaHHA cepuu ¢ Bxoja fo B fi;, Torma Mm MoxKeM cdop-
MyJupOBaTh (pa3y HayaJbHOTO pacHpeleseHHs CJelylo-
muM obpazoM (mpeamosaraercs, 4TO €CTb MO Kpa#Hed
Mepe OlHA cepHd):

REPEAT select; copyrun
UNTIL f0.eof

Opnnako 3jech ciaelyeT Ha MTHOBEHHE 3alepiKaThCsl H
BCIIOMHHTB, YTO TPOHCXOAMJIO NPH paclpejesieHHH CepHil
B paHee pa30upaBlliedcss COPTHPOBKe €CTECTBEHHHIM
CJMAHHEM: [Be NOCJeAOBaTeJbHO MOCTyNaloliHe Ha OJHH
BBIXOJ CEpPHH MOTYT INPEBPAaTHTLCA B ONHY-€AMHCTBEH-
HYIO, 9TO TNpUBEJET K «HapYLIEHHIO» OXXHIaeMOro yHcja
cepuii. Eciin MH HMMeeM 1es0 ¢ alrOpHTMOM, NPaBHJlb-
Hag pabora KOTOPOro He 3aBHCHT OT 4YHCJa CepHil, TO
Ha TakoH moGouHH 3¢¢ekT MOXKHO GHlJO He o6pauiaTh
BHHMaHusa. OpHako B MHOrodazHoi COPTHPOBKE MK
0COGEHHO 3a6OTHMCSI O TOYHOM YHCJe CepHH B KaxKAOH
nocaefoBateqbHOCTH. IloaTOMy MH He MoXeM OTMax-
HyTbcsl OT 3(deKTa TAaKOro CJay4adHOro CJHMSIHHA W TIPH-
XO[HTCS YCJOXHATH Hall aJropuTM pachpeleseHHd.
Hy:XHO ans Bcex NOC/aeJOBATeNbHOCTEH XPaHHTb KJIOY
nocJefHero sJeMeHTa nocienHell cepuu. K cuacrtbio,
Halla peanu3auMs MoAyJas Sequences 3To npejycMmar-
puBana. B cJayyae BBLIXOAHHX TOCJefOBaTelbHOCTEIH,
f. first npencraBaser nOCAeLHHH 3amMCAHHHIA 3JeMeHT.
OuepelHasl NMONBITKA HamHCaTh aJIOPHTM paclpejele-
HHS MOXKET BHIJALETb TaK:

REPEAT selecty (2.48)

1F f[j}.first <= f0.first THEN mpodosseary crapyio ceputo END 3
copyruit
UNTIL f0.cof

OueBuaHag ollinbka — 3abnay, yto f[i].first umeer ka-
KOe-TO 3HayeHMe JHIIL MOoCJe KOMHPOBAHHS MePBOro aJje-
menta. [lpaBuabHO GhIO GHl pacmpefeNHTh MO OAHOH
cepud B N — | BHIXOLHHX MOCJe[0BaTeNbHOCTeH, He 06-
pamasice K f[j].first *. OcraBuinecs ke cepuu pacmpe-

*) Hano eine y4yecTb, 9TO NPH TaKOM HaYa/LHOM €3aceHBAHHH?.
cepHH MOTYT KoHuuThcal — ITpum. nepes,
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JlesI10TCA B COOTBETCTBHH ¢ (2.49).

WHILE ~{0.¢0f DO (2:49)
select;
1F flj).first <= £0.first THEN
copyrun;
1F f0.eof THEN d[j] : = d{j] + 1 ELSE copyrun END
ELSE copyrun
END
END

Tenepb MB HaKOHEI, MOXXeM NMPHCTYMHTb K CaMOMY [JaB-
HOMY aJITOPHTMY MHOrog)asHod COPTHPOBKH CJHAHHEM.
Ero OCHOBHas CTPyKTypa noAao6Ha rJaBHOH 4acTH mpo-
rpaMMbl N-nyTeBOro CJIHAHHA: BHEIUHHH LHKJ CJIHBaeT
cepHH, MOKa He GyAyT HCYepmaHb BXOAbl, BHYTpeHHH#
cJ1HBaeT OJAWHOYHBIE CepHH H3 KaXXAOro HCTOYHHKA, a ca-
MblH BHYTPeHHHH# LHKJ BHOHpaeT HayaJbHBH K04 H
nepechJiaeT BKJIIOYaeMblii 3JeMeHT B LeaeBodl ¢aiJ.
[TpHHUHNHAJBHBIE OTJIHYHSA XKe B CJeAYIOILEM:

1. B KaxjaoM npoxoje TOJbKO OJAHAa BbLIXOAHas Mo-
C/1el0BATENbHOCTb, a He N/2.

2. BMmecTo nepeksioueHHs Ha Kaxaom mpoxoge N/2
BXOAHBX H N/2 BBHXOZHBIX NOCJeAOBaTeNbHOCTe# Ha
BHIXOJ MNOJKJIOYaeTcA OCBOOGOAHBIUIASICA MOC/]ENOBaTENb-
HOCTb. D70 AefaeTcsl ¢ MOMOLIBIO KapTh HHAEKCOB NocJe-
JoBaTeJbHOCTEH.

3. Uncno BXOAHBIX MOCJAeAOBAaTENbHOCTEH MeHsercd
OT CepHH K cepHH. B Hadase KaXX[JoH cepuH OHO ompe-
JensieTcsl Mo CYeTyHKaM MyCTHIX cepHil di: ecaH AJas Bcex
i di >0, To nenaem Bua, uto cauBaem N—1 nycThx
cepuil H CO3J4aeM NMYCTYIO CEpPHIO Ha BLIXOAe, T. €. MPOCTO
ybeqHynBaeM dy- AJS BBIXOJHOH NOCJeA0BaTeJbHOCTH.
B nporusHoM cayuae cauBaeTcs MO OAHOH CEpPHH H3
BCeX HMCTOYHHKOB, rile d; =0, a d; A8 APYyrux yMmeHb-
uaeTcss Ha eAHHHIY, 3TO O3HayaeT, YTO H3 HHX B3ATO
no nycToil cepud. Yucs10 BXOAHHX MOC/eL0BaTeNbHOCTEH,
y4acTByIOLIHX B CJAHAHHH, 0603nayaeTcs uepes k.

4. Onpepensts oxkoHuanwe (asp mo Kouuy N-—1-&
NoCc/e]0BATENBHOCTH YyKe Heab3sl, MOCKOJbKY H3 3TOro
HCTOYHHKa MOXKeT TpeGOoBaTbCs CJAHAHHE MYCTHIX CepHil,
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Bwmecto 3TOro TeopeTHuecKH HeOOXOAHMOE YHCAO CepHil
onpeneisiercsi no kKoapduuuentam ap Camu k03dpdu-
LHEHTH a; BBIUHC/AAIOTCS Ha 3Tane pacnpejeseHHs, Te-
nepb OHH MOTYT BHOBbL NepeBLIUHCASTBLCS.

Tenepb B COOTBETCTBHH ¢ 3THMH NpPaBHJIaMH MOXHO
HanucaTh [MaBHYK 4acTb MHOrodasHoid COPTHPOBKIL
Cunraercsi, yto Bce N — 1 nociefoBaTe]bHOCTEH C 1c-
XOAHBHIMH CEpPHSIMH HaXOAATCA B COCTOSIHMH UTCHHSA,
a KOMIIOHEHTH KapThl JeHT t; = i.

REPEAT (# cmmmmme 13 1[1]..4[N—1] » {[N]+) {2.50)
z:= a[N-1]; d[N] : = 0; StartWrite(f(N]]);
REPEAT K ;= 0; (» CiistHie OfO# Cepii +)
((* OTIpERENeNHE WHCITTA AKTHBHBIX BXOHMX TIOCTEHOBATENBHOCTE +)
FORi:=1TON-1DO
IFd[i])> 0 THEN d{i] 1= dfi] - 1
ELSEKk = k+1; tafk} : = t[i]
END
END;
IFk = 0 THEN d[N] 1= d[N] + 1
ELSE caugnue 0ouoi peansinoii cepuu uz ff 1] u.ifk] & N]
END;
zi=721
UNTILz=0;
StartRead(fAVN:
nogopor e KkapTe t; ewuucaenue ali] Qan cnedyrouje20 yposna;
StartWrite(ft[NID; level : = level - 1
UNTIL level = 0
(s oxcopmpopaimbiil pesymbrar 3 t[1] +)

GakTHueCKH onepauyus CJAHSHHSA [OYTH HAEHTHUHA
TOli JKe onepauHH B COPTHPOBKe ¢ noMotubio N-nmyre-
BOrO CJHSHHA, pa3HHLA TOJLKO B TOM, 4TO 3/1eCb aJjro-
PHTM HCKJIIOUEHHS NOCJAef0BAaTe]bHOCTH HECKOJbKO MNpo-
mwe. IloBopoT KapT HHAEKCOB NoOc/eL0BaTeJbHOCTeH H
COOTBETCTBYIOLIHX cueT4HKOB d; (TakKe Kak H mepeBbi-
yucaesHe KO3(GMHUHEHTOB a; NPH Nepexofe Ha HH3MIHA
ypOBeHb) OYeBHAeH, C 3THMH [eACTBHSMH MOXHO Je-
TaJbHO NMO3HaKOMHTbcA B mporp. 2.16, koTopas M npel-
cTaBasieT co6oil MOJMHHIA aJropuTM MHorodasHofi cop-
zupoBkH (Polyphase sort),
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MODULE Polyphase?
FROM Sequences IMPORT item, Sequence, OpenSeq, OpenRandomSeq,
StartRead, StartWrite, copy, CloseSeq, ListSeqs

CONSTN = 6
TYPEseqno = [1 ., N;

VAR 1, §, mg, tn: seqnos
¥, dn, 2, level; CARDINAL?
x, min: item;
2,d: ARRAY seqno OF CARDINAL:
1, ta: ARRAY seqno OF seqno;
{0: Sequence;
f; ARRAY seqno OF Sequencs}

PROCEDURE select:
VAR i, 2. CARDINAL:
BEGIN
IFA(]I<d[j+1JTHEN] = {+1
ELSE
1F dfi] = 0 THEN
level :=level + 1:2¢= af1}:
FOR[:=1TON-1DO
dli] =z + a{i+1]- ofils ali] 1= 2 + o1 +1]
END

END;
ji=1
END;
di] :=dff]-1
END select;
PROCEDURE copyrun; (&3 {0 8 f[j] »)
BEGIN
REPEAT copy(f0, fli]) UNTIL f0.cor
END copyrun;

TEGIN OpenRandomSeq(f0, 100, 561); ListSeq(f0)s
FOR{:=1TON DO OpenSeq(f(i[) END $
( + pacripeqieneue HAYATBUBIX CEPHIL #)
FOR1:=1TON-1D0 ,
ali] := 1; dfi] := 1; StantWrite(fi)
END:



160 2. Coprupoaka

Jevel :=1;j:=1; a[N] : = 0; §[N}: = 0; StartRead(f0):
REPEAT select; copyrun
UNTIL f0.e0of OR (j = N-1);
WHILE ~f0.eof DO
select; (» ffj}.first = nocnemmmii, 3amucannmi 8 £[j] anement »)
IF flj)first <= f0.first THEN
copyrun;
IF fo.eof THEN dlj} := d[j] + 1 ELSE copyrun END
ELSE copyrun
END
END;

FOR{:= 1 TO N-1 DO t]i} : = ; StartRead(f[i]) END ;
1N :=
REPEAT (tCJ'lHHHHG m t[1]..4{N~1] 3 1[N]*)
2 := a[N-1]; d[N] : ="0; StartWrite(f[t{N]]);
REPEAT k:= 0; (»CYMAHHE OZHON CCPHH )
FORi:=1TON-1DO
IFd[i] > 0 THEN dfi] : = d}i] -1
ELSEk:= k+1; ta[k] : = t[i]
END
END;
IFk=CTHENdN]¢=dN]+1
ELSE (# CTIMAHMe ONHO peatOi CepiH 13 1[1]..t[k] B tIN] *)
REPEAT§:=1; mx ;= 1; min ;= fta[1]].first;
WHILEI< kDO
= i+1; x := ftafi]).first:
IF x< min THEN min ;= x; mg = i END
END;
copy(fftalmx]], fiLN):
IF f{ta{mx]].eor THEN (# c6poc 310r0 HCTOWHHKA %)
talmx] : = tak]; k := k-1
END
UNTILk =0
END;
z:=z21
UNTILz =0}
StartRead(fiiIN]]); (+nOBOPOT NOCNEIOBATENLHOLTEM *)
= tN]; dn;= q[N}; z := a[N-1];
FORi:= NTO2BY-1DO
ti] 1= fi-1); dfil s = ali-13; ofi) := Ali-1) -2
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END:
1] := tn; &) :=dn; o1] 1= z;
StartWrite(f[YN]]); level := level -1
UNTILlevel =03
ListSeq(y1D:
FOR1:= 1TO N DO CloseSeq(f{l) END
ND Polyphase .

Ilporp. 2.16. Muorogasnasa copTupoBKa.

2.4.5. PacnpenenéHne HayaabHbX cepuit

Mb nmpHUIH K CJIOXHBIM MpOrpaMMaM MocJeaoBa-
TeJbHOH COPTHPOBKH, MOCKOJbKY 60Jiee NpOCThie METOAH,
paboTaiollne C MacCHBaMH, NpeANoJaralnT, YTo y Hac
€CTb AOCTATOYHO 60JIbllIast NaMATb CO CAY4YalHBIM AOCTY-
NoM, B KOTOpOit MOXXHO XDaHHTb BCe COPTHpyeMble AaH-
Hole, QueHb YacTO TAaKOHR MaMATH B MalllHHe HeET, H
BMECTO Hee MPHXOJHTCA MOJIb30BATbCS JOCTATOYHO 6OJb-
WoH naMATbI0 Ha YCTPOHCTBax C MOC/AEAOBaTe/bHBIM
JAocTynmoM. MBl BHAeJH, YTO METOAH MOCJeA0BaTEbHOM
COPTHPOBKH He Tpe6yIOT NMpaKTHYECKH HHKaKOH omepa-
THBHOH MaMATH, ecJH He cyutaTb Oydepos Aas ¢ailjos
H, KOHeYyHO, caMoii nmporpaMMbl. OHaKo Jaxe Ha CaMbiX
MaJleHbKHX MalllHHAaX eCTb OMepaTHBHasA NaMATb cO CJY-
yafHBIM JOCTYNOM MO pa3MepaM, MOYTH BCerja MpeBH-
11aomas namsaTb, Tpebyiollyiocs AJdA CO3AaHHA HaMH
sgecb nporpamMm. HenmpocTHTeqbHO O6HJIO 6B He MOMH-
TaTbCSl HCMOJb30BATb €€ ONTHMAJbHHM 06pasoM.

Peulenne 3akJiouaercs B 06beIHHEHHH MeTOJ0B COp-
THPOBOK JJI1 MAacCHBOB H [Js1 MOCJeAOBaTesbHOCTEM.
B wyacTHOCTH, Ha 3Tame pachnpefe/eHHs HayajbHHX
CepHii MOXHO HCMOJIb30BaTb KaKyio-AH60 ChelHalbHO
IPHCNOCOGJIEeHHYI0 COPTHPOBKY MAacCHBOB JJs1  TOTO,
yTOGK MOJNYYHTb CepHH, AJHHA KOTOpPHX L Onja OH
NpuGJAH3NTEJIbHO paBHA pa3Mepy JAOCTYMHOH omepaTHB-
Holl mamATH. SicHO, yTO B MOCJEAYIOILHX MPOXOAaxX, BH-
MOJIHAIOW KX CJHSIHHE, HHKaKaA AOMOJHHTEe/bHAasA COPTH-
POBKa, ODHEHTHPOBAaHHAs Ha MAaCCHBH, YJYyYUICHHH He
AAcCT, TaK KaK pasmep cepHi MOCTOAHHO pPacTeT H BEeraa
NpeBHIYaeT pa3Mep AOCTYNHOH OMEPATHBHOW MaMATH.
TTosToMy Mbl MOXeM HOJNHOCTbIO COCPEAOTOYHThL BHHMA-
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Cocrosnme oo nepeayd memenTa :
165

Puc. 2.17, Ilponecc mpocesBaHRs KMOYa 4epe3 NAPaMUAY.

HHe Ha YJydHieHHH ajropuTMa (OpMHPOBAHHA HaYadb-
HHX CepHA.

EcrectBenno, MH cpa3y ke oGpamaeMcs K Jorapud-
MHYECKHM aJITOPHTMaM COPTHPOBKH MaccuBoB. Hanbo-
Jee NMOAXOASAWIMMH M3 HHUX NPEACTABJSIOTCH COPTHPOBKA
no fgepepy unu MetoA Heapsort. Ilupamuny MoxHso pac-
CMaTPHBaTbh KaK HEKOTOPOro poja TyHHeNb, 4epe3 KOTO-
pHA JOJXKHH NpPOATH Bce 3JeMEeHTH — OAHH GHCTpee,
Apyrue MeaJjeHHee, HaumeHpmnii KJi094 Jerko kamJje-
KaeTcs C BepPIIMHH NHPaMHAH, a ero 3aMellieHHe —
odeHb 3 deKTuBHNA npouecc. «PuabTpauuA» adJeMeHTA
M3 BXoAmo#t nocnenopatensHocTH {0 wepes Bcio mHpa-
MHRY-TyHHeab H B BHxoaHyio nocaegosateibHocTs f[jl
NPOCTO ONHCHBAETCA TAKHMH ONepaTopaMHu:

WriteWard(i[]), H[1]); ReadWord(10, H[1]); sift(1, n) (251)

TIpouecc sift (opocenmBanne) yXe OnucHBajACA B
pa3a. 2.2.5, oH npegHasHaueH AAsA NPOCEUBAHHS BHOBb
nocrynaiomero sieMenta H, BHHS NHpaMHAL, Ha cBOe
Mecro, Ormerum, aro H;— BHauMeHpIUBRA 3JsieMeHT H3
HaxoAasmuxcg B OupaMuge. Ha puc, 2,17 pan mpumep
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sTOoro mpouecca. IlporpaMma B KOHeYyHOM cueTe moJy-
yaeTc 06oaee CJAOXKHOH, MOCKOJBKY:

1. B Hawane nupamuas H nycra u ee HyXHO mpex-
Jie 3aMOoJIHHTb.

2. Bauxe k KoHUy paGoTn nupamupa Gyger 3amoJ-
HEHa JIHIUb YaCTHYHO, a 3aTeM BOOOGILE OMyCTOLIHTCA.

3. HyxHo coxpaHATh HHOOPMALHIO O Hayajax HOBHIX
cepHil, yTOOH BOBPeMs MEHATb HHJEKC BHIXOAA j.

[Mpexne Bcero ¢opMaJbHO ONHillEM NepeMeHHbe,
ABHO YYacCTBYiOLIHe B HalleM mnpoLecce.

VAR f0: Sequencs;
f: ARRAY seqno OF Sequence;
H: ARRAY {1.. m)OF jtem; 2.52)
L, R: INTEGER

rie m— pasmep nupamMuan H. Jlaa oGossaueHus Bes
JHYHHHN M/2 ucnoab3yeM KoHcTaHTy mh; L 1 R—uH-
ZeKchl, orpaHHYHBaiollHe nHpaMuay, IIpouecc ¢puabtpa-
LIHH MOXHO pasjelHTh Ha NATh Pa3JHYHBX wyacTei:

1. Urende nepBux mh sseMenToB ¢ BxoAa (fo) u pas-
MellleHHe HX B BepXHeft MOJOBHHe NHPaMHAH, IAe He
TpebGyeTcd HHKAaKOH YMOPAAOYEHHOCTH KJOYeH.

2, UteHue caepyollux mh 3JeMEHTOB H pacCTaHOBKa
HX B HIXKHe#l MOJIOBHHe MHPaMHAH, NMPHYeM KamAHIil
sJeMeHT MpOCeHBaeTCsi Ha CBOE MeCTO (MOCTPOEHHe MHe
paMHAH ).

3. Maaekcy L npHcBauBaeTca 3HAYeHHe M, H Aaf
BCeX OCTaBLIHXCA 3JleMeHTOB f[p MpPOAEAHBAIOTCA CJe«
adyowne waru: Hy nepecniaercs B COOTBeTCTBYIOLLYIO
BRIXOAHYIO MOCJE]O0BaTeJ]bHOCTh. ECJIH ero Koy MeHb-
lle HJIH paBeH KJIOUy cJAeAyloLlero 3JeMeHTa BXOAHOH
N0C/eA0BaTENbHOCTH, TO 3TOT 3JeMEeHT MNpHHAJIeXHT
TOH e caMOfi CEpHH H ero MOXHO MpOceATh Ha COOTBET-
CTBylOllee MeCTO. B NMpOTHBHOM cJayyae Hallo COKpaTHTb
pasMep MHpaMuAb H MOMECTHTh HOBHI S/IeMEHT BO BTO<
Pyro, BepxHIOI0O MHpaMHAY, KOTOpas CTPOHTCA AJd CJe-
Aywowed cepud. I'paHHLell MeXAY MHpaMHUAaMH CIYyXKHT
npgekc L. TakuM o6pasoM, HHKHAA (TeKyulas) nHpa-
MHAA COCTOMT U3 sjneMeHToB H, ... Hi, a Bepxusa (cne-
Ryromasa) —u3 Heyq ... Hm. Eciw L =0, To BHxOA ne-
PexmiouaeTca H m BHOBb MpHcBaHBaercs L.

4, Bxon ncuepnan, IlepBoe, npucBauBaHHe R 3Haue-
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HUs# m, 3aTteM cOpoC HHXKHEH 4acTH, 3aKaHUYHBaOILef
TEKYLLYI0 CEpPHI0 H OAHOBPEMEHHOE€ MOCTPOEHHE BEpXHeh
YaCTH M INOCTENeHHOe ee IepeMelleHHe B I03HIHH
HL—H “es HR.

5. ®opmupoBaHle H3 OCTABLIMXCA 3JEMEHTOB INHpa-
MHAbB MOCJEAHel CepHH.

Tenepp Mbl MOXXeM noApo6HO onucaTb 3TH NATb Wia-
ros B BHJA€ 3aKOHUEHHOH NpPOrpaMMhl, KOTOpas B Clyyae
KOHIlAa CEPHH, KOrAa HYXHO H3MEHHTb HHAEKC BHIXOAHOI
nocJeAoBaTeJbHOCTH, ofpaulaeTcs K npoueaype select.
B nporp. 2.17 BMeCTO Hee HCNOJb3YETC «NyCTas» Npo-
neaypa («3arjyuka»), NpocTO CUHTaloulas YHcgao cgop-
MHPOBaHHHIX cepuil. Bce aneMeHTH 3anmHchBaioTCA B MO-
CJeA0BaTeNbHOCTD ).

Ecan Tenepb Mbl nonbiTaeMcsi 06beAHHHTHL 3TY NpO-
rpaMMy, Hanpumep, ¢ MHorojasHo#i COPTHPOBKOH, TO
BCTPETHMCA C Cepbe3HbIMH 3aTpyAHEeHHAMH. HauanbpHas
yacTb MNpPOrpaMMbl COPTHPOBKH BKJKOYaeT JAOBOJbHO
CJOXHYIO NPOLEAYPY NEPEeKJIOUEHH NepPeMeHHbIX-Nocgae:
ROBAaTeJbHOCTe#l W pacCuHTaHa Ha HCNOJAb3OBaHHe MNpo-
Helypbl copyrun, KOTOpas 3aNHChHBaeT B BHIGPaHHYIO
ROCJIE0BATENBLHOCTE TOYHO OAHY cepHio. IIporpamma xe
Heapsort B cBOIO ouepellb CJ0XHas Npoueiypa, paccuH-
TanHag Ha o6ocoGneHHyi0 mnpoueaypy select, npocto
BLIGHPAIOLLYI0 HOBOE HanpaBJeHHe nepecuku. He 6niio
66l HUKakux npobsaeM, eciu 6 B oaHOH (/n1uM6O ABYX)
nporpamMMax Tpefyemas MpolleAypa Bbi3bBanach B OX-
HOM-€JMHCTBEHHOM MecCTe, HO Belb OHa Bbli3bIBaeTCH
B HECKOJbKHX MeCcTax OGeHX Nporpamm,

B Takoifi cuTyauuu Jyullle BCEro BOCIOJb30BaTbCA
TaK Ha3blBAeMbIMH cOnpozpammamu, NpH COCYLIeCTBOBA-
HHH HECKOJIbKHX NPOLECCOB HMMEHHO MX H HaA0 HCNOJb-
30BaTb. Hanbosee THNMHYHBIA cayuaii — coBMeCTHas pa-
60Ta npouecca, NOPOXAAKOUIET0 NMOTOK HHPOPMaUHH AJ5
pas3NHYHBIX OGBEKTOB M HEKOTOPOro mnpoiecca, norpeod-
JNAoero 3TOT MNOTOK. B3aHMOOTHOWICHHE MNpOH3BOAH-
Tensd — notpebuTens Jerie BCEro BbIpa3uTb B TEPMHHAX
conporpaMM, OfHa M3 HHX MOXeT ObITb caMO# raaBHOM
nporpammoii, ConporpaMMy MOXHO pacCMaTpHBaThb Kak
npouecc, HMEIUIHA OAHY HJH HECKOJbKO TOYEK pa3phiBa.
Ecan BcTpeuaercs TaKas TOYKa pa3pbiBa, TO YyHpasJe-
Hite BO3BpallaeTCH K NpOrpaMme, aKTHBHPOBaBUIeH AaH-
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HY10. conporpaMMy. Ecau npoHcxoiHT HOBOe o6pallleHHe
K conporpaMme, TO BbNOJIHEHHe BO30GHOBJAETCH C 3TOH
TOUKH pa3pniBa. B Hawewm cayuae Polyphase Sort Mox-
1o 6b10 6B paccMaTPHBAaTh KaK rJaBHYIO Nporpammy,
obpawmaiouyiocs K copyrun, Kotopas odopMieHa Kak
conporpaMMa. OHa COCTOMT H3 OCHOBHOro TeJa
nporp. 2.17, B KOTOpOM Kaxjaoe obpalueHHe K select
BOCIpHHHMAaeTcs KaK TO4Yka paspniBa. [IpoBepky Ha
koHel daiaa Tenepb caeayeT Besle 3aMeHHTb Ha MpO-
BEPKY AOCTHXKEHHS CONPOrpaMMoil KOHLEBOH TOUKH.

Anaauz u 3akarovenue. Kakoil e NpOH3BOAHTENbHO-
CTH MOXHO OXHAATh OT MHOrodasHoH COPTHPOBKH C Ha-
yaJbHBIM pacnpefiesieHHeM cepuit ¢ nomoulsio Heapsort?
Cuauaja pasbepeM, Kakue YJydlIeHHSI MOXKHO NOJYYHTb
OT BBeAeHHA NHPaMHAH.

B nocaenoBaTeJbHOCTH CO cayyalHO pacnpepeJieH«
HBIMH KJIOYaMH cpeiHAs AJHHa cepHit paBHa 2. Kakosa
AKe OJHHA CepHH, NPOPHJILTPOBAHHLIX Yepe3 NHPAMHAY
pasmepoM m? Kasajoch 6, OHa AOMKHA OHTH M, HO,
K CHacTbiO, BEPOATHOCTHHIHA aHaJH3 JaeT 3HayHTeJbHO
JyYIHii pe3dyibTaT, a HMeHHO — 2m (cM. KHyt, T. 2,
c. 304). Ilostomy oxunaeMblii Ko3hdHUHEHT yayylleHHS
paBeH m.

OueHky nNpOH3BOAHTENBHOCTH MHoOrogasHo#t COpTH-
DPOBKH MOXHO NOJYUYHTb H3 TabJ. 2.15, rae ykasaHo Mak-
CHMaJbHOE 4HCJO HauaJbHHIX CepPHH, KOTOphie MOXHO
OTCOPTHPOBATh 3a 3aJaHHOE YHCJO YACTHYHBIX NMPOXOA0B
(ypoBHeit) ¢ 3amanubiM uyucaoM (N) nocaenosatesnbHo-
crel. Hanpumep, c mecTsio mnoc/eAoBaTeJbHOCTAMH H
nypaMuaoi pasamepa m = 100 MoxkHo 3a 10 yacTHUHBIX
IDOXOAOB  OTCOpTHpoBaTh  (aily, colepxawuid A0
165680 100 HauaabHbIX cepHit ¥). 3OTo 3aMeyaTesbHas
IIDOH3BOAHTEJbHOCTb.

BosBpamasce BHOBb K KOMGHHaUHH MHOrodasHoii
coptupoBku ¢ Heapsort, Hesqb3st He nopasuThes ee CA0K-
HOCTH. A Bellb OHa pellaeT Ty Xe camyio npocro chop-
MYJHPOBAHHYIO 3ajayy YNOpsAAOYEHHSI MHOXKeCTBa 3Jie-
MEHTOB, 4TO H Ji06as H3 HeOOJbIIHX NPOrpaMMOK, OCHO«

*} B pefctBHTesnHOCTH 32 10 mpoxosoB 6yseT OTCOPTHpOBaHO
Tonbko 192 100 cepuit, a yka3awHoe unca0 cepHil —3a 20 .npoxo«
4oB. — [Tpum. nepes,
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MODULE Distribute: (s c nomomsso Heapsort »)
FROM InOut IMPORT WriteInt, WriteLn}
FROM FS IMPORT File, Open, ReadWord, WriteWord, Reset, Close;
CONST m = 16; mh = m DIV 2; (#pa3mMep IHpaMAat &)
TYPEitem = INTEGER;

VARL, R: CARDINAL;
count: CARDINAL;
X: item;
H: ARRAY {1 . 10] OF jtem; (¥ nupammzas)
0, f1:.File;

PROCEDURE select;
BEGIN count ;= count -+ 1 (suycros)
END select;

PROCEDURE sify(L, R: CARDINAL);
VAR, j: CARDINAL; x:item;
BEGIN{i:=L;j:=2+L; x:=H[L]
1F (i< R) & (HIj] > HU+ 1) THEN | ¢= J+1 END;
WHILE (j <= R) & (x> H[i) DO
Hiil:= Hliiii=ji]1=24j;
IF < R) & (Hli}> Hj+1]) THEN | ¢= }41 END
H[i):=x
END sift;

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

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

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

( a1am 12 5aMONACAHE BEPXNel acTH IIpaMmE! « )
Li=m;

REPEAT ReadWord(e0, HIL]; L 1= L-1
UNTILL = mh:

(* 211 2 3anionHeHHe RIKHER YaCTH IAPAMILTEIS)
REPEAT ReadWord(f0, HL)); sif(L,m); L i = L-1
UNTILL = 0;

{(» 5TalL 3; NPOINYCK 3/1EMEATOB Yepe3 MApaMALy +)

L := m; ReadWord(f0, x);
WHILE ~{0.eof DO
WriteWord(f1, H[1]),
IF H[1] ¢{= x THEN
(*x npunamexair Toit ke cepur+) H[1] := x; sift(1,L)
ELSE (#Hauano oyepemuoi cephd )
H[1]:= H{L]; sift(1, L-1); B[L] := x5
JF L <{= mh THEN sift(L,m) END ;
Li=1-1;
IFL = 0 THEN
(+ mipamupa NOHA; HavANo HOBO cepuu) L 1= 10; Select
END
END;
ReadWord(f0, x)

{» 51an 4: cBpoc HibkHel TaCTH THPAMUTILL + )
R:=m;
REPEAT WriteWord(f1, H[1])¢
H[1]:= H[L]; siftQQ, L-1); H[L] := HR}; R 1= R-1;
IF L <= mh THEN sif(L,R) END :
L:=L-1
UNTILL = 0;
(# 3an 5: cGpo¢ BepxHeil 1aCTH MHPAMEIST + )
selects
WHILER>0DO
WriteWord(fl, H1); H[1] : = H[RE R i= R-1:sifi(1,R)
END;

»
Lisi(f1),
Close(0); Close(f1)
END Distributes

Iporp. 2,17, PacnpeaeieHne HadadbHbIX CepHH € MOMOWDBI HHpas
MU,
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‘BAHHBIX Ha MpPOCTHIX NPUHUUNAX COPTHPOBKH MacCHBa.
IlosToMy ¥ Bcsi 3Ta raaBa Oblia HanucaHa, 4Tobnl npo-
JEMOHCTPHPOBaTh CJeAYIOLlec: j

I. Mexay ajiropuTMOM H CTPYKTYpOH IDaHHBIX, C KO-
TOpLIMH OH paboTaeT, CyIlecTByeT OueHb TIayGoKas
CBSA3b: CTPYKTYyPa AAHHKIX BJUSIET Ha BHJ NPOrPaMMBIL,

2. YcJ0XKHSIA NPOrPpaMMy, MOXHO YJYYLIHTh €e MNpo-
H3BOAMTENBHOCTb, AaXe eCJH CTPYKTypa AaHHBIX (mo-
CJe10BaTeNbHOCTH, & He MAacCHBH) [Js1 3TOrO He 0cCo-
6E€HHO MOJAXOAHT.

YIPA)KHEHHHA

2.1. Kakue u3 aJropuTMOB, NpPEACTaBJeHHbLIX MpPOrpaMMaMH
2126, 2.8, 2.10 u 2.13, obecneynBarOT YCTOHYHBYIO COPTHPOBKY?

2.2. Byner au nporpamMma 2.2 npaBHJbHO paboTaTh, ecJH B 3a-
ronoske uMkjaa L << R 3aMenuts Ha L << R? Byger au oua npa-
BHIbHO paboTaTb, ecau onepatopyt R:=m—1 u L:=m+41
ynpoctits A0 L:=m u R:=m? Ecau Her, To npueejute nocne-
ROBATEJbHOCTb a; ... @n, HA KOTOPOH HM3MEHEHHas nporpamma Oyler
paboTaTh HENpPaBHJIBLHO.

2.3. 3anporpaMMHpyiTe TpH MeToja NPSAMOH COPTHPOBKH H H3-
MepLTe Ha Bauledl MawmHHe BpeMs uX paGotel, Onpelenute Ko3ddu-
HHEHTH, Ha KOTOPHle Halo yMHOXKath C #u M, 4to6m noJyuHTth
OUEHKH ANS PealbHOro BpeMeHH PaboThl.

2.4. OnpenennTe KHHBAapHaHTH B TPex MeTOAax MNpPSIMOA COPTH-
POBKH.

2.5. [lepen BaMu «oueBHiHasi» Bepcus nporpamMmut 2.9. Haiaure
NocJe10BaTe]bHOCTL 3HaueHHA a; ... an, NMPH KOTOPOH INporpamma
pa6oTaeT HelnpaBHJbHO. )

§:=1ji=n;Xi=3anDIV2;
REPEAT
WHILE a[i]¢{xDOi:=1+1END}
WHILEx < a[j]DOj:= -1 END;
v=afi ali] = afj]; ali]:=w
ONTILiY j

2.6. Hanumnre nporpamMmy, rae ajropuTMbl OLICTPOH H Ny3bipb-
KOBOH COPTHPOBKH CKOMGMHHpOBaHb clefyiolium o6pasom. Quick-
sort McnoJb3yeTcs AN NOJydeHus MOANOC]EAOBAaTENbHOCTH (HEOT-
COpPTHPOBaHHOH) AaMHn m (1l << m < n), a 3aKaHYHBaeTCs COPTH-
POBKa METOJOM NY3bipbKa. 3aMeTHM, HTO INOC/AeJHSNS COPTHPOBKA
MOET NPOXOJHTb NO BCEMY MacCHBY H3 N 3JIEeMEHTOB, IIPH 3TOM
MHHUMH3HpYETCS ynpabjenHe. Halinute 3HayeHHe m, MMHHMH3IHPYIO-
uiee ofliec BpeMs COPTHPOBKH. 3aMeuaHHe: SICHO, YTO ONTHMaJbHOE
3Hayenne M OGyaeT AOCTATOYHO MaJo, MO3TOMY MOMHO IO3BOJHTH
cefe TOoyHO M -—— | NPOXOAOB MO MacCHBY, a He TPaTUTb MOCAeAHHHA
HPOX0oA Ha -pUKCauHIo TOro (aKTa, YTO HHKaKHX OOMeHOB He OLLIO.
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2.7. TIpoBeiHTe TaK®e e B3KCMNEPHMEHTH, Kak H B ynp. 2.6,
HCMOJIb30BAaB BMECTO NY3HPbLKOBOIl COPTHPOBKH METOA NPSAMOro. Bhi-
6opa. KoneuHo, 3Ta COpPTHPOBKa He MOXET MPOXOAHTb MO BCEMY
MacCHBY, MO3TOMY OXHJlaeMoe BpeMsi MaHMNYJAALUHH C HHIAEKCaMu
6yneT HecKoabko Goablue,

2.8. Hanuwnte pekypcHBHylo nporpamMy Quicksort, ucxoas u3
NPeNyCTOBHSA, YTO MEHbWIHH mNoaMaccHB oO6pabaThBaeTcs paHbuie
6oabluero. [lepBoe neficTBHe BHIMOJHHTE ¢ MOMOLLbLIO HTEPalHH, a AJR
BTOPOr0 HCMOJb3yHTe PpeKypcuBHoe oGpawenue. (Takum o6pasom,
Balla NporpaMMa COPTHPOBKH GYZAeT colepXaTb OAHO PeKypCHBHOe
o6palieHHe B OTJHuHe oT nporpaMmu 2.10, cozepxkauteii nBa o6pa-
weHusd, H nporpaMMul 2,11, rae ux BooOuie Her.)

2.9. Hadipgure nepecraHoBky kamoveii 1, 2, ..., m, npu KoTopo#
6nicTpasi COPTHPOBKa BejeT ceGf HaMXYAWHM (HaHAydwuum) o6pa-
soM (n=5,6,7

2.10. HannwKTe nporpaMMy eCTeCTBEHHOTO CJHSHHS, aHaJOrH4«
HYI0 mporpamMe mpoctoro caushus (nporp. 2.13) u paboraiouyio
C MacCHBOM YJBOEHHOrO pa3Mepa, NMpPHYeM MPOUECC HAET C IBYX
KOHUOB K cepenuHe, CpaBHHTE NpPOM3BOAHTENbLHOCTb Balued Mnpo-
rpaMMb C MPOH3BOAHTeJbHOCTbIO mporp. 2.13.

2.11. O6paTHTe BHHMaHHe, YTO MPH IABYXMYTEBOM eCTECTBEHHOM
CAHAHHH MB He MPOCTO CJeNno BHOGHPaeM H3 HMeIOLIHXcA KJloued
HaHMEHbILUHH, a Korja BCTPeYaeTcsl KOHEU, CePHH, TO OCTaTOK BTOPOR
CepHH KOMHPYeTCs B BHXOAHYIO NocjenoBaTesabHocTb. Hanpumep,
CIHAHHE ABYX MocjenoBaTelbHOCTeH

2,45 1,2 ..
3,6,80917...

JaeT noc/e0BaTENbHOCTD
2,3456891,2...

a He Moc/1e10BaTeNbHOCTD
2,345 1,26,809,..,

KOTOpasl BHIMAAMT Gonee ynopsaoueHHoit, [louemMy Mbl ocTaHOBHAHCH
Ha TaKOM CTpaTeruH?

2.12. CywecTByeT MeTOA COPTHPOBKH, MOXOXHH Ha MHoOrogas.
HYIO COPTHPOBKY — KackaiHoe caustde [2.1 u 2.9]. Ilpu nem caus-
HHe HIeT TakK: ecJH, HampHMep, peub HJET O INECTH MOCTENA0BaTEb
HOCTAIX, TO, HauUHHAasA C <HI€ajbHOTO pacnpeje/CHHs CEPHH» Ha MO~
caegoBatedbnoctax TI1, ..., T6, cHauyana npoBOAMTCH MNATHNYTEBOE
causune Tl ... T5 na T6, n0 Tex mop mnoka He cTaHeT MNycTof
nocaenoBaTteabHocTb T5, 3ateM (T6 yxxe He Tporaetcs) NPOBOAHTCA
yeTnpexnyTesoe causHHe Ha TS, 3aTem TpexnyTesoe Ha T4, ABYX-
nytesoe Ha T3 u xonuposanue u3 Tl B T2. Caenylowu#s npoxox .pa-
60TaeT MO aHAaJOTHYHOH cXeMe: BCe HaYHHAETCA ¢ NATHMYTEBOro
causuus Ha Tl W 1. 4. XOoTA TaKas cxeMa BHIVIALHT XYXe MHOro-
($a3HOro €/HAHHA, MOCKOJNLKY HEKOTOPHE MOCJaeA0BaTeIbHOCTH €Npo-
CTauBaloT», M €CTb MPOCTO onepallHH KOMHPOBaHHA, TeM He Melee
OHa, 4TO YAHBHTENbHO, OKa3HWBaeTcs Jyuile MHoropa3Hofi COPTH-
POBKH -IPH - QueHb GoJblHX aiaax H lECTH HAH Gojee MocAenos
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patedbtocTaX. Hanuumre nporpammy TaKOrO KaCKaAHOrO CAHAHUA
€ YeTKO BHIJAENEHHON CTPYKTYPOi.
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3. PEKYPCUBHDIE AJITOPUTMbI

3.1. BBELEHHE

Pexypcusrnoim HasbBaeTc OGDbEKT, HACTHYHO COCTOA-
KA uaM onpegensieMufi ¢ nomomplo camoro ceba. Pe-
KYpCHA BCTpeyaeTCsi He TOJbKO B MaTeMaTHKe, BCTpe«
yaeTcs OHa M B NOBCeAHEeBHOA XH3HH. KTOo He BHaea
pEeKNaMHOA KapTHHKH, colepxalled cBOe COGCTBEHHOE
n3oGpaxeHuer

B y4acTHOCTH, peKypcHBHHE ONpefe/ieHHA TMpeAcTaB-
As10T co6oil MOLIHHA annapat B MaTeMaTuke. BoT He-
CKOJIbKO OGLIEeH3BECTHRIX NPHMEPOB: HaTypaJibHble UHC-
Jla, fepeBbsi H onpelesieHHble PYHKIHH,

1. Harypanbune uncna:

(a) 0 ecTb HaTypaJbHOE YHCJO,

(b) umucno, craemyoimee 3a HaTypalbHbLIM, €CTb Ha-
TypasibHOe YHCJIO.

2. JlepeBbs:

(a) O ectb nepeBO (ero Ha3biBalOT «NYCTHIM Jepe-
BOM>),

|

1 =

e 8hl| =
= O
o] \"‘_J O
O

o

L.

Puc, 3.1, Pekypcupnoe oto6paxenne,
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(b) ecau t1 u t2 — gepepbs, TO MOCTpOEHHE, COAEp-
Kallee BepIIHHY C [JBYMA HHXKC paclOJOXEHHBMH Je-
PEBLAMH, ONAThL Xe AepeBo.

3. dynkuus «bakropuaa» n! (Ags HEOTPHUUATEIbHBIX
UeJIKX yHced).

(a) Ot=1,

(b) n>0: n! =n«(n—1)I

MoIHOCTb peKypCHBHOTO oOnpejeJ/eHHA 3aKJiouaercs,
OYEBHAKO, B TOM, YTO OHO NO3BOJfAET C MOMOLIbID KO-
HEYHOrQ BHICKA3LIBAHUA ONpeAeauTh (eCKOHeYHOe MHO-
XKeCcTBO 06DBbEeKTOB. AHAJOTHYHO ¢ MOMOILLIO KOHEUHOMR
PEKYpPCHBHOH MNpOrpaMMbl MOXHO ONHMCaTb GeCKOHeYHOe
BHIYUCJIEHME, MpUYeM nporpaMma He OyAeT COAepXKaTh
ABHHX nosTopeHuil. OQHAKO peKYpPCHBHBE AaJTrOPHTMHL
Jyyile BCEro HCMOJb30BaTh, €CJH B pellaeMO#l 3ajpauve,
BHYMCIseMOll (QYHKUMH HJIH CTpykType o6pabarhiBae-
MbIX JAHHBIX PeKypCHsl yXe NpPHUCYTCTBYeT siBHO. B 00-
eM BHJEe peKYpPCUBHYIO nporpaMMmy P MOXHO Bhipa-
3HTb KaK HEKOTOpYI KOMNo3uuuio P u3 MHOXecTBa one-
patopoB S (He cosepxaiux P) u camoil P:

P = P[S,P]

Jins BHpaMeHHS peKYpCUBHBIX MNpOrpaMM HeOOXQAMMO
H [0CTAaTOYHO WUMeTb IIOHSITHE MpPOUEAYPH HJH MOANPO-
rpaMMbl, MOCKOJbKY OHHM MO3BOJSAIOT AaTh JwOoMy ofne-
paTopy HMf, ¢ TMOMOIUBID KOTOPOrO K HEMYy MOXHO
of6pawmatecsa. Ecau Hexkoropas npouedypa P comepxur
SIBHYIO CCHIJIKY Ha camy cebs, TO ee Ha3HBAalOT NPamo
pexkypcushoii, ecau e P ccbuiaetcs Ha APYTyK Mnpo-
ueaypy Q, cofepxaluyro (npsMylo H KOCBEHHYIO) CCbLI-
Ky Ha P, To P Ha3nlBalOT KOCBeHHO peKypcusHod. [.o-
9TOMY MO TEKCTY NpOrpaMMbl pEeKYPCHBHOCTb He BCerja
fIBHO OnpejesuMma.

Kax npapuso, ¢ npoueiypoil CBA3bIBAIOT MHOXECTBO
JOKaJbHBIX OGBEKTOB, T. €. MHOMXECTBO [E€PEMEHHBHIX,
KOHCTAHT, THNOB M MpPOUEAYP, KOTOphlie ONpele/]eHn
TOJILKO B 3TOH npouejype U BHE ee, He CYIUECTBYIOT HJIH
He uUMeloT cMbicna. [IpH kaxao# peKypcHBHOH aKTHBa-
LHH TAaKOH mnpouelypH MOpOXJaeTcsi HOBOE MHOXCCTBO
JIOKAJbHHX, CBA3aHHHX MepeMeHHHX. XOTA OHH HMeEWT
Te JKe CaMble HMeHa, YTO H COOTBETCTBYIOILUME JEMEHTH
JIOKaJbHOTO MHOXECTBA MNpEeABAYIIEro  «MOKOJAEHUS»
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5TOH NpOLeAYpH, HX 3HAYEHHS OTJAHYHH OT MOCJAEAHHX,
a Jo6be KOHQJAHKTH N0 HMeHaM pa3pellanTcs ¢ Mo-
MOLLbI0 NpaBHJ, onpefenswildx o6aacTb JAeACTBUA
HACHTHOHKATOPOB: HACHTH(HHKATOP BCErAa OTHOCHTCH K
caMOMy [oOc/eflHeMYy NOPOXAEHHOMY MHOXecTBY mepe-
MEHHBIX. JTO Xe NpaBHJO cNpaBeAJHBO H AJAA nNapa-
MeTpPOB NpOLEAYPH, MO ONpeAeNeHHIO CBA3aHHHX C ca-
MOH npoueaypoi.

[Toao6uo onepaTopaM uHKJAA, peKypPCHBHbHE NpoOLe-
AypH MOTYT NPHBOAHTb K He3aKaHYWBAIOUIHMCH BHYHCs
JEHHAM, H N03TOMY Ha 3Ty npobJaeMy cJaeayer 0co00
o6patHTb BHHMaHHe. OueBHAHO OCHOBHOe TpebOBaHHe,
yT06H peKypcHBHOe ofpallieHHe k P ynpaBasnoch He-
KOTOpHM ycnoBHeM B, koTopoe B KakO#-TO MOMEHT cTa-
HOBHTCH NOXKHHM. [lo3TOMy GoJiee TOYHO cXeMy peKyp-:
CHBHBIX aJIrODHTMOB MOXHO MpeACTaBHTb B J060# H3
caeayioimux ¢Gopm:

P=IF B THEN P{S,P] END (3.2)

P = P[S,IF B THEN P END]j (3.3)
OcHOBHOH ¢noco6 A0Ka3aTeqbCTBa KOHEYHOCTH HEKOTO-
poro noBTOpSIOILErocs NMpouecca TaKoB:

1. Onpeneasiercs  ¢ynkudsa f(x) (X — MHOXecTBO
nepeMeHHuX), Takas, uto H3 f(x)<< O caeayer HcTHH-
HOCTb YC/IOBHS OKOHUYaHHSl LHKJAA (C NpeAyCcnOBHEM HJH
NOCTYCAOBHEM).

2. JlokaspiBaeTcsl, YTO MNPH KaXAOM NPOXOXKACHHH
uukaa f(x) ymenbluaercs.

AHaNOrH4YHO JO0Ka3hiBaercs H OKOHYAHHE peKyp-
cuM — nokasnBaercs, uto P ymeHnbwaer f(x), Takyio, 4to
u3 f(x) <0 caeayer ~ B. B uactHocTH, HauGosee Ha-
JNeXHBA cnoco6 ofecneudTh OKOHYaHHEe MPOLEAYPH —
BBECTH B Hee HEKOTOPHIH NapaMeTp (3HaueHHe), Ha30BeM
ero n, 4 NpH peKypcHBHOM oO6paileHHH K P B kauecTse
napamerpa 3aaasath n— l. Ecan B 3TOM cayuae B Ka-
yectrBe B Hcnoamsyercs n > 0, TO OKOHYaHHe rapaHTH-
poBaHO. DTO ONATb Ke BHPaXaeTcsl ABYMS CXeMaMH:

P(n)=IF n>0 THEN P[S,P (n — )] END (3.4)

P(n) = P[S,IF n>0 THEN P (n— 1) END] (3.5)

B npakTHYeCKMX NPHJOXKEHHAX BaXHO YGEANThCHA, 4TO.
MakcHMaJbHas [Jy6HHAa pEKypCHH He TOJAbKO KOHEeqHa,
HO. W JocTtatouHo Maaa. [Meno. B TOM, uTO Kaxjaas
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peKypCHBHAS aKTHBauus npoueayphl P TpefGyer mamsatu
JJIA pa3MelleHHs ee nepeMeHHHX. KpoMe 3THX JOKafb-
HBIX NepeMEHHLIX HYXHO ellle COXPaHATb TeKyllee «Co-
CTOAHHE BBIYUCJACHHH», YyTOGH MOXHO OBIJIO BEpPHYTbCH
B HEero Mo OKOHYAaHUH HOBOH aktuBauuu P. C Takoh cu-
TyauHe# MBl y#e BCTpeYasJuCh B IJ. 2 npu paspaboTke
npoueayph Quicksort (6wicrpasi copTHpoBka). MH 00-
HapYXKHJH, 4YTO NPH NPAMOJHHEHAHOM COCTaBJEHHH NpO-
rpaMMbl, pasfieJsiolledl n 3JeMEHTOB Ha JBe YacTH, H
JBYX PEKYpPCHBHHX ob6palleHHAX A/ COPTHPOBKH STHX
yacTel B xyAueM ciayyae ri1y6HHa peKypCHH MOXeT J0-
cturaTb n. [IpH pa3yMHBIX MOAXOAaxX OKa3asJoChb, UYTO
MOXHO OrpaHMyuTh TrJayO#HY uucaoM logn. PasHuna
MeX/]Y 3HAaYCHHAMH n 4 logn BOOJHe AOCTAaTOYHA, 4YTO-
6l OoT cayuas, Kpa#He He NOJAXOAALIETO AJS NpPHUMEHC-
HHSl pEKYPCHBHOH mpoueayphl, nepediTH K clyyaio, KOraa
OHO (NpHMECHEHHE) MMeeT MPaKTHYECKHH CMBLICA.

3.2. KOTIA PEKYPCHIO UCIIOJIb3OBATDH
HE HY)XHO

PexypcuBHple anropuTMn 0OcOGEHHO MOAXOASAT AJs
3ajay, rae ob6pabaThiBaeMue JaHHble ONPEAEAsIOTCS B
TepMHHaX pekypcuu. OgHakKoO 3TO He O3Hayaer, YyTo Ta-
KO€ pEeKypCHBHOE ONpEeACJeHHEe JaHHHIX TrapaHTHpyeT
6eccropHOCTL YNOTpe6GJeHHst AJsl pelIeHHs 3afauyu pe-
KypCHBHOro aJroputma. ®PaxkTHyeCKH OOGBbICHEHHE KOH-
nenuuid PpeKypCHBHHIX a/JIrOPUTMOB Ha HeNOAXOAAIIMX
AJ151 3TOrO MpHMepax ¥ BbI3BAJO IIHPOKO pacHpOCTPaHEH-
HOe npeayOexacHHe NPOTHB HCIOJNb30BAaHHA PEKYpCHil B
NpOorpaMMHPOBAHHH, HX Ja)ie CAeIaJH CHHOHHMOM He-
3 HEKTHBHOCTH.

[IporpamMMbl, B KOTOpHIX ciaedyer H3beraTb ajJropuT-
MHYECKOH PEKypCHH, MOXHO OXapaKTepH30BATb HEKOTO-
poit cxeMmof, oTpa)kawiued HX cTpoeHne. IJTO cxema
(3.6) u skeuBanmenTHas el cxema (3.7). Cnewiduuno,
4TO B HHX €CTb eAHHCTBECHHOe obpalileHHe K P B KoHue
(unu Hauasne) BCeM KOHCTPYKILHH,

P=IF B THEN S; P END (3.6)
P=S; IF B THEN P END (3.7)
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Takne cXeMH €CTeCTBEHHH B CHTYalHfX, A€ BHUYHCJsAE-
MBI€ 3HAYEHHS ONpeAesAIoTCA € NOMOIUILIO NMPOCTHX pe«
KyppPeHTHHX oOTHOmieHH#i. BosbMem xopowio u3BecTHHA
npAMep BHUYHCJEHUA (aKTOopHaaa

i=01,2345,... (3.8)
f,=1, 1,26 24 120, ..,

IlepBoe u3 uncen onpeaeasercs sasHo—fp=1, a no-
clenylolye OnpeaensioTcss peKypcHBHHM o6pasoM o
NOMOILBIO NPEAHICCTBYIOIEr0 UuCIa:

£, =+1)s4, (3.9)

Takoe peKyppeHTHOe OTHOMICHHE NpeANOJaraeT pexyp-
CHBHHMA aJrOPUTM BHYHCJCHHA N-TO (AKTOPHAJBHOTO
yncaa. Ecain MH BBesem aBse nepemenHne I u F, o06o-
3Havawmnre i u f; Ha i-M ypoBHe peKypcuH, TO OGHapy-<
JKHM, 4TO AJA Nepexofa K CleAyloleMy UYHCAY nocJes
goBaTenbHocTH (3.8) HYXHO npomenaTbh TaKHE BHUKCA
JeHus:

I:'=I+41; F:=1»F (3.10)

u, noactrasasa (3.10) sMecro S B (3.6), monyuaem pe<
KYPCHBHYIO NPOrpaMmy
P=IFI<n THEN I:=1I1+41; F:=1%F; P END
[:=0,F:=1 P (3.11)

B npuHATHX HaMu 00603HAUEHHAX MEPBYI0 CTPOUKY
(3.11) MoxHo nepenHcaTh Tak:

PROCEDURE P;
BEGIN

IF I<n THEN Li=1+41; Fi;=[+F; P END
END P (3.12)

B (3.13) npusemena GoJaee uacto ynotpeGasemas H
NOJHOCTbIO 3KBHBaJEeHTHas eft 3anuch, rae BMecTo P
fipUBEACHA TaK HasHBaeMas npoyedypa-pynHkyus, T. e.
npoueaypa, ¢ KOTOpOA CBA3LIBAaeTCA 3HaueHHe-pe3yJib-
TaT ¥ KOTOPYIO NO3TOMY MOXHO NPHMEHATb NpAMO Kax
COCTARJSAIOMYI0 BhipaxeHus. B 5TOM cayuae nepemeH-
Has F cTaHOBHMTCA M3JuWIHeA, a poab | ABHO BHINOJHAED
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napaMeTp NpoLeAyphl.
PROCEDURE F (I:INTEGER): INTEGER;

BEGIN
IF I >0 THEN RETURN I«F (I — 1) ELSE RETURN 1 END
END F (8.13)

Teneps yxe scHO, 4TO B HalleM IIpHMEpPE PEKypcusd
KpalfiHe NPOCTO 3aMeHsieTcsl HTepalHed. DTO NpojesnaHo
B TaKOH mporpaMmme:

[:=0, F:=1; (3.19)
WHILE I<n DO I:=1+41; F:=I«F-END

B o6uieM-To nporpaMMH, MocTpoeHHHe 1o cxeMaM (3.6)
u (3.7), HyXXHO NepenuCHBaTh, PYKOBOJACTBYSCh CXEMOH

P = [x:=x0; WHILE B DO S END] (3.15)

KoneuHo, cymecTByloT H GoJiee CJIOXKHHIE CXeMH PeKyp-
CHH, ‘KOTOpHle MOXHO H HeOOGXOAHMO NepeBOAHTh B HTe-
patuBHyl0 ¢opmy. BosbmeM B KauyecTBe npHMepa BH-
yhcyeHde wucea Pubonauuu, onpeneisieMHX DPeKypCHB-
HbHIM COOTHOLIEHHEM '

fib,, , = fib, + fib s n>0 (3.16)

n—-1

u fiby =1, fibp=0. IlpsimMoe, «HauBHOe» mepenucuHBa-
HUe NPHBOAMT K PEKYPCHBHOH mporpammei

PROCEDURE Fib(n: INTEGER): INTEGER; 1N
BEGIN

IFn = 0 THEN RETURN 0

ELSIFn = 1 THEN RETURN 1

ELSE'RETURN Fib(n-1) + Fib(n-2)

END
END Fib

Buunciende fiby nyrem o6pamenns k Fib(n) npusoaut
K DEKYPCHBHBIM aKTHBALHAIM 3TOH MNPOLEAYPH-(PYHKLHH.
Kak vacto 310 mpoucxoant? Kaxpuoe oGpaimesue c
n > 1 npuBoAHMT eule K ABYM OGpallleHHsiM, T. e. obLice
YHC/IO BBI30OBOB PAaCTeT 3KCNOHEHUHAJbHO (cM. puc. 3.2).
ScHo, uTO Takas MporpaMMa NMPaKTHYECKOrO HHTEpeca He
npeacTasJser.

Oanako, K cuactblo, yncia DUOOHAYYH MOXKHO BhI-
YHC/ATb K N0 MTEPATHBHOH CXEME, re ¢ NOMOUIbIO BCMO-
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Puc. 3.2. 15 o6pamenusi Kk Fib(n) npu n = 5.

MOraTeJdbHHX nepeMeHHHX x = fib; u y = fibi—, yxaerca
136eXaTb NOBTOPHBHIX BHYHC/IEHHII OZHOH H TOH Xe Be-
JHYHHBL:

I'=1x:=1, y:=0 (3.18)
WHILE 1 <n DO z:=x; x:=x+4y: y:=z; l:=141 END

3amevanue: Tlpucsansanue nepeMeHHBIM X, Y, Z MOXHO 3anucaTe
¢ MOMOIbIO ABYX ONEpaTopoB, HE HCMOJb3ys BOOOIle MEepeMEeHHOA Z:
Xi=X+4+Y;yi=x—y.

Hrtak, ypok TakoB: cllegyer u3beraTb peKypcHHl Tam,
riie eCTh OYEeBHAHOE HTEpaLlHOHHOe peliienue. OAHAKO 3TO
He O3Ha4aeT, YTO OT PeKypCHH cielyeT H3GaBAATLCA JIO-
60# ueHof. CyiiecTByeT MHOrO XOPOIUHX NPHMEPOB NpH-
MEHEHHsl PEKYpPCHH, YTO MH H TPOJAEMOHCTPHpYEM B
nocjaelyIolHX pa3jenax M raasax. To, uTo cymecTsyloT
peajH3alHH PeKYPCHBHBIX Npouelyp Ha (paKTHUECKH He-
PEKYPCHBHHX MaIHHAX, AOKa3HBaeT, YTO AJsA NpPaKTH-
YECKHX leJiell JMI06YI0 PeKYPCHBHYIO NMpPOrpaMMy MOXHO
TpaucPOpMHPOBAaTh B HHCTO HTepaTHBHYW. OQHAKO 3To
Tpebyer ABHOA pabGOTH CO CTEKOM IJA PeKypcHHl, NpH-
yeM 3TH AEACTBHA 4aCTO HACTONbLKO 3aTYMaHHBAaIOT CYyTb
IpOrpaMMml, 4TO ee GhIBaeT TPYAHO NOHATh. BHBOA: an-
FODHTMHI, PEKYPCHBHBIC MO CBOEH NpHpolde*), a He HTe-
paTuBHBE, HYXHO (OpPMY/JMPOBATH KaK peKypCHBHHE
npoueAyps. [as sayullero NOHHMaHHS YMTaTeNi0 Npej-
Jlaraetcs cpasHuTh mporp. 2.10 u 2.11,

Ocrasulyiocs 4acTh rJ1aBhl MB MOCBATHM pa3paboTKe

*) 3mech HeOGXOAHMO YTOUHHTL BHIPAXEHHE IO CBOeH HPHPO-
Aes. Ckaxem, (akTopHal PeKypcHBeH MO cBOeH MpPHPOJE WAH HTe-
Patinpeu? — Ilpum. nepes.
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HEKOTOPHX DEeKYPCHBHHX pOrpamMm AJs 3ajay, Tle HCe
NoJb30BaHHEe STHX peKypcHi BrnoJHe onpasaaHHO. Kpo-
Me Toro, B M. 4 Mbl Takxe OylAeM HHTEHCHBHO IOJb-
30BaTbCl PEKYPCHBHRIMH MeETOJaMH, €CJH, KOHEYHO,
CTPYKTypa AaHHHX GyAeT AeNaTh MX €CTeCTBEHHHMH H
OYeBHHHMH,

3.3. IBA MNTPUMEPA PEKYPCHBHbBIX [TPOTPAMM

CuMnaTHyHHE y30p Ha pHc. 3.5 COCTOHT M3 cymep-
MO3HUHH NATH KPHBHX. DTH KDHBHe COOTBETCTBYIOT He-
KOTOPOMY peryasipHomy obpasy, M CHHTaercs, YTO HX
MOXXHO HAapHCOBaThb Ha 9KpaHe AMCIUIEs MJH Ha rpago-
NOCTPOUTEJEe MOA YNpaBJCHHEM KaKOH-THGO BBIYHCIIH-
TenbHOR Mawueb. Hama 3agaua — HaWTH peKypPCHBHYIO
cxeMy, N0 KOTOPOH MOXHO 6bl10 6bl CO3AaThb NPOrpamMmy
JJIS Takoro pHcoBaHHs. PaccmarphBasi PHCYHOK, MH 06-
HapyXHBaeM, YTO TPH HaJIOXEHHHe APYT Ha JApyra KpH-
BHeE HMelOT GOpMY, NOKa3aHHYIO Ha pHC. 3.3, 0603HAUNM
ux uepes H,, H, u H;. Buano, uro Hiy noayuyaercs
coefHHEHHeM ueThipex 3k3eMnaspos H; BABOe MeHbliero
pa3Mepa, NOBEDHYTHIX COOTBETCTBYIOIIHM 06pa3oM H
«CTAHYTHX» BMecTe TpeMs NpPSMBIMH JHHHSMH. 3aMe-
THM, yTo H; MOXHO CUHTaTb COCTOAMIEA H3 UeThipex
BXxoxaeHHH nyctofi Ho, coelHHeHHHX 3THMH Xe TpeMs
aunusimMu. Kpusass H; HnasmBaerca xpusgoii I'uavbepra
i-ro mopsaka B yecTb ee mepBooTKpmBaTeast . Iiib-
Gepra (1891 r.).

Hg H;r H3

Puc. 3.3, Kpmeue @nanCepta nepsoro, BTOPOro H TpeTbero mo-
pRAKOB,



8.3. lsa npumepa pexypcusnsix npozpamm 179

ITockonbky kaxpaas kpusas H; cocTouT u3 yernlpex
pABOe Menbluux H.;, To npoueaypa ans pucoranus Hi
OyleT BKJIOYaTb 4YeThpe OGpallleHHst AJs DPHUCOBaHHA
Hi-1, cooTBeTcTByOIWMM 06pa30M NOBEPHYTHIX H YMEeHb-
LWEHHBIX BABOe. [l HarJAAHOCTH MB OGO3HAUHM 3TH
yerslpe yacTtu yepes A, B, C u D, a npoueaypH, pucyio-
L{He COeHHUTENbHLIE NpsMble, 6yAeM 0603HaYaTh CTpe-
KaMH, YKa3blBalOWIMMH B COOTBETCTBYIOILEM HampasJe-
1(um. 13331)'01»4 cllyyae NOSBJAETCA TaKas CXemMa peKypcuit

puc. 3.3).

De«AlL A5 B

A

B CtB- B{ A 619
C: B+ Ct CeD

D: AiDe«D1tC

[TpeacraBum cefe, yTo ANA DHCOBAHHS YAaCTH NPAMOHR
B HallleM pacnopsiKeHHH eCTb npoueaypa line, mepejBu-
raloumas nepo B 3aJlaHHOM HaNpapJeHHH Ha 3ajaHHOE
paccrosinde. Onsa yao6cTtBa OyaeM INpejnoJiaratb, 4TO
HalpaBJieHHE 3aJa€TCsl LEJHM napaMeTpoM i Kak 45si
rpaaycoB. Eciu eIHHHYHYIO AJIHHY NpsIMOH OGO3HAYUTh
yepes u, TO € NOMOLUbIO PeKypCHBHHIX O6palleHHil K aHa-
JIOTHYHO COCTaBJEeHHBIM npoueaypam Aas B u D u k ca-
MoOfi A Jerko HamucaTb NpoOuUEAYPY, COOTBETCTBYIOULYIO
cxeme A.

PROCEDURE A(i; INTEGER):
BEGIN
IFi> 0THEN
D(i-1); line(4, v);
A(-1); line(6, w);
A(i—lg; line(0, w); (3.20)
B(i-1)
END
END A

STa npouejaypa HHHUHMHPYETCA IJIaBHOH NpOrpaMMOH
110 OAHOMY pa3y AJs KaXA0# M3 KpHBHX ['uibbepra,
00pa3ylluX NpuBeleHHHH pUCYHOK. I'1aBHas nporpam-
Ma omnpeaesseT HayaJbHYI0 TOYKY KPHBOH, T. €. HCXOJ-
lble KoopAMHaTH nepa (Px u Py) W eaunuuHoe npupa-
nicwue u. Ksaapat, rae pucyercs KpuBas, nomeinaercs
I cepejMHe CTPaHHUUB, 3aJaHHONl WHMDPHUHOH M BHICOTOM,
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MODULE Hilberts
FROM Terminal IMPORT Read?
FROM LineDrawing IMPORT width, height, Px, Py, cleat, line:

CONST SquareSize = 5123
VAR 1,%0,y0,ur CARDINAL; ch: CHAR;

PROCEDURE A(i: CARDINAL);
BEGIN
IFi> 0 THEN
D(i-1); line(4,u); A(E-1); line(6,u);
A(i-1); loe(Q,u); BG-1)
END
ENDA;

PROCEDURE B(i;: CARDINAL);
BEGIN .
IF1> Q THEN
C(i-1); line(2,u); BG-1); line(0,u);
B(i-1); line(6,u); A(i-1)
END
END B;

PROCEDURE C(i: CARDINALY;
BEGIN
JFi> 0OTHEN
B(i-1); line(0,u); C{{-1); line(2,u);
C(i-1); line(4,u); D(i-1)
END

ENDC;

PROCEDURE D(i: CARDINAL);
BEGIN
1F1> 0 THEN
A(i-1); line(6,u); D{-1); Hne(4,u);
D(i-1); line(2,u); C(i-1)
END
END D

BEGIN clear;
%0 ;= Wwidth DIV 2; y0 : = height DIV 2;
u := SquareSize; i:= 0;
REPEATi:=i+l;u;=uDIV2;
%0¢= X0 4 (uDIV 2); Y0 := y0 + (uDIV 2):
Px := x0; Py : = y0; A(i); Read(ch)
UNTIL (ch = 33C)OR (i = 6);
clear
END Hilbert,

Mporp. 3.1. Kpusue I'manGepra.
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Puc. 3.4. Pamka aas KpuBhiX.

OTH napaMeTpH, TaK JKe KaK H npouejiypa pHCOBaHHA
ApsAMOH, HaXOAATCA B MOAYyJe C Ha3sauueM LineDraw-
ing. [Tlporpamma pucyer n kpupbx [nibGepra —
Hi..Hns (cM. nporp. 3.1 u puc. 3.4)
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S, S;

Puc, 3.6. Kpnsme CepnuHCKOro Nepsoro M BTOPOrO NOPSAKA.

[Topo6GHufl, HO Goslee CJIOXKHHH W 3ICTETHYECKH YTOH-
YyeHHbIH npuMep nMpUBORUTCA Ha pHC. 3.7. OH Taxxke no-
JiyueH NyTeM HaJNOXEHUS Jpyr Ha JApyra HECKOJbKHX
KpuBHX. IlepBne paBe M3 HHX noOKasaHb Ha puc. 3.6,
Kpusass S; na3uwBaerca kpusod Cepnuxckozo i-ro mo-
paaka. KakoBa e pexkypcHBHasi CXeMma 3THX KpHUBHIX?
[Tonpo6yeM B KauecTBe OCHOBHOTO CTPOHTEJbHOro 6J0Ka
B3fITh S;, BO3MOXHO, 6e3 onHoro peGpa. 1O He npuBe-
et Hac K peuweHdtwo. I'ynasHoe oravuue kpusofi Cepnun-
ckoro oT Kpuso# I'nabbepra B TOM, 4TO TNepBas 3am-
KHyTa (M B HeHl HeT nepeceuyeHHi). ITO O3Hauaer, 4To
OCHOBHAsl pPEKYpPCHBHasi CXeMa JROJXKHA JaBaTbh pasoM-
KHYTYIO KPHBYIO, YEThIpe 44CTH KOTOPOH COCAHHSIOTCS
JUHHUSAAMH, He TIpHHaAlJeXallUMH CaMOMY pPEKYPCHBHOMY
o6pa3y. W neficTeuTesabHO, 3TH 3aMbIKalOUIHe JHHHK
NpeACTaBAsioT co60/ OTPe3KH NPSAIMBIX B YETHPEX BHEill-
HUX yraax, Ha pHc. 3.6 OHH BHIAETCHBl XXHPHBIMH JIH-
HUsAIMH. MOXHO CYMTaTh, 4TO OHH NPHHAAJEXaT K He-
nycroil HauyaJbHOH KPHBOH S — KBajapaty, <«CTOSUIEMY»
Ha oanoM yray. Tenepb Jierk0 COCTaBHTh PEKYPCHBHYIO
cxemy. HeThipe cocTaBasomuX o6pa3a BHOBb 0603HauNM
yepes A, B, C, D, a css3nBaoUiHe JUHHU GyReM piHcoO-
paTh sBHO. O6paTHTe BHUMaHHWe: UYeTHpPE PEKYPCHUBHHIX
obpasa 1O CYLIECTBY HIEHTHYHB, HO JIHLib MOBEPTH-
patotcst Ha 90°.

OcunoBHO#t 06pa3 wpuBuXx CepnuHCcKOro 3ajaercs

cxemoit

S ALWBs CR DA (3.21)
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a PEKyPCHBHBIE cOCTaBJ/sA0IHE (rOpH30HTaJbHHE H BEp-
THKaNbHble OTPE3KH — ABOHHON AJHMHBEI):

At ANBa D2 A
p: B¢ Cl AXB
C: CRDeBe C (22)
: DAAT CRD

JLc/IH HCNOJb30BaTh Te K€ NPHMHTUBH PHCOBAHHUA, YTO
it B cayyae KpuBhX I'mab6epra, TO NpHBefeHHLIE PEKYp-
ciBHBHE CXeMHl 6e3 Tpyaa TpaHchOpMHPYIOTCa B (MpAMO
{JIH KOCBEHHO) pPEKYPCHBHHIH a/JIrOPHTM.

PROCEDURE A(k: INTEGER); (3.23)
BEGIN
1F x> 0 THEN
Ak-1); line(7, h); B(k-1); line(0, 2+h);
D(k-1); line(, h); A(k-1)
END -
ENDA

3STa npouenypa MOPOXKAAeTcsi U3 MEPBOA CTPOKH pe-
KypcuBHOH cxeMbnl (3.22). AHa/JIOrMYHO MOJNYYaKTCA H
lipoleayphl, cooTBercTByomue obpasam B, C u D. I'nas-
Has nmporpaMma crpoutcs nmo obpasy (3.21). Ee 3ana-
4a — YCTAHOBHTb Haya/bHbIe 3HAYEHHS IS KOOPAHHAT
PHCYHKA W 3a4aTh €AHHHYHYIO IJHHY JHHHA h, — 31O BCe
aaBHCHT oT ¢opmara 6ymaru (mporp. 3.2). Ha puc. 3.7
pHBEAGH pe3yabTaT paGOTel TakOf MpOrpaMMul ©
n =4

flcHo, 4TO B 3THX NpHMepax PeKYPCHS HCHOJb3yeTcs
3.1eraHTHHM cnoco6oM. [1paBUJBHOCTL DPOrpaMM Jerko
NOATBEpKAaeTCA HX CTPYKTYpoH H dopMHpyeMHMH 006«
pasaMH. Kpome Toro, ynorpebJeHHe B COOTBETCTBHH CO
cxeMoil 3.5 siBHOro mapameTrpa IJ1f YPOBHf rapaHTHpyeT
OKOHYyaHHe paboTH, TaKk Kak rayGHHA peKypCHH He MO-
#er 6biTh 6oabmie n. [lo cpaBHEeHHIO ¢ TAKHM PEKypCHB-
HLIM [OCTPOGHHEM 3KBHBAJEHTHHE NPOrpaMMbl, rie H3«
Geranu  ynorpe6JieHHSt DPeKYPCHH, BHIMISAAT KpaiiHe
C10KHRMH W 3anyraHHbiMu. [lonmbiTafiTech MOHATH mpo-
rpaMMbl, NpUBefeHHbe B paGoTe [3.3], H BH CaMu B 3TOM
VOeauTecs.
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MODULE Sierpinskis
FROM Teminal IMPORT Read:
FROM LineDrawing IMPORT width, height, Px, Py, clear, line;

CONST SquareSize = 512;
VAR 1,h,X0,y0: CARDINAL; ch: CHAR;

PROCEDURE A(k; CARDINAL);
BEGIN
JF k> 0 THEN
A(k-1); line(7, h); B(k-1); line(0, 2+h);
ID(k-1); line(l, h); A(k-1) ’
END
ENDA;

PROCEDURE B(k: CARDINAL);
BEGIN
JF k> 0THEN
B(k-1); line(5, h); C(k-1); line(6, 2sh);
A(k-1); line(7, h); B(k-1)
END
ENDB;

PROCEDURE C(k: CARDINAL);
BEGIN
JFk>0THEN
C(k-1); line(3, h); DXk-1); line(4, 2+h);
B(k-1); line(5, h); C(k-1)
END
ENDC;

PROCEDURE D(k: CARDINAL);
BEGIN
IFk> 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

ENDD;
BEGIN clear; { := 0; h := SquareSize DIV 4;:
%0 ;= CARDINAL(width) DIV 2; y0 ; = CARDINAL(height) DIV 2 + h;
REPEAT i:= i+1; x0:= x0-h;
h:=hDIV2; y0:=y0+h;PXx.= X0; Py .= y0;
A(1): line(7,h); B(i); line(5,h):
C(1): line(3,h); D(): line(1,h); Read(ch)
UNTIL (i = 6) OR (ch = 33C);
clear
END Sierpinski.

[Tporp. 3.2, Kpupuie CepnuHckoro.
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Puc. 3.7, Kpusue Cepuunckoro S, ... S,

3.4. AITOPUTMbI C BO3BPATOM

Oco6eHHO wHHTpHrylOlLas o6aacTh NpOrpaMMHpoBa-
HHMA — 3aJlaud TaK Ha3bBAe€MOro «HCKYCCTBEHHOro HHTE]-
JekTay. 3Aecb MbH HMeeM JeJO ¢ aJrOpHTMaMH, HILy-
IMMH pellieHHe He N0 32aJaHHHM NpPaBHJaM BHIYMCJIEHHH,
a nyteM npo6 u omn6ok. O6uYHO npouecc npo6 u own-
6ok pasfensieTcs Ha OTAe]bHble 3afaud. Hacto 3TH 3a-
Layn Hau6ojlee eCTeCTBEHHO BHIpaxKalOTCA B TepMHHaX
PeKypcHH H TpPe6YIOT HCC/EN0BaHH KOHEYHOro 4YHcaa
noasajay. B o6lieM BHAe Bech NpOLECC MOXKHO MIC/AHTD
KaK Npolecc IOWCKa, CTPOAlHi (M ob6pesaowuil) Ae-
peso noasagay. Bo MHorux npoGiemax Takoe /epeBO
NnOMCKa pacTeT OvyeHb GHICTPO, pPOCT 3aBHCHT OT napa-
MeTpOB 3allaud M yacTO GHBaeT 3KCNoHeHunainHbM, Co-
OTBETCTBEHHO YBEJHUHBAETCH W CTOMMOCTb nowucka. MHo-
Flla, MCNOJb3ysi HEKOTOphle IBPHCTHKH, A€peBO MOHCKA
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yaaercsd COKDAaTHTb M TeM CaMbIM CBECTH 3aTpaTH Ha
BHIUHC/JIEHHA K Da3yMHBIM MpeaesaaM.

Mhul He cTaBuUJH cBOeH wLEJbIO 0OOCyXKIeHHe B 5TOH
KHHre O6WUX npasH/1 3BpUCTHKU. BoJsee Toro, cefiuac Mbr
KHCXOAHM JIHIb H3 NPHHIMNA, YTO 3a/a4ya HCKYCCTBEHHOrO
HHTeJJleKTa pa3bHBaeTcst Ha nojl3ajgaud, U obcyxiaaem
NpHMeHeHUe NpPH 3TOM peKypcud. HauHem ¢ aemoHcTpa-
UHH OCHOBHBIX METONOB Ha XOpOWO H3BECTHOM MpHMe-
pe — 3anaue 0 xode KOHA.

IlaHa pocka pasMmepcm nXn, T. e. coAepxaiuas
n? noJefi, BHauase Ha noJe ¢ KOOpAHHAaTaMH Xy, Yo MO-
mellaercs KOHb — QHUrypa, nepeMemalomiasnca no ob6blu-
HbIM WAaXMaTHBIM [paBuJaMm, 3ajaya 3aK/JIiudercs B
NOHCKE MOCJeL0BATEJbHOCTH XOAOB (ecJaH OHa cyLue-
CTBYET), NPU KOTOPOH KOHb TOYHO OAMH pa3 nobnBact
Ha BCeX MoJsiX AOCKH (06ofaeT AOCKY), T. €. HY}KHO BbI-
yucauth n2 — 1 x0108.

OueBHAHBIA NpHeM yNpocTHTb 3ajauy obxoda n? mo-
Jeil — pewarb 6oJee NPOCTYO: JAU60 BBHIMNOJIHHTL O4eped-
HoOli X0, J1M60 10Ka3aTh, YTO HHKAKOH XOJ He BO3MOKEH.
ITosTOMYy HauHeM ¢ ONpeAeNcHHsl aJropHTMa BBINOJHE-
HHa ouepeaHoro xona. Ilepsblii ero BapuaHT npHBEACH
B (3.24).

PROCEDURE TryNextMove; ’324)
BEGIN unuiuaiuzayus suifopa xoda;
REPEAT 6u160p 04epedro20 KaHOUOATa U3 CRUCKA X00083
IF nooxodur THEN
3ance X00a;
1F docka ne zanoanciea THEN

TryNexiMove; .
1F neyoaya THEN Mruuroxentie npedutdyiye2o Xoda END

TND
ND
UNTIL (614 10auntiii xo0) OR (Xauouoaros Goavlie Her)

END TryNextMove

Ecau MBI XOTHM ONMcCaTh 3TOT aaroputrM OHoJgee Ac-
TaJbHO, TO HYXHO BHIOpaTh HEKOTOPOE MNpEACTaBJCHHE
ans aaHubix. JJocky, camoe npocToe, MOXHO MpeACTaB-
JAThb Kak MaTpuly, Ha3oBeM ee h. Beeaem, xpome TtorO,
THN AJ8 HHAEKCHPYIOLIHX 3HAUeHHH:

TYPE index={1 .. n} (3.25)

VAR h: ARRAY index, index OF INTEGER
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H3-3a TOro uTO MBI XOTHM 3HATH HCTOpHIO NIpOABH-
KeHuda N0 AO0CKe, N0J1d €€ 6y11eM npeaAcTaBJsATL LEJIBIMHA
YHCJ1aMH, 8 HE 6y.TleBCKHMH 3HAYE€HUAMH, NO3BOJIAIOIIH-
MH JIHUIb ONpEREAATb 3aHATOCTL 1OJIA. Oqesmmo, MO2KHO
OCTAQHOBHUTHCA HA TAKHX COIlJVIALIEHHAX:

h[x,y)=0: nose (x,y) eme He mocemanoch (3.26)
hx,y] =1 none (x,y) nocewanocs Ha {-M Xoay

Teneps HyXHO BHIGpPaTh COUTBETCTBYIOLHE NapamMer-
pbl. OHH JOJKHBI ONpejeasTh HayajbHble YCJIOBHA cJe-
JYIOLIero Xofa M pe3yJqabTar (ecJd XOA ciejaH). B nmep-
BOM cJyuae JOCTAaTOYHO 3aAaBaTh KOOPAHHATH MOJA
(x,y), oTKyAa cJaefyeT XOA, W 4HCJIO i, yKaspiBawiiee
HoMep xoaa (Anas ¢uxcauun). Hdas pesyibTata XKe Tpe-
byercsa OyneBckMil napamerp; €C/JH OH HCTHHA, TO XOA
OblJ1 BO3MOXKEH.

Kakne omeparopbl MOXKHO YTOUHHTb HAa OCHOBE IpH«
HATHIX peileHHA? OueBHAHO, YCIOBHE «J0CKAa He 3amoJ-
HeHa» MOXHO mepenucatb Kak i << n?. Kpome Toro, ecan
BBEeCTH JBe JIOKaJbHble MepeMeHHBle U H v AJA BO3MOMK-«
HOI'0 XOJa, ONpeje/seMOro B COOTBETCTBHH C NpaBHJIaMH
«IpbIXKKA® KOHS, TO NPEAUKAT «A0NYCTHM» MOXHO mpei-
CTaBUTh KaK JIOTHYECKYIO KOHBIOHKLHIO YCJOBHH, 4TO HO-
BOe MOJie HaxOAMTCS B Npefetax AOCKH (l<<u<Cn H
] << v<n) u ewe He nocemanocs (huv =0).

duxcauus JONYCTUMOrO XOAA BHINOJHSAETCA € MO«
MOLUIBIO PHCBAHBAHUA huv:==i, @ OTMeHa — C NOMOIUBIO
huy :==0. Ec/in BBECTH JIOKaJbHYIO nepeMeHHyl0 ql H uc-
[01b30BAaTL €e¢ B KaueCcTBe MapaMeTpa-pe3y/bTaTa MpH
PCKYPCHBHBIX OOpalUeHHAAX K 3TOMY aaroputmy, 1o gl

3 2

y—n 5)

!

Puc. 3.8. BoceMb BO3MOXNLIX XOJA0B KOHf.
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MOXHO NOJCTaBUTb BMeECTO «eCTb XOA». Tak MBI Ipuxo-<
auM K Bapdanry (3.27).

PROCEDURE Try(i: INTEGER: %, y: ind¢X; VAR ¢! BOOLEAN):
VAR u, v: INTEGER; ql: BOOLEAN;
BEGIN  unuyuqyus 85160pa x00a;
REPEAT <u,v> — KOOpOUKars: caedyioiye2o xood,
onpedeaReMo20 NPAGUAGMU aXMAT s
TFA<=w) &= )& 1<= V)& <=n) & (luv] = 0) THEN
hluyv]:=1;
IF i< nen THEN Try(i+1,1, v, ql);
IF ~q1 THEN h{u,v] := 0 ELSEql := TRUE END
END
END
UNTIL qL OR dpy2ux x0008 Ker;
g:=ql
END Try

Euwe oauH mar gerajn3aldd — M IOJY4YUM Yy¥XKe Npo-
rpaMMy, MOJHOCTbIO HaNHCaHHYI0O B TepMHHax Hallero
OCHOBHOTO $I3bBlKa NIPOrpaMMHUpPOBaHHA. 3aMeTHM, 4TO AO
3TOr0 MOMEHTa NpOorpaMma Co3/JaBaJach COBEPLICHHO He-
3aBUCHMO OT IIpaBHJ, YNPaB/fIOUIHX ABHMKEHUEM KOHs,
Mhul BnoJHe yMHIIJIEHHO OTKJajhlBaJd paccMOTpeHHe
yacTHHX ocobeHHocTell 3agaun. Tenepb camoe BpeMs 06-
paTUTb HAa HUX BHHMaHHe.

Ecan 3amaHa HauaibHas napa KOOpAMHAT X, Y, TO
A4 caelyolero Xofa u, v CYyIEeCTByeT BOCEMb BO3-
MOXHBIX KaHauAaToB. Ha puc. 3.8 oHu nmpoHymepoBaHBbI
or | no 8. Iloayuath u, v H3 X, Y OY€Hb IpPOCTO, AOCTA-
TOYHO K NOCJEIHHM J06GaB/fATh Pa3HOCTH MEXAY KOOp-
AMHAaTaMH, xpaHsmHecs J160 B MacCHBe pa3HOCTEH, JKGO
B AByX MacCHBax, XpaHAIIHX OTAeJdbHHe pa3Hoctd. O60-
3HauuM 3TH MaccuBn uepe3 dx u dy W Oyaem cuuTarh,
YTO OHU COOTBETCTBYIOIIHM 006pa3oM HHHIHHPOBaHH. s
HyMepalHH OuepeJHOro XojAa-KaHAHAaTa MOMXHO HCIOJb-
3oBaTk uHjJekc k. Iloapo6uoctn mokasanm B mporp. 3.3.
[lepBnit pa3 K peKypcHBHOH Npoueaype obpalaiorcs C
napamerpam# X0 u y0 — KoOpAMHaTaMu moJs, ¢ KOTO-
poro HauuHaercss 06xoJ. TOMYy NOJIO AOJAKHO GHTH IpH-
CBOEHO 3HaueHHe ], OCTaJbHble NOJS MapKUPYIOTCA Kak
cBOGOAHHE:

h [x0, y0] := L; try (2, x0, y0, q)
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MODULE KnightsTour;
FROM InOut IMPORT
ReadInt, Done, WriteInt, WriteString, WriteLn?

VAR j, §, n, Nsqr: INTEGER; q: BOOLEAN;
dx, dy: ARRAY [1., 8] OF INTEGER;
h: ARRAY [1..8],[1 . 8] OF INTEGER;

PROCEDURE Try(i, %, y: INTEGER; VAR q: BOOLEAN);
VARK, 1, v; INTEGER; q1: BOOLEAN;
BEGINKk:= 0;
REPEAT k := k+1; ql ;= FALSE}
ui=X+ dxk}; v:=y -+ dy[k};
Jl;fl <1= W& U<=0) & <=v) & (¥<{=2 1) & (b[u,¥] = 0) THEN
wyli=i;
JFi<Nsqr THEN Try(i+1, v, v, q1)3
IR ~qL THEN h[u,y] ;= 0 END
ELSEql:= JRUE
END

END
UNTIL qL OR (k = 8);
q:=ql
END Try;
BEGIN
all]i= 2;202]:= 1y al3]i=-1; of4] 1= -2;
a5):=-2; af6]:=-1; a[7]:= 1; o8] 1= 2;
B[1]):= 1;0[2]:= 2;b[3]:= 2; b[4]:= 1;
b[5}:=-1; b[6] := -2; b[7] : = -2; B[8] := -1}
LOOP ReadlInt(n);
IF ~Done THEN EXIT END ;
FOR{:=1TOnDO
FOR §:=1T0nDOb[ij]:= 0 END
END;
Readlnt(3); ReadInt(j); WriteLn}
Nsqr:= n#n; b[1,1]: = 1; Try(2, 1, §, @t
IFqQ THEN
FOR{:=1TOnDO
FOR j := 1T0 n DO WriteInt(b[ij}, SYEND ;
‘WriteLa
END
ELSE WriteString(" 1o path"); WriteLn
END

END
END KnightsTour.

[Tporp. 3.3. O6x0a noas XOAOM KOHA.
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Heap3s ynyckaTs eule ogdy feraqb. [lepemennas hyy
CYIIeCTBYeT TOJBKO B TOM Cjyuae, €CJH H U, H V Jexar
B avanasoHe uHiaekcos l..n, CnemoBaTesqbHO, BhIpaxKe-
Hue B (3.27), noACTaBJCHHOEe BMECTO «IONYCTHM» H3
(3.24), oCMLICJEHHO, TOJbKO €CJH €ro 4YeTelpe MNepsble
cOCTapJsiioIHe HCTHHHH. KIMeHHO MO3TOMY BaXHO, UTO-
6n cocrapasiiomas huy =0 6mna nocaexneid. B Tabéa. 3.1
NPHUBOAATCS peIeHHsl AJAR TPeX HCXOAHBIX MO3HUHIT:
3,3 2,4 mpun=>ul,1) npu n=~6.

Kaxo#t ke BBIBOJ MOXKHO CAe/aTh U3 3TOro NpHMepa?
Kaxko#i cxeMe Mbl B HeM CJ€ROBAaJH, THIHYHA JH OHA JJs
aJropiTMOB NOHCKAa pewieHua? Yemy 3TOoT mnpuMmep Ha-
yuua Hac? XapaKTepPHOE CBOHCTBO TaKHX aJIODHTMOB
3akJI04aeTCsl B TOM, YTO B HHX J€JAlOTCsl lard B Ha-
npaBJeH#id O6lLIero pelleHHs, HO Bce OHH (PHKCHDYIOTCH
(3anuncbiBaloTcsl) TakUM 06pa3oM, 4TO NO3XKe MOXKHO Bep-
HYTbCSl BCNSITh, OTOpachbiBasi TeM CaMbIM liard, KOTOpHE
BEAYT He K ofuleMy pelleHHIo, a 3aBOAST B TynHkK. Ta-
KO Mpoilecc Ha3hnBaeTCs 8038parom uau orsarom (back-
tracking). Ecar npeAnoJoXuThb, YTO YHCJIO MOTEHIHAaJb-
HBIX 1HAarOB KOHEYHO, TO H3 cXeMH (3.24) MOMHO BhiBe-
CTH YHHBEPCAJbHYIO CXEeMY

PROCEDURE Try;
BEGIN unuyuayus evlbopa Kayouoara;
REPEAT ebifop ovepednoRo; , (3.28)
IF nooxoour THEN
€20 3anucs;
IF pewenue nenoanoe THEN Try:
IF neyogya THEN crupanue sanucy END
END
END
UNTIL ydaua OR Kanoudarog 6oabuie HeT
END Try

B peanbHBHX nporpamMmax MOTYT, KOHEUHO, BCTpe-
uyaTbCcs M APyrde BapHaHTH, NOJYYalOUIHECs H3 CXeMbi
(3.28). HacTo, HanpuMmep, BCTpeyaeTcsl MOCTPOEHHE C fAB-
HBIM NapaMeTpoM [Jsl YPOBHS, KOrja yKa3blBaercst rJay-
G6HHAa pPeKypCHH. JTO NPHBOAHT K INPOCTHIM YCJOBHSIM
oKOHuaHHs paboThl. DBosee Ttoro, ecan Ha KaxkaoM liare
YHCJO HCCAeAyeMbIX NyTeHl (GHKCHPOBAHO (MycTb OHO
paBHO M), TO MOXHO NPIMEHATh €Ule OXHY BLIBEAEHHYIO
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Ta6anua 3.1, Tpr poaMoxHux 06xoAa KoHeM

23 10 15 4 25 23 4 9 14 25
16 5 24 9 14 ¢ 15 24 1 8
it 22 1 18 3 8 22 3 18 143

6 17 20 13 8 16 1t 20 7 2
2t 12 7 2 19 21 ¢ 17 12 13

1 16 7 26 11 14
34 26 12 15 & 27
17 2 33 & 13 1¢
32 35 24 21 28 5
23 18 3 3¢ 9 20
36 3t 22 19 4 29

cxeMy — (3.29). K Hell Hago ofpamaTbcs ¢ NOMOILBIQ
oneparopa Try(1).

PROCEDURE Try(i: INTEGER):
VAR k; INTEGER;
BEGINKk := 0:
REPEAT k := k+1; auibop k-zo kandudara;
IF nodxodur THEN (3.29)
€20 3anucs;
IFi< n THEN Try(i+1):
IF Heydava THEN crupanue 3anucu END
END
END
UNTIL ydaya OR (k = m)
END Try

B ocraBuieficst wacTu 3Tofi rMaBH MH pa3bepeM eule TPH
npHMepa. B HHX HMCNOJb3YIOTCS pa3jHuHble peasH3alHH
abcTpakTHOH cxemul (3.29), H MHI XOTHM elue pa3 mpoge-
MOHCTPHPOBATb YMECTHOE HCIOJIb30BAHHE DEKYDPCHH.

3.5, 3AHAYA O BOCbMHU OEP3§X

3anaua o BOCEMH ¢ep3six — XOpOLIO M3BECTHHA NMpPH«
MeD HCHOJIb30BAHHA METOAOB Npo6 H OWHGOK H &Jro«
pPHTMOB ¢ Bo3ppaTtaMH. B 1850 r. aty 3azauy uccaeaoBan
K. @. Taycc, onHako noJHOCTBIO OH €€ TaKk H He pelHL.
OTO HHKOrO He HOJIKHO YAHBJAATb. /s MOAOGHHX 3as
Ray XapakTepHO OTCYTCTBHe aHAJHTHYECKOTO pemleHHs,
Onu  Ttpebyror OrPOMHOI0 KOJHYeCTBa H3HYPHTeJbHON
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paboTH, TepNeHHA W aKKypaTHOCTH. I103TOMy Takue Sa«
JayH CTaj]H NOYTH MCKJIOYHTEJbHO NpeporaTHBOH 3Jjekr-
POHHBIX BHYMCJHTE/JbHHX MallHH, Belb MM 3TH CBOHCTBa
HADHCYIIM B 3HAYHTEJbHO GoJblied CTEleHH, 4YeM Yeso«
BeKY, NYCTb H T'eHHaJbHOMY.

3agaya o BOCbMH ¢ep3sx ¢OpMyJaHpyeTCa CleAylo-
mHM o6pasoM (cM. Takxe [3.4]): BoceMb depsell HYyXHO
paccTaBHTb Ha WIAXMAaTHOH Jocke Tak, YTOGH OJHH (ep3n
He yrpoXaJa jJpyroMmy. Bocnosas3oBaBliuch cxeMoH 3.29
KaK 1a6JIoHOM, Jlerko noJyyaeM rpyGuii BapHaHT pe-
HICHHS;

PROCEDURE Try(i: INTEGER);
BEGIN
uHuyUayuA evibopa noaoxeHus i-2o fepin;
REPEAT gu160p ouepedno20 nonoxcenus;
IF 6eonacioe THEN nocragury gepans
1Fi< 8 THEN Try(i+1);
IF neydmia THEN yGpars fepin END
END
END
UNTIL ydayg OR MecT Goavie ker
END Try

Uro6H HATH Aajblie, HYXKHO OCTAHOBHTHCA HA KaKOM-«
Ja#60 npeicTaBJeHHH AJdA AaHHHX. [lockonbky M3 wax-
MaTHHX NpaBHJ MH 3HaeM, uTO ¢ep3b GbeT Bce QUTYpH,
HaxOAslllHecss Ha TOH e caMOH BepTHKaJH, TOPH3OHTAJH
HJH JHaroHaJi, TO 3aKJlOYaeM, YTO Ha KaXAOH BepTH-
KaJH MOXET HAaXOAHTbhCA OAMH H TOJbKO OAMH (hep3b,
YI03TOMY TNpH MOHCKe MecTa AJd i-ro (ep3s MOXKHO orpa-
HHYHTb ce6s JHIUb i-H BepTHKaJbO. TakHM o6pa3om, ma-
paMeTp | CTaHOBMTCA HHACKCOM BEPTHKaJH, a MpoLecc
BH6Opa BO3MOXHOTO MECTONOJIOXKEHHS OrpaHHYHBAETCH
BOCEMbIO JONYyCTHMBIMH 3HAueHHSAMH [IJs HHAEKCa TIo-
PH30HTAJH j.

OcraeTcsi pellWTh BOIDPOC: KaK INpeacTapisiTb Ha
Jocke 3TH BoceMb (ep3elt? OueBHAHO, AOCKY BHOBb MOX-
HO OH/IO Gb MPEACTaBHTb B BHIAe KBaJApaTHON MaTpHLUH,
HO mocie HeGOoJblUIHX pasMHLIIEHHA Mbl o6GHapy)XuBaew,
YTO 3TO 3HAUHTEJbHO YCJOXKHHJIO 6H npoBepky Gesomac-
HOCTH noJisi, KoHeyHo, nogo6Hoe pellleHHe HeXeaaTelbHO,
MOCKOJIbKY TaKas Omnepauusi BHIIOJHAETCA OYeHb 4acTo.
[losToMy xoTenoch 6B OCTaHOBHTbCS Ha TaKGM Mpef-
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¢TaBJCHHH A2HHHX, KOTOPOE, HACKOJbKO 3TO BO3MOXKHO,
\VIIpOCTHIO OBl NpoBepky. B 3To# cuTyaumuu Jyuuwe BCero
Jc1aTh HeIOCPeACTBEHHO AOCTYNMHOH HMEHHO Ty HHQOp-
414lLTI0, KOTOpas AeHCTBHUTENbHO Ba)KHa M dalle BCEro
jicnoJb3yerca. B Hamem ciyyae 3To He moJss, 3aHATBHIE
()cp3fIMH, @ CBEJCHHS O TOM, HaXOAUTCH JH yXe (epsb
ya JAaHHOH TOpPH3OHTaJH HJAM AuaroHann. (Mel yxe
a11aeM, 4To Ha Kaxao# k-it Beprukanu (1 << k << i) crour
)OBHO OAHH ¢(bep3b.) IDTH COOOpa’KeHHs NPHBOAAT K Ta-
KM OMHCAHUAM IepeMeHHBIX:

‘AR X: ARRAY [1.. 8] OF INTEGER:
2:'ARRAY [1.. 8] OF BOOLEAN;
b: ARRAY [bl ., b2] OF BOOLEAN; (3.31)
¢: ARRAY [c1 ., ¢2] OF BOOLEAN;

rie
X; 0603HauaeT MecTONO0KEeHHE depas Ha i-it BepTHiaJE;
a; ykasnwpaer, 4TO Ha j-it ropn3onTasy ¢ep3sa Her
b, yxasuBaer, uto Ha k-fi /-juaroHa. depas Het;

c, yKasmwBaeT, 4T0o Ha k-il \-anaronann depas Her.

BriGop rpanun uHaekcoB bl, b2, cl, c2 onpeaensercs,
11cX0Aa M3 cnocofa BHIYMCJEHHS HHIEKCOB 1Ja b H ¢, Ha
/-AMaroHajH y BCeX NoJed NMOCTOfIHHA cyMMa KOOpAMHAaT
i M j, a Ha \\-IMaroHajH NMOCTOSHHAa HX pasHocTb. Co-
OTBETCTBYIOIHE BBLIYUCJICHHA NpUBEACHH B mnporp. 3.4.
Ccap MB yxe ompeiennjd Tak AaHHbe, TO ONepaTop
«ITocraBuTh dep3da» nmpeBpallaeTcss B TaKHe ONEPATOPH:

x[i):=j. alj]:= FALSE, b[i 4 j]:= FALSE;
¢[i — jj:=FALSE (3.32)
a omepatop «¥G6paTb ¢ep3a» B TakHe:

a[j}:= TRUE; bli 4 jj:=TRUE; c¢[i — jl:= TRUE  (3.33)
YcnoBue «6e30MacHO» BHIIOJHAETCH, €CJAH I[oJe € KO-
opnuHaTamu (i, j) JeXHUT Ha rOpH30HTaJH M BEPTHKAJH,

KOTOpHE €li¢ HC 3aHATHI. CneuosaTeano, ¢My COOTBET-
CTBYeT JIOTHYECKOE BhIpa*KeHHe

aljl&bli+jj&eli—jl (3.39)
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IMODULE Queens;

FROM InOut IMPORT WriteInt, WriteLn}
VAR I: INTEGER; q: BOOLEAN;

a: ARRAY[1., 8] OF BOOLEAN:

D: ARRAY [ 2.,16] OF BOOLEAN:

€: ARRAY [-7,, 7] OF BOOLEAN;

x: ARRAY[1. 8] OF INTEGER;

PROCEDURE Try(i: INTEGER; VAR q: BOOLEAN);
VAR §: INTEGER;
BEGIN{:=0;
REPEAT j := j+1: q = FALSE:
IF af) & b[i+]} & cfi-j] THEN
xfil:=§
a[f] : = FALSE; bli+]] : = FALSE; di-]] := FALSE;
JFi<8 THEN
Try(i+1,q);
JF ~q THEN
alj) := TRUE; bli+) := TRUE; ¢[t-] := TRUE
END

ELSEq:= TRUE
END

‘END
UNTILqOR(j = 8)
END Try,;

BEGIN
FORi:= 1TO 8DO afi]:= TRUEEND ¢
FORi:= 2TO16 DO bfi]:= TRUEEND;
FOR t:=-7TO 7DO[i]:= TRUEEND ;
Try(1,9);
FORi;=1TO 5 DO Writelnt(x[i}, d) END ;
‘WriteLn

END Queens,

Mperp. 3.4, PaccTaruska scebui Qepieil,

Ha 3toM cospanue aaropiurva 3aKaHuyuBaercd; no.l-
HOCTbIO OH mpeacTtaeied B nporp. 3.4. Ha puc. 3.9 apu-
BelCHO no.yyeHHoe pewenue x =(1,5,8,6,3,7,2, 4).
[Tpexae ueM 3aKOH4YHTb pa3bop 3aday, <«NOCBALICH-
HEX» IaXMaTHOM JOCKe, MH BOCHO.Ib3yeMcs 3afaueil O
BOCbMH (ep3fiX H NPeACTaBHM OAHO Ba)xXHOe oGoGuieHune
ajaroputMa npo6 # ownGok. B o6wux crosax, peub nier
0 HaXOXACHHH He OJHOTO, a gcex pellCHHH MOCTaBJeH-

HOH 3aJavyH.



3.5. 3adaua o socomu epazx 198

b
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Puc. 3.9. Oano u3 pewennst 3aaud 0 BOCLMH (epIsx.

Takoe o6o6menne noayuaercs AoBoAbHO Jerko. Ha-
IIOMHHM, 4TO (OpPMHpOBaHHe BO3MOXHHX KaHAHAATOB
NPOHCKOAHT peryasipHHM 06pa3oM, rapaHTHPYIOLUIHM, YTO
HH OAHH KaHAHAaT He BCTPeTHTCHA Gojee yeM OAHH pas.
Takoe cBofictBo aaropurmMa obecneyHBaeTCs TeM, YTO
NOHCK HAET NO AepeBy KaHAMAaTOB TakK, YTO Kaxjaas H3
cro BepIIHH NMPOXOAHTCA TOYHO OAHH pa3. IT0 nO3BO-
J15eT, ecAH HaffeHO H JAOMKHHM 06pa3’oM 3aHKCHPO-
BaHO OJMHO pellleHHe, MPOCTO NMEPEeXOAHTb K CJAelyioueMy
KaHAHAATY, NpeljaraeMoMy YNOMAHYTHIM NPOLECCOM CH-
cTeMaTHyeckoro mepe6opa. Obwyio cxeMy Takoro npo-
uecca (3.35) MOXKHO «pHiBecTH» H3 cxemu (3.29).

PROCEDURE Try(i: INTEGER);
VAR k: INTEGER;
’EGIN (3.35)
FORk:=1TOmDC
evtBop k-20 xardudara;
1F nodxoour THEN e20 3anucs;
IF{< n THEN Try(i+1) ELSE nevarars pewcenus END
crupanue sanucu
END
END
=NDTry

O6patuTe BHHMaHHe: H3-3a TOTO, YTO YCJIOBHE OKOHYa-
Hil B Npouecce BuGOpa CBeNOCh K OAHOMY OTHOLIEHHIO

=m, onepaTop nosTOpeHHs co caoBoM REPEAT 3a-
»CHHTCH Ha onepatop uwkia ¢ FOR. Yausnteabno, uto
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MODULE AllQuesns:
FROM InOut IMPORT Writelnt, WriteLn:

VAR {: INTEGER;
a: ARRAY[1,, 8] OF BOOLEAN:
b ARRAY [2 .. 16] OF BOOLEAN;
c: ARRAY [-7.. 7] OF BOOLEAN;
%! ARRAY [1..'8] OF INTEGER;

PROCEDURE prin}
VAR k;: INTEGER;
BEGIN
FOR k1= 1TO 8 DO WriteInt(xz[k]. ) END ;
WriteLn
END print;
PROCEDURE Try(i: INTEGER);
VAR j: INTEGER;
BEGIN
FOR]:=1TOBDO
IF alj] & b[i-+j] & c[i-]] THEN
wili=1
alj] 1= FALSE: bli+]j] 1= FALSE; c[i-j] : = FALSE,
IF {¢ B THEN Try(i+1) ELSE print END ;
alj] ;= TRUE,; b[i 4]] := TRUE; ¢[i-]] : = TRULE
END

END
END Try:

BEGIN
FORi:= 1TO 8DO a[i]:=TRUEEND ;
FOR1i:= 2TO16 DO b[i]:=TRUEEND ;
FOR1i:=-7T0 7DO[i] 1= TRUEEND ;
Try(1)

END AllQueens.

[Tporp. 3.5. Paccranoska BocsMu depseil (Bce peluenna),

NOHCK BCEX BO3MOMHBIX pelleHHH BHIOJHAeTcH Go.ec
npocTo# nporpaMMoi, YeM B CIyyae NUKHCKAa OJLHOro-eAHH-

CTBGHHOrO pelienus *),

*) Ecan Gu nmporpaMMma OTLICKNBata Anmb 12 DpuHIHNINID EO
pa3aduHLix pewellnii, Dpiyem Jenana Gul 9T0 MaKCHMaJabHO (LCTRO,
TO H ONla caya, I JaHIbe, KOTOPLIMII OHa RoaxHa Owmna Gul marn-
NYJHPOBATh, OK@3ajich Obl ananuTeanno 6odee caADMKHLME, — [Tfiin

nepes.
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Tadmma 3.2 JlBenaauath pewieHHH 3ajaud BocbMu (epaeii
Xt X9 X3 X4 X5 X X7 ¥g n

876
264
200
136
504
400
072
280
24C
264
160
336

[SENENENE RSN NENN S Sl
[- IR IR e R R R =Y ]
AW\ IO W oo oo
HoOoOWNNAFHROOANWDSD
WhHooHMAHWWNKR-IW
VMAaEaWWNDHOR®- AN AN
NMAHN WAV W
BLWHALANWDLAWWWLN

OG6o0meHHBIA aaroOpuTM, NpHBEAEHHBIA B mporp. 3.5,
oTbICKHBaeT 82 peuleHust 3agauyn o BoceMH ¢epasx. On-
HAKO MPHHIMIHAJBHO DA3JIMYHBIX pewleHnfl Bcero 12—
lialia MporpaMma He yyHThHIBaeT cuMMeTpHio. B taba. 3.2
ipusedeHn nepsole 12 pemennii. IlpuBeaeHHoe cmpaBa
YHCJAO0 N YKa3hBaeT, CKOJbKO pa3 NpOBOANJIACE NIPOBEPKA
lia «6esonacHocTb» noJs. CpefHee uMcJa0 A3 Beex 92 pe-
uicHufi paBHo 161,

3.6. BAJAYA O CTABMJ/IbBHBIX BPAKAX

[Ipeanosoxum, ecTb ABa HencpeceKaloUHxcs MHO-
#ectBa A n B oaunakoBoro pasMepa n. HyxKHo HaiitTh
MiOXecTBO M3 1 nap {a, b), Takux, YyTo a npuHapuJe-
#ar A, a b npunagiexur B, n oun yIOBIETBOPSIOT HEKO-
TOpHM yca0BHAM. Jla1s BEOOpa TakHX nap cyulecTBYeT
MHOTO Pa3JHYHBIX KDHTEPHEB; OAMH M3 HHMX Ha3blBaercs
«iipasuAoOM cTabusvrblx 6PAKOB».

[Ipeanonoxum, yto A — MHOXKECTBO MYXuHH, a B —
JKCHUIMH, ¥ KaXIbIX MYXUHMHB W KEHWHHB eCThb pas-
JHUHBE [paBuJa NpeAnoyTeHHs BO3MOXHOIO napTHepa.
Ilcan cpean n BeIGpaHHBIX Hap CYUIECTBYIOT MYXUYHMHBI H
JKEHLMHB, He cocTosimue Mexay coboil B Opake, HO
TIpeANOYHTAIOUINE APYL ApPYra, a He CBOMX (DakTHUeCKHX
CYIPYroB, TO TaKOe MHOXeCTBO OpaKOB CYMTAETCs HecTa-
GuspHEM. Ecan e TakHX nap HeT, TO MHOXECTBO CYH-
Taercsl cTabuipHbIM. Takas cHTyauusi xapakTepHa IJsl
MHOTMX MOXOXHX 3a]a4, [Ae HYXHO [POBOAMTL pacrpe-
IleJleHWe B COOTBETCTBHM C  HEKOTOPBIMH IIpaBujiaMu
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npeanoytenun. Tak, Hanpumep, HaeT BHGOp cTyaAcHTa-
MH — yyeOHHX  3aBcAeHHfl, NPH3LIBHHKaMH — pO10OH
Bofick H T. n. [lpuMep c GpakamMH BLOpaH HaMH MOUTII
HHTYHTHBHO, NpHYEM 3aMeTIM, YTO NpaBHAa NpeanoyTe-
HHA MOCTOSIHHW H B npouecce BLOOpa He H3MEHAWTCH.
310 ynpoulaer 3aaavy, HO CHAbHO HCKa)caeT AeficTBi-
TeJbHOCTb (KaK Bcakaa abCTpakuua).

Oaun H3 nyred noncka pewennsa: npo6osatb 061-
CAHHSATb B NapH 3JeMeHTH ABYX MHOXeCTB A0 TeX nop,
noka oHH He 6yayT ncuepnanHul. Hamepcsasch HafiTH Ece
VCTOAYMBBIE pacnpefencHHA, MH MOXeM .Jerko nabpc-
caTb HeKOTOpOe pellieHHe, HCMOAbL3Ys B KauecTse 06pa3ra
cxeMy nporpammu (3.35). Ilycte Try(m) — aaroputs
NOHCKA CYNPYrH AJ MYXYIHH M, NPHYeM STOT MOHCK
HAeT B MOpAAKe CMHCKA NpeinoyYyTeHHA HMCHHO STOro
MyxuHHH. [lepBnfi BapuaHT nporpavMbl, OCHOBAHHELT
Ha 3THX npeano.oxeHnsax, Takos (3.36):

PROCEDURE Try(m: man);
VAR r: rank;
BEGIN (3.36)
FORr:=1TOnDO
endop p-ii nperendenrkn O.03 m}
1P nooxodur THEN semucs Opasa;
IF m - ne noc.1eonuii THEN Try(successor(m))
E.SE 2zmreans ercJuabies sioxecreo
Bno:
OTANTHD, Cour
BD
END
E:D Tr J

Kax o paibule, Mal Ke MOKeT CABHHYTLCA € 370l Touul,
no:a He DelINM, K3K NPeICTaBIATb JaHHue. Beezem Tpi
CKuJAMPHEIX THOA 1 118 NPocTOTH O6yacM culTaTh, NTO
OHIl NPIH:IMAIOT Ueine 3HaueHua or | ao n. Xora Qop-
MalbHO 3T TP THNA HIEHTHYHH, OIHAKO pa3IHUHHE
HX 1IMSH2 3H2YKTeTbHO «NPOACHAIOT» CyTb Acaa. B yact-
HOCTH, Cpa3y IOHNTHO, 4YTO O3HauaeT Ta HIn Apyraf
nepeMeHiius.

TYPZ man=|! ..}k
womznws [l .. 0] (3.37)
rang=={1..n)
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Ta6anua 3.3. [IpuMep ncxoaHBX AaHHHX AA9 WMI H MWL

r= 12345678 123456178
m=1 72651384 w= 1 46258137
2 43268175 2 85316742
3 32418576 3 68123475
4 38425671 4 32476851
S 83456172 5 63145728
6 87524316 6 21387465
7 24631758 7 35724186
8 61427538 8 72845631

Vcxoaubie JaHHBIE NpeACTaua%ioT cOG0# JBe MaTpHLEL
3ajaoliie MPEANOUYTHTENbHHX MAapTHEPOB A/ MYX4YHH
1 JKeHBIHH.

VAR wmr: ARRAY man, rank OF woman

(3.38)
mwr: ARRAY woman, rank OF man

CoOTBeTCTBEHHO WMy, O6GO3HauyaeT CIMHCOK MpeanoyH-
TaeMbIX JJI1 MYXYHH M, T. €. WMlm, r — XKeHLIHHA, CTOSA-
masi Ha I-M MecTe B CMHMCKe AJs MYXYHHB m. AHaJjo-
THYHO, MWTy — CIHUCOK MpeANnoYyHTaeMblX MapTHEPOB AJs
AEHIIMHH W, a MWry,r— ee Kauaugat. B Ta6a. 3.3
IpHBeJeH MPHMep TaKHX HCXOAHBIX JaHHBIX.

Pe3yabraT — MaccHB KeHIUHH X, MPHYEM Xm COOT-
BeTCTBYeT MapTHepuie AJs MyXuWHu m. Jlas nomaep-
JKaHUS CHMMETPHH MEXHYy MYXYHHAMH H JKeHIIHHaMH
BBOAHTCS JOMOJHHTENbHBIH CIHCOK Yy, H Yw 3aAaer napr-
Hepa s MeHIIHHH W.

VAR x: ARRAY man OF woman
y: ARRAY woman OF man

DaKTHYECKH MACCHB Y M3JHLIEH, MOCKOJbKY XpaHsAllascs
B HeM HHGOpDMALHA yXKe cyllecTByeT B X. SlcHo, 4TO AAf
HaxoAslMUXcsd B GpaKe MYXYHHB M JKCHIIMHB CpaBel-
JIHBBl PaBEHCTBA

Xy =W, Vg =m (3.40)

(3.39)

Takum 06pa3om, 3HaueHHE Yw MOXHO OMNpeaesauTb C MO-
MOILIbI0 mpocToro mpocMotpa X. OAHAKO HET COMHeHHH,
UYTO HaJMuHe Y MNOBHIIaeT 3(h)EKTHBHOCTb aJrOpHTMA.
Benp nHpopMalHs, 3aK/I0Ya0IAsAcs B MacCHBax X H Y,
Hy)XXHa AAs onpeieneHHsi CTaGHJIbHOCTH MpeAnaraeMoro
MHOXecTBa GpakoB. [TOCKOJIbKY 3TO MHOXECTBO CTPOHTCA
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ar 3a WaroM H nocje Kaxaoro mpeajaraemoro Gpaka
NpoBepHeTC CTaGHAbHOCTD, TO X H Y HCMOJAb3YIOTCA CLIC
Jlo Toro, Kak OGyayT onpejesieHH BCe HX KOMMOHEHTE!.
Has Toro yTo6n 3HaTb, KakHe KOMMOHEHTH yXe Ompe-
AeseHbl, MOXKHO BBeCTH GyJeBCKHE MaCCHBHI:

singlem: ARRAY man OF BOOLEAN
singlew: ARRAY woman OF BOOLEAN

HcTHHHOCTL 3HaueHHs singlem, 03HayaeT, YTO Xm YXC
onpeaejeHo, a singlew, — uto onpeageneuo yw. [lpo-
CMaTpHBas NpelNOXeHHHR aArOPHTM, Mb, OAHAKO, JIETKO
BHISICHSIEM, 4TO ceMeAHOe MOJIOXKeHHe MYXXUHHH M Onpc-
AeNsieTCs pPaBeHCTBOM

~ singlem{k] == k < m (3.42)

(341

ChenoBaTenibHO, MaccHB singlem MoXHO yGpaTb, COOT-
BETCTBEHHO H HMA singlew cokpaliaercs A0 single. Bce
STH corjallleHHs MNPHBOAAT HAacC K YTOYHEHHOMY a.1ro-
putMy (3.43). Npeaunkart donycTusmo MOXKHO NpeACcTaBHTL
B BHJe KOHBIOHKUWIH single u stable, rae stable — Ppynk-
LHSl, KOTOPYIO HY)XHO €Lie ONpe/eJiTh,

PROCEDURE Try{m: man);
VAR r: rank; w: woman;
BEGIN (3:43)
FORr:=1TOnDO
w = wmim,r];
IF single[w] & stable THEN
X[m] := w: y[w] 1= m: single{w] ;= FALSE?
IF m < n THEN Try{successor(i)) ELSE record set END ¢
single[w] := TRU::
END

BND
END Try

B sTor MoMeHT Bce ewe npomoskaer 6pocaThes B raasa
Goablioe cxoactso ¢ mporp. 3.5. Tenepb ocHoBHasi 3aaa-
Y3 — YTOUYHHTb aJrOpHTM onpeledeHusi CTaGuABHOCTH,
K coxanenuio, cTabuabHOCTb HCBO3MOXHO NpeACTaBHTH
C MOMOWIbIO TAaKOro e MNpOCTOr0 BHpPaXKEHHs, KaKiM
XapakTepH3oBasnachb 0e30MacHOCTb Moast aas deps3s 8
nporp. 3.5. Ilpexae Bcero caeayer (MeTh B BHAY, 4TO MO
ONMpCAEJEHHIO CTalHAbLHOCTb CBSI3aHAa CO CpaBHEHHeM
DpeAmOUTHTEIbHLCIH MapTHepoB (paHroB). OAHako paH-
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M MYXUYHH W XEHIUHH HHCAE B HaWlHX AAHHLIX ABHO HC
¢durypupyloT. KoneuHo, paHT XeHIUHHH W C TOYKH 3pe-
HHAl MYXUYHHH M MOXHO ONpeleaHTb, HO /ISl 3TOrO HY-
XeH «TPyAOEMKHA» MOMCK 3HaUE€HHH W B MAaCCHBE WMIp.
[TocKO/MIbKY BHIYHCAEHH CTaOHJLHOCTH — OY€Hb 4acTo
BCTpeyalollancs Onepauns, TO XOTeAOCh, YTOOH 3Ta HH-
(popMmauna Ounsa Gosee poctynHa. Ias storo Bocnosb-
3yeMcfi ABYMA MaTpPHUAMH:

rmw: ARRAY man, woman OF rank;

.44
rwm: ARRAY woman, man OF rank @.49)

IPHYE€M MW, w O3HAYaeT paHr KEHIHHW W D CHHCKE
IPEANOYTEHHA MYXYHHL M, & WMy, m-— PAHr MyXKul-
‘bl M B CMHCKE XeHWHHH W. $ICHO, UTO 3HAUYEHHA 3THX
RCMIOMOraTeNbHEX MAaCCHBOB CYTb KOHCTaHTHl, H HX MOX-
10 OMpeAeJHTb B CaMOM HayaJje MO 3HAYEHHAM \wmr
I MWr.

[pouecc BuuncreHus npeaukata stable Tenepb MOX-
0 BECTH B CTPOrOM COOTBETCTBHH C €ro NepBOHauya/NbHBIM
onpegeneHueM. BcnoMHHM, YTO MBI nbiTaeMcsl ONpeRe/uThb
03MOXHOCTb 6paka MeXAy m H W, rAe W= Whilm,r,
7. @. W CTOMT B CMIHCKe m Ha r-M Mecte. Byayuun ontumn-
cTaMH, Mbl BHauaje GyaeM mpeAnoJarath, YTO CTaOH/bL-
11OCTb COXpaHfAeTcs, a 3aTeM Ye nonmTaeMca aftu
nO3MOXHBE MCTOYHHKH HempHATHocTef. I'me oun wc-
ryT TautbcA? CyllecTBYIOT ABeé CHMMETPHYHbIE BC3MOXK-
liOCTH:

1. MokeT CyllecTBOBaTh JEHUIHHA PW, KOTOpEs AnA
I'l MPeANnOyTHTE/bHee W, MPHYEM AJA pW m MPEAnOHT:-
TeJbHee ee cynpyra.

2. MoxXeT cylecTBOBaTb MYX4YHHA pm, KOTOpH{l Anf
W MpeAnoOYTHTE]bHee m, NMPHYCM AJS pm W MNPERrouTI:-
TeJlbHee ero CynpyrH.

Hccneays nepBHifi HCTOUHHK HENPUATHOCTER, Mbl cpac-

tiipaeM PAHCH MWINpw. m H TWiTlpw, y ATA BCceX XKceluilH,
P P¥. ¥pw

OTOPHX MM NpeANnoYHTaeT W, T. € 418 JXeillil, YI0D-
.iCTBOPHIOIMX YCJAOBHIO PW ==Wmrn ¢ 0pH i <lr. Mu
5HaeM, YTO BCC 3TH XCHULHHH yXe Obl1ll TollaHul 32MyX,
Ta4K Kak ecau Obl O@HA u3 HIX 6GHJa Ciie OLIBOKUH, TO
1 BHG6pan 66 ce. OnucaHHHI MpoLecc MOMNG cHOpPMY-
J1pOBaTb KaK MpPOCTOf JUHEAHBIT MONLK;, S OsHauaer
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CcTabHJIbHOCTD.
5:="TRUE;i:=1;
WHILE (i< 1) & s DO
'io;r::. wlmr[m,i];i:= i+1; (3.45
Ns ‘= '
AF inglelpw] THEN s : = rwm[pw,m]> rwmipw, yIpw]) END )

B nouckax HenpusaTHOCTEH BTOpPOro BHAA MBI JOJMKHEH
[POBEPUTb BCEX KAHAHMATOB pIN, KOTOpHe A W MNpei-
[IOYTHTEJILHEE «CYKEHOMY», T. e. BCEeX MNpeINoYHTaeMBbiX
MYXUYIH PN = MWy, LA | < WMy, m. Kak ¥ 0pu Hc-
Cje0BaHHH HENpHATHOCTEH NMepBOro BHJA, HYMXHO Cpaer-
HHBATb PAHTH IMWpm, w C TMWpm, x . ONHAKO 37€Ch HaLO
GhITb BHHMATE/IbHLIMH H HE NPOBOAHTb CPaBHEHHE C Xpm,
€CJH pm eule He xeHat, Jl1s 3TOro MOKHO BOCIO.1b30-
BaTbCcA NPOBEpKOH pm << m, TaK KakK HM3BECTHO, 4YTO BCE
MYKYHMHBI, NpeAllecTBYIOUHE 1M, YXKe KECHATHL

IMonuwi anroput™ npexactaBled B mporp. 3.6, a B
Tabs1, 3.4 npuBeleHbl NEeBATb CTaGHIbHBIX pelieHuH, Mo-
JYYEHHBIX Ha OCHOBE MCXOAHHX wWmr u mwr u3 TabJa. 3.3.

Ham ajroputm NOCTpoeH NO NPOCTOH CXeMe NOHCKA C
Bo3spaToM. Ero s eKTHBHOCTb 3aBHCHT IJ1aBHBIM 00pa-
30M OT TOro, Ha CKOJIbKO yJAauHO BhOpaHa cxeMa yceue-
HMA JepeBa pelleHu#l, Maxksutu u Yujacon [3.1, 3.2]
NpeasoXHIM HEeCKOJbKO Gosnee OHICTpHIH, HO 3aTo GoJee
CJIOXHBH M MeHee «Ipo3payHulii» aJrOpPHTM; K TOMY Xe
OHH paCHpOCTPAHHWJH €ro Ha cJyuyad MHOMECTB pa3/Hy-
HOTO pasMepa.

AJIrOPUTMBL TaKOI'0 THNA, KAK HCNOJb30BaHHbBIE HAMu
B NocJeJHHX IBYX NpuMepax, ¢opMmupylouHe Bce BO3-
MOXHBE peIIeHHs HEKOTOpOH 3alauu (mpu omnpejeseH-
HHIX OrpaHHYyeHHsX), 4acTo ynorpebJasioTcs Aaa BbOOpa
OJHOrO WJIH HECKOJBKHX B KAKOM-TO CMBICJIE ONTHMAJb-
HhEIX peuleHuit. B npuBeseHHOM NpuMepe TAKHMH MOryT
6hITb, CKaXEM, pelIeHHs, B cpefHeM OoJblie Y/J0BJETBO-
pAIOIIHE MYXKYHH HJHM JKEHUIHH HJIM H Te€X H APYIHX.

O6patuTe BHHMaHue, yTo B Tabsa. 3.4 npuBeleHH
CyMMbl PAaHrOB BCEX JKEHIUHWH M3 CIHCKOB NpPEANOYTEHHA
HX MyXefi W CYMMBbl paHIOB BCeX MYyXKeA H3 CIIHCKOB
OPEANOYTEHHS HX 2KeH. DTH BEJHYHHB ONpeEAe]AIoTCA
TaxK:

rm=Sm:1<m<n:rmwm,xm

(3.46)
TW=Sm;:l <M NIrwlmy, n
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*HDULE Marriage:
TRCM InOut IMPORT
ReadCard, WriteCard, WriteLn®

CONSTn=8;
TYPEman = [L.. 0]
woman = {1..n};

rank = [1..n};

VAR m: man; w; woman; r: ranks
wrar; ARRAY man, rask OF woman;
rawr: ARRAY woman, rank OF man;
rmw: ARRAY man, woman OF ranks
rwm: ARRAY woman, man OF rank:
x: ARRAY man OF woman;
y: ARRAY women OF man;
single; ARRAY woman OF BOOLEAN:
h: CARDINAL;

#*OCEDURE priat;
VAR m: man; rm, rw: CARDINAL;
REGINm = 0, 1w = 0;
'ORm:=1TOnDO
WriteCard(x(m}, 4):
;= mw{m. x{m]] + m; 1w i= wm{xim] o] + v
=D:
‘\':'dtcCard(rm. 8); Wﬂtecard(m. 4); WriteLn
€D printy

TPRCCEDURE stabie(m: man; w: woman; r: rank): BOOLEAN'
VAR pm: man; p#: woman;
{, im: ranX: S: BOOLEAN:
PECINS:= TRUE:{:=1;
VHILE(A< 1) &SDO
pw .= wmim il =141,
IF ~single{pw) THEN S ;= rwmfpw,m] > rwm{pw, y{pw]] EI\.
END:
i:=1;1im = rwm{w,m};
WHILE (1 < lim) & S DO
pmi=mwrwi]; i :=1+12
IF pm < 1 THEN § = mwipa, w) > mav(pm, x{pm]] END
END;
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RETURN S
END stable;

PROCEDURE Try(m; man);
VAR w; woman; 1; rank;
BEGIN
FORr:=1TOnDO W= wmrlmr];
IF single[w] & stabie(m,w,r) THEN
x[m] ;= w;: y{w] .= m; single[w] : = FALSE;:
IFm ¢{n THEN Try(m+1) ELSE print END ;
single[w] .= TRUE
END
END
END T1y:
BEGIN

FORm:=1TOnDO
FORr:=1TOnDG

ReadCard(h); wrr{m,] c= he rm\v,r[m,wmr[m,ﬂ] =T
END

END;

FORW:!=1TOnDG
single[w] 1= TRUE:
FORr:=1TOnDO ) o

ReadCard(h); mwr[w,r] i= h; rwm[w, mwr] walli=T

END

END 2

Try(1)

END Mairiage.

ITporp. 3.6, Buifop cTabuibHHX Gpakos.

Tajauua 3.4. Peweuse 3agaun o ctadunbHbX 6pakax

X1 X3 X3 X4 X5 X¢ X7 Xg mm 1w c
1 7 4 3 & 1 5 2 6 18 32 21
2 2 4 2 8 1 5 7 6 22 27 449
3 > 4 3 1 7 5 8 & 31 29 ‘59
4 6 4 3 8 1 B 7 2 26 22 62
5 6 4 3 1 7 65 8 2 35 15 47
6 6 3 4 8 1 5 7 2 29 20 143
7 6 3 4 1 7 5 8 2 38 13 47
8 3 6 4 8 1 5 7 2 34 18 758
3 3 6 4 1 7 5 8 2 431 11 34

€ — uMeno npoBepok  ycToHunpocTH.
PeiucHAe 1 = ONTHMATBHOE AAS MYXYUH,
DELICHHE 9 ~ “UTHMANBHOC AVIA WCILUKY,
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Pewenne ¢ MHHHMaJ/ibHHIM 3HaYeHHEM rm Ha3biBaercs
CTAOUAGHOIM U ONTUMAAbHOIM Jas MYNCHUH, @ C CaMBIM
MaJIeHbKHM 3HAaUYCHHEM TW — CTAOUAbHOIM U ONTUMAAbL-
HolM Oasn wenwun. TIpHpoaa Hawelt cTpaTerHd BHOOpa
TaKOBa, YTO MEpBHIMH (OPMHPYIOTCH pelleHHsA, GoJiblie
VIOBJIETBOPAIOIIHE MYXKYHH, a pelleHHs, XOpollHe ¢
TOYKH 3DEHHA MKCHIUIWH, MOSABJSAIOTCA TOJbKO B KOHIIE.
B 3TOM CMBICNE aJIrODHTM OpHEHTHPOBaH Ha CHJbHHH
noJ. Ero MoOXHO GHCTPO NepeOpHeHTHPOBATb, €CJIH CH-
CTEMAaTHYECKH MEHATb POJISIMH MYXYHH H XKCHIIHH, T. €.
NPOCTO 3aMEHHTb MWT Ha wmr H Hao6opoT.

Mu He 6yneM yXe YCJHOXHATH AaJjblle Hawy Mpo-
rpaMMy H OCTaBHM IIOHCK ONTHMAJbHOTO pelleHHs AJs
caelyloliero, Tenepb, HAaKOHEW, MNOCJHEAHEro MpHMepa
aJITOPHTMa C BO3BPAaTOM.

3.7. 3ADAYA OIITUMAJIBHOI'O BBIBOPA

Haw nocneanunii npuMep ajaropHTMa ¢ BO3BpPaTOM —
Joruyeckoe 06061ieHHe MOCJACAHHX ABYX IpPHMEpOB, Io-
CTPOEHHHIX Mo obme# cxeme (3.35). BHauaje MH Mo.jn-
30BaJIHCh IPHHIHIIOM BO3BpaTa AJsA INOHCKA EIHHCTEBEH-
HOTO pelIeHHsl MocTaBJieHHOH 3ajaud. [IpHMepaMH Obl.IH
06x0] JIOCKH XOOM KOHSl H pasMelleHHe BOCBMH (ep3eil.
3aTeM MH MoCTaBHJH ce6e LEeJbl0 MOHCK BCEX pelleHHuT
HeKOTOpoil 3ajayd H pa3obpaJii 3ajayy BOCbMH dep3eil
I ctabuibHEIX OpakoB. Temepb Mbl XOTHM 3aHATbCs MO-
IICKOM OnTUMaAibHo20 peuleHHs. s storo HeobxomnmMo
¢opMHpOBaTh BCE BO3MOKHBIE pPElIeHHA H B MpoLecce HX
110/1y4eHHA OCTaBJISITb OJIHO, B HEKOTOPOM OIpe/lesieHHOM
CMBEICJIE  ONTHMaJbHOe. [IpeanosoKHM, ONTHMAaJbHOCTD
OLlCHHBAETCS C IOMOUIBIO HEKOTOPOH M0.10XKHTeNbHOI
dyukuuu f(s). B atom cayuae, 3aMcHss B cxeme (3.35)
OllepaTop «MeyaTb pelleHHs» Ha ollepaTop

IF f(pewenne) > f(ontumym) THEN onrumyst:== peuenie END
(3.47)

MBI loNyyaeM HOBHIH aJropuTM. B mepemecuHOl optimum
XpaHUTCA Jyulllee H3 NOJYYEHHBIX K 3TOMY BpeMeHH pe-
lweHHd, Pasymeercs, nmepeMeHHYIO HYXHO COOTBETCTBYIO-

uiiiM  06pa3oM HMHUUHKDOBaTb, J3Haueune [(opiimum)
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vaoGHee XpaHHTb elle B OJHON nepeMenHoi, 4yToObl 13-
6exXaTb U4aCTOrO ero NepeBbluUCIeHH .

B xauectse mpumepa ofuteli npobseMbl NOHCKa oOI-
THMaJbHOIO pelieHHs Mbl BLIOHpaeM Takylo Ba)KHYHO 1I
YacTo BCTPEUAIOU[YIOCS 3aJauy: HYXKHO HaiTi, pyKOBOI-
CTBYSCL HCKOTOPBIMH OTpaHUYEHHsAMI], ONTHMAbHYIO BHI-
JOpPKY M3 3aJaHHOTO MHOXKeciBa 00bexkToB. Bnibopxi,
OpeACTaBJAsIOIHEe NPHEMJACMble peIIeHHs, CTPOATCA NO-
CTeneHHo: OAMH 32 OAHHM NPOCMATPHBAIOTCS OTHEJbHBIE
CODBEKTH H3 HCXOJQHOrO MHOXecTBa. Ilponeaypa Try onu-
ChIBaeT NpOIECC HCCAeA0BaHHS NPHTOLHOCTH OJIHOTO OT-
/ieJIbHOTO O0BEKTa — OHa BbI3LIBAETCS PeKypCHBHO (A1
iCCaIeIOBaHHsA OUepEHOro 06beKTa)— A0 TeX mop, I110Ka
£ce OHH Ee 6YAyT pacCMOTpEHDL.

MB BHAIM, YTO OPH PACCMOTPEHHH KaXJAOTo 00BEKTa
(B TpelbAYLIHX NpHMepax Mbl Ha3blBaall MX KaHAUAA-
TaMHM) BO3MOXKHHE [Ba 3aKJAWOUEHHs, a HMEHHO: JH0o
LKJAOYATh HCCAedyeMblH 00beKT B TEKYLIYI BbIOODKY,
60 He BKJAWYaTh, B Takoil cutyausu omeparop HHKAA
\JKe He TOAHMTCs, BMECTO 3TOTO HYXKHO siBHO onucatbh o6a
papuaHTta. ATOT npouecc onucald B (3.48), npuuem 31ech
o0BbEeKTBl IPOCTO HyMepywoTea 1, 2, ..., o

PROCEDURE Try{i: INTEGER);
BEGIN
IF exmouenue npuesaemo THEN erawucnue 1-20 ¢6weira;
IF i< 11 THEN Try(i+1) ELSE npoeepxa onmtumanshocry END |
UCKAWNCHUE [-20 00BEKTE
END
IF npuemaeno neaxawyciue THEN
1F i< n THEN Try(i+1) ELSE nposepra onrumaibiocru END
END
IEND Try

(3.42)

M3 cxeMbl BHAHO, YTO CYIIECTBYET BCEro 2% BO3MOMXKHHIX
BHIGOPOK, MOITOMY HYXKHO HCHOJb30BaTb TAKOH KpHTE-
pUii NPHEMJIEMOCTH, KOTOPBIA 3HAUHTEJbHO OBl COKPATH.1
yicJI0 nepeGUpaeMblX KanAHaaToB. JJa nosacHenus 3Toro
npolecca BO3bMEM KOHKPETHBIH NPHUMEp NOCTPOECHHS Bhi-
opru. IlycTb Kaxabll H3 n OOBEKTOB ay, ..., dn Xa+
pakTepH3yeTcs BeCOM H I1IEHHOCTbI0. ONTHMaJbHOH Has
30BeM BBIGOPKY C MaKCHMaJbHOH CyMMOfl LeHHOCTe# it
CYMMOH BeCOB, OrPaHHUEHHOH HEKOTOPHM Ipele/iOM,
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C Takoil npo6aemoil crasnkuBaercs 060 NyTellecTBeil
HHK, VI2KOBBIBAIOUINH YeMOAaHbl H CTPEMSLMACS BE-
GpaThb TaK I NPEAMETOB, YTOOH LEHHOCTb HX Onlja oOm-
THMAJbHOH, a o6ulHil Bec He MPEBHIIIAJ KaKOro-To A0NYy-
CTHMOTO npejeJa.

Tenepp HaM HaNO pelMTb, a KaK e BCE 3TO NMpex-
CTaBHTb B BUJe ONpejleleHHBIX AaHHbIX. M3 Bbllilecka-
3aHHOTO JIETKO CJAEAYIOT Takue omucauus (3.49):

TYPEindex = [1 .. n}:
object = RECORD weight, value: INTEGER END ;
VAR obj: ARRAY index OF objecty (3.49)

limw, totv, maxv: INTEGER;
8, opts: SET OF index

[epemennble limw u tofv COOTBETCTBYIOT NpPEREJIbHOMY
Becy W oOuiell 1meHHOCTH Bcex n 06bekToB. B mnpouecce
MOCTPOEHHsSI BBHIGOPKM 3TH JABe BeJHUYMHBl (PaKTHUECKH
0CTalTCs MOCTOSIHHBIMU, Yepe3a s o0o3HauyeHa TeKyulas
BEBIGOPKa, 3Jecb KaXAblfi M3 0O0BEKTOB TMpeacTaBJACH
CBOHM uMeHeM (HMHIEKCOM); oOpfs — onTHMa.JbHas BEL -
GopKa, moJydyeHHas K ALaHHOMY MOMEHTY, a maxv — C2
LEHHOCTb.

KakoBbl e KpHTEpHH NpHEMJIeMOCTH 00bexTa A.11
Tekyweli BuGOpkM? Ecail pedb HIAET O BKJAIOYEHHI, TO
06'BEKT MOXKHO BKJIIOUATh B BBIGODPKY, €CH OH HOAXOALT
MO BECOBbIM OrpaHnueHHsM. Ecam oH He HNOANOAUT, TD
NONHMTKH A00aBHThH elle OXMH OOBEKT B TEKYLLYO BEbi-
6OpKYy MOCHO NpeKpaTHTb. EC.H, 0JHAKO, peub Hier od
HCKJAOUCHHH, TO KpHUTepHeM IpIeMJIeMOCTi, T. € BOZ-
MOJKHOCTH NPOMOJIXKGHHS MOCTPOCHHA Tekylueil BHGOPKI,
Gyaer To, uTO MOCJIe JaHHOTO HCK/IIOYEHHs o0lias ueH-
HOCTb OyAeT He MeHblie MOJYUYCHHOTO A0 3TOr0 MOMCHTA
onTHMyMa. Bems ecam cyMMa MeHblile, TO NMPOIOMACHEC
NIOHCKa, XOTSI OH M MOXET JaTh HEKOTOPOC pEUICHHe, He
npHBCleT K ONTHMajbHOMy pemenuio. C.1e10BaTCIbEO,
JdadbEefmnfl NMOUCK Ha TekyuleMm myTH Oecrmosesed. K3
3THX JABYX VCJOBHH MBI ONpelessieM BeJHUIHBI, KOTOpLIC
HYXXHO BBHIYHCIATH HA Kaka0M Ioare npounecca oO7-
6opa:

1. O6wuit Bec tfw BHIGOPKH, MOTYyYCHHOM K JAHHOMY
MOMEHTY.
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2. O6mas HeHHOCTb @y TeKyllefi BbIOODKH, KOTOPYIO
MOJXKHO ellle AOCTHYD.
AOTH JBe BeJMudHR YLOOHO INpeldcTaBJsiTh Kak Iapa-
MeTpnl npoueypst Iry. YcioBue «BKJIOUCHHE IIPHEM-
Jemo» B (3.48) MoxXHO Tenepb COpPMYJIHPOBaTh Tak:

tw 4 ali]. weight < limw (3.50)

a [ocJeiyiollas MPOBepKa Ha ONTHMAJbHOCTb BBITSIHT
caenyiomuM obpasom:

IF av)> maxv THEN (# HOBbI# ONTHMYM, €70 3aIHCD * ) »
Opts i = 5, Maxv = av (3.51)
END

IlocsnienHee npiicBaWBaHWE OCHOBAHO Ha TOM coobpaxe-
HHH, 4YTO JOCTHXHMOe 3HauyeHHe OyleT JOCTHraTbCs
TOJBLKO TOCJAe 06pafOTKH BCeX OGBEKTOB. YCJOBHE <HC
KJIloueHHe npuemsemo» B (3.48) BHpaxKaeTcd TakK:

ReadCard(obj{i].weight); ReadCard{objli]. vali):
totv : = 1oty -+ objfil.value

END;

ReadCard(Weightlnc); ReadCard(WeightLimit);

[Tockonbky mosiyueHHoe 3HaueHue av— a[i].value BHOBB
HCI01b3yeTcsi, OHO, 4TOOH H36GeXkaTb NepeBhIYHC/EHHS,
«COXDaHsIeTCSI» B MEpeMEeHHON aul.

U3z cxemn (3.48) u dparmentoB c¢ (3.49) mo (3.52)
noJjyuaeM, A00aBHB COOTBETCTBYIOLIHE ONEPaTODhHl HHHs
nuanud raobasbHBIX TepeMeHHBIX, BCIO MpOrpaMMy Ies

Ta6anua 3.5. Pe3yabTaThl paboThl NporpaMMhl ONTHMAJbHOIO BHGOpa

Ben 10 11 12 13 14 15 16 17 18 19
Yemmoers 18 20 17 19 25 21 27 23 28 24
10 *» 18
20 . 27
29 - - &§Z
£0 * ® . 7@
80 * L] * ] 84
60 ™ - * . * 89
70 = n . . . 11§
80 " = * - . & 134
0 =+ o« . - * ® 139
100 . * * - [ » - 157
110 w £ i [ = & b » 1724
120 * % » * » * . L] 183
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MODULE Selection;
(# MO¥CK ONTUMATIBHOTO B1:GOPa O6BEKTa NPH O paHHYEHUH «)
FROM InOut IMPORT
ReadCard, Write, WriteCard, WriteString, WriteLn;

CONST n = 10;

TYPBindex = [1..1];
object = RECORD value, weight: CARDINAL END ;
ObjSet = SET OF index;

VAR {: index;
obj: ARRAY index OF object;
limw, totv, maxv: CARDINAL;
8, opts: ObjSet;
Welghtlne, WeightLimit; CARDINAL;
tick: ARRAY [FALSE.. TRUE] OF CHAR;

PROCEDURE Try(i: index; tw, av; CARDINAL);
VAR avl: CARDINAL;
BEGIN ( TONBITKA BKITIOYEHHS % )
IF tw + objfil.weight <= limw THEN
8= 5 4 ObjSet{i};
IRI<nTHEN Try(i+1, iw + objfi].welght, av)
ELSIF av > maxv THEN magv := av;opts i= §
END;
8= 5~ ObjSet{i}
END ;
( DOTEITKA HCKITIOUEHHS +)
IR av > maxv ++ obji].value THEN
IR{ < 1 THEN Try(+1, tw, av - objli].valug)
ELSE maxv : = av - objli.value; opts = 8
END

END
END T

BEGIN totv ;= 0; limw := 0;
tick[RALSE] : = * #; tick[TRUE] i = "+";
FOR{:=21TOnDO
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WﬁteString("WefghL"):
FOR1:= 1TO n DO WriteCard(obj[ilweight, 5y END 3
WriteLn; WriteString(" Value );
TOR i :="1TO n DO WriteCard(objlil.value, 5) END 3
WriteLng
‘REPEAT limw ;== limw + Weightlne; magvi= 0
§ 1= ObjSet{}; opts 1= ObjSet{}: Try(l, 0, totv)s
WriteCard(limw, 6):
FORi:=1TOnDO
WriteStriog(* *); Write(tick[l IN opts])
END
WriteCard(maxy, 8); WriteLn
UNTIL limw, > = WeightLimit
END Selectiona

[Tporp. 3.7. Ontumansuuii BH6OP,

aukoM. CuaefyeT 3aMeTHTb, YTO JJISl BKJIOYEHHS H Hc-
KJI0YeHHsT M3 MHOXecTBa S 3Jech OueHb YA0OHO INOJb30-
BaTbCSl OMNepanusiMH Hald MHoxecTBaMH. B Taba. 3.5
NPUBOJATCA De3yJbTaTH pabOTH mporp. 3.7 ¢ AOMYyCTH-
MbIMH BecaMmu oT 10 no 120.

Takas cxema ¢ BO3BpaTaMH, HCHOJbL3YIOMASl HEKOTO-
pbie orpaHHueHHs A5 YMeHbUIEHHS pPOCTa MOTEHIHa.lb-
HOro JepeBa IOHCKA, Ha3biBaeTcsl aJrOPHTMOM BeTBell H
rpaHHI,

YIIPAJKHEHH I

3.1, Xanoiickne Gawni, JaHn Tpu CTepXHS H N JHCKOB pas-
anuHOro pasmepa. JuCKH MOXKHO HajieBaTb la CTepiKHH, 06pasys
u3 Hux Oamen. [TycTe BHavane Ha cTepkHe A B yGHBalOHIEM TNO-
pPsJKe PacloJOXKeHO, cKasxeM, TP ancka (puc. 3.10). 3apaya 3a-
KJI043aeTcss B TOM, 4TOOBI NEPeHecTH N JICKOB CO CTepxHS A Ha

Puc. 3.10. Xanofickue 6aluny,



YnpaxcHenus 211

crepxesb C, COXpaHHB HX NepBOHadanbHHA nopaaok, [Ipr nepes
{1oce Heo6XOAHMO CIe10BaTh TAaKHM NPaBRNaM:

1. Ha ka:kaom mare CO CTEPXHS Ha CTePIKeHb MEePeHOCHTCH
TOYHO OLHH JHCK.

9. JlucK Heab3s mMoOMelaTb HAa JMCK MEHbILEro pasMepa.

3. /ln1a nmpoMe:KYTOuUHOro XPaHEHHA MOMKHO HCOOJbL3OBAaTH CTEp-
skenb B. Haliiure anroput™ pelueHHs stofl 3agayn. Bammio ynoGuee
paccMaTpPHBATh KaK COCTOfULYIO H3 OAHOTQ BepxXHero MHCKa W Gaul-
Hi, 06pasoBaHHOli OCTaBIUIMMHCH AHCKaMH. OnuluHTe anropHTM Kax
PEKYPCHBHYIO mporpammy.

8.2. Hannwute npoueaypy ¢OpMHpPOBaHHA Ha TOM e MeECTe
pcex nl nepecTaHOBOK AJMA N SJAEMEHTOB aj, ..., an, T. € 0e3 Jo-
noJmgTencHoro MaccHpa. [locnre c¢opmupoBarus ouepeqROH nepe-
CTAHOBKH MOJHO, Hanpumep, o6paTuTbcs k npoueaype Q (¢ napa-
MeTPOM), KOTOpasi HaneyaTaeT NOJYYEHHYIO NepecTaHOBKY.

¥kaszanue: 3agauy ¢GHOpMHPOBaHHA BCEX NEPECTaHOBOK 3JIEMEH-
TOB @, ..., @m MOXHO CYHTaThb cocTofiuefi H3 m noasaaau Qopmu-
POBAHHA BCEX NEPECTAHOBOK AJS 9EMEHTOB ay, ..., dm-1, 3@ KOTO-
PHIMHE CJeAYeT -am. [Ipuuem B i-fi nomsajaye BHauaje MEHHAIOTCH
MEeCTaMH 3JEMEHTH a; H am.

3.3. Onpeaennte PEeKypPCHBHYI CXeMy AAA BOCTPOEHHA KpPHBOH
Ha pHc. 3.11. ATo pesynbTaT HaNOKEHHS UYeTHPeX KPHBHX W;, W,
W;, W, Ona noxoxa na xpusyw Ceprmuuckoro (3.21) u (3.22).
Pa3o6paBimiuch B PeKYPCHBHOM €€ CTPOEHHH, HaNHLIHTe PEKYPCHBHYIO
nporpaMMy AJis YePYeHHs TaKOil KPHBOH.
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3.4. M3 92 pewenyii, noJiyyamounxcs ¢ NOMOWbIO ODorpaMmel 3.5
LAs 3ajau# O BOCbMH (pep3nx, TOMBKO 12 Mo cyliecTsy pasdaHuub:.
Bce apyrue pewenna MOMKHO 0O0JYdHTb C [OMOUIBIO OCEBOI HJi
HeHTpadbHON cumMerpnil, HannuiTe nporpamMmy Aad 1OJIyueHHs
HMEHHO 3THX OCHOBHbIX |2 pewesnnii., O6paTnTe BHHMaliNe, 4YTO Mo~
HCK Ha MepPBOfi BePTHKAAH MOXEQ OrpaHu4uTb HO3uUHsiMH |—4.

3.5. MsMmenute tax nporpammy ycToifiuHBLIX OpPakoB, 4TOOHl OHa
HaxoluJa ONTHMaJjbHOE pelleHHe (A7 MYMKUHH WIN ACHIIMH). DTo
03HauaeT, YTO OHa CTaHeT MOXOxkeli Ha mporpammy 3.7, pa6oTaloLyi
o MeToAY «BeTBell M rpaHull»,

3.6. HexoTopan :xenesHojopoxHas KoMnauus 0OGc/ayIKHBaeT
n cranuuit Sy, ..., Sp. Ona npeanosnaraer yaywwuth nudopMmaunuon-
Hoe o6cnyxXHBaliHe KJIHEHTOB, YCTAHOBHB TEPMHHAJLI, YNpaBJseMble
BbIYHCANTEbHON MawnHoH, C TepMHHAaJa KJMEHT BBOJAHT Ha3BaHHe
CBOEil CTaHUMH OTnpaBJeHHs S, M cTaHUMH HasHadeHHs — Sp, a emy
JOJKHO BhIIABATbC paclHcaHHe TOe3/0B, OGeCNeYyHBAIOUHX MHHE-
MaJjbHoe BpeMs noe3aku, Hamuwwurte nporpaMmy anas MNoAydeHHs
HyX1iofi HHpopmauun, PacnucaHue (310 Baiwl GaHK JaHHLIX) Npex-
CTaBJeHO AaHHBLIMH HEKOTODOH CTPYKTYDHI, TAe NepeuncseTcs Bpems
oTnpap/eHnss (MpUGHITHA) BCceX Moe3n0B. Pa3syMeercs, He MeXIy
BCeM! CTAHUHAMH eCTb NpsiMOe cOoGlIeHHe.

3.7. Oynkuusa AxkepMana A onpegeasercs JAJs BCeX HEOTPHUA-
TeALliLiX LUeJblX apryMenToB M H N TaKHM 00pa3oM:

Ad,m)=n+1
Aim0)=A(m—1, 1) (m > 0)
Amyn)=A(m-—1, A(m,n— 1)) (m,n > 0)

Hanuwite nporpammy, shuncasiomyio A(m, n), pekypcHio He wuc-
nos3yiire!

3a ofpaseu Bo3LMHTe nporpammy 2.11 — HepekypcHBHYIO Bep-
culo OwicTpoii coptupoBkd. Omnpejeante npasuia obuero npeobGpa-
30BAHHS DEKYPCHBHBIX NMPOTPaMM B HTePaTHBHBIC,
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4. JAHHBIE C JUHAMHWYECKOH
CTPYKTYPOM

4.1. TUITbl PEKYPCHMBHbIX JAHHBIX

Bo BTOpOIi r1aBe MK BBEH KaK OCHOBHHE CJAEAYIOILHE
CTPYKTYPH I/ JaHHBIX: MaCCHBH, 3alIUCH H MHOXeCTBa.
OHH Ha3BaHL OCHOBHLIMH, NOCKOJbKY H3 HHX MOXHO 00-
pa30BHBaTh 6oJiee CJHOXKHHE CTPYKTYPH H TaK KaK OHH
yale BCEro BCTpeyaloTcs Ha NpakTHke. llenb onmcaHus
THIA JAHHHX H NOCJeNyIollero onpeneseHHsl HEKOTOPHIX
nepeMeHHHX KaK OTHOCAILIMXCA K 3TOMY THIY COCTONT
B TOM, uTOGH pa3 M HaBceria 3adHKCHpPOBaTb AHMANa3oH
3HaueHufl, npHcBaMBaeMHX 3THM INepeMeHHHM, H COOT-
BETCTBEHHO pa3Mep BhizenfieMoH mias HUX namsatd. [lo-
3TOMY O TaKHX NepeMeHHHX TOBOPAT KaK O CTATUHECKUX
nepemennbix. CymecTByeT, OXHAaKo, MHOTO 3ajay, KOTO-
pbie Tpe6yIoT NaHHBIX ¢ GoJee cJI0XKHON CTpYKTypoh. [as
HHX XapaKTepHO, YTO B MpOLecce BHYHCICHHS H3MEHAKT-
¢ He TOJIbKO 3HAaUeHHs MepeMeHHBLIX, HO Jaxe HX CTPYK-
tTypa. [losToMy TakHe nepeMeHHHe CTaJ/JU Ha3bBaThCH
JAHHBIMU ¢ Ouramuueckold cTpyxTypoti. EcTecTBeHHO, UTO
KOMIIOHEHTH TaKHX OGBEKTOB Ha HEKOTOPOM YypOBHe Je-
TaNH3aUUK TpeACTaBAAT co60f cTaTHUeCKHe OOBLEeKTH,
T. € OHU NpHHAAJNEXAT K OLHOMY H3 OCHOBHLIX THIIOB
JaHHBIX. DTa IJaBa NOCBAIleHa KOHCTPYHPOBAHHIO JNaH-
HHX ¢ JHHAaMHYeCKOH CTPYKTYpOH, kX aHa/usy u pabore
C HHMH.

INpuMeyaTeqbHO, YTO CYIIECTBYIOT HEKOTOpHle OJH3-
KHe aHAJOTHH MEXAY MeTOAaMH, ynoTpebaseMbIMH HpH
NOCTPOEHHH aJrOPHTMOB, M COOTBETCTBYIOIUHMH METO-
IaMH Ui NMOCTPOeHusl NaHHHX. Kak W npu Mob6HX aHa-
JIOTHAX, MEXAY HHMH eCTb KaKHe-TO pas/HyHf, OAHAKO
CPaBHeHHEe MeTOJOB NOCTPOEHHS MPOrpaMM H NaHHHIX TeM
He MeHee NpOJHBaeT CBeT HAa OYeHb MHOTHE BONPOCHI.

AneMeHTapHbBIM, He pacnajapmHMcHa Ha COCTaBHbIE
YacTH ONepaTopoM HBJfETCA ONepaTop NpuUCBAUBAHUSA
3Hayedus BHIpaxKeHUs Hekotopo# nepemenHo#. Cpenu
ZAHHHIX eMy COOTBETCTBYIOT J[laHHBIE CKAJIfAPHHIX THIOB,
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T. e. naHHune, Hc uMmelomne cTpykTypu. H Te u aprrue
ABASAIOTCA AaTOMapPHHMH CTPOHTEAbHBIMH O61oxaMi L1
06pa3oBaHusl COCTaBHLIX ONEPATOPOB K COCTIBIBIX THNCH
Aauupix. Camble npocTne ofpasosaiuf, noayuaioucc:
C MOMOIBIO MEepeyHCAeHHs HAH cael0Baus, — 370 cC-
cTaBHHC onepaTopn M sanHcH. O6a COCTOAT H3 KCHCY-
roro {(o6H4YHO HeGONBLIIOrO) KOJHYECTBA ABHO Mepeuic-
JeHHBIX KOMMOHEHT, KOTOpbie caMi MOryT OTJAHMAThC:
oaxa ot apyrof. Ecan e KoMnoHeuTh HACHTHYHBE, TO
DHINHCHBATL KX MO OTAENBHOCTH HeT He0oO6X0aliMOCTH: Z11
Toro 4to6b ONHCHLBATL MOBTOPEHHA, YHCJIO KOTOPHIYX ii3-
GEeCTHO M KOHEYHO, Ml MOJb3yCMCA ONCPATOPOM UIIK.1A
c napamerpoM (FOR) u maccusom. Bubop oamoro i3
ZByX HAH 6oJec BapHaHTOB BHPAXaeTCA C NOMOLLbID
yCJ10BHOrO onepaTopa HJAH onepaTtopa BapHaHTa, i IM
ccoTBeTcTBYeT 3anuch ¢ Bapnantamu. H Hakokeu, nosrtc-
peHuc 3apaHee HeH3BECTHOe YHC.10 pa3 (MOTeHUHA.aL!o
aaxce GeckoHcyHOoe) BHpaxaeTcs onepaTopasil MOBTOPC-
una ¢ npeaycaosuc (WHILE) wnan  necrycaosizem
(REPEAT). UM cooTBercTByer Takas CTPYKTypa JlaH-
HHX, Kak nocjeaoBaTtcabHocTh (daita) — npocrefviar
CTPYKTypa, LONYCK{IOUIARA MOCTPCEHHC THACB Geckore:-
Hoft mowHOoCTH.

BosHikact BOnpoc, a cywecTnyeT Jil CTPYKTypa Jati-
HHX, TaKUM Xe o6pa3oM cOOTBEICTBYIOUIAA onepaTopy
npoueaypul. EcrecTBenno, nanoicc HHTepecHOC U HO:0e
B 3TOM OTUOWIEHHH CBORCTEO GLpOUeRYD — peKypcus-
nocte. TNo auanorun c nmponeaypoft. coiepxauteft oinv
nau Goaec ofpawennft k camoll ccde, BeIHuliib, OTiHI-
CAWNCCH K TaKOMY PEKypPCHBHOMY Tuny, R0.1LKHM Guiil
66 coCTOATL i3 0aHON Ha 60.J¢C KUMIMOHENT, OTHO:!-
WHXCA K TOMY Xe THOYy, YTO 1 cama BeanunHa. IloaoGio
npoucaypasm, onpeieseHisi Takix THNOB JaHHBIX MOTSH
6bl GbiTh MDAMO HAH KOCBEHHO [EKYPCHIHBIMI.

Mpocroit apscp o6hexTa, koTopoMy 6o.1buie BCC!O
noaNONI0 Ghi PCKYPCHBIHOE ONpedcaerie Tina, — p:d-
MeTIi*teCKOe DuIpaKeHHe, BCTPCYaoulcecs B AZKKAX Npo-
rpa:tmupobannA. PCKYpCHA B STOM cayyae OTpamKalT
BO3* 0OAHOCTb DJIOMEHHOCTH, T. C. HCNO.IL30BAHNA B Bbipi-
3e.1AX B KauecTBe ONEPaHAOB 3aKMIOYEHHHX B CKOG:il
nozsupaxenni. Onpepeanm nedopMasnbHo BHpaxen!s
cieayomum obpason:
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Beipascerue cocToUT M3 Tépma, 3a KOTOPHIM clelyeT
3HaK ollepauHH, 3a KoTOpuM onaTb uaer repm. (Tepmu
IpeACTaBAsIOT coboi omepaHAH YyKa3aHHOR onepanuu.)
CaMm Tepm — 310 aAub0 nepeMmeHHast, o603HaYeHHast Ka-
KHM-IH60 uAeHTHOHKATOpOM, JHGO 3aKjO4YeHHOe B CKOO-
KH BHIpaXKeHHe.

THn JaHHWX, 3HAaUYeHUSAMH KOTOPBHIX SIBJSIOTCS TakHe
BHIpaXEHHs!, MOXKHO JIETKO ONHcaTh, ecJH K yiKe AOCTYI-
HHIM BO3MOJKHOCTSIM H06aBHTh PEKYPCHIO *),

TYRE expressiont = RECORD op: operator;
opdl, opd2: term.
END

TYPEterm = RECORD “1)
CASE t: BOOLEAN OF
TRUE: id: alfa|
FALSE: subex: expressiont
END
END

3amewanue: Vicnoassys Moayay-2, MH AOAXKHH ynotpebasiTh He
YCJIOBHBE KOHCTPYKIHH, KOTOpPWE A3LIK 3anpeiiaeT 3Jecb 0pHMe-
HATb, @ BapHaHTHL,

ChneloBaTesbHO, KaXKjas NepeMeHHas THma term coO-
CTOHT H3 JABYX KOMIIOHEHT: IOJI1 MPH3HAKa ! W, eclH { —
HCTHHA, moas id, wHaue — noas subex. PaccMoTpum B
KayecTBe [IPHMEPOB TaKHe YEThIpe BhIpaXKeHHS:

L x4y

2 x—(y=*2)

3. (x+y)* (2= w) “2

4 (x/ly+z)+w
OTH BHpaXXeHHS MOXKHO <«HApHCOBaTb» TaK, Kak Ha
puc. 4.1. B 3T0M cayuae SBHO BHAHB BJOXEHHOCTb, pe-
KYPCHBHOCTb HMX CTPYKTYpH H cnocol HX pa3sMeleHHs
B NaMATH.

Bropo#t npuMep peKypCHBHOH CTPYKTypH HHpopMa-
IIHH — reHeaJlornueckoe Aepeso. JlepeBo omnpegensietcs
KaK HMs 4yeJoBeKa MNJIOC ABa JepeBa ero pojuTesed.
Takoz onpenenenne Ge3yc/OBHO BeleT K OeCKOHeuHOH
crpykrype. OnHaKo peaJibHble reHeaJlorHUeCKHe AepeBbd,

*) Takoe onpeaenende GoJblile COOTBETCTBYET BHIPAXKEHHAM B
npepHKCHOM BHAe, B TO BpeMs KaK Bhie Guli onpeneneH iHQHKes
UnE Bux Buipaxenuil. — [Tpus. nepes.
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1 + —l 2 -
T X T X
y B
F Y
z
3 * 4 B
+ /
FI|T X T X
T \ F +
- FIT Y
F z T z
w T w

Puc. 4.1. O6Gpas pacnosoxeHHs B NaMsATH 3aniceil ¢ PeKyPCHBLOI
CTPYKTYPOH.

€CTeCTBEHHO, KOHEeuHbl, Belb HAa KaKOM-TO ypOBHe cBele-
HH O INpelKax OTCYTCTBYIOT. Mbl MOXeM yyecTb 3TO
coofpaxeHne, ecJd BHOBb BOCIOJb3YyeMCSl CTPYKTYpOi
¢ BapuaHtamu (4.3).

TYPEped = RECORD
CASE known: BOOLEAN OF
TRUE: name: aifa; father, mother: ped | 4.9
FALSE: (*nycrgfe)
D

END

OO6partnTe BHHMaHHe, UTO Kax/Jas NepeMeHHas THNa ped
COMEPXKHT MO KpaHHeH Mepe OLHY KOMIIOHEHTY — MoJje
NpH3HaKa noj umeHeMm known (u3pectex). Ecau 3To 3na-
UeHHe «HMCTHHA®», TO eCTh elile TPH MOJsl, B NPOTHBHOM
cayyae noJeft Gosablie HeT. HHXKe NPHBOJHTCA NpHUMEp
TAKOrO0 3HAYEHHS, 3ANIHCAHHOrO B BHAE BJIOXEHHOrO Bhl-
paxeHus, a Ha cxeme (puc. 4.2) nNpHBeJeHO ero BO3MOX-
HOe NpeJCTaBJeHHe B NaMSTH.

(T, Ted,(T,Fred,(T,Adam, (F),(F)), (F)),(T,Mary,(F),
(T, Fva,(F),(F))
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3aech CTaHOBHTCA oueBHA- [Ty Ted
niofl BaxHasl poAib BapHaHTOB;
STO EAMHCTBEHHOE CpEeACTBO, T Fred
no3BoJstiolllee OrpaHH4HTH pe- T Adam
KypcHBHYyl0 cTpyKTypy. [Tlo-
3TOMY B peKYpPCHBHBIX oOmpe-
AesIeHHsIX OHH Bcerila NpH-
cyrctBylotT. Hmenno 3gecs
0co6eHHO HarJsAHO npocJe-
JKMBAeTCsl aHaJIorusl Mexay
CTPYKTYpaMH 1nporpaMM H
naHHbix. B kaxayio pekyp-
CHUBHYIO lipouenypy, uTobnl ee
BLINOJIHEHHE Koraa-uubyab
3aKOHYHJOCh, o6s13aTennbHO
AOJKeH BKJIOYATHCS  yCJ0B-
HBI{ onepatop (uaw onepa-
TOp BapuaHta). fcuo, uTO
«KOHEUHOCTh  BHINQJHEHHS»
COOTBETCTBYeT KOHEUHOCTH
MOILHOCTH.

SRISIE

T Mary

)

-
m
<
o

[

4.2, CCblJIKH

XapaktepHasi 0COGeHHOCTD
PEKypPCHBHHIX CTDYKTYyp, uer-
KO OTJHuyalollass HUX OT oc-
HOBHHIX CTPYKTYp BHAa Mac-
CHB, 3aMHCb H MHOXECTBO, — CMOCOGHOCTb W3MEHSITh pas-
Mep. BcaeacTsHe 3TOro A/ peKypCHBHO OfpefeneHHBIX
AaHHHX HeBO3MOXHO BHAC/IHTHL NaMsAThb HHKCHPOBAHHOIO
pa3Mepa, H MO3TOMY TPaHCAATOP He MOXKeET COMOCTABHTh
C KOMMNOHEHTaMH TaKHX MepeMeHHBX KakHe-1160 onpe-
ReneHHble ajpeca. [las peweHuss 3rtoii npo6.eMb yalle
BCero MCMo/b3yeTcsi METOA, HalbiBaeMbili dunamuueckum
pacnpedesenuem maMsiTH, T. e. NaMmaTh NOA OTAeibHHE
KOMMOHEHTHl BHiAeJsieTC B MOMEHT, KOria OHH <«HauH-
12l0T CylLeCTBOBaTH» B Npollecce BLIMOJHEHHS NpOrpam-
Mbl, a He BO BpeMs TpaHCIAUHH. TpaHcaAsiTOP B 3TOM
Clyuae BbiaeasieT ¢GUKCHpOBauublii 06beM NaMsATH W%
XpaHeHus ajpeca AHHAMHUECKH pa3vetilzeMoli kommo-
HCHTH], a He caMoil 3TOH KOMNOHeHTE, MOIKET OKa3aThCH,

Puc. 4.2. [lpuvep pexypcHBs
HOft CTPYKTYPH MaHHHX.
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[r7es [p] 4]

[T[realp Tl [rlmev]gly]

Puc. 4.3. CTpykTypa, nocTpoeHias na CChlIKax.

uTO, HampHMep, reHeaJslOTHUeCKOe AepeBO, H306paxKeHHOT
Ha pHc. 4.2, 6yleT npeAcTaB/]eHO B BHAe OTAE/NbHBIX, HE
0653aTeJIbHO pPacCHOJIOXKEHHBIX PAAOM 3alHCeH — Mo Of-
HOH AJs KaXkJAOro 4desoBeKa. ODTH 3aNHCH CBA3HIBAIOTCH
MexJay cob60fi ¢ NOMOMIbIO ajApecoB, HaXOAALIHXCA B INO-
JqfX ¢ uMeHaMHu father W mother. I'padHueckd Takuc
CBfA3H yAoOHee Bcero H306pazkaTb CTPEJKAMH MJH CChLI-
KaMu (puc. 4.3).

Cneayer nmOAYEpPKHYTb, YTO HCHOJb30BaHHE CCHLICK
OpH peajH3allHHd PEeKYPCHBHBIX CTPYKTYp ~— YHCTO TE€XHH-
yeckHil npueM. IIporpaMMHCTY HeT HYXAH 3HaTb 06 HX
CylecTBOBaHHH. I]aMfATb MOXeT aBTOMAaTHYECKH BhIJe-
JNATbCA NpPH INepBOM YNOMHHAaHHH HOBOH IlepeMEHHOH.
Ec/aH, OAHaKO, IBHO BBeCTH paboOTy CO CCHIIKAMH (W
yKasaTe/lsIMH), TO MOXHO CTPOHTb CTPYKTYypH GoJsiee 06-
Liero BMAa, 4eM Te, KOTOpHIe CJAEAYIOT H3 PeKypCHBHOTrO
onpeleneHHs AaHHBIX. B wacTHocTH, 3TO NO3BOJIsIET BBO-
JUTb TOTEHIHa/NbHO OeCKOHeUHbe HJH LHKJIHYECKHe
CTPYKTYPbl H YKa3hBaTh, YTO HEKOTOpas MNOACTPYKTYpa
NpHHAAJIEXHT HECKOJbKHM pa3HbM cTpykTypam. [lo-
TOMY B COBpPEMEHHHX f3bIKaX NPOrpaMMHPOBAHHS, KAK
NpaBHJO, €CTb MeXaHH3Mbl MAHHNYJHDOBAHHA HE YOJIbKO
CaMHMH JaHHHIMH, HO H CCHUIKaMHM Ha HHX. JTO mpei-
noJjaraeT, yTO JOJIXKHA CYylleCTBOBaTb UeTKass CHCTEMa,
[HO3BOMSAIONLAS OTJHYATh AaHHHE OT CChUJIOK Ha HHX. []o-
5TOMY HeO6XOAMMO BBOAMTb THO AJA JAHHHX, 3HAUSHHA
KOTOPHIX NpPEACTaBJAIOT COBOH CCHUIKH (yKasaTesH) Ha
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p 17| =R

pt: T

Puc. 4.4. IunnamMuueckoe pasmellleHue nepemeitofl.

ApyrHe JaHHbe ), Mmu  ncmoabdyem Aas  3TOrO  HO-
TalHIO:

TYPET = POINTER TO TO0 (4.4)

Onucanne tna (4.4) yxasnBaer **), uro 3Ha4cHHA THNA
T saBasiiotcs cclikaMi Ha jdaHHue THna TO. Tot dakT,
yT0 B onucanuu T ABHO yKasnBaeTcss THN [aHHBIX, Ha
KOTOpHE HAeT CChIKa, NMpeicTaBasercs HaM (QyHAaMeH-
TaJIbHOH 0COOEHHOCTLIO. MHEl B 3TOM CcJy4a¢e TOBOPHM, 4TO
T ceasan ¢ TO. TNoHATHE CBA3aHHOCTH OTJIHYAET CCHIJIKH
H3 AI3HKOB BLICOKOTO YPOBHS OT aAPECOB M3 sI3hIKOB ac-
ceMOaepoB H npeAcTaBasieT co60# B MPOrpaMMHPOBaHHH
caMoe Ba)KHOe CpeACTBO YBeNHUYCHHs «5e30MacHOCTH»
3a cyer H3GLITOYHOCTH Ha{IHCAHHSL.

3HauyeHHS CCHIIOYHOrO THNMA (GOPMHPYIOTCA MPH KaX«
JOM JAMHAMHUYECKOM pa3MeIlCHHH KaKHX-JHOO JaHHAIX.
Mmul 6yneM HCXOAHTb H3 MPEANOJOKEHHs, YTO TaKoe pas-
MellleHHe Bcerja sIBHO (UKCHpyeTcsl B NPOTHBONOJOXK-
HOCTb NpeANoJIOXKEHHIO, YTO MNpPH NEPBOM YNOMHHaHHH
SJIEMEHTa NMPOHCXOAHT €ro aBTOMAaTHYECKOE pa3MelleHHE.
dasa storo Mu BBOAHM ocoGyio npouenypy Allocate (pas-
MecTHTb). EcaH ecTb cchl/louHasi nepeMeHHas p tuna T,
70 onepatop Allocate(p) AeACTBHTENLHO pa3MellacT 8
NaMATH HEKOTOpylo nepemenHyio *** tuna TO u npu-
CBaHBaeT MEPEMEHHOH D. CCHIIKY, YKa3bBAIOLUIYIO Ha 3Ty
HOBYI0O nepeMeHHyl0. K camMOMy 3HaUEHHIO CCHIIKH Te-
Nepb MOXHO cOpamaTthcsi Kak p. A K NepeMeHHOH, Ha

*) OTMeTHM, YTO 3TO He eJIHHCTBEHHHIfl H N03TOMY He HeolXxo-
ZuMufl cnoco6 YNOMAHYTOrO YETKOTO pasrpallHueHHsi 3HayeHni ne-
DEMEHHBIX H HX ajpecoB. B HEKOTOPHX s3bikax, ckaxem B Cu HaH
Bliss, gast 3Toro HCMOAB3YIOTCA <«CHHTaKCHueckHe» MexaHuamul. Ha-
npmae.p, a # &a uau .a u a. — I[Tpum. nepes.

% ViMenno nosToMy MLl NepeBOAMM caoBo <pointers, xax
«CCHAKa», a He «ykasateab». — [Ipum. nepes.

*%%) Toynee GuIO Obl CKa3aTh, YTO Pa3MELIAETCH HeoNpejeneH-
Hoe 3HaueHue, MGO NOHATHe NepemeHHOfl NOJApPa3yMeBaeT HaJ/iluHe
¥ Hee HexoToporo umenu, — [Tpum. nepes.
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KOTOPYIO YKa3hBaeT CChlIKAa P, 00pallalTesl ¢ MOMOUILIO
KOHCTPYKUHH p#t.
3ameqanue: Ecam Allocate — mpoueaypa, HMOOPTHpPOBaHHas H3 00-
Iero mMoayas pacnpezeseHAss NaMATH, TO A1d Hee TpeﬁyeTCﬂ B0
YKa3hBaTh 3 KayeCcTBe BTOPOro MapaMeTpa pa3mep NepeMenHoil *'.
Kak yxe ymoMHHanoCh, A/ KOHEYHOCTH - MOLIHOCTH
Jo60ro peKypCHBHOTO THIla B HeM JOJXKHa Bcerjaa Ipi-
CYTCTBOBAaTh Kakasi-IHO0 BapHaHTHasi KoMnoHeHTa. Hawu-
60/iee THOHYHBIH, 4acTO BCTpeyaloluics cayyad noiobex
redeaJOriyecKoOMy JepeBy: MmoJie NpH3HaKa MNPpUHUMACT
JiBa 3HayeHHsa (OYyJeBCKHX), NpHYEM, eCJH OHO JIGIKHO,
TO BCe MOCJEAYIOlIHe KOMIOHEHTBhl OTCYTCTBYIOT. ITOMY
COOTBETCTBYeT TaKasl CXeMa ONHCAHHS:

TYPET = RECORD (1.6)

CASE terminal: BOOLEAN OF

FALSE: S(T) |
TRUE: (% Oycro »)

END

END
3aech S(T)— moc/iegoBaTebHOCTb OMNpelesieHHil M0J¢H,
EKJIOYaloLas OJHO HJIH HeCKOJbKO noJjei Tuna T, oHn u
IIPHBOJSIT K PEKYPCHBHOCTH. Bce CTPYKTyphi, ONHCAHHbIE
1o cxeme (4.6), npeactaBasior coboil AepeBo (MJH chili-
cox), nonobHoe H3006paxeHHomy Ha puc. 4.3. Hx ue-
npusTHasi 0coOEHHOCTh — HaJNHYHe CCHUIOK Ha JaHHbie,
cojepAsalllhe TOJAbKO NOJe NPH3HAKa, CYLIeCTBEHHOM Iix-
GopMalUM TYT HeT. PeasiM3aunH, OCHOBaHHble Ha CChL1-
Kax, NO3BOJISIIOT JIETKO KOHOMHTb NaMfATb, BKJIKOYasi HH-
opMaLHIO M3 TOJsl MPH3HAaKa B caMy cchbliky. OObIuHO
IIPHHATO PaCWIHPSITh 00JMacTb 3HauyeHHH JI0OBX CChLIOY-
HEIX THNOB, A00aBJsIT K HHM OXHO-eJHHCTBEHHOE 3Haue-
HHe, KOTOpOe he yKa3blBaeT HM Ha Kako#h asneMeHT. Ta-
Kas cchiJika 0803HayaeTcsl crnenHatbHbiM HMeHem NIL,
H cuMTaercs, 4yTo NIL aBTomaTHueckH nobaBasercst KO
BCeM ONHCAHHBIM CCHUJIOYHBIM THOAM. DTO pacllHpeHHe
c6JacTH CCBIJIOYHBIX 3HAUEHHH 0ObACHseT, IoYeMy MOXKHO
$opMUpOBaTh KOHeYHble CTPYKTYPHI, He BBOASI SIBHO Ba-
pHaHTBl (MM YCJIOBHA) B MX (peKypCHBHBbIE) ONHCAHHS.

*) DTo 03HAayaeT, YTO NPH Takom obpallleHHH corJalueHHe O CBf-
33HHOCTH P C ONpPEAEJEeHHMM THIOM 3HAYeHHN B pe3yabTaTe OLHOKH
nporpamMmicta Moxer €niTe Hapywedo, — ITpun. nepes.
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B npumepax (4.7) nn

n (4.8) npuBoasTtcH
HOBLIe (DPOpMYJIHPOB-
KH LISl TEX XKe onuca-
WMl THOOB, 4TO W B | Fred | 9 |nil [Mary [mit] 9 |
(4.1) n (4.3), Ho Te-
nepb B HHX SIBHO HC-
NOJMB30BAHH  CCHIIKH. —T—
O6paTHTe BHHMaHHe, [Ada’“[""l""]

4TO B NOCJACAHEM CAY- -
) - uc. 4.5. CTpykTypa cO CCHLIKaMI,
yae (KoTopwit nep- paBubIMH 3HauvenHio NIL.
BOHAa4aJbHO OBbLA NO-
cTpoeH no cxeme (4.6)) KOMNOHeHTa 3anHCH C BapHaHTa-
MH YXe OTCYTCTBYET, Tak KaK ~ p.kRnown Tenepb BhIpa-
kaercs kak p = NIL. HM3menenue umeHu tuna (or ped
nepelliy K person, T.€. OT «AEPeBa» K «UEJOBEKYy») OT-
paxaeT H3McHEeHHe TOYKH 3pEHHsl, CBA3aHHOE C BBEAEHHEM
SIBHHIX CCBIJOYHBIX BeJHuHH. BmecTo TOro utoGm pac-
CMaTpHBATh BCIO CTPYKTYPY KaK He4TO Llej0e H BBIACAATH
13 Hee NOLCTPYKTYPH H OT/JeAbHble KOMIIOHEHTBI, Mbl TC-
nepp KOHIUEHTPHPYeM BHHMaHHE MpexJe BCEro Ha CaMuX
KOMIIOHEHTaX, a HX B3aHMOCBSA3b (NPeLCTaBJCHHAA CChIJ-
KaMH) Boof1le He (PUKCHPYETCS HHKAKHMH ONHCAHHAMIL.

[ Eva Inil nil

TYPEtermPtr == POINTER TO term; (4.7
TYPEexpPir =  POINTER'TO expression;

TYPE expressiont = RECORD op: operator;
opdl, opd2: fermPtr
END;

TYPE termn = RECORD
CASEt: BOOLEAN OF
TRUE: id: alfa|
FALSE: sub: cxpPty
END
END

TYPE PersonPir = POINTER TO Person (4.8)

TYPEperson ==  RECORD name: alfa;
father, mother: PersonPtr
END
Ha puc. 4.2 u 4.3 6bl1u npuBejelbl LaHHbBIE CO CTPYK-
TYpoH, npeAcTaB/AlOLEeH IeHeaJorHueckoe [AepeBo, a Ha
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pHc. 4.5 nsobpaxaercss TO XKe ACPeBO, HO TeNepb CCHLIRK
Ha HeH3BeCTHbIX JHI 0o0o3HaueHnbl kak NIL. flcno, urg
B 3TOM CJyyae JOCTHraeTcsi 3HAYHTEe/JNbHAs 3JKOHOMIIR
namsatH. [lpeanonoxnm, uto Ppen (Fred) n Mspy
{Mary) (puc. 4.5)— Gpat u cectpa, T. €. Y HIX 0oO0uile
poanTenil. 2Ta CHTYalus Jerko NpeAcTaBJaseTcss 3aMenol
asyx 3Hauennfi NIL B cooTBercTByWOILUHX NOJAsAX 00enx
3anuceit. Tlpn peannsaiunn co CKPBITBIMH CChIIKAMH HJII
KakoM-a1u0o0 ApyroM MeToge paboTh ¢ TNaAMATHIO 1po-
I'PAMMHCTY NOpHWJIOCh Obl AYyOJHPOBATH 3allCH AJAS HX
poauteneii — Anpama (Adam) u EBwm (Eve). Ecau peus
11eT O BbIOOpKE [JaHIbIX, TO HE HMEET 3HAuyeHHus, mpej-
cTaBjeHbl Ji1 06a orua (uan obe Marepu) ABYMs 3amu-
CSIMH HJII OJHOI, HO €CJH JaHHBIE HYXKHO KOPPEKTHPO-
BaTb, TO pa3HHIla CTAHOBHTCA BeCbMa CYLIECTBEHHOIL,
Kouuenuis cCBIOK KaK SIBHBIX A4HHBIX B OTJHYHE OT
JOOBIX «CKPBITBIX®» peand3auHi noMoraeT NPOrpaMMHCTy
TOYHO YKa3blBaTh, e CYLIECTBYET «pa3je]eHHe» NaMsTH
MEXKAY HECKOJbKHMI OGBHEKTaMH, a TIle— HeT.

Eie 0aHO cnelcTBHE BBefeHUs! IBHBIX CCBIJIOK — BO3-
MOXHOCTb ONpeLeJEeHHs HHKJANYEeCKHX CTPYKTYp H MaHH-
nyasuun uMu, OfHAKO Takas AONOJHHTE/IbHAast rHOKOCTDb
K¢ TOJbKO YBEJHYHBAET BHIPA3HTEJbHOCTb si3blKa, HO W
TpebyeT oueHb 0OJbIIOA OCTOPOIKHOCTH, TaK Kak palora
C HHKJHYECKHMH CTPYKTYpaMH MOXET BecbMa ObICTPO
NPHUBECTH K GECKOHEYHBIM BHIUHC/ICHHAM.

To, 4TO MOILHOCTb H THOKOCTb TECHO CBfA3aHBI ¢ ONac-
HOCTBIO 3J0ynorpebaeHnst, — (PaKT B NPOrpaMMHPOBAHHH
XOPOIIO H3BECTHBIA. 31€Ch MOXKHO HAMOMHHTL 00 OTepaTo-
pe nepexoaa (GOTO). JdefcTBUTENBHO. €CJI IPOAOIKATh
aHaJIOrHI0 MeXKAy CTPYKTYpo#l mporpaMm H CTPYKTYpOil
JaHHBX, TO JaHHble C YHCTO PEKYPCHBHOH CTPYKTypoil
MOJKHO [TOCTaBHTb HA YDOBEHb NPOLEAYDP, a BBeJEHHE CChi-
JOK COMOCTAaBIIMO C IICTIOJIb30BAHHEM OTlepaTopa nepexoid.
Tak e KaK C MOMOUIbIO ONepaTopa Mepexoja MOMKHO
CTPOUTH J1006ble NpOrpaMmbl (Aaxie UHKJBI), TAK I CCLIJIK!H
N03BOJIAI0T KOHCTPYHPOBATh AaHHBIE CAMOIi IPON3BOIbLHOI
CTPYKTYpHl (BIJOTb 10 lHK/IHYecKofl). B raba. 4.1 mul
NPHBOAHM HEKOTOpble NapaJjenH KOHCTPYKUH{l, OTHOCA-
H{HXCS K CTPYKType NPOrpaMMbl H CTPYKType [JaHHBIX.

B ra. 3 M yxe nokasaldH, YTO liTepaiHs — 3TO
yacTHuIfl cJayualt pexypcun u obpaileHnle K peKypcus:
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Ta6anoa 4.1. CooTBeTcTBHE MeXAY 3/€MEGHTaMH NPOrpaMM H CTPYKe
Typofi laHHBIX

«O6pas koHcTpyk- Onepatop nporpaMmu Tun panHbix

LHHY

AtoMaphuii o6bekT [IpHcBaHMBanue CxanfipHuafl THR

Ilepeuncaenne CocraBHolt onepaTop 3anuch

Hssecthoe  gnci1o OnepaTop uHkna ¢ napa- Maccus

NOBTOPeHHH MeTpoM

Bri6op YcaoBHHHA onepaTop O6beanHeHHbR THI
(3anuce ¢ BapHaH-
TaMH)

TToBTOpenue Onepatopw mukaa ¢ npex- Ilocaenorarens-

H MOCTYCJOBHAMH HOCTb

Pekypcus OnepaTop npoueaypu PexkypcHBHHI THT

O6umuf rpad Onepartop nepexona CrpykTypa, no-
CTPoeHHas Ha CChA-
Kax

Hofi npouerype P, noctpoeHHoli B COOTBETCTBHH €O
cxeMofi:

PROCEDUREP;
BEGIN :

IF B THEN PO; P END (4.9)
END

rie PO — onepartop, He comepxamuii P, — 3KBHBaJeHTeH
HTEPAaTHBHOMY ONepaTopy

WHILE B DO PO END

AHnanoruu, nepeuucieHHue B Tabua. 4.1, no3BoasOT 06-
HapyXuTb TaKyl0 XKe CBf3b MEXJIY THNAMH PeKYPCHBHBIX
JaHHHX H [0CTeA0BaTEJbHOCTAMH.

TYPET =RECORD
CASE B: BOOLEAN OF (4.10)
TRUE: t0; TO; t: T |
FALSE:
END
‘END

QakTHYeCKH pPEKYPCHBHHI THN, onpelefneHHHl B COOT-
BeTCTBHH cO cxemofl, rae TO — tun, He comepxamui T,
SKBHB&JEHTEH H MOXeT OHTb 3aMeHeH Ha TakKo# nocJes
JAOBATENbHOCTHHH THI:

SEQUENCE OF To
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OcrtaBuyiocs 4acTb 3TOH IJ1aBbl Mbi NOCBATHM CO3AaHHI
CTPYKTYpP, OCHOBaHHBIX Ha SIBHBIX CChiJKax, M paboTe ¢
HHEMH. B 4acTHOCTH, Mbl 3afiMeMcsl CTPYKTYpaMH chely-
GHuUeCKH NPOCTHX BHAOB, DelenTh e paboThl ¢ 6osee
CJIOXKHBIMH 06pa30BaHHSIMH MOJKHO BLIBECTH H3 OINbiTg
padoTel ¢ 3THMH NpocThHMH. K TakuM NpOCTHIM BHAam
CTPYKTYD Mbl OTHOCHM CIIHCKH — 3TO caMbill NpOCTO#H c1y-
yail —H AepeBbs. IlpeanouTeHHe, KOTODOE MBI OKas3hl-
BaGM 3THM «CTDPOHTEJLHBIM 6J0KaMm» AJs NOCTPOCHHSH
CJIOZKHBIX THNOB, He O3HAYAET, YTO Ha NPaKTHKE HE BCTPe-
yaioTes 6oJce croKnbe ofpaszoBaHusa. Bot BaM HCTOpHs,
ony6/iHKoBaHHasA B OAHOH M3 IIOPDHXCKHX raseT B HioJe
1922 r., joKasuiBaouas, 4To Aa)Ke B TaKHX PeryJaspHHX
CTPYKTYpax, Kak ceMeilHble AepeBbsl, MOTYT BCTpeUYaTbes
HPPEryAsApHOCTH. IDTO HCTOPHS 4YeJoBeKa, KOTOPHH Taxk
ONHCHIBaeT HeCyacTbe CBOCH JXKH3HH:

A ocenunca na 8dose, y KOTOPOIL 6bLAG 83pOCAAR OOUD,
Moii orey, doBoabHO 4ACTO HaBeuw,aswiul HAc, 8A0OUACA
8 MOI0 naduepuyy u scenuacs Ha Heil. CaedosareasHo,
MOL oTey CTAA MOUM 3iTem, a MOA naduepuya — Moed
marepoto. CRycTs HECKONLKO MECSyes8 MO JteHa poduia
CbIHA, KOTOPBIL CTAA WYPUHOM MOe20 OTya u OOHO8pe-
MEHHO MOuM @adeli. ¥ scenvr Moe20 oTya, T. e. moel nad-
yepuyol, TONe poduaca cbuiH. Takum o6pas3om, Yy MeHs
nosguaca b6par u odwospemenHo 6Hyx. Mos ocena A8-
aserca moell babywkod, TaK KaK oxHa maTe moel ma-
Tepu. Caedosaresbno, 8 myiw Mmoeld oweHb. u OOHOBpe-
MEHHO ee 8HYK, Opyeumu crosamu, s— c8od cobcTaen-
Holl Oedywika.

4.3. JIMHENHBIE CITMCKU

4.3.1. OcHoBHbIE ONMepalUHH

Haubosee npoctoit cnoco6 06beAHHHTb HJH CBA3ATh
HEKOTOPOE MHOXECTBO 3JE€MEHTOB — 3TO «BHTSHYTb HX B
JHHHIO», OPraHM30BaTb CMHCOK HJH odepelb. B 3TOM
caydae ¢ KaX{ABiM 3JeMEHTOM HY)KHO COMOCTaBHTb JIHIIb
O/IHY-E/IHHCTBEHHYIO CCBIJIKY, YKa3blBaIOILYyI0 Ha CJeAyio-
LIHH 3JeMEeHT.

IIycte ectv aBa Ttuma: Node m Pfr, onpeneleHHHE
kak (4.11). Kaxnas nepemenHas THna Node cOCTOHT H3
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TpeX KOMIOHEHT, a HMEHHO HAEHTH)HUHUPYIOLEro Kaoua
(key), ccbiikM Ha caepyommii asemedt (mext) H, Bos-
MOXHO, Kakoi-mu6o npyrodi uubOpMauMH, KOTOPYIO B
(4.11) Mu onyckaem.

TYPEPif = POINTER TO Node;
TYPE Node =RECORD key: INTEGER,;
next: Ptr; (4.11)
data: ..
END;
VAR D, q: Ptr

Ha puc. 4.6 npexcraBjeH CNHCOK BeplUMH, CCHIKA Ha
nepBH 3JeMeHT KOTOPOrO NPHCBOEHA MNepeMeHHOH p.
BeposTHO, caMas npocTas onepanHsi, KOTOPYIO MOXHO
npoienath C TaKHM CIHCKOM, — BKJIOYHTb B €ro HayaJo
HekoTOpHH aJyieMeHT. CHayaJsa ssneMmeHT THna Node pas-
Memaercst B MaMsATH, H CCHJIKA Ha Hero NpHCBaHBaercs
HEKOTODOH BCNOMOraTteJpHOi nepemenHod ¢q. [locae
9TOTO CChIKAM NPHCBAHBAIOTCS HOBHle 3HAYEHHS, W OIe-
paUHs Ha 3TOM 3aKauuuBaercs. Ilporpammupyercsa 3710
TaK:

Allocate(q, SIZE(Node)); qt.next:=p; p:=gq (4.12)

OG6paTHTe BHHMaHHe, YTO 3J€Ch CYLIECTBEH MOPSAO0K 3THX
Tpex OnepaTopoOB.

Onepanus BKJIOYEHHS 3JeMEHTa B T[OJIOBY CIHCKa
cpasy xe 0OBACHAET, KAK MOXHO BooOuie HOPMHDPOBATDL
J1060f cnMCOK: HayaTb C MYCTOTO CNHMCKa M MOCJEA0Ba-
TeNbHO 100aBJATb B Hayaso 3jeMeHTH. llenukom npo-
necc @opmuposdrus cnucka npeacTaBleH dhparMeHTOM

pl —F—] 1

Puc. 4.6. Tlpumep cnucka,



226 4. Rannvie ¢ Junamuseckod crpysryped

(4.13), uHCA0 cBA3BIBaeMbBIX 3]1€MEHTOB — N,

P := NIL; (+ B nayane cmicox Mycr »)

WHILEn > 0DO
Allocate(q, SIZE(Node)); qt.nesti=p; pi=q; 4.13)
qrkey:=p;n:=n-1

END

370 caMbifi nPOCTOf crocoG NMOCTPOeHHst CNHCKa, ox-
11aKO NPH HeM MOPAAOK 3/]1€MEHTOB B CNMHCKe o6paTeH no-
PAAKY HX BKJIOYeHHs. B HekoTOpHX cayuasix 3TO Hexe-
JaTeNbHO, H NMO3TOMY HOBHE 3JeMeHTH HeoOXOAHMO 10-
6aBnATb He B r0JIOBY, a B KoHell cniicka. KoHel MoxHO
Jlerko HafTH, MpPOCMaTPHBAs BeCb CMHCOK, HO 3TO CJHIU-
KOM <HaHBHOe» pelleHHe, Tpebyiollee oOnpeAe/eHHhX
3aTpaT, OT KOTOpPHX mnpocTo H36aBHTbes. JlocTtaTouno
BBECTH BTOPYIO CCHIKY (, YKa3HBaIOIIYyl0 HAa MOCAEAHHIt
aleMeHT. Takod MeToA mNpHMeHseTCH, HanpuMep, B8
nporp. 4.4, rae GOPMHPYIOTCS nepeKpecTHbe CCHIIKH Ha
3ajaaHHbl TekcT. HepocTaTok 3TOrO MeToAa B TOM, YTO
nepBHfi H3 BKJIIOYaeMbX 3]eMEHTOB HYXHO o6pabaTh-
BaTb HHaye, YeM OCTalbHblE,

fIBHOe HCNOJAb30BaHHE CCHJIOK HaMHOrO ynpouaer ne-
KOTOphe OnepalHH, KOTOpbe HHaye OHAH Ob H3aHiLHe
3anyTaHHbIMH. CpeAH 3/1eMeHTapHHX OnepauHi Hal cnu-
CKaMH eCTb BKJIOYEHHEe H HCKJIOYeHHe 3/1eMeHTOB (BhGO-
pOYHOE H3MeHeHHe CMHCKAa) H, KOHeYHO e, NPOCMOTP
cnucka. Haunem c¢ pas6opa onepauHH 8KAlOueNus
8 Cnucox.

[IpeanonoxHM, nocne 3neMeHTa CIMHCKA, HA KOTOPLIN
YKa3blBaeT CCHIKA P, HYXKHO BKJAIOYHTb 3JeMEHT, 3ajat-
HBt cchaKkoR q (nepemennoRt). B (4.14) nprBedenn npu-

q—]

N
V= g

Puc. 4.7. Bkatouenne B CHHCOK mnoce sneMenta pi.




4.3. Jlunetinsle caucku 227

L 8 27
-—1
T
— 13 27 21 - 13 8 21 f"
] -] -~

Puc. 4.8. Brawuenue B CHHCOK Hepel 3nementom pi,

CBaHBaHUSA CChHIJKaM, KOTODHE AJIfl 3TOr0 HYXHO BbIIOJ-
HUTb, a Ha puc. 4.7 — pe3yabTaT 3TUX AeHCTBHH.

q}.next:= pt.next; pt.next:=gq (4.14)

Ecau tpebyercs BKJIIOYeHWe He mocte, a neped yKasaH-
HHM D1 3J1eMEHTOM, TO KaikeTCsl, YTO ONHOHANpaBJeH-
Has uenmoyka cBsiselt AOJiKH2 3aTPyAHHTb paboty, m0O-
CKOJIbKY HET «X0Ja» K 3JeMeHTaM, NpellleCTBYIOLIUM
nanHomy. OnHako 3Ta mnpobJjema peilaeTcsi AOBOJBHO
mpocro B (4.15), cooTBercTBylomas cxeMa MpHBeleHa
#Ha puc. 4.8. (3necy npexnonaraercs, 4TO KJIOY HOBOI'O
3JeMeHTa — key == 8.)

Allocate(q, SIZE(Node)); qf:= p*;

4.15
ph.key:=k; ph.next:=¢q (4.15)

«Tpiok» 3akjl0yaercs B TOM, YTO HOBas KOMIIOHEHTa Ha
caMOM JeJie BKJOYaeTcs nocse pf, HO 3aTeM HOBas KOM-
NOHEHTa U Pl «MEHSIOTCA» 3HAUEHUFAMH.

Tenepb paccMOTpPUM TIPOLECC UCKAIOYEHUR U3 CHUCKA.
Mcraouenne sfneMeHTa, cieaylouero 3a pf, oueBHAHO.
B (4.16) oHO mpuBefeHO B KOMOMHAUMU C BKJIIOYEHHEM
HCKJIIOUEHHOrO 3JeMeHTa B IOJIOBY JAPYroro Cmnucka (Ha
Hero yxaseiBaeT q). Puc. 4.9 uanocTpupyer TakoH UHK-
JHYyecknii 0OMeH 3Ba4YeHNsMH Tpex CCHLIOK.

= p}.next; pinext:=ri. next; rh.nexti=¢q; q:=r1
(4.16)

TpynHee UCK/IIOYHTb CaM YKa3aHHBIH 3jeMeHT (a He cJe-
AYIOIMHUIA 32 HUM), IOCKOJbKY MBl CTaJKUBAeMCs C TOH ke
npo6JAeMolt, 4TO ¥ NpH BKJIOYeHUH. Beawb npoxoa x 3Je-
MEHTY, NpeAUIeCTBYIOUIeMY YKAa3aHHOMY, HEBO3MOXKEH.
Oxunako Temepb yxe JI0BOIbHO OuUeBHAHO NPOCTOe pellle-
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Puc. 49. Hckaovenne 53 Cchucka € MOCAAYIOMIHM  BIMIOUEHHEM
B Apyroil CICOK.

HHE! HCKTIU4eTCS NOCACAYIOWHHA 3N1CMCEHT, a nlepell 3THM
ero 3naueHue «nepefBuraerc» pnepel. Tak MOXHO MO-
cTynarb, KOraa y pt ecTb MOCACAYIOWHH, T. €. ecifl 3TO
HC MOCJCAHHUH 3JCMEHT.

Pa3bepeM Tenepb OCHOBHYKO ONEPALHIO — npox0d no
cnucky. I1peanonoXuMm, uto € KaXXAbLIM H3 3JeMEeHTOB
CMHUCKA HYXXHO BBHIMOJHHTL Onepaunio P(x); nepsbii age-
MEHT cnucka — p4. DTy 3a4ayy MOXKHO BBIIOJHHTE CJe-
AyrouuM o6pasoMm:

WHILE cnucox oGonaucinstii-yenes p, nenver DO
gorroanenue onepagua P;
nepexod K caedyiouemy

s

LEND

[Tocae YTOYHEHHS 3Ta OniepauMsa BLHINMAAHT YXKC TaK:

WHILE p # NILDO
P(pt); p := pt.next (417
END

M3 onpemenenus oneparopa IUHKJAE C MPEAYyCJIOBHCM H
CNMUCKOBOH CTPYKTYpbl CiaeAyeT, uTo P OGyAeT BbIlIOJHEHO
JJIST BCEX 3JIeMEHTOR CMHUCKE, U HU AN KAKHX APYTHX.
OxHa M3 Haubojee uacTo ynotpebaseMbix onepa-
Uil — NOUCK 8 CnucKke 3JeMEHTa ¢ 3d1aHHBHM KJIOYOM X.
B oTauuue OT MaCCHBOB MOHCK B 3TOM cayuae JA0JKel
NPOXOAHTb CTPOro MocaenopaTenbno. OH 3aKaH4YHBAETCH
An60 Npu OGHAPYKCHHH 3JeMEHTE, JHGO MpH AOCTHIKE-
HUH KOHLIA CNHCKa. Takue ycJOBHA MPUBOAAT K TOMY,
YTO KOHBIOHKIHS BKJAIOYaeT ABa OTHoweHus, Kax u pa-
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Hee, 6y11eM CYHTATDb, YTO HauaJO CIHUCKA 3ajJaeTcsd CChlJ-
Ko# p:
WHILE (p # NIL) & (p}.key # x) DO p:= pt.next END
(4.18

OrHowerne p==NIL npeanonaraer, yro pt{ He cyue-
CTBYET H, C/1CA0BaTe/NbHO, BhIpaXKenue p4.key#x caMo He
onpefeseno. [1o3ToMy nopsjoK OTHOWIEHHH BecbMa cy-
1eCTBCH.

4.3.2. YnopsioueHHble CTHCKH H MEPecTPOoiKa CIIHCKOB

Anroput™ (4.18) oveHb HanoOMHHAeT NpPOrpaMMy mo-
HCKa MpPH NpOCMOTpE MAacCHBA HJH NOCJAEI0BATENbHOCTH.
Befb (hakTHUYECKH NOCJEJ0BATENbHOCTb — 3TO TOYHO Ta-
KOA e CNHCOK, HO B HEM METOJAH CBS3H C NOC/CAYIONIUM
3JIeMeHTOM ocTaloTcA Jubo HeonpeneJeHHBIMH, JHGO He-
ABHHMH. [JOCKO/IbKY OCHOBHHE OllepAlHH HaA MOCJea0-
BaTeJIbHOCTAMH He NpeAycMaTpPUBAIOT BKJIOUEHHS HOBBIX
3JleMeHTOB (KpOMe KaK B KOHEll) HJH HX HCKJIOYeHHS
(KpOMe yHHUYTOXKEHHSI BCeX 3JEMEHTOB), TO Nepel peasH-
3aTOPOM JIEXKHT IIHPOKOE IoJe AJas BHGOpa HYXHOro
MeTORa U OH MOXKeT pas3MelllaTb 3JeMeHTH I0CJe]0Ba-
TeJbHO OJHH 3a JADYFHM B <«HeNpepblBHOH» obsacTu
naMaTH. JIuHeHHble CIIUCKH C IBHBIMH cChLiKaMu obecne-
4YHBAOT 60JbLUYI0 FHOKOCTb, H MO3TOMY HX HYXHO HC-
NOJIb30BAThL BCSAKHH pas, Korja Takas rH6KOCTb JAeHCTBH-
TeJbHO HeoOXxoAHMa. ,

PaccMoTpuM B KauecTBe NpHMepa 3aAayy, K KOTOPOii
6yleM nOCTOSsHHO oO0pallarbcsi Ha MNPOTHAMXKEHHH 3TOl
rAaBH, ACMOHCTPHUPYSI BO3MOXHLHIC METOAbl H NpPHEMBbI.
3ajaya COCTOHUT B YTEHHH TEKCTa, BLIGOPKE H3 HEro Bcex
CMOB H MNOJACYETE 4YaCTOThl HX MOSIBJEHHA, T. €. HYXKHO
NOCTPOHTb AA(DABUTHBLL 4ACTOTHLLE CA0BAPS.

OueBHaHOE pellcHHE: CTPOUTCHA CIHCOK BCEX CJIOB,
HallleHHEIX B TeKkcTe. JTOT CIHCOK IPOCMATPHBAETCH C
KaXXABM cJ0BOM. Ec/aH cJ0OBO OGHApYy>KHBAaeTCs, TO €ro
CYEeTYHK YacTOThl YBeJMUHBaeTCsd Ha €AHHHIY, €CJAH XKe
ero B CIHCKe HeT, TO OHO TylAa BKJwouaercs. Mul GyneM
Ha3HBaTb TAKOH Ipollecc NpPOCTO NOUCKOM, XOTS OH, KO-
HeYHO XKe, COAEPKUT H BKJodeHHe, Uto6H cocpenoro-
YHTh BHHMAaHHEe HAa OCHOBHOH pafoTe CO CIIHCKaMH, MH
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NPeANOA0NKHM, UTO C/J0BA YIKe BbiAGJEHBl H3 HCCIeaye-
MOTO TEeKCTd, 3aKOAHPOBAHBI UEJBLIMH 4HC/AaMH H HAaxo-
JSTCSL BO BXOAHOI MOC/IeA0BaTeJNbHOCTH.

Bui npoueaypsl Noja HasBaHiieM search (MOMCK) ke-
MoCpeACTBEHHO cielyeT H3 anropurma (4.18). Ilepemen-
Ha# roof yxa3biBaeT Ha TOJIOBY CIIHCKa, B KOTOPHH [0~
6aBasioTcst B COOTBeTCTBHH ¢ (4.12) HoBble caoBa. [los-
HOCTLIO BeCh aJropuTM npuseded B nporp. 4.1; 3z1ecs
ecTb U NOANpOrpamMma MeuaTH CINHCKa NOJYYEHHHIX pe-
3yabTaTop. IleyaTs TakoH TabuHUbl CAYXKHT NPHUMEpOM
NeHCTBHS, BHIIOJHSEMOTO IO OAHOMY pPa3y C KaXAbiMm
13 ajJeMedTOB cnucka. CxeMa 3TOro npouecca yxe npi-
Boaunacs (4.17).

Asroputm JnuHeliHoro noucka #3 nporp. 4.1 nancmu-
HaeT NpoUCAYpY MOHCKA AJS MAacCHAOB, rje AAsl ynpoiue-
HHA YCJOBHS OKOHYAaHHA LHKJIA HCNOJb3YeTCsl pacnpo-
CTpaHeHHNIIl NpHeM — nocTaHoBKa Gapeepa. bapeep Mox-
HO HCNOJIb30B4Th W MPH NOHCKE B CIHCKE, €ro MOXHO
NpeACTaBUTb KaK NYCTOH 3J1eMeHT B KOHLE CNHCKa. B Ho-
BoK npoueaype (4.21), samensiome# npoueaypy NoHCKa
B nporp. 4.1, npeanonaraercsi, uTo Jo6aBJjeHa rno6aJb-
Hasl nepemcHHasl sentinel, a WHHUUMAUHS roOf 3aMeHeHa
Ha ONepaTopkl, CO3AAIOIIHe 2JIeMEHT, BLICTYMalOmHA B
poau 6apbepa.

Allocate(sentinel, SIZE(Node)); root := sentinel

PROCEDURE search(x: INTEGER; VAR root: Ptr); (a.21)
VAR w: Ptr;

BEGIN w : = root; sentinelt.key := x;
WRILE wt.key # x DO w := wtnext END ;
IF w = sentinsl THEN (« HOBBIH J1¢MEHT 4 )

w : = root; Allccate(root, SIZE(Node));
WITH roott DO
key:= x:count:= 1;next:=w
END
ELSE wt.count : = wr.count + 1
END
END search

ScHO, 4yTO THOKOCTb H MOIIHOCTb CBSI3aHHOTO CNHCKA B
3TOM NDUMEPE NPAKTHYECKH HEe HCNOJAb3YIOTCS!, H INOHCK
¢ MOMOWIBI JIHHEHRHOro NnpocMOTpa MO2KHO JONyCKaThb
JHIIb B TE€X Cay4yasX, Korja 4uHcjJI0 €ro 3JEeMEHTOB Qrpd-
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MODULELIst: (* nmpsiMoe Bxirouentie B CIHCOXK #
FROM InOut IMPORT ReadlInt, Done, WriteInt, WiiteLn}
FROM Storage IMPORT Allocate;,

TYPE Pir = POINTER TO Word;
Word =
RECORD key: INTEGER;
count: CARDINAL;
next: pir
END;
VAR k: INTEGER; root: Pir;

PROCEDURE search(x: INTEGER; VAR root: Ptr);
VAR w. Ptr;
BEGIN w : = root;
WHILE (W # NIL) & (wr.key # x)DOw ;= wrnext END &
(s (w = NIL) OR (wt.key = x) *)
IFw = NIL THEN (» HOBbIi 37I€MEHT %)
W := root; Allocate(root, SIZE(Word));
WITH rootr DO )
key:= x; count:= 1 next:= w
END
ELSE wr.count = wr.count + 1
END
END search:

PROCEDURE PrintList(w; Pi);
BEGIN
WHILEw # NILDC
Writelnt{wt key, 8); WriteInt(wt.count, 8); WriteLn;
W= wt.next
END
END PrintList;

BEGIN root : = NIL; ReadInt{k);
WHILE Done DO
search(k, root); Readlnt(k)
END;
PrintList(root)
END List,

Mporp. 4.1. IlpocToe BK.IIOYEHNE B CMIHCOK.

HHYeHo. OLHAKO YCOBEPIIEHCTBOBAHHBIH METOJ JEKHT
FOUTH Ha NOBEPXHOCTH — 3TO NOUCK 8 YNOPAOOHEHHOM
cnucke, Ecay cnvcok ymopsifoyed (IpeAnoJfoNKUM, B NO-
PAdKe yBeqMYeHUs KJ/Ouel), TO NMOUCK MOMHO 3aKaHYM-
BaTh, Kax TOJAbKO Oyner oOHapy»KeH MNepBHH KJKWY CO
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Pric. 4.10. Braoyeune B ynopsaoyeniiuii ¢nHcox.

3HayeHHeM GoJibllie HOBOrO. YMNOPAAOYEHHOCTb CIHICKA
JOCTHraeTcsi BKJIOUEHHEM HOBOTO 3JeMeHTa B MOANOIsi-
fee /A1 3TOrO MECTO, a He B roJiopy cnucka. [lostouwy
YNnopAAOuUEeHHOCTb nmosyuaerca QaxTHuecku 6e3 Jonoanii-
TeJbHBIX 3aTPaT, H 34eCb [OJHOCTbIO HCIOJb3YyeTcst rHG-
KOCTb ynortpebasieMofi cTpyktypsl. Hu MaccuBw, HH no-
CJeJ0BATENbHOCTH TaKOH BO3MOXHOCTH He [aioT. (3a-
METHM, OJAHAKO, YTO JaXe YNOpAJOueHHHE CHHCKH He
NO3BOJISIOT OPraHH30BaTh HHUEro MOXOMKero Ha ABOIIMHDLI
MIOMCK B MacCHBaXx.)

[Touck B ynopsanoueHHBIX CIHCKax NpeacTaBasicT CO-
Goit THNWYHHIA npHMep cuTyauuu (4.15), rae saemeHT
HYXHO OBJIO BKJAOYAaTh nepel 3afaHHnM. M sgech ero
HYJKHO BKJIIOYaTb Nepej NepBHM 3J1EMEHTOM C KJIOUOM,
6osbuinM uem 3agaHHuii. Ho 3to nenaerca e tak, kax
nenanu p (4.15). Mu He KONHpPyeM 3HaueHHs, a B npo-
uecce Npoxoaa Mo CNHCKY Bcerja HMeeM 1ef0 ¢ Osyma
CChIKaMH: w2 OTCTaeT H4a OAHH wWar ot wl. 210 no3so-
JIsleT TOUHO OnpejeJHTb MeCTO BKJIOUeHHs, Koraa no wl
6yner obHapyxeH GoJabwui Kmou, O6mas cxema Ta-
KOro BKJIIO4YeHus MnpHBedeHa Ha puc. 4.10. Ecau T0.11,K0
CIIMCOK He MNYyCT, TO CCHJIKA Ha HOBHA 3jeMeHT (w3)
npucsauBaercs w24.next. Ctpemacb K mpoctote n 3d-
(beKTHBHOCTH, Mbl He OYyJeM pas3iHuyaTh 3Ty CHTYallllo
C NOMOLbIO YCJIOBHOrO onepartopa. MHo6Gasum npocTo
B TOJIOBY cnucKa nyctoft snemeHT (dukrusHuil). Co-
OTBEeTCTBEeHHO HHHUHHDYIOMWHHA onepaTop roof := N/L n3
nporp. 4.1 3aMeHuM Ha TakHe ONepaToOpH:

Allocate(root, SIZE(Node)); root4.next := NIL
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113 puc. 4.10 sAcHo, 4TO ycaoBHC, ONPCACTAOULC NpPOC-
[0JZKeHIIe TPOCMOTPA, T. €. NCPEXOA K cigilyloue:ty 27¢-
MCHTY, COLEPXHT [ABA 'WICHA, a HMEHIO:

(Wl #£ NIL) & (wlA. key < X)

> pesyabTaTe noJayvaeM TaKkylo MNpOUEAYPY FOiCKA
14.23):

PROCEDURE search(x: integer; VAR root: Pur);
YAR wl, w2: Ptr;

DEGIN wl : = root; sentinelt.key ! = x;
1F wl = sentinel THEN (« uepsoiit anenent s)

Allocate(root, SIZE(Node));

WITH roott DO
key := x; count != 1; next = sentinel

END

ELSIF wlt.key = x THEN wlt.count := wltcount + 1
ELSE (* noucK =)

REPEAT w2 := wl; wl ;= w2t.next

UNTIL wlt.key = x;

IF wl = sentinel THEN (» HOBbIif aneMent +)
w2 : = root; Allocate(root, SIZE(Node));
WITH roott DO

key = x; count := 1; next := w2
END

ELSE ( HaiizieH, Teneps Mepeynopsmoteline » )
wlt.count ;= wlt.count + 1;
w2t.next := wlt.next; wlt.next : = root; root := wl

END

END
IND search

,_
=Y
o
(=)
~

s y6bicTpeHHs MOKCKA YCA0BLE MPOAO.IKEHIs H3 32-
['0JIOBKa OMepaTopa UHKJZ MOXHO ONATb 3HAYHTCALHO
VIIPOCTHTb, €CJAH BOCMOJb30BaTbCs OapbepoM. Taxk uto
3 HayaJe M[pouecca B roJoBe CMOWCKA [OJK€H CTOAThb
ilyeTo 3JieMeHT, a B XBocTe — Gapbep. Tenepb camoe
BpeMst CIIPOCHTb: KAKOTO BLIHIPHILIA MOXHO OXHIATh OT
IIOHCKa B yMOPSIAOYEHHOM cnvcKe? Eci BCHOMHHTBL, 4TO
JAONOJIHHTE/IbHLIE YCJOXKHEHUs1 ObJH HEBEJHKH, TO He
CefyeT OXHAATh W MOTPACANOIUHX YJaYyulUeHHH.
JonycTuM, uyTo BCe C/10Ba BCTPEYAIOTCSE B TEKCTE C
OIHHAKOBOW 4acToTOH. B 3TOM cJiyuyae BHHIpHIU OT Jek-
CHKOrpaguuecKol ynopsal04eHHOCTH, KaK TOJbKO BCC
C10BA OKaXXyTCsl B CNHCKe, CTaHeT HyJeBhIM., Beab Mc-
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CTOMO.I0XKEHHE C/I0BA B CIIHCKC YXKe HC HMEeT 3Hauciiug,
NOCKO.IbKY BaXKHb OOLiHe 3aTpaThi M BCe C/N0OBA BCTpe-
13i0TCA ¢ OAHHAKOBOMA 4yacToToiH. OAHAKO NpH BKAIOUEHHH
J1060r0 HOBOrO C.10Ba HEKOTOPHIfi BLIMIPHIL NOAYYaeTCA.
B:leccTo Bcero cniicka B cpeiHeM [pOCMaTpHBaeTcs MHUb
0xn10 HoaoBiNH. CneaoBaTeNbHO, BKJIOYCHIIE B YIO-
P5il0YeHHbI{T CIIIICOK CTONT 1ICNOAbL30BaThb JHIUL A4
NGCTPOCHNSA cAoBapa ¢ 60.JbWIHM NO CPAaBHEHIIIO ¢ HACTO-
70.1 1IX NOBTOPEHIISL KOJHYECTBOM pa3nuyHbx caos. [lo-
3TOMY NpiiBeJeHHbie HaMi NpoliealypH Halo PaccMaTpH-
BiTb CKOpce KaK OpHMepb MpPOrpaMMHpOBaHHA, a ue
KK MpaKTHUYCCKIIC HHCTPYMEHTHI.

Mb pexoMeHAYeM MpeAcTaB/isTb AaHHbe B BHIe CBfl-
3aEHLIX CMIICKOB B TeX C.JIyuasix, KOrla 4HC10 3J€MCHTOB
MeHACTCA OTHOCHTEMbHO Malto (<<50), n, Kpome TOroO,
KeT HHMKAaKHX CBeleHiiii O 4acTOTC HX HCHO.1b30BAHIIA,
Tunuuuptii npiMep — Tab.1iiua HMeH B TpaHCIATOpax A4
f36iK03 mporpaMmupoBaHnfa. Kaxjaoc oniicaHie npuno-
ART K A06aB.JIEHINIO HOBOTO IIMEHIl, a OpH Bbhxole 113 06-
JacTtii JefiCTBHA €ro OMHCAHIIsl 3TO 1Ms 13 CHlCcKa BUl-
yepxiBaerca. [1pocToie cBA3aHHble CNHCKII OCOG@HHO 1101-
XOIAT A8 OTHOCHTEIbHO KOPOTKHX mporpaMm. da<v B
3TCM Cjlyyae, OJHAKO, MOXKHO AO6HTbCA 3HAYHTE.IbHOTO
VvayuuleHlisi AOCTYNa, €CJil BOCMO.1b30BAaTbCA OYeHb H)O-
cTuiM npHeMoM. M Mbl BHOBb K HeMY BO3BpaIaCMd,
NOCKO.IbKY 3TO BelliKOJeNnHas JeMOHCTpauia rHfkocii
CTPYKTYpH CBAI3AHHBIX CMIICKOD.

J18  TEKCTOB nporpaMm XapaKTCPHO MOAB.I¢CHIE
«CKOMIEHHA HAEHTH(PIKATOPOB», T. €. 3a OJHIM RPGHB-
JdextieM  HCKOTOpPOro 1aeHTHPIKATOpa 4acto CIeivior
apyrue. 310 Ha6II0ICHHE HABOANT HA MBICIb, YTO (ilile
COX H210 MOC.1¢ KaAA0ro O6palleHiiA PCOPTraHII30BLI;ATD:
nepeasiiraTh HafiACHHBIR 3.1€MCHT B FOJ10BY CITHCKA 11 [vM
C2MLIM MIHHM!I3POBAaTbh MONCK B C.1V4Yae MOBTOPHOr: ¢3-
palleHis 3a 3TiIM ke 3.J1cMeHTOM, Takolt MeToA Acci: ta
Ha3bBaeTCAd «MNOHCKOM C MNepeynopsaioyeHneM Chucin»
H.1Y, HECKOIbKO MpPEeTEeHUHO3HO, MOIICKOM B CaAMOOpTiitile
aviowemcs cnitcke *). OnuceiBas COOTBETCTBYIOULHIT .1+
FrOpHTM B BHJ€ MpouUeaypH, KOTOPYI0 MOZKHO NMOACT2RNTD

*) Haabwme Mu Gyaem VROTPe61aTb 607ee KOPOTROE HAs.ale
¢fOIiCK ¢ casoopranusauueiis. — [Ipus. napee
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Pitc. 4.11. Cnuicok 20 nepeynopsjcueiiis.

B nporp. 4.1, MBl BOCNOAb3yeMCA NpeALIAYLIHM OlHTOM
€ camoro Hauana sBeaeM Gapbep. IleficTBHTe1bHO, Bapbep
e TOMbKO YCKOPAeT MOHCK, HO H YNpoiaer caMmy npo-
rpammy. CnHCOK B CaMOM Hauaje paGOTH y¥Ke AOJAKew
colepxaTb Gapbep. IDTO JenaeTcs TaKHMH HHHLHHPYIO-
ILHMH OnepaTopaMH;

Allocate(sentinel, SIZE(Node)); root := sentinel;

3aMeTHM, YTO OCHOBHOE pa3JjHuyHe MeXAY HOBHM a.rc-
PHTMOM H NpsAMHM NOHCKOM nO cnHCKy (4.21) 3ax.ao-
YacTCA B peOpraHH3auHil CNHCKA NpH KaXaoM obuapy-
KeHHH saeMeHTa. OH BHYepKHBaeTCs HJH yAadseTcs €O
CBOEro CTaporo MecTa H nepeaBHraercs B roiosy. Yaa-
JeHHe 3JIeMeHTa BHOBb TpebyeT BBeNeHHS ABYX CCLLIOK:
wl 3ajaeT MeCcTONO/NOXeHHe HACHTHGHLUHPOSAHHOrO 3Je-
MEHTa, a W2 — npejluecTsyioulero eMy. 3To B CBOIO Guc-
pelib NPHBOAHT K BBIACJAEHUIO OCOGOro C/Ayyas — NyCTOro
cmicka. YToO6H HarAsgHO NpPCACTaBHTb NPONECC H3MO-

—/ =

j1e13 3

e—t-sves| U2 sentinel
] N ——

pa— AQ K
o = B4

! _ £
e

Puc. 4.12, Cniicox nocae mepeynopasonenis.
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Heunta cpased, obparnmcsi k puc. 4.11. 3xech n3oGpa-
JNCHLL ABE CCBIIKH B MOMEHT, KOrja wl yKkasnBaeT Ha
HVixHBHL 3aemedT, Ha puc. 4.12 npeacrasieHa cutyauns
noc1e  COOTBETCTRYyMOUlero nepeynopsjouens, Hitke
(4.26) npuBOAMTCS LENHKOM HOBas Npoueaypa ROHCKa.

PROCEDURE search(x: INTEGER); VAR root: Pu); (123
VAR wl, w2, w3: Ptr;
PBEGIN (»w2 # NIL»)
v.2 :=root; wl := w2t next;
\ZHILE (Wl # NIL) & (wlt.key < ) DO
w2 = wl; wl = v2t.next
IFND;
(= (w1 = NIL) OR (wlt.key >= x) «)
IF (w1 = NIL) OR (wlt.key > x) THEN (% 110By1ii anenent +)
Allocate(w3, SIZE(Nodc));, w2r.next ;= w3;
WITH w3t DO
key := x; count:= 1; next:= wl
END
ELSE wlt.,count := wlt.count 4+ 1
END
END search

Bulurpeiin npn TakoM MeTofe noMcKa CILIbHO 3aBlf-
CHT OT TOTO, HACKOJIbKO «4ETKH» CKOMJCHHA BO BXNOAHOM
Texcre. [Ipn 3a1aHHOM KO3 HRHEHTEe CKOMIEHHR yavy-
weHite 6oaee OLLYTHMO Aas1 6O.IbLIMX cNUCKOB. ]88 TOro
YTOGBl NMONYYUTh NMpeACTaB/eHle O NPUMEPHOH Belnullie
OJKHAaeMOro BbIITpbILA, OLLII HPOACTAHB ONbITHHE i3
MepeHHA. Mbl MPUMCHHIN Hally NPOrpaMMy COCTaBICIiif
1aCTOTHOrO CJ10Baps K OJAHOMY KOPOTKOMY H OJHOMY OT-
HOCHTC1bHO 0O0JbIIOMY TEeKCTY H CPaBHHJIN MeTOA NOLCKa
B ynopanoueHHoM cniicke (4.21) ¢ MeToAOM noOKCE.: €
cavooprannsauueil (4.26). [loayucHHble pe3yabTaThl 1.
poasiTea B tad1. 4.2, K coxadcunio, naubonnwil i«

TaGmiua 4.2, Cpasucine MeT0308 MONUCKA B CIHCKAN

~
5

Tecr 1 Teer 2

Yueao pasanunsix kiawyei 53 582
Bceero kaouefi 315 14311
Bpemsa noucka ¢ ynopsaouwennem 6207 3200622
Bpems noncka ¢ camooprannaatiieii 4 529 681 581
Kosdpduumnent yayyurenns 1.37 4.70
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HIPLIUL IOCTHrACTCST B CAydae, Koraa Boobuie Tpedyercs
/ipyras oprakH3saliiisi AaHHbIX. K aToMy npimepy mbl eure
nepHeMmcst B pasa. 4.4.

4,3.3. TlpunoxeHHe: TONO/OrHYECKass COPTHPOLH

Xopownit npHMep HCNOJb30BaHHSI AAHHBIX ¢ THGKOI,
LtHaMHuyeckofl  CTPYKTYpOH — npouecc 7ono.10214eckoLl
coprupogku. FMeeTcsi B BHAY COPTHPOBKA 3J€MEHTOB,
w151 KOTOPHIX ONpeJe]eHO OTHOUIeHHe YacTHYHOro Mo-
pALKa, T. €. MOPLAOK 3ajaH He A5l Beex, a b A0
icKoTopelix nap. [IpuBeaeM HECKOJBKO NMpPHMEpPOB TaxcH
L TOPAAOUYEHHOCTH:

1. B ronxkoeoM csoBape ca0Ba ONpefetsiioTes ¢ Io-
"iOllbIO APYrHX ¢a0B. Ecin caoso v onpeieasiercs ¢ no-
\IOLbI0 ca0Ba W, TO 0603HayHM 310 Kak v < w. Torno-
JIOTHYerKas COPTHPOBKA O3HaydeT TAKOE Paclnpelc/acHHe
¢10B B CJ0Bape, NMPH KOTOPOM CCHLIKH Bhepexl OTCYT-
CTBYIOT.

2. Jlio6ast 3apaya (HanpuMep, TeXHHYECKHH MjOEKT)
pacnajnaercsi Ha psia noasanady. BeinonHeHine HeKOTOpbIX
110A3a4ay OOBLIYHO HaUHHAeTCs CJAeNOM 32 OKOHUAHHEM
apyrix. Ecau noasamauwa v fonxXKHa NpeallecTEOBATL
iloa3afave w, To Mul 6ylem nucats v < w. Tonoaoriue-
¢Kas COPTHPOBKA O3HayaeT Takoe pacnpepeseHuce pabort,
IpH KOTOPOM KaX<aas H3 Nnoa3ana’ ne HauHHaercs 10 TeX
110p, NMOKa He 3aKOHYaTCsl BCE MOA3aAauH, MPeAWecTBylo-
uHe AaHHOM.

3. B yuneepcHTeTCKHX Nporpammax HeKoTOpbLie Kyp-
Cbl JOJXHBl YHTATbCH paHblue JAPYrHX, TaK KaK nocjaen-
ilHe OCHOBBLIBAIOTCSl HAa M3J0XKEHHOM B HHX MaTepHa.e.
Ecan anst kypca w Tpebyercsl 3HAKOMCTBO C KYpCOM V,
1o nuuesM v < w. TonoJsoruueckasi COpTHPOBKd 031ayaer,
4TO HH OJIHH KYPC He UHTaeTCs Dallee TeX, KOTOphie ero
JI0AAEPHKHBAIOT.

4. B nporpamme HeKoTOpbie IpuLEAYPbl MOryr co-
.lepxats obpalleHHst K ApyruM npouenypam. Ecan npo-
Leaypa vV BLI3BIBAETCs H3 NMpOLEAYphl W, TO 3TO 0fo3Ha-
vaetcs kak v < w. TonoJjoruyeckasi copTHpoBKa mnpea-
noJaraer Takoe pacrnpeieseHHe ONHCaHHH Npouedyp, NpH
OTOPOM HEeT CCBHIJIOK BIlepeldl.
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Piic. 4.13. YacTiuHo ymopsjioueliioe MHOMKECTBO.

B o6uteM, yacTHYHBIT NOPSIAOK 1lla MHOXeCTBE S —
3TO OTHOLIEHNEe MEXKAY 3aeMeHTaMil S, OTHOuWeEHle 1o-
paika obo3Hauaercst cliMBodom <<, uHTacTCH «npejuie-
CTByeT» 1 VAOBJNETBOPSET CACAYIOWIIM TPeM CBOMCTBAM
{axcuomam): 4as AOGLIX Tpex 3/J1eMCHTOB X, y I z H3 S:

(1) ecnnn x<y 11 y<z, 10 x<Zz (TPausiurulocTs)
(2) ectrx <y, 1o He BuImO.TALTeS ¥ < Z (ACUMMETPHUHOCTR)

9
(3) ne Buinoanaercs z < z (LppedackeusiocTs) (1.27)

TTo BnonHe nOHATHBLIM COOGpaKeHUAM MH  6yicM
npeinoJaratb, UYTO MHOKECTBO S, mnoiBepraeMoe To-
NOJOrNYECKOIl  COPTUPOBKE, J0J1KHO ObLITb KOHGUHLIM.
CaexoBateapiio, UYacTHYHYIO YNOPSLI0YCHHOCTL  AMOZKIO
NpeICTaBlThb B BILAC AllarpaMMel 111 rpada, Bepuin
KOTOPOTrO — 271eMEHTE S, a HanjarICHHBIC VIl — OTHO-
weHns nopsixa. Ha puc. 4.13 npuscien npiniep takoro
rpaga.

Iean Tonoaoriueckod copTuponsil — 11)c06pa3oBats
UacTHUHBHT NOPSI0OK B JkHClHBIL. padusicciu 310 0314
UJCT, UTO BepIMIIHE rpadra HYAHO PACROI0ANTh HA 01-
Hoit NpaMoil TaK, YToOb Bre CTPEIKN YKa3biBaldl BAp:ano
{cm. puc. 4.14). Cpoiictsa (1) n (2) wuacTiuHoro no-
PAAKa TapaHTHPYIOT OTCYTCTBliE WIKIOB, ITO Kak pa3
TO yCIOBIIe, NPil KOTOPOM BO3MOKNO NpeoSpasopanlic
JHHEHOMY NOpAgKY.

YHro ke Hy®HO npojielatb, uTOBLl HAlTH Omin 13
BO3MOXKHbLIX JMHHEfHbIX nopaakos? Peuent npaiine npocT.
HauHem c 3anemeHTa, Y KOTOPOro HET Hil OAHOrO npei-
WeCTBYIOMCTO (Nno kpafiHeli Mepe OANH Taxol J01:40°H
CylUlecTBOBATL, HHaUe B rpade 6yAYT WIKIbL). DTOT 3.1¢-
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Pue. 4.14. luneiinoe  pacnonoskeiiie  4aCcTHYHO  yNOPSIOUCHIIO: 0
.iloAecTBa ¢ pHc. 4.13.

MEHT NOMeELIaeTcsl B OJIOBY Pe3YJbTIIPYIOLLEro CHICKA
Il BblYEPKHBAeTCs W3 MHoxecTBa S. Ocrarwlieecs
MHOJKECTBO MNPOJOJIKACT OCTABATHCA YACTIMHO yNops-
JOUYEHHbIM, T4K UYTO K HEeMY MOYKHO BHOBb Il BHOBbL
IPHMEHSITb TOT ’K€ aJropHTM, MNOKAa OHO He CTaHeT
IYyCTbIM,

HOas toro uto6bl Goaee CTporo omicaTh Hall aJjro-
PHTM, HYXKHO BbIOpATb CTPYKTYPY NpeacTaB/JeHHs S U ero
OTHOLIEHHs1 nopsjika. Buibop npeacTaB/icHHA AHKTYeTCsl
OnepauusiMi, KOTopble He06X0AHMO BBINOAHATb, H B YacT-
HOCTH, onepaueli BbGOpa 3JeMeHTa, He HMeoLlero
lipeallecTBeHHIKOB. [losToMy KaXabli 3JeMEHT Hajo
Obl10 Gbl NPEACTaBJSITH ¢ MNOMOLULID Tpex XapakTepH-
CTHK: HAEHTHOHUHPYIOUHM €ro KJKUOM, MHOMXECTBOM
CACAYIOWIHX 332 HHM  3J€MEHTOB-«NOC.1e10BaTeael» 1l
CUCTUHKOM NPEeALLECTBYIOLIIX eMy 3aeMeHTOB. [lockoabkY
sapanee YHUCAO 3J1eMeHTOB B S He 3a/laHO, TO MHOXECTBu
vioGHee OpraiH3oBbLIBATH B Bille CBA3aHHOrO CNHCKa.
CnenoBaTc/bHO, B AECKPHNTOPE KAXAOIO 3J€¢MEHTa ecTh
vile AONOJHHTEbHAs CTPOYKa, COAepxaillast CChIIKY I
c/aeaylowuid sneMeHT cnucka., Mbl OyaeM cydTaTtbh, 4TO
KTIOUH — 3TO HeJble Ylicaa (He 00s3aTe’1bHO MOC/e10Ba-
TeAbHBIE H M3 Ananasona l..n). AHaJI0rHYHO H MHOXC-
CTBO 1OCJACAOBaTe/Ieil KaXAOro H3 3J1eMCHTOB YAOOHO
NpPCACTABAATb B BHJAC CBS3aHHOTO CHHCKA. DJICMEHT CNH-
cKka nocJaefopaTeseil KakiM-10 obpazom 1AeHTHOHLUHPO-
paH M CBsI3al CO C/JAEAYIOWHM 3JCMEHTOM H3 TOr0 Xe Cni-
cka. Ecan Mbl Ha30BeM AGCKPHNTOPHI TM1AaBHOIO CMHCKY,
Fle KadJblii U3 3JeMeHTOB S COLCPKHTCST POBHO OAHH
pa3s, sedyujumu (leaders), a AeckpiNTOpLl CIIHCKA nocJe-
goBaTedeilt — sedosmsimie (Lrailers), TO NOJAYUIM TAaKHC
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Oi'HCAaHHA COOTBCTCTBYIOLLIHX THIIOB:

TYPELPir = POINTER TO leader;
TPir = POINTER TO trailer;

l2ader = RECORD key, count: INTEGER;

trail; TPtr; next: LPir (4.28)
END;

trailer = RECORD id: LPtr; next: TPir
END

Ipeanonoxum, uTO MHOXKECTBO S H OTHOLIGHHSI NOPSAKA
Ha HeM B HavaJle NpeiCTaBJeHH NapaMH KJaiodeHd H3
BXoAHOrO ¢aiia. Mcxoanbie gaHHbe AJs pHC. 4.13 mpH.
pelicHbl B (4.29), rae Mbl ellle A4S siCHOCTH a06aBjasieM
CHMBOABE <.

1<2 2<4 4<6 2<10 4<8 6«3 1<3

3<5 5<8 7<5 7<9 9<4 9<10
B nepBoii uacTH nporpaMMbl TONOJOTHYECKOH COPTH«
POBKH HEOOXOAHMO BBECTH HCXOAHBLIE JAHHHE H IO-
CTPOHTb COOTBETCTBYIOIHH cnucok. [ljs 3Toro nocjaenos
BATEJIbHO YHTAlOTCs MNapbl Kaoded x H y (x<y).
OG6o3naunm yepe3 p H Q CCHIJIKH Ha HX NpeACTaBJeHHE
B CBA3aHHOM CIHcKe Jauaepos. [lossasiomuecs sanucu ¥)
IUYTCS B CIIHCKE H, €CJH OHH TaM OTCYTCTBYIOT, TO 0=
CapasiotTess K Hemy. DTy paboTy BHINOJsiET Npoleaypas
(byukuusa find. 3aTeM B CNHCOK BeAOMBIX [Js X H06aB«
J9eTCa  3JeMeHT, HACHTHOHUHPYOWHA Yy, H CYETYHK
NpelUIeCTBEHHHKOB Y 3TOTO y YBEJHYHBAETCSH HA €JHHH«
uy. CooTBeTcTBYIOWHH asropuT™M OyieM Has3blBaThL a-
soi ssoda (4.30). Ha puc. 4.15 npeacrasiena cTpvk-
Typa AaHHBIX, CHOPMHPOBAHHHIX B npolecce oBpaboTxi
BXOAHBIX NaHHLIX (4.29) ¢ nmomoubio nporpammul (4.30).
@yukuusa find(w) nocTasiseT CCHIIKY Ha KOMIIOHEHTY
CNHCKAa C KJwuoM W (cM. Takxe nporp. 4.2),
{* $a3a BBOIa )
Allocate(head, SIZE(leader)); tail : = head: z: = 0; ReadIni(x); (4.30)
WHILE Done DO
FeadIn(y). p := find(x); q := find(y);
Allocate(t, SIZ.E-(trailer)); trid: = q; tt.next ;= pt.trail;

Pr.trail ;= t; qr.count ;= gqt.count + 1; ReadInt(x
£ND ®

(4.29)

*) JleckpunTOpn — 3T0 06BEKTW ThHna 3amuch (record), — Mpus.
nepes,



hoad l ® [

m‘ll 1p3

i
key 1 2 4 6 10 8 7 9
count [s] 1 2 1 2 2 4] 1
next [ o > @ - O [ 4 > o L4 [ *— r
trail 4 [ [ ] [ q X

| / X / AN ri
I

} 1 , .
id ol P *—1 -
next [ 4 ®

L , y , ,
id o ad —
next

Puc. 4.15. Crpykrypa cniicka, cpopmipoBalHoro nporpammoi,
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ITocie Toro kak Ha (pase BBOAA MOCTPOEHBI JaHHbIE
CO CTPYKTypoi#l, npusenentoit na puc. 4.15, Moxuo npo-
BOAITH COMICAHHYIO Bbillle COPTHPOBKY. OAHAKO NOCKO.1b-
Ky OHA COCTOHT li3 MOBTOPSIIOLIHXCSA BBIGOPOB 3. 1€MetiTa
C HYJeBbIN UIICJOM MpeilecTBEHHIIKOB, TO pa3yMio
BHayaje cobpaTh Bce Taklle 3JeMEeHTBl B OAHY CBA3aH-
Hylo uenoyry. Tak Kkak scHO, 4YTO HCXOAHAs [eMouxa
BeAyIUHX 0O0Jblle HAM yzXKe He HYXKHA, TO TO Ke caMoe
nosie oA iieHeM next MOXHO NOBTOPHO HCMO/b30BaTh
Aas  obpasoBaiiisl UENOYKH BeAYWHX, He IMEILIX
npealtecTreHHIKOB, Takas omepalllis 3a\enbl OJHON Le-
NOYKH Ha ApYryio B paboTe CO CAHCKaMll BCTpeYaeTcs
yacto. Heraabuo oua onuceiBaercs B (4.31), npuuem
HOBYIO LeNOYKy yaoOHee CTpPOHTb B 06paTHOM Nopsiike.
Ecau obpatutbess Kk puc. 4.15, TO yBUAHM, UYTO LENoYKa
BeIyLUlX next 3aMeHseTcsl Ha LENOuKY, NpPeACTaBIeHHY |0
Ha puc. 4.16. Cesizu, He nokaszalilible Ha ITOM pIHCYHKe,
OCTalOTCA NpeAHHMH.,

{» noMcK BenyLiero Gea npeLIeCTBCIUIKOB + )
p:= head; head := NIL;
WHILE p # tail DO
q:=p p:= qt.next; (4.31)
IF gt.count = 0 THEN (» Biliouciiic B HOBYI0 LIETIOUKY * )
qt.next ;= head; head := q
END
END

[Tocsie Bcex 3THX MOArOTOBHTENbHBIX AEfICTBHI Mbl
noJyuyaeMm YyaoGHoe npelcTaB.jehde s 4acTHUHO yno-
pAJOYEHHOrO MHOXECTBA S M MOXKeM, HaKoHel, Mnpi-
CTYNHTb K COOGCTBCHHO TOMOJIOTHYECKOI  COPTHPOBKE,
T. ¢. ()OPMIPOBAHIIO BBIXOAHOH MOC/AEAOBATEIbHOCTI,

|
0 0 head-
nil <

-
~

Pic, 4.16, Cnicok BeAywiBx ¢ UyAeBbIMiE CHCTUHKAMIL,
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B nepsoyM npuéanzeHin 3TOT NPOUECC MOMXHO Onll-
caTth Tak:

¢ := head;
WHILEq # NIL DO (» BLiBO7 3:12MCITa T HCKITIOUCILE +)
Writelnt(qt.key, 8); n:=n-1;
1= qtdrail; q 1= qt.next; 14.32)
VMCHDIUT CHCTHIK NPCOMICCTECHIINGG ) GCOX €20
2A000J06ATEACH U3 CHICKT GCOOMBIN,; CCAN CHCTHUR — U,
NEPCBECTH G CNUCOK GCOVIUN ¢
D

Oneparop, kotopblii B (4.32) cute HeoOXOAlNO yTOU-
HIITb, COCTOHMT H3 OJHOTO MPOCMOTpPa chlicka (CM. cxeMy
{4.17)). Ha razmaonm ware scunonorarelbias NepeMeH-
11asg P yKasblBaeT na BeIyLUNl 3JCMeilT, Yy KOTOporo
IYKHO YMEULIWIITh 11 NPOBEPUTL CURTYHK,

WIHILEL # NILDO
P :=11.id; pr.count ¢ = pteount-1; (1.33)
1 pr.count = O THEN (#Brinoucnne pt B CinicoK BOVIEIN &)
pragiti= ¢, qi=p
END;
t:=tnrnest

END

Ha stom mporpasmya tonosornuccsoit  copriponkil
saxaHunsaercs, O0paTure BHINAHIC, UTO AT4 M01CUCTA
BeAyLIIX 3JCMeiiToB, 60pasoBaiWbIN lla 3Tane nroia,
Ool1 BBeael cuerunk n. Ha Qase pbiBoia Kamabii pas,
KOIAa BLIBOANTCS BCAY UMD 271CMCHT, YTOT CUCTWIR Y MCHb-
wacres, [losromy B kouue padoTubl NporpavyLl oN ACa-
KEH  cTaThb uyaenuiM. Ecanm e or e H€vacsoil, 10 sTo
YKa3bIBACT, UTO OCTAIICH BHUIC 3.TCMCHTHL, LpPHYEM Y pcex
CCTb MPEALWRCTBCHAIIKIL DTO, OYCBILIHO, ¢.1yuali, Koria
MHOKECTBO S HE ObLIO uXCTIUHO ynopsiioucHuuiM, [Tpi-
BCICHHAA BblC HporpaMma (aspl RLBOAA CIVIKIT NpPH-
MCpPGM  paboTul € «MVIBCHPYIOUWUIM»  CRICKOM, T. .
CHIICKOM, B KOTOPbIT 3.JeMeHTHl BKJIOYaloTCA 1AM H3
KOTOPOIo CKAIOUAKTCA B HENpeickasyeMoM hopsike.
CacloBaTe1bHO, 3TO NpIMEP npouccea, NOJAHOCTLIO lic-
NOML3VIOUWETO  BCe JOCTOHHCTBA CNICKOB € SsiiLIMH
CoA3AMIL
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MODULE TopSort;
TROM InOut IMPORT OpenTnput, CloseInput,
Re~dint, Done, WriteInt, WriteString, WriteLn:
FROM Storage IMPORT ALLOCATE;

TYPE LP{r = POINTER TO ieader:
TPir = POINTER TO trailer;

leader =  RECORD key, count: INTEGER;
trail: TPtr; nest; LPtr

IND
tralier = RECORD{d: LPtr; nest; TPir
ND;
VAR 1, q, head, tail; LPtr!

12 TPtr;
X ¥, 0 INTEGER:

PROCEDURE {ind{w: INTEGER): LPtr;
VAR h: LPtr;
BEGIN I := head; taitr koy 1= w; (= Gapsep =)
WHILEht.key # wDO hi= Lit,next END ;
IF h = tail THEN
ALLOCATE(tail, SIZE(leader)}; n := n41:
hit.count ;= 0; ht.trail ;= NIL; hr.next = tail
END
RETURN h
IEND find;

BEGIN
'(* HURWINIOOT CNHCKA BeAYIIHX *)
ALLOCATE(head, SIZE(leader)); tail 1= head:n 1= 02

Openlnput("TEXT"); ReadInt(x);
WHILE Done DO
WriteInt(x, 8): Readint(y); WriteInt(y, 8); WriteLn;
p = find(x); q : = find(y);
ALLOCATE(t, SIZE(trailer)); tr.id 1= q; tt.next := pt.trail;
pr.trail .= t; qt,count ;= gr.count + 1, Readlnt(x)
END;
Closelnput;
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{ = NOHCK Benyumx Ge3 MpeecTBEHHHKOB « )
P := head; head := NIL;
WHILE p # tail DO
q:i=p;p:=qt.next;
17 qt.count = 0 THEN (= Bimoueime ¢ 1 B HOBYIO UCHOYKY #)
qtnext:= head; head:=q
¥ND
LD
(= ¢aza Buipoaa s ) q ;= head:
WHILE q # NIL DO
WritcLn; WritcInt(qt.key, 8); n ;= n-1:
t = gr.trail; q := qt.next;
WHILE t # NIL DO
p := tt.id; pt.count : = pt.count - 1;
IF pt.count = 0 THEN (» BxniouettHe p} B CIBICOK BeAyLpIX +)
ptnegti=q:q:=p
END;
t:= tt.next
END
ZWDg
IF n # 0 THEN WriteString("This set is not partially order¢d”) END ;
\VrieeLn
IND TopSort,

ITporp. 4.2. Tonoaornueckas CopTHPOBKA,

+.4. JEPEBb#

#.4.1. OcHoBHble HOHATHS 1 ONpefe/eHks

Kax mMbl yxe y6eanancb, nocaeloBaTeIbHOCTH 11
CNHCKN yAoOHO ompejie.lsiTh TakHM o6pa3oM: nocJjenosa-
7CIbHOCTL (cnicox) ¢ 6a3oBbiM THNOM T —3T10 NHGO:

1) nyctas nocaeaoBaTeabHOCTb (Cnicok); Jan6o

2) xoukaTeHauus (coennHeHne) sjemeHTa ThHna T 1
HeKOTOpOH noc.1croBaTe1sHOC T ¢ 6a30BbiM THNOM T.

Jl1st onpeaeJsieHlisi NPIHUNNOB ROCTPOCHIS, a MMEHHO
¢1e0BaHUS WJIH HTepally, 34ech ICNOIb3VCTCS PeKyp-
cus. CreaoBaHile 11 uTepalls BCTPEYA!OTCS HACTOJMbLD
4aCTo, YTO OOGBIMHO HX CUHTAT (yHAAMCHTAJLHBIMH OG-
pasamil CTpocHNsl OaHHLIX H NoBeAcHiss nporpamm. O;-
NaKo cJeiyeT BCCFAa MOMHHTb, YTO HX MOMHO ONpeAd.-
JSTb TO.IbKO C [OMOIBIO pekypclih (o6paTHoe HeBepHOj,
B TO BpeMa KaK PCKYPCHH MOXHO 3G @eKTIBHO H 3JC-
ranTio ynoTpefJsiTh AJs OnpelesieHHs 3nauuTenbio 6o-



24€ 4, Lonrnez ¢ Quuasptecsoil crpykTypoi

(a)

A8 (0 (I}, E{L K L), cF {0}, G (M, NLH(PED  {u)

0 (<}

(@)

O, ()

Do & & d

Puc. 4.17. Tlpencrapaeciiie APCEORUANGI CTPYKTYPLI: a) BAIOXEHHbI®
MioxecTBa, b) Baoxennme cxoGri, ¢) orerynw, d) rpad.
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Jlee CAOXKHHX CTPYKTYp. XOpoulO H3BeCTHHIM NPHMepoM
cl1yXaT JAepeBbs. OnpefeiHM JAepeBO TaKHM 0O6pa3oM:
depego ¢ 6a3oBbiM THNOM T — 310 AH6O:

1) nycroe mepeBo; nHG60

2) HexkoTOpasi BepliHHA THNAa T C KOHEUHHM YHCJIOM
CBSI3aHHBIX C Hell OTAEJbHHIX AepeBbeB ¢ 6a30BHM TH-
noM T, Ha3niBaeMbiXx noddepesvamu.

H3 cxoacTtBa peKypCHBHHIX onpeaefeHHA nocaeaoBa-
TEAbHOCTER H JepeBbeB SICHO, YTO MOCAEAOBATENbHOCTb
(cnHCOK) ecTb JAepeBO, B KOTOPOM KaXKJas BepIUHHa
MeeT He 6onee oAHOro nopaepepa. [lostoMy nocaeno-
BaTeJbHOCTb (CMHCOK) HA3WBalOT HHOTrAA H BbIpoxdeH-
HoIM JepPEeBOM.

CyuecTByeT HeCKOJbKO cnoco6oB  H306paxKeHHs
CTPpYKTYpH AepeBa. Ha puc. 4.17 npHBeaeHO HECKOIbKO
NpHMepOB TAKHX CTPYKTYp, rAc 6asoBuift THN T — MHO-
ecTBO 6YyKB. DTH CxeMHB OTHOCATCA K OAHOR H TOH e
CTPYKTYpe H, CNelOBaTelbHO, 3KBHBaJeHTHH. CTpykKTy-
pa, npeacTaBieHHas B BuAe rpada 1i ABHO OTpaXkawwias
pa3BeTBJAeHHsA, NO NOHATHHIM NPHYHHAM MNpHBeJa K NO-
fiBJICHHIO OO6LIeYyNnOTPeGHTENbHOrO TepPMHHA  «JepeBo».
OaHako JOBOJBHO CTPaHHO, 4YTO JepeBbs NPIHATO
pHCOBaTb NepeBePHYTHIMH HJH, MOXHO CYlTaTh I Tak,
1306paxaTb TOAbKO ero KopHi. Kak O6u TO HH

GuinO, .1l MOC/efHee TOJKOBaHHe BBOAHT B 3abayikie-
Hite, TaK KaK BepxHIOl0 BepwHHy (A) 06HYHO Ha3HBalOT
KOpPHEM.

¥nopadouennoe nepeBo—3TO AepeBO, y KOTOPOro
pebpa (BeTBH), HCXOAslllle H3 KaXKAOH BepIUIIHH, yno-
pagoueHn. Ilo3TOMy .ABa YNOpfIOYCHHHX JAepeBa Ha
pic. 4.18 — 370 pasHbie, OT.IMYHEIE APYT OT ApYyra 06bek-
TH. BepllHHa y, HaxoAsULafCH HENOCPEACTBEHHO HHXKe
BepIINIHH X, Ha3HBAeTCs HeNOCPEeACTBEHHHIM NOTOMKOM
X: echall X HaXOAHTCS Ha YDOBHe i, TO rOBOPAT, Y4TO Y Je-
®ur ua yposHe i+ 1. Y HaoGopot, repuwinHy x Ha3sm-

(A (8)
(8 © © (&

Puc. 4.18. Jpa pasanquux ABOLYNEX 1cpesa.
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BAIOT (HenocpeAcTBeHHLIM) npedkom ® y. Cuntaercs, uto
KOpeHb Acpesa HaxoAHTCs #a yposHe 0. MakcuManabHLIi
ypoBelb KakoH-m1H60 113 BepUIilH AepeBa Ha3bi3aeTcs ero
2ayburoll 1au eeicoToll.

Ec1n 3J1eMCHT He HMCET NOTOMKOB, TO €r0 HA3bIBEIOT
TePMUHQIbHOI BePWIHAGTT 1AM AuUCTOM, @ HeTepMHHa.lb-
HYI0 BCPUIMHY 11a3bIBAIOT gryTpexxer. Hucao Henocpel-
CTBCHHBIX NOTOMKOB BHYTpPCHHCH BepWHHB Ha3bIB2IOT €e
CTenensbl0. MaKkcHMadbHasl cTeleHb BCeX BEepUHH eCcTh
cTenelb depesa. Hucao BeTsefl uaH peGep, KOTOpLIE HYIK-
HO NpOIiTH OT KOPHS K BepulliHe X, Ha3biBaercs dAuroil
nytu & 5. KopeHb nmeer nythb 0, €ro spsiMsle NOTOMKH
uMeloT nyTts Adunof 1 1 1. 4. Boo6lue, Bepwinna uHa
YPOBHE [ HMecT AMNHY NyTh i. Janwa nyTH peero Aepesa
onpeje/sercs Kak cymMma AJHH NyTeil 419 BceX €ro KoM-
noxetit, Ee Taxkae Ha3blBaloT JAUHON BHYTPEHHE2O MYTU,
Hanpusmep, anuna BHyTpenHero nytil Jepesa, u3o6pa-
»KeHHoro Ha puc. 4.17, paBna 36. OueBnano, 4TO cpef-
HAS ANMHHA NyTH

Pi=6iti<<ignin *i)n (4.31)

rie M; — YucJ0 BepUHH Ha ypoBHe i. [as Toro uro6ul
ONpeaenHTb, YTO Ha3blBaeTcsl AANHHOH BHEWHEro nyTil,
JIOMOJHHM JlepeBO CleuHaNbHBIMH BEpPUIHHAMH B TeX McC-
CTax, Ijle B HCXOANOM JepeBe OTCYTCTBYIOT MOAJEpeBDLA.
I1puuem 6ysnem npeanonaraTh, 4TO BCe BepUIHHBI A0JK-
Hbl OBbITb OAHON H TOH Xe CTereHH, a HMEHHO CTeMneHil
lepeBa. CleoBaTenbHO, TaKoe pacUlHpeHHe AepeBa mo-
poxIaeT BMecTO NycThiX pefep Maccy COeUHadbHBIX
BeplIKH, KOTOpble, KOHEUHO, yX¢ He HMEIT [OTOMKOS.
Ha puc. 4.19 nokasano Takoe paclllipeHHoe cllelialp-
HbIMH BepUIHHAaMH JdepeBo c puc. 4.17, cneuuasbHble Bep-
IIHHL OTMeuyeHbl KBajpaTiikaMi, [InHHa BHeurdero myti
Tenepb MOXer ObIThb onpejeleHa Kak cymMma AJHH ny-
Tell Bcex crneyHaJbHBIX BepuiMH. Ecan uyWcao crneutans-
HBIX BepUIMH Ha YpOBHe [ paBiO Nlj, TO CPERHSIA AJHHA
BHelIHero NyTH paBHa

Pp=(Si:1<i<m:m, =i)/m (4.35)

*) HMuoraa ynoTpeGasioT TepMiH <«POAHTENL» 1 OuUellb 4acTo
roBopAtT o6 «oTUe» H «CbiHE», MOCKOALKY 5T0 cpa3y oGLacHser
TepMHHbL «OpaT» u fake «nnns»l — [Tpun. nepes.
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Ve, 4.19. Tepuapnoe Aepeco ¢o cneuadblbIMIL Bepliniail,

/i/IHHA DHeWHero nyTit AepeBa ¢ puc. 4.19 pasua 120.
Uiiesio cneunasbHbIX BEPLIHH M, KOTOPbie A0846.i%I0TCs
K depeBy cTeneHH d, mpsMO 3aBHCHT OT YNCJ4 €ro lic-
NOAHHIX BepWHH —n. O6paTHTe BHHMAHIC: K KaxJI0M
BCPIIHHe BeJdeT TOYHO 0AHO pebpo. Tawmy ofpasom, B
pacllHpeHHOM AepeBe — Bcero m - n pebep. C apyroi
CTOPOHBI, H3 Ka2XA0H HCXOAHOI BCPLIMHBI BbIXOAST d pe-
fep, a n3 cneuHaJbHelXx — HIL ofHoro. [losToMmy Bcero
umeercs d=n - 1 pebpo (1 maer peOpo, Beayuiee K Kop-
nio), M3 atux asyx GopmMyn M nojyuaeMm ypasHeHHC,

CBA3bIBAOIEE YHCJO ClNELHaNIbHBEX BEPLIHH — Nl ¢ 4YHC-
JIOM HCXOAHBIX BEpPLIHH — n:
m=(d—1)xn+41 (4.36)

MakciManbHOe uHCIO BeplillH B jJepese BHICOTOH h
DOCTUraeTCA B TOM CJAyuvae, €C/IH M3 KaXAOH BepLIHHBI,
33 HCKJAIOYeHHeM HaxoAsuuxcs Ha yposHe h, HCxoasT
d noanepesbeB. B 3TOM cayuae ans aepesbes cTeneHH d
Ha ypoBHe 0 HaXOAHTCH OAH4 BepUIMHA (KOpPEHb), Hu

vpoBHe | — d ee noromkos, na vposHe 2 — d? noro:i-
KoB d BepwnH yposHs | ¢ 1. 4. O1cioaa noayuacy
Nyh)=Si:0<i<h:d (4.37)

— MAaKCHMaJbHOE WiICJO BepILWH B Aepepe BbICOTON h #
crenedd d. [lpu d = 2 nmeem

Ngth) =2Mh — 1 (4.3%

Oco6eHHO BaX(HYIO pOJb HIPAIOT YNOpALOueliHbe je-
peBbst BTOpOIil cTeneny. KX Ha3nBawT deoutnbimu (KM
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Ounaproinn) depesossu. Mol onpelenim ynopsL104CHHOe
ABOHUHOE 1epPeBO KAK KOHEYHOE MHOMKECTBO 3.JeMEeHTOB
(Bepunin), KoTopoe JHGO MYCTO, JMHOO COCTONT 113 KOPHs
{BCpLUINHb) ¢ ABVMSI OTIeIbHBIMII ABOHUHBIMI AEPCBbS-
MH, KOTODbIC Ha3blBAIOTCs .1C80IM 1l nPasgvim noddepeaom
3TOro KopHsa. Besle aanee B 3ToM pasiele Mbl Oyiem
HMCTb [CI0 TOJALKO € JBOUYHBIMI JACPCBLAMil, MO3TOMY
CCJIt MBI TOBOPHAM «ACPCBO», TO 9TO O3HAyaeT <«ymnops-
JloYeHHOe ABOKHYHOe JdepeBo». Jcepesbsi cTeneHi 6o.blie
ABYX HA43bIBAKTCSl CUALHO BETEAUMUCT depesbimu
(multiway trees), o unx peys noficet B pa3d. 5 AaHHOk
rJ1aBbl

3HaxoMble A4 11ac MpIIMEpPbl ABOIYHOMO Aepesa: re-
lea 1orHyeCKOe (CceMefiHoe) AepeBO, IAe Y Kasdoro ye-
JOBeKa eCTb MoToMiil (!) B .Iillle OTHa U MaTepil; cxema
TCHHICHOIO TYVPHIIpA, I1e Kamx1ad Hrpa — 3TO BeplIilla,
ofo3Hayendas ce nobednreleM, a NPCAKH — 1Be NPCALI-
AVULHC HIPbl CONCPHIKOB; dPH(MMETHUCCKCGE BbIPAKCHIE
¢ GUHapHbIMI OflepalllsiMil, Tie KakIOMY ONepaTopy co-
OTBCTCTBYeT BCpPUIHHA, a ONepaHIbl — NOLICHenbs (i
puc. 4.20).

Bepaemest temepp & npobeme NpeIcTaBICHHA  ge-
peBbes. SICHO, YTO NOMBITKA BLIPAWKCHHA TAKIX PCoKyYD-
CHBHLIX CTPYKTV]D B TCPMHHAN PA3BETRICHIHI eMELTCHHO
NPHBOIIT K ICNOJIb30BAHIIO CCbLIOK. CTOdb e ole-
BIIHO, UTO HEe CJICAVeT ONNCHIBATL NEPEMCHHBIC € (K-
CHPOBAHHOI CTPYKRTYpOil AcpeBa, BMeCTO »TOro Mbl 0y-
AeM  OMICBIBATL Kax MNepeMeHHBIE ¢ (iIkClIPOBaHIO
CTPVKTVPOIT caMil BeplIMHLL, T, € HX THI OVieT 3adils-
cipozan # cTeieHbL AepeBda OVICT GIPCICISTb UIAID

|
i

© O
© O

Puc. 420, Mpeactapioiee mupaanea (a 2= b/e)s(d —oxi) 8 pnie
ARpPCa,
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21

a / d » .
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Pitc. 4.21. [epepo, npeicraBientioe Kak CTPYKTYPa JdaHibiX.

CCBHIJIOYHBIX KOMMOHEHT, YKa3blBAlOLIHX HA BCPWIilHLE MOX-
AdepeBbeB. CchlaKll Ha NMycThe AepeBbsl, KOHEYHO, GyAyT
o6osnauatbcst 3HaueHnem NIL. Takum o6pasom, aepcBo
Ha puc. 4.20 MOXHO NMpeACcTaBHTb TaK, Kak na phc. 4.21,
4 ero KOMMOHEHTHI 1IMET TaKkoil TH:

TYPEPir = POINTER TO Node;
TYPE Node =RECORD op: CHAR;

left, right: Ptr

END
[Tpexxae yeM obcyacaaTh, KAK MO#HO 6bl.10 6b BOCMO.1b-
30BaThCsl 1IPEHMYLIECTBAMH ACPEBLEB H KaK BHIIOJIHATh
onepauny HajJ HHMH, NMpHBEAEM MpHMep, Kak nporpau-
M4 MOXKET CTPOHTh cuMu Jcpesbs. [lpeanosoxiim, uto
AepeBo, KoTopoe Tpebyetcs c¢hOpMHPOBATb, COLEPMKHT
BepLWHHLI, OTHOcAWecst K THNY (4.39), a 3Hauenns 3TuX
BEPLWHH — uHCAd, MOCTyNawulle H3 BXOAHOro (ailia.
Yto6ul caenaTb 3agauy 6GoJiee HHTEPECHOH, AOCOEOPHM-
Csl, YTO HAAO CTPOHTb ACPEBO MHHHMAJAbHON CAYOHHBI 1
cocTosuee H3 n BepwiH. OueBHAHO, MHHHMAJbHAT BLI-
COTa MpH 3aAaKHOM ulic/ic BepUINH AOCTHLAETCS, €cail Ha
BCeX YPOBHAX, KpOME IOCICAHCIO, MOMEINACTCst OMATh AKe
MAKCIIMAAHBHO BO3MOKEOE YHCAO BEepPUIlH, 31oro0 apocToO
AOOGHTRCS!, pazMeliast MNPHXOASLIHEC BepulilHbl MOPOBUY
cIeBA 1T ¢aipala oT Kantaeli sepwnnbsl. B pesyavTate Mu

(4.39)
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Puc. 4.22. HaeansHo c6anaHcHpoBsaliible 1epeBbs.

6yaeM noayuyaTb AepeBbs €O CTPYKTYpOil, NpUBEIEHHON
Ha puc. 422 aas n=1, ...,

I1paBujo paBHOMepHOro pacnpeneieHus AJsl H3BecT-
HOTO WYIIC/1& BEPLUHH N Jydylle Bcero cGopMyJaupoBaTh,
HCNOb3YSl PEKYPCHIO:

1. B3Tb OJHY BepLUHHY B KauyecTBE KOPHS,

2. IlocTpouTh Tem e cnocoGOM JieBoe NOAAEPEBO
¢ nl = n DIV 2 sepuininamu.

3. ocTpourbh TeM e cnocoGoM nNpaBoe NOAAEPEBO
¢ nr=n—nl-— 1 sepmuoi.

DTOoMy npaBHJy COOTBETCTBYET pEeKypCHBHas npo-
iledypa, BKJAOYeHHas B nporp. 4.3. Ilporpamma uymtacr
BXOAHOH dafin W CTPOUT NjeadbHO cOadaHCHPOBAHNLC
Aepeso. Tlpuyem Mbl HCXOAHM H3 CJACAYIOILETO onpelese-
(il JepPeBO Ha3blBaeTcs wleaavHo cOaAqQHCUPOBAHMbL:,
ecJi ¥HCJO BepUlHH B €r0 JEBbiX i NPaBbiX NOAAEPEBb::X
OoT/IHYaeTcst ne 6oJee uem Ha 1,

[TpeanonoXKum, HanpuMep, UTO Ha BXOA NOCTYNAIoT
Takile LaHHbie Aas AepeBa ¢ 2] BepluHHOM:

20891115192021 7321564 1314101217 16 18

B stoM ciywae nporp. 4.3 nocTpouT nacajbHo cbaJai-
CHPOBAaNHOE Aepe¢BO, nokKasaHHoe Ha pHc. 4.23. OGpaTtuic
BHHMaHHE Ha NpPOCTOTY H SICHOCTb Hallefi nporpammsl,
noJiyyeHHble 32 CYeT HCNOJb30BaHHS PEKYPCHBHBIX MIpO-
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1.*ODULE BuildTree;
1'ROM InOut IMPORT Openlnput, CloseInput, ,
ReadInt, WriteInt, WriteStrirp, WriteLn;
FR0M Storage iMPORT ALLGCATE;

TYPEPir = POINTER TO ;7od<;

Hode = RECORD key: INTEGER;
il right: Ptr

END;
VAR n: INTECER; root: Ptr;

TROCEDURE tree{n: INTEGER): Ptrs
VAR newnods: Ptr;
%, ni, nr: INTEGER;
BEGIN (* nocTpoeinsie uaeanslio cGITAHCHPOBANROTO 18222 € A BEPINIAMA +)
IFn = 0 THEN newnode : = NIL
ELSEnl:= nDIV2; nr:= n-nl-1;
ReadInt(x); ALLOCATE(newnede, SIZE(Node));
‘WITH newnodetr DO
key 1= x; left ;= tree(nl); right : = tree(ar)
END
END;
RETURN rnewnode
ND tree;
PROCEDURE PrintTree(t: Ptr; h: INTEGER);
VAR i: INTEGER:
BEGIN (» newats acpeaa t ¢ oTcTynom h+)
JFt # NIL THEN
WITH tr DC
PrintTree(left, h+1);
FORi:=1TO h DO WriteString("* ")END;
Writelnt(key, 6); WriteLn;
PrintTree(right, h +1)
END
END
END PrintTree;

BEGIN (# iepBoe HET0¢ ~ '61c:10 BEPLIHH )
Openlnput("TEXT"); Readint(n);
root : = tree(n);
PrintTree(root, 0); CloseInput

TND BuildTree.

Hporp. 4.3. [locTpoenize ngeanavio ¢5anaHCHPOBAHHOrO REPEBA.
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Puc. 423. [epero, cdopmupoBaiioe ¢ noMOWbo nporp. 4.3.

ueayp. OueBHAHO, 4TO peKypCHBHBIE aJArOPHTMBI 0COGeH-
HO YMeCTHH B TeX cayudasx, Koraa pedn uaet o6 obpa-
60TKe AaHHBIX C PEKypCHBHO ONpeCAejJeHHOH CTPYKTYpOM.
370 elle pa3 NOATBEPXKAaeTCA Ha NpHMepe NPOUEeAYpH,
neyataiouel noayudenHoe aepeso. [lyctoe aepeso He re-
yaTaercs, Y mojaaepesa YpoBHA L A1s Ka)Kaoil BepulliHH
BHayase MeyaTaeTcsl ee JCBOe MOAAEPEBO, 3aTeM cama
BepilHHA, BbAeJ]eHHas OTCTYmoM B L npo6esaoB, u Ha-
KOHell, NeyaTaercs ee NMpaBoe NMOAAEpPCBO.

4.4.2. OcHoBHble ONEPalHN C ABOHYHLIMH AEPEBBAMH

CyulectByeT MHOro paboT, KOTOpble MOMKHO BBHINO.T-
nATb ¢ JepeBbfIMH; pacnpocTpaHeHHas 3ajaua — BHINO-
HeHHe HeKOTOpOH omnpeaeteHHOl onepaunn P Hap k-
WABIM 37eMeHTOM JepeBa. Onepaniio P MOMKHO MbICTITH
KaK napameTp 60.ee o61ell 3a1aun — «noceLleHHA» BCeX
BCPWNH HAH, Kak ee OOLIYHO Ha3bIBaloT, «o6xo0ja» ae-
peBa. Ecan 3Ty 3anauy paccMaTpHBaTh Kak HeKHR ean-
HbIfl Mpouecc, TO OTAe/bHble BePWHHB NMPOXOAAT B Ka-
KOM-TO OMpelleieHHOM MNOpsAKe, H MOITOMY MOXHO cull-
T4Tb, YTO OHH JHHeHiHO ymopsaoueHul. WM peiicTBuTEABHO,
OTHCAHIIEe MHOTHX a/JrOPHTMOB 3HAUHTEILHO yNpoLlaeTcH,
CCJIH, OPIICHTHPYSACh HAa HCKOTOPHII MOPAAOK, MBI MOXKEM
roBopidTh 06 06paboTKe CJelYIOLIero 3J1eMeHTa JepeBa.
CywWecTBYIOT TPH NpIIHIHNA YNOPSAOUCHHSA, €CTCCTBEHHD
BhITeKAIOILIIX M3 CTPYKTYphl AepeBbeB. Kak n cTpykTypy
BepeBa, 3TH NpUHLKNBL yAoOHee BCero BHIPA3lTh B TCp-
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VAN

Mire. 4.24. Jeonunoe aepeso.

ITHax pekypcHil. Ecan o6paTtutbhest K ABOMYHOMY Aepeny
ria puc. 4.24, rae R o6o3Hauaer kopeHb, a A u B — c-
30€ H npaBoe NMOAAEPCBbs, TO MOMHO FOBOpPHTb O TaK!ux
rpex nopsiaKax:

I. Ceepxy Buua: R, A, B (kopeHb nocenlaercs pauce,
4CM MOAJepeBbs).

2. CneBa Hanpaso: A, R, B.

3. Cuusy BBepx: A, B, R (kopelb noceuaercs noc.e
noaaepesbeB). O6xoasi acpeBo ¢ puc. 4.20 U BHNUCHIBAs
CHMBOJIbl, HAXOAAUIHCCS B BePLUHHAX, Mbl NOJYUUM TaKHE
I'pH yNnopsiloyeHHble NOCT1e10BaTeNbHOCTH:

I. Ceepxy BHN3: =+ a/bc— d=el.

2. Cnesa Hanpaso: a + b/cad — e=f,

3. Cuusy BBepx: abc/ + defs — «.

Mu y3naem Tpu ¢opMBbl 3anicH BHpaXeHWil: 06xon
ceepxy @6HU3 paeT npedurcHyto 3anucb, OGXOA CHU3Y
B38epx — nOCT(huUKCHY!O 3anucb, a 06X0A caesa HANPQBO
IIDHBOAMT K MNDPHEBINHON UHPUKCHOH 3anHCcH, XOTA u Ge3
CKO6OK, TdK HEOO6XOMIIMBIX AJst YTOYHEHHS NOPSIAKA Bbl-
IO/THCHHSL OliepauHii.

Ctopmyaupyem Teneph 3TH TpH Meroga o6xoaa B
BHAC TpeX KOHKPeTHLIX NpOrpaMM C SBHbIM NapaMeT-
poM t, COOTBETCTBYIOLIHM JepeBYy, Hal KaKAo# BeplIHHOIT
KOTOPOr0 HYXHO BbINOJAHHTL onepauo P —nycts 310
Oynet nesBublii napamerp. [Ipeanonao:kum, uTo ecTb Ta-
KHe onpejeseHis

TYPEPIr = POINTER TO Nod-s
TYPE Node =RECORD... 4.47)
left, right: Pt
END
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Tenepb BCe TpPU MeTOAAa JIErKO NpPEeACTaBHTb Kak pe-
KyPCHBHbIE MPOLCAYPhH; OHH BHOBb MOATBEPXKAAKT T
coobpaKeHHe, YTO paboTy C PeKYPCHBHO ONpedeNeHHLIMy
A4HHBIMH yJ1OGHee BCEIO ONPEAEJATb C MOMOWILIO pe-
Kypcu#.

PROCEDURE preorder(t: Pir)
BECIN {4.43)
IFt # NIL THEN
P(i); preorder(tr.left); precrder(it.right)
END
END preorder

PROCEDURE inorder(t: Pir);
BEGIN (4.4
I¥t # NILTHEN
inorder(tr.left); P(t); inorder(r.right)
END
END inerder
PROCEDURE postorder(t: Pu);
BEGIN (4.45)
JFt # NILTHEN
postorder(tt.Jeft); postorder(tt.right); P(t)
END
END postorder

OGpatute BHHMaHHe: cChaKa t nepelaercss Kak napa-
MeTp-3HaueHHe. DTUM BbIPaXKaeTcst TOT (aKT, uTo peub
HAECT O CCbLIKE Kak BeJMuHHe, YKa3blBaloWled Ha HYX-
HOe MOAJEepeBO, a He O NepeMEeHHOMN, 3HaueHHe KOTOPOM
CCTb CCblIKA M KOTOpPOE MOrJIO Obl MEHAThCH, ecad Onl t
6bl.1a napaMeTpoOM-nepeMeHHOH,

[Ipumep nporpammel, B KOTOpOii HAeT o6xod aepe-
Ba, — OANpOrpaMma neyaTd JAepesa, BhAeaSOLIAs Ka-
MBI YpOBEHb € MOMOLIbIO COOTBETCTBYIOLIErO OTCTYNA
(nporp. 4.3).

JlBonuHbie AepeBbst YacTo ynoTpeGasioTcs s Mpel-
CTaB.JCHHSA MHOXECTBAa [aHHBIX, CPeId KOTOPOro HACT
MOHCK 3JICMEHTOB MO YHUKaJbHOMY KJjalouy. Ecau gepeso
OpraHH3oBaHO TakK, uTO AJs KaXAoH BepluuHbl t; cnpa-
BeJJIUBO YTBEPXK/JCHHE, YTO BCe KJIKUM JeBOro mnoAic-
pesa t; meHbwe kaOua t;, a Bce KJAKYH NpaBoro nojae-
peBa t; Gonbiue ero, TO Takoe AepeBO OyaeM Ha3biBaThb
depesom noucka. B TakoM HepeBe MOXHO OGHapyHHTb
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Puc. 4.25. lepeno noncka ¢ Gapnepom.

NPOH3BOJbHLIA KJIOY — JOCTAaTOYHO, HaYaB C KOPHS, ABH-
raTbCsl K JIeBOMY HJIH NpaBOMY NOiAepeBy Ha OCHOBaHitH
JIHIIb OAHOTO CPABHCHHA C KJIOYUM TeKylleHi BepLIHHLL
Mu yxe sHaeM, YTO 113 N 3JeMEHTOB MOXHO OpraHH30-
BaTh ABOHYHOE JepeBO ¢ BLICOTORA He Goace logn. [o-
3TOMY, €C/H JepeR0 HAea’qbHO c6aJlaHCHPOBAHO, MOUCK
CPeAH ero n 3/JeMeHTOB BHINOJNHAETCA MaKCHMYyM 3a logn
cpaBHeHHR. $IcHO, uTO NOAOGHHE AepeBbS 3HAUHTEJNbHO
Ayylle NOAXOAAT AJIA OPraHH3aUHH TaKHX MHOXecTB AaH-
HbIX, YeM JIHHeAHble CMHCKH, O KOTOPHX Mbi FOBODHJH B
npeanayuieM pasjene. Tak Kak NOHCK HAET 1O ORHOMY-
CAHHCTBEHHOMY NYTH OT KODHA K XeJIaHHOR BepLIHHe,
TO ero MOXHO [pPOCTO NPOrpaMMHPOBATh C [1OMOWILIO
HTepauuH (4.46).

PROCEDURE locats(x: INTEGER; £: Ptr): Piry
BECIN

WHILE(t # NIL) & (tt.key # x) DO
IP trXey < s THEN t ¢ = texight ELSE{ t= $# 2R END
END ;
RETURN
END locate

(4.46)
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Ecnn B JgepeBe ¢ KopHeM t He Gbl10 OGHapYIKEHO KJIOug
CO 3HayeHHeM X, To ¢yHKUHA [ocalte(x,t) AaeT 3HaAYeHHe
NIL. Kak u B ci1iyuae Noucka B CIHCKe, CJI0XKHOCTb YCJ10-
BHSI OKOHYaHHSl HABOJAHT Ha MBIC/b, YTO MOXKET CYL{eCTBO-
BaTh M Jyulllee pellleHHe, a HMEHHO HCIOJb30BaHHe
Gapbepa. Beib Tako# NpHeM MOXKHO NPHMEHSATb H MNpH
NOHCKe Mo AepeBy. YnorpeGseHie CCHIJIOK MO3BOJSET 3a-
KOHYHTb BCe BETBH OJHHM H TeM Xe GapbepoM. Tenepb
noJIyyaeTcs yXKe He JepeBo, a HeuyTo HaloMHHaloliee fe-
PEBO, BCe JIHCTbSl KOTOPOrO «NpHLUENJEeHH» CHH3Y K Of-
HOoMYy akoplo (cM. pHc. 4.25) *). Bapbep MOXHO paccmar-
puBaTh Kak ofIiee NpejcTaBJeHHe BCeX BHELUIHHX Bep-
IIHH, KOTOphie A06aBJSIOTCS K NEePBOHaYaJbHOMY J€peBy
(cM. puc. 4.19). B pesysnbraTe 3TO NO3BOJISIET MOJYUYHTh
6oJiee MpoCTyl0 Npoueaypy mnoucka (4.47):

PROCEDURE locate(s: INTECER; 1: Pir): Pirs
BEGIN st.key:= %3 (» Gapuep*)
WHILE tr.key # x DO @4n
IF ttkey< X THEN t 1= tr.right ELSE L 1= thle END
END.
RETURN ¢
END locate

OGparnte BHHMaHHe, YTO €CJH B JepeBe C KOpHeM t
KJI0Y CO SHayeHHeM X He GyneT o6HapyxeH, TO QyHKUHA
locate(x, t) nonyuut He suauenne NIL, a s, 1. e. Gyner
yKa3uBaTh Ha Gapbep.

4.4.3. Tlouck H BKJIOYEHHE 5 JepeBben

B03MOXHOCTH NMHaMHYECKOTO pa3MeLieHHs MepeMeH-
HBIX C IOCTYNOM K HHM Yepe3 CChIKH BPSi JIH NMOJHOCTbIO
NpCSBASAIOTCS B TAKMX NMpPHMepax, TAe AaHHHeE yxiie MoJ-
HOCTbIO COPMHPOBaHBl H OCTAIOTCS HeH3MEHHHMH. Bo-
Jee HarJsAHLIMH OyAyT NpHMEpH, Ile MeHseTcs cama
CTPYKTypa JepeBa, T. €. 1€peBO PACTeT HJH COKpaIlaeTcs
B XOJle BHINMOJIHEHHs nporpaMmel. IlpuueM 3TO AOJIXKHEL
OhiTb 3ajaud, TAe He MOAXOAST APYTHe NpeiCTaBJeHHs

*) Mlhorpa TaKHe CTPYKTYPW 1a3bIBAiOT «raMakom», = I7pum
nepeas,
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HaHHHIX, CKaXeM MacCCHBH, a HYXHbl HMEHHO JepeBbA
H3 3JEeMEHTOB, CBA3AHHKX MEXAY co60H CCHJIKaMH.

Buayasie paccMOTpHM cJlyyail, Koraa AepeBo MOCTOSHe
HO TOJbKO pacTeT, HO He y6nBaeT. THMHUHKI npuMep —
NOCTPOEHHE YaCTOTHOrO CJOBAaps; O HeM MK yXe rFOBO-
PHJIH, KOTAa peyb LJ1a O CBA3aHHBIX CMNHCKax. BepHemcs
K HeMy CHOBa. 3ajaya COCTOHT B TOM, YTO B 3apaHee
3aJlaHHOH MOCJ/1e/0BaTeJbHOCTH HA0 ONpeAe/qHTb 4acTo-
TY BXOX/JEHHA KaXI0ro H3 cJIOB. DTO O3HayaeT, uTo JI0-
6oe CJ0BO Hal0 HCKAaTb B JepeBe, MpPHYEM BHayale Je-
peBo nycroe. Ec/H cJ0BO HailleHO, TO CUETYHK ero Bxo-
JKAeHHH YBEeJIHUHBAGTCHA, €CJAH HeT — 3TO HOBOEe CJIOBO
BKJIOYaeTcs B AEPEBO C HaYaJbHHM, eAHHHYHKIM 3Haye-
HHeM cyeTuHKa. Mmp Oyrem Ha3wBaTh 3Ty 3ajauy no-
uckom no Oepesy c 8kawoueruem. TIpeAnoNoONKHM, THNH
OMHCaHbl TaKHM 06pa3oM:

TYPE WPtr =POINTER TO Word;
Word =  RECORD (4.48)
key: INTEGER:
count: CARDINAL;
left, dght: WP
END

CuHrafl, 9TO y Hac eCTb HCKOTOpHH (hafin kaoueli H ne-
peMeHHas, 0603HauawUasa KOpPeHb AepeBa MOHCKA, MK
MOXeM TaK c(opMyJaHpPOBaTb MPOrpaMmy:

ReadIny(x); (4.45)
WHILE Déne DO search(x, root); Readlni(x) END

Onpenesiedde MyTH MOHCKa 3aech oueBHAHO. OqHAKO ecsH
OH MPHBOAHT B TYMHK (T. e. K MycTOMy moaaepesy, 060-
3HaYeHHOMY CChUIKOH co 3HaueHueM NIL), To nanHoe
C.10BO HEOOXOAHMO BKJIOYHTb B ePeBO Ha MeCTO MyCToro
nonaepesa. BosbMem, nHanpuMep, NBOHYHOE AepeBO, MpH-
BeJeHHOe Ha pHC. 4.26, H BKJIOUYHM B Hero uMa Paul, Pe-
3yJ1bTaT MOKa3aH HAa TOM JKe PHCYHKe MYHKTHPHBIMH JIH-
HHAMH,

Bca nennkom onepauxsa npuseleda s nporp. 4.4. [po-
Lecc MoHcka oopMJieH KaK peKypcHBHas mpoueaypa. Ee
napamerp p mepelaercs Kak mepeMeHHas, a He KaK 3Ha-
yeHHe. ITO BAXKHO, MOCKOJbKY B CyYae BKJIOYCHHS 3TOf
nepcMeHHOM, KOTOpas paHblle XpaHHsaa 3Hauenue NIL,
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Puc. 4.26. Bralouerne B ynopsIoYeHHOE ABOHYHOE JeDeBO.

JAOIXKHO OBITb MPUCBOEHO HOBOE CCHIJIOUHOE 3HaueHHe.
Eciu 14 3ajaHHOf BXOAHOM MNOCJAEA0BaTENbHOCTH U3
21 uucna nporpamma 4.3 CTpOHJa [epeBO, NpHBEAEHHOE
Ha puc. 4.23, To HoBast nporpamMma (4.4) NoCTPOMT ABOIY-
HOe JlepeBO NOUCKa, MpHBeJAeHHOE Ha pHc, 4.27.

Pac. 4.27. Ilepeso noucka, chOPMAPOBaHHOE ¢ NOMOLIBIO aporp. 4.4,
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MODULE TreeSearch;
FROM InOut IMPORT Openlnput, Closelnput,
ReadInt, Done, WriteInt, WriteString, WriteLn:
FROM Storage IMPORT ALLOCATE;

TYPE WPtr = POINTER TO Word;
Word = RECORD key: INTEGER;
count: INTEGER;
left, right: WPtx
END;

VAR root: WPtr; n, key: INTEGER;
PROCEDURE PrintTree(t: WPtr; h: INTEGER);
VAR : INTEGER;
BEGIN (* nevats fiepeea t ¢ OTCTYTIOM ha')
IF t # NIL THEN
WITH tr DO
PrintTree(left, h+1);
FORi:=1TOhDO WriteString(" ")END;
WriteInt(key, 6); WriteLn;
PrintTree(right, h+1)
END
END
END PriniTrese;

PROCEDURE szarch(x: INTEGER; VAR p: WPtr);
BEGIN
IF p = NILTHEN (= cnona B aendne ner, BKIinueHHe t)
ALLOCATE(p, SIZE(Word)),

WITH pt DO
key:= X; count := 1;left : = NIL; right ; = NIL
END

ELSIF x < pt.key THEN search(x, pr.lefl)
ELSIF x > pt.key THEN search(x, pt.right)
ELSE pt.count ;= pt.count + 1
END

END search;

BEGIN root ;= NIL,
(» nepBoe 1e10€ — YHCIIO BEPIUHH 4 )
Openlnput("TEXT"); Readlnt(n);
WHILEn> 0DO
Readlnt(key); search(key, root); n !=n-1

Closelnput; PrintTree{root, 0)
END TreeSearch,

[lporp. 4.4. flodcs mo Aepesy ¢ BKAWILHHEM,
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HcnosbsoBaHne Gapbepa BHOBh HECKOJIBKO YNpollaer
sagauy, cM. (4.50). SlcHo, uTo mepex HayaJoM paGOTH
nepeMeHHas root NOJXHa OHITh HHHUHHPOBAHA CCHUIKOH
Ha Gapbep, a He 3HauyeHHeM NIL, u nepen Kaxamnm no-
HCKOM HCKOMOe 3HauyeHHe X J[AOJIKHO IpHCBaHBAThCA
noJjio kJjawya B 6apbepe.

PROCEDURE search(z: INTEGER; VAR p: WPtr);
BEGIN
IF x< pr.key THEN search(x, prIeft)
ELSIF %> pt.key THEN search(x, praight)
ELSIFp # sTHEN pt.count = pr.count + 1
ELSE (* sxmouctne ¢ ) Allocate(p, SIZE(Werd)):
WITH pt DO (4.50)
keyl=giloft =g right =5 count:= 1
END
END
END

XoTs Ha3HayeHHe STOr0 aJropHTMa — MOHCK, ero
MOXHO TPHMEHATbH H AJA COPTHPOBKH, DaKTHYECKH OH
OYeHb HaMMOMHHAET METOJ COPTHPOBKH NPOCTHIM BKJIOYe-
HHEM, HO NOCKOJIbKY BMECTO MacCHBa HCHOJb3yeTcsl Ae-
peBo, TO mponajaeT HeOOGXOJAMMOCTh NepeldBHraTbh KOM-
MOHEHTHI, HaxXOAsUIHecs BHILUe MecTa BKJoYeHus. Cop-
THPOBKY C MOMOMUIBIO €pE€BA MOXHO 3alpoOrpaMMHpPOBaTh
MOYTH CTOJIb XKe 3¢G¢EeKTHBHO, KaK H HaHJAyYlIHe H3 H3-
BECTHEIX METOJOB COPTHPOBKH MaccHBoB. Ho Heo6xoaumo
NPHHATb HEKOTOPHE METOAB NMPENOCTOPOXKHOCTH. B cary-
yae COBNAJEHHA TaK Xe€ HYXHO BKJIOYaTh HOBHIH 3Je-
MeHT. Ecau cayuail x = pt.key o6paGaThiBaercsi, Kak H
cayvait x > pt.key, TO ajaroput™m npeacrasiaser co6oil
CTa6GUJbHHIA METOL COPTHPOBKH, T. €. 3JEMeHThl C HieH-
THYHBIMH KJIOYaMH IpH 06xoie AepeBa BHGHpAlOTCA B
TOM K€ MOpsAAKe, B KOTOPOM OHH TYJAa BKJIOYaJHCh,

BooGuie roBopsi, cyuiecTBYIOT H JIyYlHe MeTOAbl COp-
THPOBKH, HO €CJH peyb WJeT O 3ajayax, rae TpeGyercs
H MOHMCK, H COPTHPOBKA, TO Mhl pPEKOMEHAYEM HCIIOJb30-
BaThb MeTO] IIOHCKa H BKJIOYECHHS MO Jepesy. M on peit-
CTBHTEIBHO OYEHb YacTO NPHMEHsETCS B TpaHCAATOpaXx
u GaHKaX JaHHHX MJS OPraHH3alHH OGBEKTOB, KOTOpHE
HYXHO M XpaHHTb B NaMATH, H HcKaTh. [logxomsuil
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MODULE CrossRef:
FROM InOut IMPORT OpenInput, OpenOutput, Closelnput,
CloseOutput, Read, Done, EOL, Write, WriteCard, WriteLn;
FROM Storage IMPORT ALLOCATE;

CONST BufLeng = 10000; WordLeng = 16;

TYPE WordPtr = POINTER TO Word;
TtemPtr = POINTER TO Item;

Word = RECORD key: CARDINAL:
first, last: ItemPtr;
left, vight; Wordpte
END ;

Ttera = RECORD Ino: CARDINAL;
next: ItemPtr
END;

YAR root: WordPtr;
k0, X1, line: CARDINAL,
ch: CHAR;
buffer: ARRAY [0.. BufLeng-1] OF CHAR;

PROCEDURE PrintWord(k: CARDINAL);
VAR lim: CARDINAL;

BEGIN lim : = k + WordLeng:
WHILE buffer{k] > 0C DO Write(buffer[k]); k := k+1 END §
WHILE k< lim DO Write(" ); k i= k+1END

END PrintWord;

PROCEDURE PrintTree(t: WordPtr):
YAR i, m: INTEGER,; jtem: ItemPtr;
BEGIN
IFt # NIL THEN
WITH tt DO
PrintTree(left);
PrintWord(key); item ; = first; m ;= 0;

WriteLa; m = 0;
FOR i:= 1TO WordLeng DO Write(" ") END
END:;

m:= m+1; WriteCard(itemt.Ino, 6); item 1= itemt.next

263
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UNTIL item = NIL}
WriteLn;
PrintTree(right)
END
END
END PrintTree;

PROCEDURE Diff(i, j: CARDINAL): INTEGER}
BEGIN
Loop
IF buffer(i] # buffer{j] THEN
RETURN INTEGER(ORD(buffer{i})) ~ INTEGER(ORD(buffer{jT})
ELSIF buffer{i] = 0C THEN RETURN 0
END ;
=i+ ji=§+1
END
END Diff:

PROCEDURE search(VAR p: WordPtr);
VAR item: ItemPtr; d; INTEGER;
BEGIN
IF p = NIL THEN (& c1oBa B HEpEBe HET, BKIIOYENHE &)
ALLOCATE(p, SIZE(Word)); ALLOCATE(itern, SIZE(Item));
WITH pt DO
key : = XO; first : = item; last = {tem?
left := NIL; right : = NIL
END;
itemt.lno : = line; itemt.next ;= NIL; kQ ;= k1
ELSEd := Diff(k0, pt.key);
IF d < 0 THEN search(pt.left)
ELSIF d > 0 THEN search(pt.right)
ELSE ALLOCATE(item, SIZE(Item));
jtemt.lno : = line; itemt.next : = NIL;
pt.lastt.next .= item; pr.last ;= item
ENMD
END
END search;

PROCEDURE GetWord.

BEGIN k1 : = kO;
REPEAT Write(ch); buffer{kl] := ch; k1 := k1 + 1; Read(ch)
UNTIL (¢ch< “0") OR (ch > "9") & (CAP(ch) < "A™)
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OR (CAP(ch) > "Z");
buffer[kl] := 0C; k1 := K1 + 1; (» orpansmrens « )
search(root)
END GetWord;

BEGINroot := 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" . "Z". GetWord|

"[*.."":  Write(ch); Read(ch)|
»a"."z":  GetWord |
"{".."~": Write(ch); Read(ch)
END
END:

WriteLn; WriteLn; Closelnpui;
PrintTree(root); CloscOutput
END C:ossRef.

{Iporp. 4.5. MocTpeeniie Ta6aHiL NCPCKPCCTHRIX CCLIOK.

npHMep — NOCTPOEGHHC TaOlJHLBL [€PEeKPEeCTHLIX CChUIOK
IJs1 AaHHOTO npHMepa. DTOT NpPHMep Mbl yXe HCOJb-
30BaJIM KakK HJJIOCTpAaUMUIO npH (HOPMHPOBAHHH CIHCKOB.

Hama 3anaya — HanucaTb nporpaMMy, KoTopas (uil-
Tds TEKCT M neyaTas ero ¢ lo6aBJieHHeM [0CJeA0BaATE b
HBIX HOMEpPOB CTPOK) cobHpaeT BCe CJIOBa 3TOrO TeKCTa,
3anOMHHasi HOMepa CTPOK, B KOTODBIX BCTPCYAIOCh HaH-
Hoe caoBo. [locne toro kak npocMoTp 6yIcT OKOHueH,
¢opmupyetca TabJHLla, B KOTOpOH Bce cJioBa OyayT pac-
10JI0)KeHbl B aJ(aBUTHOM MNOPsSAKE H CO CINHCKAMH HX
MECTOHAXOXJACHHH.

QOueBHAHO, AN XpaHeHHsl CJOB, BCTPEYAIOLIHNCA B
TEKCTe, Jyullle BCEro NOAXOAMT [AepeBO NOHCKa (Ha3uBae-
MOe TakXKe JIeKCHKorpagHucckuM aepesoM). Kaxnaasn
BepliHHa He TOJbKO COAEPMHT B KauecTBe KJKOUYa CaMO
CJIOBO, HO H SIBJSETCS HauaJoM CIMHCKa HOMEpPOB CTPOK.
Kaxayio 3anucb O nosiBJeHHH cJoBa MH 6GyleM Has3h-
BaTb {fem (oTMeTka). Takum o6pas3oM, B 3TOM npumepe
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BCTpEUAlTCA W JepeBbd, H JHHeHRHbe cnHckH. Ilporpam-
Ma COCTOMT M3 ABYX OCHOBHHIX yacTeHi (cM. nporp. 4.5),
a HMenno: (Gase npocMoTpa Tekcta H (rasbl nevyaTtu Tab-
Juubl, Tlocaeansas npeacTasiseT co60f NMpocTo mporpam-
My ob6xona AepeBa, NMpHuYCM NpH NONAAaHHH B KaXAyio
BEDIUHHY TeyaTaeTcs KJKyeBoe 3HayeHHe (CJI0BO) H
NpoCMaTpiBACTCA CBASAHHHI C HeH CIIHCOK HOMEpoB
cTpox (oTmerxn). KpoMe TOro, nosnesso npusectd eme
HeKOTOpble TMOSCHEHHsd, OTHOCcAmHecs K nporp. 4.5,

Tabanua 4.3, PesyapTatal pa6oTe nporpaMmu 4.5

0 PROCEDURE search{x: INTEGER; VAR p: WPtr);
1 BEGIN

2 IF x < pt.key THEN search(x, pt,left)
3 ELSIF x > pt.key THEN search(x, pt.right)
4 ELSIF p # s THEN pt.count := pt.count + 1
5 ELSE Allocate(p, SIZE(Word));
6 WITH pt DO
7 key = x; loft := s; right ;= s; count := 1
8 END
9 END
10 END
Allocate 5
BEGIN 1
DO 6
ELSE 5
ELSIE 3 a
£ND 8 9 10
IF 2
INTEGER 0
PROCEDURE 0
SIZE 5
THEN 2 3 4
VAR 0
WITH &
WPtr 0
Word 5
count 4 4 7
Ley 2 3 7
Teft 2 7
p 0 2 2 3 3 4 4
4
5 6
right 3 7
s 4 7 7
search [ 2 3
X 0 2 2 3 3 7
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(B Ta6n. 4.3 npuBeneHbl pe3yabTaTH 06paloTKH mpo-
rpamMoi 4.5 tekcra (4.50).)

1. Chogom cuHTaercs Ji06as NOCAeA0BaTeJbLHOCTD
6yKkB H LH(Pp, HauHHaAlOWaAgCA ¢ OYKBH.

2. Tak Kak pasMep CJOB MOXeT OHTb pa3HKLM, CaMH
(dhaKTHYeCKHe CHMBOJBl XpaHATcs B Maccupe buffer, a
BepUIHHA JepeBa COAEPKHT HHIAEKC MepBOro CHMBOJA
KJII0Ya.

3. )KenatenabHo, uTO6H HOMepa cTpok p TabJuie me-
PEKPeCTHHX CCHJIOK mneyaTaJHch, B  Bo3pactaiollleM
nopsaake. IIo3ToMy cnHHCOK OTMeTOK JO/kKeH (GOpPMH-
poBaTbcs B TOM Ke INOpAAKe, B KOTOPOM OH Oyaet
npocMaTpuBaThcs Npu mneyaTH. Dto TpeGoBaHHe MNpH-
BOAHT K HCNOJb30OBAaHHIO B Ka)JAofl BepllHHe, CO-
OTBeTCTBYIOLIeil CJOBY, ABYX CCBLJOK: OJHA YKa3bnlBaer
Ha nepBHil, a BTOpas — Ha MOCJEAHHH 3JEeMeHT CIHCKa
OTMETOK.

4.4.4. HUckaoyeHue U3 aepeBbeB

[epeilneM Temepb K 3ajaye, o6paTHOH BKJIIOUEHHIO]
K uckaiodenuio w3 pepesbeB. Haia uenb — onpeaenutn
aJrOpPHTM HCKJIOUEHHSA — MIBATHA M3  YNOPAJOYEHHOTO
JlepeBa BepUIHHH ¢ KJIOYOM X. K coxasenuio, HcKkatoue-
HHe 9/JeMeHTa OONYHO NpPOXOAHT He Tak MpOCTO, KakK
BKJIoyeHHe. [IpocTHM OHO OKa3wBaeTcs JHUBL B ¢ayuae,
ec/JIH HCKJIOYaeMHfl 9JleMeHT — TepMHHaJIbHas BepliHHa
HJIH BepUIHHA C OAHHM NOTOMKOM. TpyAHOCTb BO3HH-
KaeT, eCJH HYXHO YAaJHTb 3JeMeHT ¢ ABYMS NMOTOMKaMH)
BeAb MK He MOXEM yKa3aTb C TNOMOLIbIO OAHOH CCHIJIKH
cpa3y ABa HanpaBJieHHs. B 3ToM cayvae yaansemuil sne-
MeHT HYXXHO SaMeHHTb JHOO Ha caMHil NMpaBHil 3JeMeHT
ero JIeporo mnoanepesa, JH60 Ha caMHf JeBblil 3/71eMCHT
ero nmpaporo NojjepeBa, NpHYeM OHH AOKHBI HMeTb ca-
Moe 6oJibliiee OQHOro moTtoMka. Bce aeranu mpuBOAsTCA
B caMoii peKypCHBHOH npoueaype noA HasBanuem delele
(4.52). B neit pasnuyalorcs TpH cayyas:

]. KOMNOHEHTH C KJIOYOM, PABHHM X, HeT.

2. KoMnoHeHTa ¢ KJAIOUOM X HMeeT He 6oJee OAHOro
NOTOMKa,
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3. KoMnoHeHTa ¢ KJIIOYOM X HMeeT ABYX NOTOMKOB,

PROCEDURE delete(x: INTEGER; VAR p: Ptr)
VAR Q: P (4.52)

PROCEDURE del (VAR r: Pir);
BEGIN
IF rt.right # NILTHEN del(rt.right)
ELSE qt.key : = rt.key; gt.count := rt.count;
g:=1rri=rtleft
END
END del;

BEGIN (* uckmouenue )
IF p = NIL THEN ( cioba B iepeBe HeT + )
ELSIE x ¢ pr.key THEN delete(x, pt.left)
ELSIF x > pt.key THEN delete(x, pt.right)
ELSE (*HckmoueHne pte)q = p;
JF gt.right = NILTHEN p : = gt,left
ELSIF qt.left = NIL THEN p : = qt.right
ELSE del(qrleft)
END:
(+Deallocate(g)+)
END
END delete

BenoMorarenhnas pekypcHBHas npoueaypa del na-
YHHaeT paboTaTh TOALKO B cayyae 3. OHa «ClycKaeTCsi»
BAOb MpaBOd BETBH JI€BCTO nojjdepeBa sJjeMmeHTa ¢f,
KOTOPHIi HYXHO HCKJIOYHTb, H 3aMEHSIeT CYyLUEeCTBEHHYIO
uHbOpMaUUIO (KJIIOY H CYeTYIK) B q} Ha COOTBETCTBYIO-
lHe 3HAa4YeHHs U3 caMOW npaBOH KOMIOHEHTH r} Jiesoro
noanepesa, mocje yero ot t4 MoxHO ocpoboauthes. He-
onucaHuyio npoueaypy Deallocate MoxXHO paccmaTpH-
BaTb Kak o6paTHyIO MO OTHOWeHdI0O K npoueaype Allo-
cate. Ecad nocsiefHas BhAensieT NaMsATh AJAs HOBOH KOM-
NOHEHTHl, TO NEPBYI0 MOXKHO MPHMEHSITb AJsl YKa3aHHA
BHIYHCAHTRAbHOH CHCTEMe, UTO MaMsTb, 3aHsTasl SJeMEH-
TOM qf, BHOBb CBOGOAHA H AOCTYMHA AJisl JIOGHX APYrHX
LeJsed.

Iaa uamoctpaund paGoTH npouelypd (4.52) MH
OTCHJIaeM uHTaTens K puc. 4.28. 3pech nmpusemeHo He-
XOHOe nepeBo (a), H3 KOTOPOro MOCJeZ0OBaTe/NLHO yAa-
JIAIOTCA BEPIIHHH ¢ Kaoyamu 13, 15, 5 u 10. [Moayuenune
npH 3TOM Jepesbsa NOKa3aHH TaM xe: (b)— (e),
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(6] {b)

(19) 19 (®
(5) ® &1 @ ORC)
® ! (® (®)
{c} {d) e

Puc. 4.28. Nckawuenne 43 pepesa.

4.4.5. AHaJ/M3 MOHCKA MO JepeBY C BKJIOUYEHHAMH

JloBOJILHO eCTeCTBEHHO, YTO K aJrOpUTMYy [MOHCKA C
BKJIIOUEHHEM AJIAl J€pPeBbeB HCMHITHBaellb HEKOTOPOE He-
aJosepte. Bo BcAKoM caydyae, COMHEHHS] GYAYT OCT2BaThes
10 TeX mnop, NoKa Mbl 60Jee AeTaJbHO He MO3HAKOMHMCH
= ero noseleHueM, Belb MHOTHX MPOrpaMMHCTOB B nep-
aylo ouepelb 6ECMOKOHT TOT (aKT, YTO OGHYHO HEH3-
BECTHO, KaK 6GyleT pacTH JAepeBO H Kakyw $opMy OHO
npuMeT. Mbl MOXeM TOJbKO NpeanoJaraTh, YTO CKopee
scero AepeBo He OyleT MAeasbHO c6aJaHCHPOBAHHHEIM.
[Tockoabky cpenHee yHCJO cpaBHeHHH, HeO6XOAMMOe AJdA
0o6HApYXeHHs KJoua, B MAeaJbHO C6aJaHCHPOBAHHOM
AepeBe ¢ N BepIIHHAMH NPHO6JH3UTENLHO paBHO logm, TO
YHCJO CpaBHEHHA B JepeBe, CPOPMHPOBAHHOM HallHM
AJNTOPHTMOM, GyaeT 6oabuie. Ho Hacko/abKoO?

[Ipexne Bcero npocTo HaXOAH1CA HAHXYAWNH cayuail.
{IpeanosioKuM, BCe NOCTynaioulHe KNOUH HAYT B CTPOFO
‘so3pacraouleM (Ran y6biBawuweM) nopsake. Toraa ka-
HMABA KUY IPHCOEAHHSIETCA HENCCPeICTBEHHO CHpaBa
(HaH cieBa) OT ero HpeilUlecTBEHHAKA, H B pe3yabTaTe
MBl OJy4aeM MOJHOCTBIO BbIPOXK/ICHHOC 1€peBO, BHTAHY-
Toe B JdHeliHbii cnucok. B atoM cayuae cpeanue
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3aTpaTbhi Ha IIOHCK paBHbl n/2 cpaBHeHHAM. SIcHO, uTO Ta-
KOH HaHXYALIHi BADHAHT IPHBOAHT K OYEHb IJIOXOH mpo-
H3BOJAHTEJbHOCTH, H KaXKETCH, YTO HAlll CKENTHLH3M MOJ-
HOCTbIO ompaBAbiBaercs. IlpaBaa, ocraerca Bompoc, Ha-
CKOJIbKO BepOsiTeH TaKo# cuayuail. TouHee, xoresioch 6l
3HAaTb MJIMHY NYTH NMOHCKA an, YCPEAHEHHYIO AJs BCeX n
rJouell W 405 BCex n! AepeBbeB, MOJYYEHHBIX B Pe3yJib-
TaTe n! MEepecTaHOBOK H3 3THX N MCXOAHBIX KJioueil. Ta-
Kasg 3ajlaua aHaJH3a aJroOpHTMa OKa3biBaeTcHd A0CTaToy-
HO NpPOCTOH H NPHBOAHTCH 3A€Ch HE TOJbKO KaK THIIY-
HbIi NIPHMED TaKOro aHa/jH3a, HO H H3-3a MPaKTHUYECKOIl
BAaXXHOCTH I10/1y4alOILerocs pesyJbTarta.

ITycTb aaHBl n pasJuuHBIX KJOUel CcO 3HAYeHHAMH
1, 2, ..., 0, mpHYeM nOCTynmaioT OHH B CJyuyaiiHOM IO-
psake. BeposTHOCTL TOro, yto mepBbIH KJAIOY, KOTOPbIi
CT2HOBHTCSl KODHEBBIM Y3JIOM, HMEET 3HaueHHe i, paBHa
1/n. Ero JeBoe moaaepeBo B KOHLe KOHLOB GyZaeT co-
CTOSATb H3 i— | BeplINH, a MpaBoe — H3 I — i BepUIHH
(cM. puc. 4.29). OGo3HaunM CpeAHIO0 AJHHY NYTH B Je-
BOM [MOJJepeBe uepes a;-;, a B NPaBOM NOAAEPEBE —
uepe3s anp—. DBynem BHOBb npeanosaratb, 4TO BCe BO3-
MOXHBI€ NepecTaHOBKH OCTaBWIMXCA n— | kJoueid pas-
HoBeposiTHH. Cpennsas AJHHA NyTH B JepeBe C n Bep-
LIHHAMH DaBHa CyMMe INPOH3BEAEHHH YDOBHH KaxAoH
BCPLIHHBI Ha BEPOATHOCTb oOpauleHHs K Hel. Ecau Bce
BEDUIHHBI HILYTCS C OAHMHAKOBOH BEPOATHOCTBIO, TO I0O-
JyuaeM

a, = (Si:1<<ig<n: p;)/n, (4.53)
rie p;— AJHHA OYTH K BeplUHHe i.

Bepuinhn Ha pHc. 4.29 MOXHO pasfgejHTb Ha TpH
KJacca:

l. i— 1 BepwIHH B JIeBOM MOAJAEPEBE HMEIOT CPEAHIOI
LJIHHY NYTH aj—;

ANSRWAN

Puc, 4,29, Pacnpene/elne Becos no BeTBAM,
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2. KOpeHb HMeeT LJHHY nyTH 0;

3. n—i BepIMH B NpaBOM MOJJepeBe HMeEIOT cpel-
HIOIO AJIHHY OYTH an-_i.

CnenosatenbHo, BHpaxeHHe (4.53) MOXHO npexacra-
BHTb KaK CyMMY JABYX NpOH3BeAeHHi

ad=((i—1)#a_,+(—1i)»a,_)n (4.59)
Hckomoe 3HaueHHe a,—cpeaHee 3Hauenne all nan
BCeX i=l..M0, T. e. AN BCeX JepeBbeB C KJIOYaMH B
KOpHe, paBHRIMH 1, 2, ..., n:

g, =(Si:I<in:(i—1)»a_, +(n—i)ea, ,)/n? (455)
=2s(Si21<i<n(i~1)»a_,)/n?
=2 (Si:1<<i<n:isa)/n?
Ypasnenue (4.55) npencraBaser co6oi pekyppeHTHOe
COOTHOWeHHe BHAA a,={,(a,, a;, ..., a,). U3 Hero Mu
noiyyaem GoJiee NpoOCTOe DPEKYPPEHTHOE COOTHOLIEHHE
BHAA an == fz(ap-1). BHauane nonyvaem (1), packaanni-

BafA noc/leliHee NpoH3BeneHHe, H (2), moAcTasasa n— |
BMECTO M:

) an==‘2.’m(n—-l):-an_l/n’+'2.’:-(Si:l<i<n:i:-a‘)/n2
(2) a,_, =2+ (Si: 1<<i<n—1zisa)/n—1)?

Ymuoxasa (2) va (n— 1)3/n% noayuaem
(3) 2+ (Si:lI<i<n—1 :itai)/n’=an_l.(n_ 1)?/n?
H, MOACTaBHB npasywo dactb (3) B (1), Hailgem
ap=2*(n—1)2a,_/n*+ an_, » (n — 1)¥n? (4.56)
= ay_ »(n—1)*n?

Oka3nBaercs, an MOXHO NpPEACTaBHTb B HEPEKYPCHBHOM

3aMKHYTOM BHAE C MOMOILbI0 rapMOHHuYecKoH ¢YHKIHH
Hy=1+1/24+134+ ... +1/n
an=2a(Hy* (n41))n —1)

M3 dopMyan Diepa (HCNOAb3ys KOHCTaHTy g =
= 0,577...)

Hy=g - Inn+41/12n? 4 ,..

(4.57)
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Mbl [oJydaeM Aas GOJBLIMX N COOTHOIIEHHe &p ==
=2+(Inn + g—1). Tak kKak cpelAHAs AJHHA NYTH B
HleaJbHO c6aJaHCHPOBAHHOM JepeBe MPHOJH3HTEJbHO
paBHa

a, = logn — 1 (4.58)

TO, OllyCKas cJaraeMmblie, KOTOpHE IMpH 60JIbIIHX N CTae
HOBATCA AOCTATOYHO MaJibIMH, Mbl MoJy4YaeM

lim (an/af,) == 92 In (n)/log (n) == 2+ In (2) = 1.386...  (4.59)

Uro e O3HauaeT 3TOT pe3yqabTaT aHajusa (4.59)? U3
Hero cJjeayeT, UTO, CTapasicb Bceraa CTPOHTb HAeaJbHO
cb6asaHCHPOBaHHOE AepeBO BMECTO CJay4yaHHOro, nosayudae-
MOTO ¢ MOMOILbIO nporp. 4.4, Mbl MOXEM OXHAATh Cpea-
HUA BBIMIpHIIU B AJIMHEe NYTH nNoHcka He OGosee 30 %.
Ilpn stOM MBI NO-mpexHeMy mnpeanoJaraeM, 4Yto Bce
KJIOUH pacnpejgeneHbl paBHOMepHO. IloauepkuBaeMm, uTo
peub HAeT O CpeldHel AJHHe nyTH, n60 B Haubosee He-
OGMaronpHATHBIX CcJy4asx, KOrAda [AepeBo BLIPOXKAAETCS
B CIHCOK, BLIUrpbill 6ylder 3HauuTeJbHO GoJablue., Of-
HaKO Takoe cayuaercsl KpaiHe peako. Cjenyer 3aMeTHTb,
UTO OXHAaeMas cpelHss ANHHAa OYTH B CjayuailHoM ae-
peBe C pPOCTOM HYHCJa BepLIHH pacTeT TOXe CTPOro Jo-
rapHMHYecKH, XOTd B XyAlleM cJjyuae H Hab.wjgaercs
JUHeHHBbIH poCT.

Hudpa 39 % HaknaabisaeT orpaHHueHHe Ha 06beM
AONOJIHHTEe/NbHBIX YXHUIPEHHH AN NepecTpOiKH CTPyK-
TYpbl AepeBa MO Mepe NOCTYIIeHHs KJalouell. Pasymeercs,
IpH 3TOM HMeeT CYlleCTBEHHOe 3HaueHHe H OTHOIIeHHE
yacToThl O6pauleHHil ([OHCKOB) K BepLIHHAM K 4acTOTG
BKJOYeHHH (koppekuuil AepeBa). Uem Gosblie 310 OT-
HOlleHHe, TeM G6OJblie BBIMIDBIL OT MPOUEAYpPH mHepe-
cTpoiikh. OaHako uudpa 39 9% AOCTATOUHO HHM3Ka, H B
60/IbLIHHCTBEe MPHJOXEHHH YyJyulleHHe NOpOCTOro aJfro-
pHTMa MOHCKA C BKJIIOYEHHEM He ONpaBIbIBAETCH, eC/H,
KOHEUHO, peuyb He HAET O OOJblieM YHCJe BepliHH H
GosblleM OTHOIUEHHH AOCTYI/BKJIOYEHHE,

4.5. CBAJTAHCHUPOBAHHBIE JEPEBbY

M3 npeabiaywux paccyiaeHH# fICHO, YTO npoueaypa
BKJIIOYEHHsA, BOCCTAHaBJIKBalOMas HAealpHo cOanancu-
poBaHHOe JepeBO, BPAK JH OyleT Bceraa BbHOAHA, MO-
CKOJIbKY BOCCTaHOBJIEHHe JiepeBa [iocfe CJAy4adROro
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BK/IOUeHHA — NOBOJIbHO CJ0X(HasA onepauxs. Bo3amoxcHo,
BHXOJOM H3 NOJOXeHHA GyleT BBeleHHe MeHee CTPOIoro
onpeaeneHHs c6ajJaHCHpoBaHHOCTH. Takoe He COBCEM CO-
BeplIEHHOe OnpejejeHde Morjo On npHBecTH K GoJee
npocTodl npoueaype nepeynopsajaoyeHHs 3a cyeT AHIIb He-
3HAYHTENbHOTO YCJOMXHeHHR noHcka. OAHO H3 TakHX
onpejeneHHi c6aJaHCHPOBAHHOTO JepeBa GHJO NpeAno-
xeHo TI'. M. Aneabcon-Beabckum u E. M. Jlauaucom
[4.1}. Ux pHTepHii c6ajaHCHPOBaHHOCTH chOpMyJaHpO-
BaH TakK:

HdepeBo Ha3wBaercs ¢6aAQHCUPOBAHHbIM TOTAA H
TOJIbKO TOTJa, KOrla BHICOTH ABYX NOJALepeBbeB KaxaoH
113 ero BeplUHH OTJAHualoTCs He OoJee yeM Ha edHHHLY.

IdepeBbs, yaOBJeTBOpSAIOLIHE TAKOMY YCJAOBHIO, 4acTo
Ha3wBaioT ABJl-nepeBbsiMu (N0 HMeHH HX OTKpHIBaTC-
aed). Mbl Hx Oyldem npocTo Ha3biBaTb c6asancuposad-
HolMU depesbami, TNOCKOJIbKY YHNOMAHYTHII KpHTepHI
c6a/1aHCHPOBAHHOCTH BHINIAAHT Haubo.1ee MOAXOARLLHM.
(3ameruM, uTO BCC Ii]eanbHO cGanaHclpoBaHHbe Ae-
peBbs aBasloTCcH Takxe H ABJI-nepeBbamii.)

BBeaenHoe onpejesieHHe He TOJLKO CaMO OYeHb Mpo-
CTO€, HO W MPHBOAHT K NpPOCTOH MNpoueaype MOBTOPHOM
Ga/flaHCHPOBKH, MNpHYeM CpelHAs AAHHA NYTH [OHCKa
NpaKTHYECKH COBMajJaeT ¢ AJHHON B HAeanbHO cbajaHcl-
pOBaHHOM JepceBe.

B c6anaHCHpOBaHHBIX JepeBbAX 3a BpeM#A, Nponop-
nHonaabhoe O(log m) maxke B XyaileM cJayyae, MOXKHO
BLIMOJIHHTh TaKHC OMepanHu:

1. Haii1u BepliHHY C JAaHHHM KJIOYOM.

2. BKJIOYHTb HOBYIO BepLIHHY C 3aJaHHBIM KJIOHOM,

3. UCKIouHTL BepiIHHY C YKa3aHHHM KJO4YOM.

Takue yTBepXKAeHHS — CNeCTBHe NUKa3aHHOH Anenb-
cod-Beabckum W Jlanaucom Teopembl, rapaHTHpylotileH,
yto c6asaHCHPOBaHHOe JepeBO HHKoria He Gyaer no
BHICOTe MpeBHLIaTh HaeaNbHO c6ajnaHCHpPOBaHHOe Goaee
yeM Ha 45 % He3aBHCHMO OT KOJAHuecTBa BepluHH. Ecau
0603Ha4YHTb BHICOTY c6ajJaHCHDOBAaHHOTO AepeBa ¢ N Bep-
wuHamu yepe3 hy(m), TO

log (n + 1) < by (n) < 1.4404 » log (n + 2) — 0.328 (4.80)

OnTHMYM AOCTHraeTCfi, OUEBHAHO, eC/H AepeBO HIeanb
. HO0 cbanaHcHpoBaHo, npu n=2%x—1. Onnako Kaxosa
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Puc. 4.30. Hepessa dubonawun sricoToil 2, 3, 4,

CTPYKTypa camozo naoxo2o cbajsancupoBanHoro ABJI.
ngepeBa? UTo6m HalTH MakcHMaabHYIO BhicOTy h nas
Bcex cGasaHCHPOBaHHEIX JepeBbeB C 1 BepLIHHAMH, MO~
CTyNHM CJeAYIOLHM 06pa3oM: Bo3bMeM (DHKCHPOBaHHYIHO
BBICOTY h H nonelTaeMcsi MOCTPOHTL cGaslaHCHPOBaHHOE
JepeB0 ¢ MHHHMaJbHBIM YHCJIOM BepLIHH. Mul cienyem
TaKOM CTpaTerHH, MOCKOJABbKY, KaKk H B cJyuyae MIHH-
MaJbHOM BBICOTHI, STO 3HaUeHHE MOXeT GbITb JOCTHTHYTO
TOJILKO MPH HEKOTODBIX BINOJHE ONpefeJeHHBX 3Haye-
HHAX. OGo3HauHM Takoe AepeBO BBHICOTH h uepe3s Th.
$lcuo, uto To— mycroe aepeso, a T; — nepeBo ¢ oanoii-
eauHcTBeHHOM Beplnuoi. s mocrpoenus Ty ans h > |
Mbl GydeM OpaTb KOpeHb M [Ba MOAJepeBa ONATb Xe
¢ MHHHMaJbHRIM 4YHcaoM BepluuH. CrejoBaTesabHO, 3TH
JepeBbsl TaKXe OTHOcATCA K Kaaccy T-pepesbeB, OnHO
NMOAJLEPEBO, OUEBHAHO, [OJXKHO ObITb BhICOTOH h— 1, a
ApYroMy NO3BOJIIETCS HMeTb BHICOTY HAa €AHHHIY MCHb+
we, T. e. h—2. Ha puc. 430 npencTaB/jeHH IepeBbst
BhicoTol 2, 3 H 4. [TOCKOJIbKY NPHHIHI HX NOCTPOEHHA
OYeHb HaNMOMHHaeT nocTpoeHHe uucen DuGoHauuH, TO
Mbl GyleM Ha3bIBaTb TaKHe JepeBbsi depesseamu Pubo-
naququ, OHH ompenesioTcs CJAeAYIOIIHM 06pa3oM:

1. INycroe nepeBo ecTb Aepeso PuboHauuu BricoThl 0.

2. EnnHcTBeHHas BeplIHHa ecThb AepeBo PuboHauuu
BBICOTHI .

3. Ecti Thoy 4 Thog— AepeBbs ®PubGOHAUUH BBHICOTOMH
h—1uh—2, 10 Th = (Tny, X, Th_2) Takxke nepeno PHu-
Gonauyuyu BBICOTOH h.

4, Opyrux nepesbe PuboHayud He CYyLIECTBYeET.
Yucno pepwnn B Ty onpepensercs H3 TaKOro NpocToro
PEKYPPEHTHOTO OTHOLIEHHSA}

No=0, N|=1

(4.60)
Ny=Np_;+ 14Ny
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Uncna N; kak pa3 4 GyAyT YHCJIOM BepUIMH JAJA CaMhIX
XVAUIMX cJyvyaeB (BepXHHi mpeled h), HX Ha3bIBAIOT uHC-
namu JleoHapaa.

4.5.1, BkaioueHnHe B cGaaaHCHPOBAHHOE AepeBO

PaccMoTpHM Temepb, 4YTO MOXET MNpPOH30HTH MNpH
RKJIOUEHUH B c6a/laHCHPOBAaHHOe [epeBO HOBOH BepulH-
nul. Ecau y Hac ectb kopeHb r u jepoe (L) u npasoe
(R) noanepeBbsd, TO HEOGXOAHMO pasjdHyaTb TpPH BO3-
MOXHHX cayuas. IlpeanosoxuM, Bxk/IouYeHHe B I HOBOM
BepUIHHB NpPHBEJeT K YBeJHUYeHHIO Ha | ero BHICOTH; TO-
I;la BO3MOXHK 3 cayuasi:

1. hy =hg: L u R cTanyt pa3Hoil BHICOTH, HO KpH-
Tepuil c6aNaHCHPOBAHHOCTH He GYyleT HapyuleH,

2. hy <hg: L 4 R cranyT paBHO# BHCOTH, T. €. cba-
JTAHCHPOBAHHOCTb AaXe yJNyYIIMTCS,

3. hy > hg: kpurepuit c6a/laHCHPOBAHHOCTH Hapy-
IIKTCA U AepeBO HeoGXOAHMO mepecTpaMBaTh.

Bo3sbmeM aepeBo, npeacrasieHHoe Ha puc. 4.31. Bep-
WHHB ¢ KJAouaMd 9 1 11 MOXKHO BKJIOYHTb, He Hapyulas
c6aJlaHCHPOBAHHOCTH JAepeBa;, AepeBo ¢ KopHem 10 cra-
HOBHTCR OJHOCTOPOHHMM (cayuait 1), a ¢ kKopHeM 8 —
Juwb Jayudiie c6anaHCHpPORaHHBIM (cayuait 2). Onanako
BKJlOYeHHEe Kawouelt 1, 3, b nan 7 1pebyer nocsenymoleit
6aJ1aHCHPOBKH.

[1py BHUMaTeJbHOM H3y4YeHHH 3TOR cHTyauuu oGHa-
pYXKUBAeTCs, YTO CYUIECTBYIOT JHMWb ABe MO CYIECTBY
pa3iHuHbie BO3MOXKHOCTH, Tpebylouide HHAHBHAYaNbHOTO
noaxoia. OcTtaBliHecs MOCYT GHTb BbIBEIEHW M3 3THX
ABYX Ha OCHoBe cMMMeTpHH. [lepsblil cayuait Bo3HHKaeT
NpH BK/IIOYEHHH B AepeBo HA puc. 4.31 kaoueit 1 uau 3,

Puc. 4.31, C6anancuposanioe gepeso.



276 4. Hannele ¢ dunasusecxod cTpyxrypod

Puc. 4.32. Hec6anaHcHpOBaHHOCTb, BOSHHKILAA H3-32 BKJAIOYEHHA,

CHTyallHsl, XapakTepHas AJs BTOPOro c/yuyas, BO3HHKaer
NpH BKJAOYeHHH KJwouell 5 uan 7.

CxeMaTHYHO 3TH cJyyaH npelcTaBjeHnl Ha puc. 4.32,
rae npsAMOYroJbHHKaMd OOO3HaueHBl MOALEpEeBbs, MpH-
ueM «106aBJieHHas» [pH BKJIOYEHHH BHICOTA OTMeEYeHa
nepeyepkHBaHueM. [lpoctble npeoGpasoBaHHsl cpa3y Xe
BOCCTAHABJHBAIOT KeJaHHYI cHanaHCHpOBaHHOCTb, Kx
pe3yJabTaTt npuBedeH Ha puc. 4.33. O6paTHTe BHHMaHHe,
YTO JOMYCKAIOTCH JHIIb NepeMelleHHs] B BEPTHKAJbHOM
HanpaBJeHUH, B TO BpeMs KaK OTHOCHTEJbHOE rOpH3O0H-
TaJbHOE pacloNOXeHHe [MOKAa3aHHBIX BepIIHH 4 Moile-
PEBbeB NOJKHO OCTaBaTbcA 6e3 H3MEHeHHs.

AnropuT™ BKAIOYEHHS W 6aJaHCHPOBKH CYILLECTBEHHO
3aBHCHT OT TOro, KaKHM 006pa3oM XpaHuTCA HHPOPMALHA
0 c6asaHCHPOBAHHOCTK AepeBa. KpaiiHee pelneHHe — xpa-
HHTb 3Ty HH(MOPMAIHIO [IOJHOCTbIO HEABHO, B CTPYKTYp€

Cnyvalt 2

Cnyuah |

Puc. 4.33. Boccranosienne c6aslalicCHpOBAHHOCTH.
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camoro fAepeBa. OAHAKO B 3TOM cjydae cbaJjlaHCHpoOBall:
HOCTb Y3J1a HYXXHO OfNpeAeJATb BCAKHA pa3, KOrAa BKJIO-
yeHHe 3aTparuBaeT 3TOT y3eJ. DTO BeleT K OueHb 60JL-
KM 3aTpaTtaM. [lpyras KpafiHOCTb — XpaHHTb B KaXaoil
peplIHHe noKa3aTesb c6a/JlaHCHPOBAaHHOCTH. B 3Tom cay-
yae onpeleieHue Tuna Node pacuinpsercs 10 TaKoOro:

TYPEPtr=  POINTER TO Node;
TYPE Balance =[-1.. +1];
TYPENode = RECORD key: INTEGER; (4.62)
count: INTEGER;
Ieft, right: Ptr
bal: Balance
END

lNokasatenp ¢6aNaHCHPOBAHHOCTH BepWHHH MH B
AanbHeliiem G6yleM HHTepNpeTHpOBaTb KaK pas3HOCTDL
MeXIy BHLICOTOil mpaBoro fnoanepcBa H JIEBOro, a cau
aJropuT™ 6yaeT OCHOBaH Ha onHcaHHK THna (4.62). Ipo-
1eCcC BKJIOUEHHS BeplIHHH (AKTHYECKH COCTOHT H3 CJu-
AYIOUIMX Tpex MOocC/ael0BaTeJbHO BBIMOJHAEMbIX HacTell:

1. [poxoaa no nyTH fNoOHUCKa, NOKa He y6eaumes, 4:o
KJoua B JepeBe HerT.

2. Bkalouenuss HOBON BepUWHHH H OnNpeleJeHHs [ u-
3yAbTHPYIOLLETrO NOKa3aTeJsa ¢6aNaHCHPOBAHHOCTH,

3. «OTtcTyunenua» 0o nOyTH MNOHCKa H MnpoBepid
B KaX/IOH BepllHiie fOKa3aTesas ¢6aJaHCHPOBAHHOC! I,
Ecan neo6xoaumMo — 6asaHCHpPOBKA.

XoTs npu TakoM MeTole H Tpe6GYlOTCA HEKOTOpLic
A30nTouHHe npoBepkH (eciu cO6aNaHCHPOBAHHOCTBL YyXie
3aUKCHpOBaHa, TO HeT HeOOXOLUMOCTH MDPOBEpPATH ce
B BHIIECTOALIHX BepliuHax), MH OyaeM BHauaJe npi-
JepXUBaTbCA 3TOH, OUEBHAHO KOPPEKTHOH CXeMH, TuK
KaK €€ MOXHO peasii30BaTh MPOCTHIM pacllHPEHHeE M
yXe TOTOBOf npouelyph MOHCKA C BKJIOUEHHEM H3
nporp. 4.4. B 3Tofi npoueaype ONHCHBAOTCA AEACTBHH,
CBA3aHHble C TMOHCKOM B KaXAOH BeplUHHE, H B CHJY
PEeKypCHBHO NpHPOAH CaMOR mpoueaypH ee Jierko npu-
CNOCOGHTL AAA BHIMOJHEHHA AOMOJHUTEJNbHBIX AeACTBil
npH BO3BpallleHHH BAOAbL nyTH noucka. HMndopmauus,
KOTOPYI0 HYXKHO nepeaaBaTh Ha KaJKAOM luare, yKash-
BaeT, YBeJHYHJAaCb HJH HET BLICOTa {104AepeBa, TAe



278 4. Iannsle ¢ Gunamudeckoll cTpykrypod

npoH3omIo BKJOUeHHe, [103TOMy MBl pacUIHpHM CHHcok
napameTpoB npoueaypbl H go6aBuM OyJieBcKoe 3Haue-
HHe h, o3Hauawllee — «BLICOTA J[epeBa YBeJHYHIaCby».
ITockoabKy uepe3 Hero nepegaercss pe3yJabTaT, TO 3To
JoMXKeH OHITb MapaMeTp-nepeMeHHas.

IIpeanonoxum Tenepb, YTO Npolecc H3 JIEBOH BETBH
BO3Bpallaercs K BepuiHHe pf{ (cM. pHc. 4.32), npHuem
yKa3blBaeTCs, YTO e€e BLICOTAa YBeJHYHJacCb. B 3aBHcH-
MOCTH OT BBLICOTHl MOJAJEPEBbEB MePeJ] BKJIIOUEHHEM Mhl
JOJIKHBl Pa3JIAYaThb TPH BO3MOXKHble CHTYalHH:

1. hy <hg, pt}.bal=+41, npeanaymasa Hec6anan-
CHPOBAaHHOCTb B D YpaBHOBEILIHBaeTCs.

2. hy =hg, pt.bal =0, nesoe noagepeBo crano «mne-
peBeLIHBATbY.

3. hL>hg, pt.bal=—1, neobxomuma Ganan-
CHpOBKa.

B Tperbeit cHTyaunu mno nokasartenio c6ajlaHCHPO-
BaHHOCTH KOpHA JeBoro mojaxepeBa (T. e. mo pl4{.bal)
MOXKHO ONpege]HTh, HMeeM JH Mbl [eJo co cayyaem I
uan 2 (puc. 4.32). Ecau neBoe nogmepeso sToit Bep-
IUHHBl TaKXKe BhLIIe NpPaBoOro, TO Mhl HMeeM JeJ0 CO
cnyvaem 1, HHaue —co cayusaeM 2. (Y6eaurecb caMH,
4TO B 9TOM CJyuae He MOXET CYlIeCcTBOBaTb JIEBOrO
nojsepeBa c MokasaTejeM c6aJlaHCHDOBAHHOCTH B €ro
KOpHe, paBHbIM HyJ0.) Onepalia mo 6aJlaHCHPOBKe CO-
CTOMT TOJIBKO H3 MOCJef0BaTe/bHBIX MepenpHCBaHBaHHM
cCulIoK. PAaKTHUECKH CCHIJIKH LHKJIHYECKH MEHSIOTCS
MecTaMH, YTO NMPHBOAHT K OJHO- HJH JBYKDATHOMY IO-
BOPOTY JABYX HJH TpexX y4acTBYIOLUIHX B Mpolecce Bep-
IHKH. KpoMe BpallleHHs CCHIOK HYXHO ROJXKHBIM o6pa-
30M MONpPAaBHTb H MOKasaTeJH c6aJaHCHPOBAHHOCTH CO-
OTBEeTCTBYIOIHX BepUIHH. [leTajbHOe OMHCaHHe mpolecca
NpHBOAKTC B caMoil Npouelype NOHCKA, BKJIOUEHHH
H GasancupoBku (4.63).

[MpuHunn pa6GoThl aJArOPHTMa HJJIOCTPHPYeT pHc. 4.34.
PaccMOTpHM JBOHYHOE [epeBO, coOjiepKaillee Bcero ABe
BepiuHbl (a). Bkarouenne kjaioya 7 BHavaje MNPHBOAHT
K Hec6aJlaHCHDOBaHHOMY jepeBy (IPOCTO K JIHHEHHOMY
cnucky). Ero OajaHcHpOBKa BKJIOY2eT eJHHCTBEHHHIH
RR-noBopOT H MNPHBOAHT K HAeaJbHO c6ajlaHCHPOBAH-
nomy ZAepeBy (B). Ilocienyiouine BKJIOUEHHS BeplIHH
H 1 npuBOAAT K Hec6aslaHCHPOBaHHOMY noaAepeBY
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{a)

{d}

Puc. 4.34. Bkawouenne B cGanaHCHpoBaHlioe Aepeso.

¢ kopuem 4. C nomowblo oaxoro LL-nosopora ono 6a-
aaucupyercs (d). Tlocnenyiowee BkJlOYeHHe kao4a 3
cpa3y e Hapywlaer KpHTepHiH c6ajaHCHPOBAHHOCTH
B kopueBo# Bepwnue 5. Ilocae dvero 6asaHcHpoBKa
JOCTHraeTCs yXe ¢ noMoubio 6osiee CA0KHOrO ABOHHOrO
LR-noBopora; pesysabratoM saBasieTcs Aepeso (e). Ilpn
;1060M  CAeAyOLeM BKJOYeHHH 6ajaHc MOXeT OHTb
ylapyuled JHLWb B BepuiHie 5. W AeficTBHTeNbHO, BKJIO-
yeHHe BEepUIHB C KJ1040M 6 NPHBOAHT K 4YeTBEPTOMY
THny GanancipoBkH, BbigeJeHHomy B (4.63), — mBoiiHo-
my RL-nosopoTy. 3aKkjII04HTe/NbliOe AePeBO MOKa3aHO iia
puc. 4.34(f).

B cBfi3H C NpoOH3BOAHTENLHOCTBIO aJrOPHTMA BKJIO-
yeHHs B c6asaHCHpOBaHHble JepeBbsl BO3HHKAIOT, B YacT-
HOCTH, ABa TaKHX HHTepecHHX BOMpoca:

1. Ecan paBHoBeposiTHO mnosB.eHHe Jwob6oft u3 nl
NepecTaHOBOK H3 01 KJio4yeH, TO KakoBa OXHaaeMas BLi-
cota ¢opMHpPyeMOro aepena?

2. KakoBa BepOsiTHOCTb TOr0, YTO BKJIOYEHHE MOB.ig-
yer 3a coboil 6asaHCHPOBKY?

MaremaTHuecklifi aHaJH3 Haulero CcJOXIOro aJjro-
pPHTMa [IOKa OCTaeTcs OTKpHTOll npobaemoii. JxcnepH-
MeHTaJlbHble NPOBEPKH [0Ka3blBAalOT, YTO OXHAaeMad
BhicoTa cOajJaHCHPOBAHHOrO JAepcBa, MOCTPOEHHOrO C
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PRUCEDURE search(x: INTEGER; VAR p: Ptr; VAR h: BOOLEAN):
VAR pl, p2: Pt (s~hs)
BEGIN
JF p = NIL THEN (« Bxmouciine *)
ALLOCATE(p, SIZE(Node)); h := TRUE;
WITH pr DO
key := x:count:=1; left := NIL; right := NIL; bal t==
END
ELSIF pt key > x THEN
search(x, pt.left, h);
IF h THEN (+BBIpOCHa 1ICBAS BETBb )
CASE pt.bal OF
1l:pr.bal:= 0; h:= FALSE]
0: pt.bal ;= -1]
+1: (» GanasicupoBa ) pl : = pt.lefl;

IF plt.bal = -1 THEN (+ onnokpatulit LL -nopopot +)
ptr.left ;= plr.right; plt.right := p;
pt.bal:=0;p:=pl

ELSE (« aBoitnoit LR-noBopoT ) p2 := plt.Hght;
plt.right i = p2t.lefy; p2t.left ;= pl;
pt.left ;= p2t.right; p2¢.right := p;

IF p21.bal =-1 THEN pt.bal := 1 ELSE pt.bal := 0 END ;
IF p2t.bal = +1 THEN pl+.bal:= -1 ELSEplt,bal ;= QEND :
p:=p2

END;

pt.bal := 0; h:= FALSE

END
END
ELSIF pt.key < x THEN
search(x, pt.right, h);
IFhTHEN (*Bbipocia npaBasi BeTnn = )
CASE pt.bal OF
~1:pt.bal ;= 0; h:= FALSE|
0:pt.bal:=1]
1: (*6anancuponka &) pl := pr.right;

IFplr.bal = 1THEN (+ ommokpamislit RR-nosopot +)
pt.right := pltr.left; plt.left ;= p!
pt.bal:=0;p:=pl

ELSE (» nrofHoit RL-moBopor +) p2:= plt,left;
plt.left := p2t right; p2t.right ;= pl;

(4.63)
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pt.Hght 1= n2t.left: p2¢.Jeft 1= p:

{F p2t.bal = +1 THEN pt.bal s -1 ELSEpt.bal ;= 0END;
{F p2t.bal = -1 THEN pls.bal :=1ELSEplt.bal i= QEND:

pi=p2

END

ptbal:=0; h:= FALSE

END

END
ELSE pt.count : = pt.count + 1
END
END search
nomoublo ajroputma (4.63), takosa: h = log(n)+c, rae
¢ — HeboJablian KoHcTaHTa (¢==0,25). IlpakTHueckH sTO
o3HayaetT, 4yto cbasaHcHpoBaHHne ABJI-mepesbs Beayt
ceba TaK e, KAK M HAeaJbHO cOajlaHCHPOBaHHHE, XOTA
noanep:KHBaTh HX HaMHoro npoute. Te e 3KcNepHMEH«
TaJlbHHe AaHHble NOATBEPXKAAIOT, YTO B CpelHEM NpH-
6/7113HTeJIbHO Ha [Ba BKJ/IOYEHHA NPHUXOAMTCA OAHA Ga-
JaHcHpoBka. [IpH 3TOM OAHHAKOBO BEPOSATHH H OJHO-
KpaTHHe, H ABYKpaTHHe NOBOPOTH. KoHeuyHo, scHO, uTO
npuMep Ha pHc. 4.34 noab6HpaJjcs cneuuasbHo, YTOOH
Ha MHHHMaJIbHOM 4YHCJe BKJIOYeHHil NpOdeMOHCTpHpO-
BaTb KaK MOXHO 6oJibllle MOBOPOTOB.

CaoxHOCTb onepauuH 6aJaHCHPOBKH MNpelAnoJiaraert,
yto c6aslaHCHPOBAHHBIE JepeBbs CJelyeT HCIOJb30BaThb
TOJILKO TOTAd, KOraa MNOHCK HHGMOPMAUHH NPOHCXOAMT
3HAYHTEJbHO Yalile, YeM ee BKJ/IlOYeHHe, JTO yTBepxkie-
HHe 0cOGeHHO BEPHO, MOCKOJbKY BeplUIHHH JAepeBa [o-
HCKa A/ 3KOHOMHH NaMATH OOBIYHO XPaHATCA B BHAE
MJOTHO YyNaKoBaHHBIX 3anucelt, [loaToMy pewapomum
tdakTopoM, onpeneaouiHM 3(GdeKTHBHOCTL OnepauHH
6aJlaHCHPOBKH, 4acTo OHLIBAIOT AOCTYMHOCTb NOKasaTe.ns
6aJlaHCHPOBKH H MNpOCTOTA €ro H3MeHeHHs, Belb AAS
ero NpeACTaBJEHHA HYXHO Bcero AaBa paspsaga. Onwt
NnoKa3nBaeT, YyTo cbaJlaHCHPOBaHHHE [depeBbsl Cpasy e
TEepAIOT NMOYTH BCIO CBOIO NpPHBJIEKATEJIbHOCTb, KaK TOJb-
KO peyb 3aXOLHT O NJIOTHOM yNaKoBKe I/ 3anuced.
U  neicTBHTeNIbHO, NpPOCTOH M OYEBHAHHH aJTOpPHTM
BKJIIOYEHHS B AepeBO NpPeB30HTH TPyAHO!

4.5.2, HckalouenHe H3 c6alaHCHPOBAHHOIO NepeBa

Haw onHT no YAaJEeHHIO BEPUIHH H3 JAepeBa NO3BO-
JqseT NpeanoJioXKHTb, YTO H HCKJ/IOHYEHHE H3 c6anaHcH-
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pPOBaHHOrO JepeBa OKa)Kercd O6ojiee CJAOXKHHM, yey
BkJalovenHe. M ato neficTBHTeNbHO Tak, XOTA aJroputy
onepalHH 6anaHCHPOBKH OCTaercl (PAKTHYECKH TeM e
caMbIM, YTO H NpH BKJIOUeHHH. B uyacrtHocTH, Ganancu.
POBKa ONATb OCHOBLIBAeTCH HA OXHO- HJIH ABYKPaTHBbIX
HOBOPOTaxX Y3JO0B.

[pununnuanbHad cxeMa ajJropHTMa HCKJIOYEHHS M3
c6anaHCHpOBaHHOTO JepeBa aHaJjorHuna (4.52). Ilpo-
CTble CJyyYyaH — ynajieHHe TepMHHAJbHBIX BEpIUHH HJH
BepLIHH TOJbKO C OJHHM NOTOMKOM. Ecan Xe OT HcKilio-
yacMOil BepUIHHB «OTXOAAT» ABa NOAAepeBa, TO, KaK H
paHbllie, OHa 3aMeHAeTCA Ha CaMyl0 MNpPaBYl0 BepLIHHY
ee JeBoro nommepeBa. Kak H B cayuae BKJIOHEHHS
(4.63), BBoauTcs OGyneBcKHA napamerp-nepeMenHas h,
YKa3biBalOLHI, yMmedbuusacy Au 8owcora noddepesa.
BanaHcHpoOBKa HAET, TOAbKO eclH h— HcTHHA. DTO 3Ha-
yeyHe NpHcBaHBaercsa nepemenHofi h npH obGrapyxenuu
H HCKJIOYeHHH KaKOH-1u60 H3 BepLIHH HJH YMEHbIIelHH
BLICOTH Kakoro-mH60 nopjepera B mnpotecce camoit 6a-
nancupoBku. B nporpamme (4.64) B Buae mpoueayp Ml
BBOAMM JABe (CHMMeTpHYHblE) onepauHH 6ajJaHCHPOBKH,
nockoqabKy ofpalieHHe K HHM BcTpeyaerca Gosee ueM
B OJHOH TOYKe aJrOpHTMa HcKAloueHHA. OTMeTHM, 4TO
balanceL wcnoab3yercs npH yMeHbUIeHHH BLICOTH JIeBOrO
noanepesa, a balanceR — npasoro.

Puc. 4.35 uanmoctpupyer pabory Haumefi npouefyphl.
M3 Hcxomnoro c6anaHCHPOBAaHHOrO AepeBa (a) mocaeno-
BaTeJbHO HCKJ/IOYAOTCA BepUIHHBI ¢ KatouaMu 4,8,6,5,2,1
u 7 u noayyatorca nepeBba (b)...(h). Hckaiouenne
KJ1104a 4 BBIMVISIAHT NPOCTO, MOCKOJBKY OH MNpeACTaBaseT
co6ofi TepMHHaabHylo BepuiHHy. OXHAKO B pesy/brare
nonyuaercss Hec6asancHpoBaHHas BeplinHa 3. Coorser-
cTBylowas onepauua 6anaHcHPOBKH TpeGyeT elHHCTBEH-
Horo LL-nosopora. [1pu HcknoueHHH BeplHHBl 6 BHOBb
Tpebyercss 6anaHCHPOBKAa. B 3TOT MOMEHT OMHHOYHBIM
RR-noBopotoM 6GanaHcHpyeTcs npaBoe MOJNEpPeBO Bep-
wHHH 7. HckiaoueHHe BepmiHHBL 2, xoTA caMmo no cebe
0110 MPOCTOE, NMOCKONbKY BepLIHHA HMeeT JHIIb OXHOTO
NOTOMKA, NMPHBOAHT K YCJOXHEHHOMY AByKpaTHomy RL-
nosopoty. M uerBepThifi cayua#i: aBykpartunii LR-noso-
POT NPOBOAHTCS NMPH HIBATHH BEPIlHHH 7, BMECTO KOTO-
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Q (19)

@ 1 g @ ©
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(a th)

Puc. 4.35, Hckaouenne u3 c6anaHcHpoBaHHOro aepeBa.

pofi BhHayaJe nomewlajcs caMufi NPaBH 3JeMeHT ee
.1eBOTO Mnoajaepena, T. €. BepwiHHa C KaouyomM 3. (Cwm,
c. 284, 285.)

K cuactblo, uck/ioyenne J1060r0 3JeMeHTa H3 JI0+
6oro c6asaHCHPOBAHHOTO flepeBa MOJKHO B CaMOM Xyf-
wem cayvyae npoectH 3a O(logn) onepauuit. Oanaxo
He cJeAyeT YNycKaThb H3 BHAY CYULeCTBEHHOEe pasjuuue
B NOBeJeHHHN NpoLeAypP BKJIOUEHHS M HCKJaloueHus. B To
BpeMs KaK BKJIIOUeHHe OJIIOr0 KJAoua MOXeT MNpPHBECTI!
camoe OGoJsibllioe K OJHOMY MOBOPOTY (ABYX HJH Tpex
BEpLIMH), HCKJIOUYEHHEe MOXKeT noTpe6GOBaThL NOBOPOTOR
BO BCeX BepLIHHAX BJOJb NyTH noucka. PaccMorpum,
HanpuMep, HCKJOUeHHe H3 jaepeBa PuboHayud caMoii
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PROCEDURE balancel(VAR p: Ptr; VAR h BOOLEANY):
VAR pl, p2: Ptr; bl, b2: Balance;
BEGIN (sh; nepas BeTBb CTANa KOPOYE *)
CASE pt.bal OF
~1: pt.bal ;= 0|
0:pt.bal:=1; h:= FALSE]
1° (» Ganancupopka ») pl := ptright; bl := plt.bal;
I£b1>= 0 THEN (* ognokpathblii RR-OBOPOT #)
pt.right ;= plt.left; plt.lefti= p;
IF bl = 0 THEN pt.bal : = 1; plt,bal ;= -1; h:= FALSE
ELSEpt.bal := 0; plt.bal := 0
END:
pr=pl
ELSE (» pBofisioit RL-110B0pOT +)
Pp2:= plt.left; b2 .= p2t.bal;
plr.left : = p2t.right; p2t.right ;= pl;
ptrright i = p2t.left; p2t.left:= p;
1Fb2 = +1 THEN ps.bal := -1 ELSEpt.bal ;= 0END ;
IFb2 = -1 THEN plt.bal : = 1 ELSE plt.bal = 0 END ;
p:=p2;p2t.bal:=0
END
END
END balanceL;

PROCEDURE balanceR(VAR p: Ptr; VAR h: BOOLEAN);
VAR pl, p2: Ptr; bl, b2: Balance;
BEGIN (h; npanas BET:DL CTLIA KOPOUE #)
CASE pt.bal OF
1l:ptbal:=0]
O:prbal:=-1;h:= FALSE|
r1:.{ GanarcrpoBra *) pl:= pt.left; bl := plt.bal;
JFbl<= 0 THEN (& omtickpatrptiit LL1080DOT #)
pt.left := plt.right; plt.right : = p;
{Fbl = 0 THEN pt.bal := -1; plt.bal := 1; h := FALSE
ELSEpt.bal:= 0; plt.bal:=0
END;
pi=pl
ELSE (. nBofinoil LR -n0BOPOT #)
p2 :=plr.xight; b2 := p2t.bal;
plt.right = p2r.left; p2t.left ;= pl:
pt.lel (= p2t.right; p2t.right = p;

(464
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IF b2 = -1 THEN pt.bal := 1 ELSEpt.bal := 0END ¢
1R b2 = +1 THEN plt.bal := ~1 ELSEplt.bal := OEND 3
pi=p2; p2t.bali=
END
END
END balanceR;

‘PROCEDURE delete(t; INTEGER; VAR p: Ptr; VAR hi BOOLEAN);
VAR q: Ptr;
PROCEDURE del(VAR r: Ptr; VAR h: BOOLEAN);
BEGIN (e~hs)
JF rt.right # NIL THEN
del(rt.right, h);
1F h THEN balanceR(r, h) END
ELSE qt.key := rt.key; qr.count := rt.count;
q:=rr:=rtleft; h:= TRUE
END
END del;
BEGIN (s~hs)
1F p = NIL THEN (# Kmioua B Jiepene HeT +)
ELSIF pr.key > s THEN
delete(x, ptr.left, h);
1F h THEN balancel(p, h) END
ELSIF pt.key ¢ X THEN
delete(x, pt.right, h);
1F h THEN balanceR(p, h) END
ELSE (= uckmovenye pte)q:i=pi
IF qt.right = NIL THEN p t= qtlef; h 1= TRUE
ELSIR gt.left = NILTHEN p := qtJight; hi= TRUE
ELSE del(qt.left, h);
IF h THEN balancel(p, h) END
END;
(= Deallocate(q) +)
END
‘END delete

npaBofi BepwHusn. B sToM cayuae Hckaiouenne MoGoil
OJHOH BEPIIHHH NPHBOAHT K YMEHBIIEHHIO BHCOTH Je-
peBa, H KpOMe TOro, HCKalOueHHe caMofi npaBofi Bepmiu-
HH Tpe6yeT MaKCHManbHOIO YHCJAA MOBOPOTOB. TaKHM
0o6pa3oM, Mn HMeeM 1en0 € CaMOA HeyAauHOA Bepluue
HO M CaMbM HeyJAauysHM cjydaeM c6aJlaHCHPOBaAHHOTO
naepeBa — AOCTaTOYHO peAKas KOMOHHaUHsA. poobine,
KaKoBa BepoATHOCTb nosopoToB? [lpuGau3auTesbHO Ha
KaXAbhe JABa BKJIOYEHHA BCTpPeYaercs OAHH MOBOPOT,
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a MpH HCKJIOYEHHH MOBOPOT MPOHCXOAHT Ja)Ke B OJHOM
cayuae M3 natH. [TosToMy HckJaouenHe H3 c6asnaHCHPO-
BaHHOTO JAepeBa MOYTH CTOJb Ke MPOCTO HJAH CTOAb XKe
CJMIOXHO, KaK H BKJIOUeHHe,

4.6. JEPEBbS OIITHMMAJIbDHOI'O TOUCKA

Bo Bcex Hawux paccyXIeHHSX N0 NMOBOAY OpPTaHH3a-
HHH JepeBbeB INOHCKA MBI A0 CHX NMOP HCXOAHJIH M3
Npe/NoNIOXKeHHs, YTO YacToTa obpauleHus Ko BCeM Bep-
IIHHAM OANHAKOBa, T. €. BCE KJIOYH C PaBHOH BeposT-
HOCTBIO (PHTYPHPYIOT KaK apryMeHThl noHucka. Ecad uer
HHKAaKHX ApPYrHX coolpaxenuil mo noBoay pacnpejese-
HHSA, TO TAKOe MPEeANOJOKEHHe O PaBHOMEPHOM pachpes
Aenenln, noxanlyi, camoe pasymuoe. OnHaKo BcTpe-
YaloTCs CHTyaunu (OHH, CKOpee BCero, HCKJIOYEHHe, H3
npaBH/J), KOTAAa eCcTb HHOOPMAUHS O BEPOSATHOCTSHX
obpallleHHs K OTAeAbHBIM KalouaM. OGBIYHO AR TaKHX
CHTYaUHH XapaKTepHO «MOCTOSIHCTBO» KJIOYed, T.e. B fe-
PEeBO MOHCKA He BKJIOUAIOTCH HOBHle KJIOUH H HEe HCKJI0-
YaIOTCA CTaphHe, CTPYKTYpa JepeBa OCTAeTCH HEH3MEeH-
noit. BoT THNHYHBI nNpuUMep — CKaHep TpaHcaaATOpa,
OnpeaensIoUlni, He OTHOCHTCH JMH KaxXA0e CJOBO (HaeH-
THOHKATOP) K KJaccy KJI04YeBbIX (3ape3epBHPOBaHHBIX)
caoB. CTAaTHCTHYECKHE H3MePeHHS HAa COTHAX TpPaHC/H-
pPyeMBIX MpPOTrpaMM MOTYT B 3TOM C/1y4ae AaTb TOUHYIO
uidopMauHnio 06 OTHOCHTEIBHHX YacTOTaX MOSBJEHHS
OTAEJBHBIX KJMOUed (T.e. obpalleHHs K HUM).

[Ipeanonoxum, 4TO B AepeBe NOICKAa BEPOATHOCTb
o0pallleHHA K BepllHHe i TaKoBa:

Prix=k}=p, (Si:I<i<n:p)=1 (4.63)

Tenepr MB XOTHM TaK OpraHH30BaThb [epeBO MNOHCKa,
4yToOH O6llee YHCJAO WIATOB NMOHCKA, MOACYHTAHHOE /A
AOCTATOYHO 6OABIIOrO 4Hcaa obpauleHuii, GHJIO MHHH-
MaabheM. C 370# wesbio (1) nmpunuweM B onpeseneHHH
Aaunbl NyTH (4.34) xaxAOi BepIUINHE HEKOTOpHIl Bec
(2) u ycnoBHMCH, YTO KOpeHb HaxXOAHTCA Ha ypoBue |
(a ne 0), NOCKO/NILKY OH NepBHIM BCTpPeEYAeTCH Ha MYTH
noucka. Toraa (BHYTpeHHss) @38euwlennas Oiuxa nyru
npeactaBaser coGoH cyMMy BceX nyTedl OT KopHs K
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LA

Puc. 4.36. JlepeBo noHcKa ¢ TpeMA BEPUIHHAMH,

KaMJOi M3 BeplIHH, YMHOXEHHHX Ha BepPOATHOCTb o6pa-
WEeHHA K 3TOR BeplIHHe:

p=Si:lin:p sh, (4.66)

rae hy— ypoBesb BepiiHHu i. Hama ueab — MuHHMH3H-
poBaTb MPH 3aJlaHHOM paclpele/eHHH BepPOATHOCTeR
B3BEIIEHHYIO MJHHY nyTH. B kauectBe npumepa pac-
CMOTPHM MHOXeCTBO H3 Tpex kawoueir 1,23 co caeayio-
IWIHMH BepOATHOCTAMH oOpameHnfi Kk HuM: p;==1/7,
p2=2/7 u ps==4/7. DTn TpH KJIO4a MOXHO paccTa-
BHTb B JepeB¢ MOHCKA MATHIO Pa3JHUYHHEMH crnoco6aMu
(cM. puc. 4.36). BaBelleHHHe AJHHW NyTed [epeBbeB
(a)—(e), BHuHcIeHHHe no ¢opmyae (4.66), TakoBH:

P(a)=11/7, P(b)=12/7, P(c)==12/7, P(d)=15/7,
P(e) = 17/7.

TakuM o6pa3oM, ONTHMAJbHHM OKa3HBAaeTCA He Haealb-
1o c6a1aHCHPOBaHHOe JepeBO (c), a BHpOXAeHHOe — (a).

VYnoMsaHyTH#i CKahep TpaHCJAATOpa Cpa3y HaBOAHT
Ha MBICIb, YTO 3ajlauy cJedyeT CTaBHTb NMPH HECKOJBbKO
Gojlee OOIIHX YCJOBHAX: BeAb CJOBa, BCTpevaloliHecs
B HCXOIHOM TeKCTe, He BCeraa OHIBAIOT KJIOYEBHMH CJO-
BaMH, Ha CaMOM JeJle 3Ta CHTYaUHsA CKOpee HCKJlOye-
nue, yeM npasujo., OGHapyxeHHe, YTO JAaHHHR KJIOY
He €CTb KJIOY AepeBa MOHCKa, MOXHO CUHTaTh ofpaiie-
HHeM K HEKOTOpON T'MNOTeTHYECKOH «CMeuHanbHOi Bep-
ulMHe», BKJIOYEHHOH Mexay cJeaywoueii MeHbilelt H
caenyowef Gosbluel BepmiHHaMu (cM. puc. 4.19) ¢ co-
OTBeTCTBYIOwWed AJHHOA BHewHero nyTH. Ecau usBecTHa
BEPOATHOCTb (; TOrO, 9T0 apryMeHT MOHCKA X HaXOAHTCHA
MeXay ABYyMs KawuaMH ki u ki+1, To 3Ta HHQOpManug
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MOKET CYLIECTBEHHO TPaHCPOPMHPOBATL CTPYKTYPY He.
peBa onTHMaJbHOrO noucka. [TosToMy MH 0006IIHM 33.
Aayy H OyleM YYHTBIBaTb BO3MOXHOCTb HeyJauyHOro fmo.
Hcka. O6was cpefHsis B3BelleHHasd AJHHA OYTH B 9TOM
cllyyae HMeeT BHA

P=(si:1<i<n:p+h)+(Sj:0<j<miq*h)), (4.67)
rie
Si:1K<ig<n:p)+ ($):0<j<m:q) =1,

npyyeM h; — ypoBeHb BHYTpeHHeH BEepUIHMHH i, hjf — ypo-
BeHb BHelIHeH BepuIHHBl j. CpelHIOI B3BeLIEHHYIO AJIH-
HY [NOYTH MOMHO Ha3BaTb YeHou JepeBa MOHCKA, MO-
CKOJIBKY OHa MNpeAcTaBJisgeT co00H HEKOTOpylo Mepy mjia
0XujaeMblX 3aTpaT Ha NOHCK. [lepeBo noHcka, HUMelo-
llee MHHUMAJbHYI [/ BCeX JepeBbeB C 3aJaHHBIM
MHOXKeCTBOM KJIoueH k; H BePOSATHOCTAMH pP; H (; LEHY,
HA3bIBAETCH ONTUMAAbHOIM JEPEBOM,

[Ipy nocTpoeHHH ONTHMAaJbLHOrO AepeBa Mul He 6y-
nem TpeboBaTh, uTOOBl CyMMa BCex p H q paBHsNach .
Beab 06bluHO 5TH BEPOSATHOCTH ONpejessIoTcss sKcnepH-
MEeHTaJbHO, NoAcyeToM oOpalieHHii K BepwHuau. Io-
3TOMY BMeCTO BepOSITHOCTeH p, H ¢ Mbl Jajee 0yaeM
M0J1b30BaTbCA NPOCTO «CYETYHKAMH» YacTOThl ofpalle-
i, O603HayuM HX cJaedyrlHM 00pa3oM:

a; = YHCJO MOHCKOB C apryMeHTOM X, paBHHM ki,

bj = 4YHCJO NOHCKOB C apryMeHToOM X, JIeXauiM

MeXay kj H kj+1.
YcaoBumes, 4TO by — YHCIO NOHCKOB ¢ apryMeHTOM X,
MeHbIIHM ki, a by, — YHCJIO MOHCKOB ¢ X, GOJIbUIHM ueM
kn (cm. puc. 4.37). Ilanee, BMecTo cpelHell AJHHKE NYTH
mbi GyneM o6o3HauaTb uepe3 P obuiyio e38ewieHHYtO
OAURY NYTU:

P=(Si:1<i<nig+h)+(Sj:0< <<m:by«h]). (468)

Taxum o6pa3oM, Majo TOro, 4To Mbl H3beraem BHIYHCe
JIEHHA BEpPOATHOCTEH MO H3MEpPEeHHBIM 4YacToTaM, Mbl elle
H BBIMTpbIBaeM OT HCNOJb30BaHHs B HalHX NOCTpOeHHAK
ONTHMAJBLHOrO J€peBa HEeABIX YHces.

YuuTbiBasg, YTO YHCJI0 BO3MOXHBIX KOH(pHrypauHii H3
n -BEpLIHH pacTeT SKCMOHEHLUHaJbHO € pPOCTOM fI, 3aAaud
"IOCTPOCHHA ONTHMAJbLHOro AepeBa NpPH GOAbWHX 1 K8°
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Puc. 4.37. [lepeBo MOHCKA ¢ YKAa3aHHeM 4ac10T o6pauleHus.

XeTcsi coBeplleHHO G6e3HaaexHofi. OAHAKO ONTHMaJb-
lible JepeBbsi 0041a0a10T OAHHM BaXXHbIM CBOHCTBOM,
KOTOpOoe nomoraer HX oOHapyXHBaTb: BCe HX noAaaepe-
Bbfl TOXe ONTHMaJbHH. EciaH, HanpuMep, AepeBo Ha
pHc. 4.37 onTHMaJbHO, TO NOAJEPEBO ¢ KJO4aMH ki u
k4, KaK MOKa3aHo, TaKXe ONTHMaabHO. Takas ocoben-
IIOCTb MNpeAnoJaraeT aJrOpHTM, KOTOPbIH CHCTeMaTH-
4yeCcKH HaxoAHT Bce O6JpliHe U OOabLIHe AepeBbs, HauH-
lasi C OTAENbHbIX BEPUIMH KaK HaHMeHbUIHX BO3MOXHBIX
noanepeBbeB. TakHMm 00pa3oM, AepeBO pacTeT «OT JIHC-
TbeB K KOPHIO®, «CHH3y BBEpX», €CJH YyuecTb, YTO MbI
pHcyeM JaepeBbsl cBepxy BHU3 [4.6].

B ocHoBe Hallero ypaBHeHHS JeXIT YypaBHelle
{4.69). Ilyctb P — B3BeuwleHHass AJliHa NYTH BCero Ae-
peBa, a P u Pr— cooTBercTByioulHe AaHHB AJA J1€BOTO
If IPaBOrO NOJAJAepeBbeB ero KopHa. flcHo, uTo P — cyw-
ma Py Pgp o uncaa caydyaes W, Koraa mOHCK npoxo-
JAHT N0 e1HHCTBEHHOMY MYTI K KOpHIo, T. e. W — npocTo
o6ilee uncao nouckos. Hasosen W gecosm aepesa.
Torpa cpeanas Anuna nytH Gyaer P/W.

P=P 4+ W +P, (4.69)
W= (Si:1<i<n:a)+(Sj:0<j<m:by) (4.70)
M3 stunx paccysxienunit BugHo, 4TO He0OX0AHMO

BBeCTH 0603HAUCHIIA 175 Beca I AJIIHb nyTi J1060ro 113
noaaepeBbeB, BKIHOUYAKOWEro «COCCAHHE» KJIKOYI. nyCTb
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Tij —onTuManbHOe noadepeBO, COCTOsIIIEe M3 BePIIuy
¢ KJoYyaMH Kit1, Kits, ..., k;. Torma o603HayuMm ero
BeC uyepe3d wijj, a AJHHY MNyTH— yepe3 p;;. $IcHO, uTo
P=pon a W= wy . ITH BeJHYHHH ONpelesioTCH
peKyppeHTHbIMH cooTHoweHusiMu (4.71) n (4.72).

w, =b, 0<i<n) (4.71)
Wy =W |_ +a+ b O<i<j<n)
p“ === wil (0< i < n) (4.72)

Py=wWi -+ MINK:i <k<ji(p, o)+ D) O<i<j<n)

[TocnenHee paBeHCTBO CJeAyeT HENOCPeACTBEHHO H3
(4.69) u onpenesenus ontumanapHocTH. [lockosbky cy-
LlecTByeT OKoJOo n?%/2 3HaueHHit pij, a (4.72) Tpebyer
Bbi6opa oaHoro u3 0 <Cj—i={n 3Haveuui, To Bechb
npouecc MHHHMH3aUHH OGyaeT 3aHHMaTb NPUGAHIUTEIBHO
n3/6 onepauuit. KHyT oTMeyaeT, YTo MOXKHO H36aBHTbCH
OT OJLHOTO MHOXHTEJNS M U TEM CaMbiM COXPaHHTb MpakK-
THYECKYI0 LEHHOCTb AAHHOro ajJropuHr™a. [lenaercs 31O
TaK.

[TycTs ri; — 3Hauenne k, npu xoropom B (4.72) mo-
cruraetcs MHUHUMyM. [ToHCK rj; MOXHO OorpaHHYuTh 3Ha-
YHTEJbHO MEHbIUUM HHTepBaJOM, T. €. COKPaTHUTb YUCJO
BbIYHCTEHHHA 10 j — i. DTO MOXHO cllesaTbh, MOCKOJbKY
€CJIM Mbl HalllJIM KOpeHb Tijj ONTHMaJbHOrO noaaepena Ty,
TO HH pacllMpeHHe npH AoGaBJeHHH K JepeBy crnpasa
HOBO# BepLIMHEI, HH CXKAaTHe NPH OTOpPachIBAHHH CaAMOr0
JIeBOTO y3J1a He MOTYT CABHHYTb BIIPaBO 3TOT ONTHMAJb-
Hbll KopeHb. Takoe cBOfCTBO BHpaXKaeTcs OTHOLIEHHEM

O ST STy (4.73)

KOTOpO€ H OrpaHHYUBAeT NMOHCK BO3IMOXKHBIX pelleHH#H AJf
Ijj AHANA30HOM T, j—] ... Tity, j. DTO B KOHLE KOHLUOB H
OrpaHHYMBaeT YHUC/IO JEMEHTAPHBIX 1aroB — OKoJO N2

Tenepb MBI yXe rOTOBBl COCTaBHTb HEeTajbHHI aJro-
pUTM ONTHMH3auuH. BeeaeMm creayoune onpeneseHus,
HcxoAs H3 Toro, 4yto Tijj — onTHMaJibHble AepeBbsi, cOAep-
XKaye y3Jbl ¢ KJa0YaMy kiyy ... ke

1. a;— yactoTta noucka k;.

2. bj—wuyacToTa noOMCKa apryMeHTa X, Jexallero Mme:
KAy kj H kj.H.

3. Wij — B€C T”.
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4. p;y— B3BelleHHas AauHa nyTtH Ty;.

5. ryy— unpekc kopua Ty;.
MNocne onucanua TYPE index=[0 .. n] BBOAHMM cJe-
AyIOLLHE MACCHBHI:

a: ARRAY[l..n]OF CARDINAL;

H: ARRAY index OF CARDINAL;

P, W:ARRAY index, index OF CARDINAL, (4.74)
r:  ARRAYindex, index OF index

[lpeanonoxnm, yTOo Bec Wi, yXKe BBIYMCJAEH Henocpel-
CTBEHHO No a U b (cm. (4.71)). Bynem cuutaTh W apry-
MeHTOM npoueaypu OptTree, KOTOPYIO HYKHO €O34aTh.
3HaucHHe ke r GyleT ee pe3yJbTaTOM, Belb 3TOT Mac-
CHB NOJHOCTbIO ONHCHIBAET CTPYKTYpY AepeBa. [Ipuuem p
MOXHO paccMaTpiBaTb KAaK HEKOTOPHI NPOMeXyTou-
Hblfl pedynbraT. HauaB ¢ HaUMEHbUWHX BO3MOMXHHIX MOA-
JepeBbeB, T. €. AcpeBbeB, He COJdepXKalUHX HHKaKHX Bep-
IUWH, MH nepexoaHM Bce K OOAbWIMM H GONBUIHM fe-
peBbsM. O603HauuM WHPHHY j — i noagepeBa Ty uepes
h. Tlocne 3TOro Mbl MOX<€M NPOCTO onpeaeuTb no (4.72)
3HayeHHUn py; AaA BCeXx AepeBbeB ¢ h =0.

FOR i:=0 TO n DO p{i,i]:=b[i] END (4.75)
B cnyuae h==1 MBb HMeeM llesio ¢ AepeBbAMH, COAepXKa-

ILHMH OJIHY-CAHHCTBEHHYIO BEpUIHHY, KOTOPAasA K TOMY Xe
6vieT H KopHeM (cM. puc. 4.38).

FOR[:=0TOn-1DO

i:=i+1; plig):= wiid] + plid] + pUl: fid):= (4.76)
END
k la
by b;
%—.f
W11
| v J

Puc. 4.38. OnTiManbHOe sepeBo ¢ OAHON BePUWHHOM,
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3ameruM, uTO B paccMaTpuBaeMoM jepeBe Ty uepes j
0603HaueHa JieBas rpaHULla HHIEKCA, a uepe3 j — Npasas,
s BapuautoB h > 1 Mbl ucrnogb3yem onepatop LHKJa
c mapametpoM h, npo6eratoliuM 3HaueHus OT 2 A0 N, Npu-
ueM npu h = n nepexpniBaercs Bce aepeBo To n. B Kax-
JAOM cJyyae MHHHMaJbHasi AJHHA NYTH Dy H COOTBET-
CTBYIOILHA HHIEKC KOPHSA [y ONPEAeNsAlTCs C TMOMOLLbIO
NpOCTOro onepatopa UUKJAA ¢ uHAeKcoM Kk, H3MEHAIIHM-
csl B MHTepBaJe, 3afaHHOM B (4.73).
FORh:=2TOnDO
FORi:= 0TO n-h DO (497
ji=i+h;
naiiruk umin = MINK: i<k <j: (pig1 + Py
TAKUC, UTO Tij1 <K <Tjgy5
Plij]i= min + Wi} rfij]: = k
END
END

B nporpamme 4.6 npuBOAHTCA neTasJbHOe ONMHCAHHE
OnepatopoB, BhiJeJeHHbIX Bbille xypcuBoM. Cpeauss
AnuHa nytH B Ty n 31ech 3ajaercs 4acTHBHIM Po n/Wo. n,
a ero KOpeHb — BepILHHA C HHIEKCOM Tg, n.

Tenepr onuiiem crpykrypy nporp. 4.6. OHa cocTOHT
H3 JBYX OCHOBHbLIX KOMIIOHEHT: NpOUENYPbl AJS MOCTpOe-
HHA TP 331aHHOM pacrnpejeneHHH BeCOB W JepeBa ONTH-
MaJlbHOTO TOUCKA H TIPOLEAYDHI MeuaTH AepeBa, onpejc-
JIGHHOTO HHAcKcaMi T. BHauasne u3 BXOJHOro motoKa
YHTAIOTCA 3HAUCHNS a n b 1 KJAIouH. B BBIUHCACHHH CTPYK-
TYpHl lepeBa 3TH KIIO4ll He ynoTpe6asiioTcs, OHIl HY W HEE
JHLb AN TOCJeAYIOUIEH TNeuaTH MOJIy4eHHOro [epena.
[Tocae Toro kak 6yaer HameuaTaHa wHdoOpMalIs O ua-
CcTOTax (CTAaTHCTHKA), NMpPOrpaMMa HAulHAeT BBLIYHUC.IATh
AJTMHY TyTH HAeaJbHO c6ajaHCIIPOBAHHOIO Aepena, orpe-
JendAs Mo NyTH KODHHM ero mnonaepeBneB. [locse Bcero
negataercsl cpe/Hss B3BGUICHHAA [iI{HA NyTH U H300pa-
XeHle nepeBa.

B Tpetbefi uactn BeI3BIBaeTcs npoueaypa OptTree,
OHA BBIUHCIACT [ePeBO ONTIMaJbHOrO NMOHCKA, 3aTeM Me-
yaTaercs H306paxeHie no.ayueHHoro aepesa. M naxownel,
Te Xe caMble Npoledypbl HCMOJb3YIOTCS 115 Onpeiae.ne:
HHA M TeYaTH ONTHMAJIbHOTO JI€PeBa, YYHTHLIBAIOIIETO
JHUILb 4aCTOThl ynoTpebieHHst Cl1yxeOGHBIX CJI0B, ApYyrue
CJI0BA HTHOPIIPYIOTCH.
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MODULE OptTree;
FROM InOut IMPORT
Openlnput, OpenOutput, Read, ReadCard, ReadString, WriteCard,
WriteString, Write, WriteLn, Done, CloseInput, CloseOutput,
FROM Storage IMPORT ALLOCATE;

CONST N = 100; (smaX uHciI0 C0B * ),
WL = 16; (smax jmua cioBa *)

TYPE Word = ARRAY [0.. WL-1] OF CHAR;
index = [0..N]"

VAR ch: CHAR;
i,§,n: CARDINAL;
key: ARRAY index OF Word:
a: ARRAY index OF CARDINAL;
b: ARRAY index OF CARDINAL;
Pp,w: ARRAY index, index OF CARDINAL;
r: ARRAY index, index OF CARDINAL;

PROCEDURE BalTree(l,j: CARDINAL): CARDINAL;
VAR k: CARDINAL;
BEGINX := ({+j+1)DIV2; ffijl:=k;
IFi>= jTHEN RETURN 0
ELSE RETURN BafTree(i,k-1) + Ba!Tree(kj) + WiLJ]
END
END BalTres;

PROCEDURE OptTres;

VAR x, min: CARDINAL;
i,J, % h, m: CARDINAL;

BEGIN (s aprymert: W, peaymbraTer: p, I}
FOR{:=0TOnDO pli,i]:= 0END;
FORi:=0TOn-1 DO

Ji=i+1; plid) 1= WL i) i =
END;
FORh:=2TOnDO
FOR{:=0TOn-hDO
Ji=i+h me= rij-1) min: = plim-1] + p[m,};
FORKk:=m+1TOri+1,j]DO
= plik-1] + plkj]:
IFx ¢ min THEN
m:=Xmn:=x

293
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END
END;
plij} := min + w[ij); fij}:=m
END
END
END OptTree;

PROCEDURE PrintTree(i, j, level: CARDINAL);
VAR k: CARDINAL;
BEGIN
JFi<jTHEN
PrintTree(i, r{i,j]-1, level +1);
FOR k := 1 TO level DO WriteString(" ")END 3
WriteString(key[r[i,j]]); WriteLn;
PrintTree(r[ij], j, level +1)
END
END PrintTree;

BEGIN (% rnasHas nporpasMa » )
n := 0; Openlnput("TEXT");
LOOP ReadCard(b[n]):
IF NOT Done THEN HALT END ;
ReadCard(j);
IF NOT Done THEN EXIT END ;
n:=n+1l;aln]:=j:
ReadString(key[n})
END;
OpenOutput(“TREE");
(*BLmicTIeHHe W IO 3 M b *)
FORi:=0TOnDO
w(ii] := b[i];
FORj:=i+1TOnDO
wiig}:= wiig-11 + afj] + b[j)
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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OptTres;

‘WriteString("Pathlength of optimal tree = *);
‘WriteCard(p[0,n), 6); WriteLn;

PrintTree(0, p, 0); WriteLn;

Read(ch);
FORi:=0TOnDO
wli,i]:=0;
FORj:={+1TOnDO
wig):= wij-1] + afj]
END

END;
OptTree;
WriteString("optimal tree not considering b"); WritelLns
PrintTree(0, n, 0); WriteLn;
Closelnput; CloseOutput
END OptTrea

[Tporp. 4.6. MocTpoete aepeBa ONTHMAJLHOrO MOKMCKA.

B rta6anue 4.4 u Ha puc. 4.40—4.42 npuBseseHn pe-
3yJabTaTol NpHMeHeHHs mnporp. 4.6 k camoil cebe, T. e.
K ee cobcTBeHHOMY TekcTy. Pasnnuns B 3TuXx Tpex pH-
CYHKax HarasiHo AEeMOHCTPHpYIOT, uTo c6asaHCHPOBaH-
HOe JepeBO HeJIb3s CUHTATh JaXKe NPHOJHXKEHHeM K ONTH-
MaJbHOMY AepeBYy, a y4eT 4acTOT «APYTHX» (He cayxe6-
HblX) CJOB CHJbHO BJIHSieT Ha BHOGOP ONTHMAaJbHOM
CTPYKTYpHI.

W3 anropurMa (4.77) scHo, uTo 3aTpaThl Ha ompeje-
JleHHe ONTHMaJbHOM CTPYKTYPbl MNpPOMOPUHOHAJbHH n?
pa3Mep Heo6xoQHMOH naMATH TakXe mopaaka n2 Ecau
N CJAHWIKOM BEJHKO, TO TakOH MOAXOA yXKe HenpHeMJeM.
[TosToMy XesaTeJbHO HMeTb Aejo ¢ 6ojee s3¢pdekTus-

Puc. 4.39. HU3o6parkenie aepea ¢ 11OMOWbBIO Ha/1€XKalHX OTCTynos
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Ta6anua 4.4. CayxeGunle cloBa
H 4acTOTH HX MOSBJAEHHA

bli-1]  afi] k[il

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
(] 55 DO
124 299 ELSE
4 198  ELSIF
10 689 END
281 25 EXIT
35 3 EXPOR1
442 19  FROM
(] (] 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
418 1 QUALIFIED
124 6  RECORD
49 9  REPEAT
30 2 RETURN
174 22 SET
505 662  THEN
9 6 TO
335 13 TYPE
37 9 UNTIL
347 203 VAR
84 35  WHILE
(] 14 WITH
981

HBIMU ajaropuTMaMHu. Onuy
H3 TaKHX aJTOPHTMOB —
aJrOPHTM, CO3AaHHBIH Xy
u Takkepom [4.5], on
TpebyeT naMsTH NOPsiiKa
O(n), a 3aTpaTel Ha BhI-
yucaeHuss — nopaaka O (n«
»log(n)). OaHako oH pac-
CUHTAH JHIWIb Ha cayuail
HYJIEBBIX YACTOT AJA KJIO-
YyeBbIX CJIOB, T. €. B HEM
(UKCHPYIOTCA TOJbKO He-
ylauHble MONBITKH OTHIC-
Katb cJjopo. Eute oaun aa-
rOpHTM Obla ONHcaH YoJ-
kepoM u Totaubom [4.7],
AJIfl HEro Hy»Ha nNaMAaThb
nopsaka O(n), a 3atpaTH
Ha BBIYHUCJEHHS — NOPAAKA
O(n=log(n)). B atom aa-
rOpUTMe HLIETCS He ONTH-
MaJbHOe JepeBo, a Jepe-
Bo, 6JIH3KOe K ONTHMAaJb-
HOMY, H OH TOCTpPOeH Ha
3BPHCTHYECKHX NPHHUHNAX.

OcHoBHas uaes cJaeaywo-
ras.

Byaem cunitath, UTO
BepWIiiHbl (NOAJNHHHbIE H

crneltiajbHble)  pacnpceje-
JeHbl NO JirHeilHOf WwKaae
¢ BecaMmli, COOTBETCTBYIO-
LLIMI yacToTe (M1 Bepo-
ATHOCTIL) oOpallieHHs K
M. Hafigem Bepuiny,
pacnosozKeHHYI0 6JKe
BCETO K «UEHTPY THAKECTI.
Taxyio Bepwyy 6yaeM Ha-
3bBaTh yeurpoudon. Ero

HH/eKC paBeH OKpyrJeHHOMY A0 OJiixkaiillero uea0ro

3HaueHlisl BblpaKeHHIo

(Sit1<in:iza)+ (Sj:0<j<m:jxb)yW

(4.78)
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Total weight = 11265
Pathlength of balanced tree = 60312
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= AND
ARRAY
L—pgEGIN
L—py
———CASE
| ——CODE
CONST
L—— DEFINITIO
—DIV
———D0
l ——ELSE
ELSIR
b END
b———ExIT
-———=EXPORT "M
. f
L L L—ron
Lo THPLEMENTATION
L—INPORT
—ITN
——Loop
"b—aman MODULE
—NIL
OF
L—0r
e POINTER
L PROCEDURE
I quaLtFIiER
——REPEAT
._RETURN
L—se1
L——THEN
TYPE
L—UNTIL
.-——VAR
e yHILE
L—wwitg

Puc. 4.40, Haeansno c6ananHcHpoBalioe Aepeso,
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Pathlength of oplimial tree = 50371

——AND
r——ARRAY
r——BEGIN
—BY
——CASE
~——CODE
—— CONST -
L——DEFINITION
L—p1v
Do
L——FLSE
L—ELSIF
=== END
r—EXIT
EXPORT
| L—Frodt
—— FOR
— IF
r—=IMPLEMENTATION
—— IMPORT
IR
—Loop
l p— HOD
HODULE
NIL
r S
. ——0F
i OR
L — POINTER
PROGEDURE
QUALIFIED
RECORD
| I_— L—REPEAY
RETURY
1 ! SET
[R—
| —TQ

1 TYPL,
: | — UNTIL
i VAR

! L WHILE
——WITH

Puc. 4,41, Onnisaniphice A2peBo noLcsa,
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r—AND
——ARRAY
BEGIN
—8Y
——CASE
CODE
ceusT
' | L—DEFINITION
I biv
po
ELSE
— ELSIF
——ERD
gy
| ——EXPORT
FRCM
L—rFor
r——INEEPTLYATIC
IHFZCRT
b8
c—LCP
, l Mo
FIULE
——LIL
l I e )
cF
—— {R
—FOINTER
PROCECURE
—CUALIEIE
——RECSAD
REPEAT
I L—p2TURN
sIT
SR X1
—i0
TYPE
eIt
Vas
b WHILE
WiTH

Puic. 4.42, Ontiimaisiioe LeDEBO, YYUTLIBAOWIEE TOILKO CAYKEOHWe
ci08a,
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ficHo, YTO ecJH BeplUHHH HMEIOT PABHHI Bec, TO KOpPeHn
HCKOMOTO ONTHMAJIbHOTO JepeBa cOBNajaer ¢ LEHTPOH-
oM, v Boobuie, B GOJbLIHHCTBE cJyyaeB oH Gyner pac-
nosaraThC B OKPECTHOCTH LEHTpoua. 3aTeM Ha orpa-
HHYEHHOM HHTepBaJjle OTHICKHBaeTCs JIOKAaJbHHIH ONTH-
MYM, a IIOTOM 3Ta npoleaypa BHOBb NIPHMEHAETCA K ABYM
noJyyeHHbM nojfepeBbsiM. C yBesnueHUeM pa3Mepa Je-
peBa n yBeJHYHBAeTCA H BEPOATHOCTb TOTO, YTO KOpEHb
JdepeBa HaXOAHTCA OueHb GJH3KO OT UeHTpoWia. A kak
TOJIbKO pa3Mep JAepeBa cTaHET «0G03pHMBIM®, €r0 ONTH-
MaJIbHOe CTpPOeHHE MOXHO yXe ONpelejHTb ¢ NOMOLLbIO
NpHBEJEHHOTO TOYHOTO AJrOPHTMA.

4.7. b-IEPEBbBS

Jo cHx nop MH B HawKX 06CcyXKAEHHAX OrpaHHYHBAJIH
ce6sl IepeBbAMH, ¥ KaXJOH BepLIHHH KOTOPHX OLLIO ca-
Moe GoJiblllee JBa NOTOMKa, T. €. JBOHYHHIMH (HJIH GH-
HapHHIMH) JepeBbAMH. JTOro GLIJIO BNOJHE AOCTAaTOYHO,
HanpHMep, AJA NpeIcTaBJeHHs POJACTBEHHHX OTHOLIEHHH,
€CJIH HCXOAHTb H3 «POJOCJHOBHHX®» NpeAcTaBJeHHH, KOTAa
KaXKAbH YeJOBEK acCOUHHPYETCHA CO CBOHMH POAHTEIAMH.
B koHue KOHUOB y KaXA0Oro H3 Hac He GoJiee JBYX pOJH-
Tesiel. A ecqM HYXHO <IOTOMCTBEHHOE® HJH «Hacjel-
CTBEHHOe» NpeiAcTaBleHHe? Beap B atoM ciayyae npHxo-
JHTCA YYHTHBAaTb, YTO HEKOTODHEe MOTryT HMeTb GoJee
JIBYyX JeTel, H, cJel0BaTeJbHO, COOTBETCTBYIOLUHe Je-
peBbsl — BEPIIHHK C MHOTHMH BeTBSMH. 3a HeHMeHHEM
Jyytiero TepMHHa MH 6yleM Ha3HBaTb TakHe JepeBbs
CUABHO BETBAULUMUCA,

KoHeuyHo, B TakHX CTPYKTypax HeT HHYero ocobeH-
HOTO, H MKl yXe BCTpeyaJH W B NPOTPaMMHPOBaHHH, H
B ONHMCAHHH AaHHBIX MeXaHH3MB, NO3BOJsIOLHe crpa-
BHTbCSl ¢ NOJOGHHIMH CHTyauHsMH. EcaH, cKaxeM, 3a-
nama a6coJlOTHas BePXHsfl TPaHHUA YHcaa Jetedt (He-
CKOJIBKO  pyTOpOJIOTHYeCKOe npeanoJioxeHne), 10 AeTed
B 3amHCH, npeicTaBJsiomed Jai060ro yesjoBeka, MOXKHO
MBICJHTb KaK KOMIOHEHTh HEKOTOporo Maccupa. EcJH
e YHCJo AeTeH y pa3HHIX JIOJeHd CHJIbKO Bapbupyercs,
TO TaKoe MNpeicTaBJeHHe MOXKeT NPHBECTH K IJIOXOMY
HCNOJIb30BaHHIO AOCTyNHOH naMsaTH. B atoM ciayuvae 3Ha-
YHTeJILHO JyyIlle NPeJCTaBisTh NOTOMCTBO B BHAe JHHEH-
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Purc. 4.43. CHabHO Bersfilleecs [epeBo, MpejAcTaBNeHHOE B BHAE
ABOHYHOrO,

HOT'O CIIHCKA CO CCHIIKAMH OT POJAMTENs Ha CaMoro MJaa-
Wwero (uau crapiuero) u3 Aetefi. B Takoft cuTyauun Mox-
HO BOCMOJIb30BATbCS TAKHMH OMHCAHHUAMH THIOB:

TYPEPtr=  POINTER TO Person;
TYPE Persont &2 RECORD name: alfa; (4.80)
sibling, offspring: Ptr
END

Ha puc. 4.43 npuBeaeH npumep AaHHHX COOTBETCTBYIO-
1eR CTPYKTYphl. MoXHO 3aMeTHTb, YTO €CNH NOBEPHYThH
Ha 3TOM pHCYHKe CCHJKH Ha 45°, TO NOJYYHM HeuTo
BpOJie COBEpIUEHHOro ABOHYHOro AepeBa. OHAKO CYHTAThb
ero TakoBhIM O6hJI0 6H OWHOKOH, NOCKOJNbKY (PYHKIHO-
HaJbHO 3TH [Be CCHJIKH HMeEIOT COBeplleHHO Apyrof
cMuca. O6HYHO Heab3s ob6pawarbcs ¢ 6paToM, KakK C Chl-
HOM %), U NO3TOMYy TaK He CJeAyeT NOCTynaTb Aaxe NpH
ONMHCAaHUH AAHHHX. DTOT NpHMep MOXHO Jerko npoaoJ-
JHTb M, BBeAS B 3aliCh, ONHCHBAIOWIYIO YeJOBeKa, elle
IpyrHe KOMIOHEHTH, NOJYYATb AaHHble 6oJiee CJAOXKHOM
CTPYKTYDH, OTpa)kajouue Apyrie poACTBEHHHE OTHOLLe-
Hud. Hanpumep, n3 oTHollenn#i «CHH» H «6paT» Helbas
BLIBECTH OTHOILUEHHS KJacca «MyX» M «XeHa» H JAaxe
0o6paTHOrO OTHOILEHHA <«oTeU» H <«MaTb». [lofo6GHHe
CTPYKTYpH OBICTPO pa3pacTaioTcs B CJAOXKHHIHA pens-
UIOHHHIHA OaHK AAaHHHX, B KOTODOM MOXKHO BHIENHTH

*} B opuruHane peyb HAeT o6 ortHowenusx sibling (6par Ham
cectpa) u offspring (csr uar gous). K coxanennio, B PycckoMm
A3BIKe TakHe OTHOUIEHHS He BHPAMaoTcs OHuM caosom. — [Ipus,
nepes.
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HECKOJIbKO JAepeBbeB. AJTOpPHTMH, paboTalollHe C TaKH-
MH CTPYKTYypaMu, CYLIECTBEHHO 3aBHCAT OT HX ONHCaHHH,
MO3TOMY HE HMeeT CMHICJA ONpeleNaTbh AJdsi HHX KaKHe-
JH60 oblLiHe NpaBHIa HJIH NpPHEeMH PabOTHL

CymecTByeT, 0[HAaKO, OflHa BecbMa NpaKTHYeCKas 06«
JlacTb NPHMEHEHHsl CHJbHO BeTBSILUMXCs JepeBbeB, Npej<
cTaBjsiomas o6wHi HHTepec. 310 — (GOPMHpOBaHHE H
noanep:KaHHe KpynmHoOMaclUTaGHHX AepeBbeB MNOHCKA, B
KOTOPHX HEeOGXOJHMH I BKJIOYeHHe HOBHX 3JIEMEHTOB,
M yAaJeHHe CTapHX, HO I/ KOTOPHX JHOG0 He XBaTaer
onepaTHBHOM NMaMsTH, JHG0 OHa CJHIIKOM A0pOra, yToGH
HCIOJIb30BaTh €e IJs JOJTOBPEMeHHOr0 XpaHeHHs.

B 3ToM ciyyae GymeM CYUHTaThb, UTO BEepLIHHH JepeBa
IOJKHH XPaHHTbCA BO BTODHYHOH MNaMsTH, CKaXKeM Ha
IHcKe. BBOJHMHEE B JaHHOH riaaBe JHHAMHYeCKHe CTPYK-
TYpH AaHHHX OCOGEHHO MOAXOAAT HMEHHO IJs Takod
BTOpHYHOH naMsaATH. [IpHHuHNMa/JbHOE  HOBILECTBO —
CCHLTKH NpeAcTaBJAIOT co6oit aipeca HAa JHCKe, a He B
onepaTHBHOH naMmsATH. EcJH Hcnoab3oBaTh AJisi MHOXe-
CTBAa JaHHHX, BKJIIOYAIOWHX, HanpHMep, MHJJIHOH 3Je-
MEHTOB, [BOHYHOE JcpeBO, TO NoTpefyeTcsi B CpelHEM
npu6ausuTenbHo mopsaka log(106), T. e. 20 waros no-
ucka. TTOCKOMbKY Tenmephb KaXKAHM Iar BkjaioyaeT obpa-
meHHe K AHCKY (c ero co6cTBeHHLIM JIATEHTHHM BpeMe-
HeM), TO KpaifHe )XejaTeJbHa OpraHH3alHsA NaMsTH,
Tpe6Gyiomias MeHblilero yHcaa obGpamenuii. CHJAbHO BeT-
BsllliHecsl JlepeBbs NMpelCcTaBJAI0T co60il HIeasbHOe pelles
HHe 3Tofl npoGaeMbl. EcaH npoHCXOAHT obpalieHHe K Oa-
HOMY 3JIEMEHTY, Pacnojo:XeHHOMY BO BTODHYHOH naMATH,
TO 6e3 GOJbILIHX AONOJHHTEJIbHHX 3aTPaT MOXHO o6pa-<
THTbCA H K 11eJIOi rpynne 3JeMeHTOB. JTO mpeldrnoJaraer,
4yTO JepeBO pa3buTO Ha moAAepeBbss H 3TH NOAJAepeBb
KaK pa3 Te IPYNNE, KOTOpble OJHOBPEeMEHHO JOCTYNHH.
Mpbl 6yAeM Ha3uBaTh TakHe TNOAAEpeBbs cTpalH-
uamMi. Ha puc. 4.44 npuBeleHo pa36HTOe HA CTPaHHUM
ABOHYHOe [epeBO; KaxKAasd M3 CTPaHHI CONepKHT
7 BepILIH.

ITockonbKy xaxkAoe o6palleHHe K CTPaHHIE Temephn
TpefyeT JHIIL OAHOTO O6pauleHHA K JOHCKY, TO 3KOHO-
MHsl Ha YHcJe TaKHX o6pallexuii MOXeT GHTb CYllecTBeH-
HOH. Tlpeacrasum cebe, YTO KaXKjaasi CTPAHHLA COJLepIKHT
100 Bepuiun (2TO BrOMHE pasyMHOe YHCJO), B 3TOM cay=
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Puc. 4.44. [Tsonunoe nepeso, pasiefenHoe Ha CTPaNHUH.

Yaé MOHCK B JlepeBe C MHJJHOHOM 3JIeMEHTOB OyleT B
cpeaHeM TpeboBaTh logioo(10%) o6GpalueHuit K crpanunam
(T. e. Bcero okono 3), a He 20. KoHeuHo, ecin nepeBO
pacTer cayuyafiHaM 06pa3oM, TO B XyALIeM cJayyae Mo-
)KeT notpeboBaTbest Adake ¥ 104 obpanienuit. Iloatomy
SICHO, 4YTO AJsi CHJbHO BeTBSAWIXCSH [€PEeBbeB [OYTH
ofsizaTe/lbHa  HeKOTOpas ~ Cxema  yrnpaBJeHus i
pocToM.

4.7.1. CnabHo BeTBsimneca B-nepesbs

Ecnu peub 3aX0NHT O KpHTEpHH ynpaBJeHHS POCTOM
IepeBa, TO cpa3y ¥e MOMHO OTKa3aTbhCs OT HAeanbHOil
c6a/laHCHPOBAHHOCTH, TNMOCKOJAbKY OHa Tpe6GyeT CJHIIKOM
Goabwinx 3atpaT Ha 6anaHcupoBkKy. OueBHAHO, NMpaBH.a
Halo Kak-TO cMAryuTtb. OueHb pasyMHLIA KpHTepHA GHA
chopmynnposan B 1970 r. P. Bsitepom u E. MakkpefiToM
[4.2]): kaxnas ctpaHuua (KpoMe OAHOMA) NOMXKHA coaep-
>KaTb NPH 3aJlaHHOM NMOCTOSTHHOM N OT N1 A0 211 BepLIHH.
Taxkum obpa3om, aas gepeBa ¢ N 3/leMEHTaAMH H MaKCH-
MaJbHuIM pa3MepOM CTPaHHUH B 2n BeplIHH B caMOM
XyAuleM cayyae notpebyercs logn N obpamniennii k cTpa-
HHuUaM, a Belb 3TH oOpalileHHs COCTaBJSIOT OCHOBHYIO
yacTb 3aTpaT Ha NoHCK. Kpome Toro, KoahQHUHEHT Hc-
MOJIb30BaHHS MaMATH, a 3TO AOCTATOYHO BAXKHO, pareH
50 %, moCKOJIbKY CTPaHHLbI BCEraa 3an0JHEHH MHHHMYM
HanosoBuHy. TIpH BCex 3THX NOCTOMHCTBAaxX Halla CXeMa
ODHEHTHPOBAHA H HA CPABHUTENbHO NMPOCTHE AJTOPHTMH
MIOHCKa, BKJIOYEHHA M HCKMoueHHs. B nanbHefimeM M
HX H3yuuM 6oJlee AeTaqbHO.
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Puc. 4.45. B-zepeso nopsiska 2.

CTpYyKTypHl JAaHHBIX, O KOTOPHX HIAET peub, Ha3H-
Balotca b-Oepesvamu, a n— nopadkom B-nepera. Ouu
006J1a1a10T CAEAYIOIHMH CBOHCTBaMH:

1. Kaxnas ctpaHuua comepXuT He Gosee 2n 3JeMeH-
T0B (KJIOYed).

2. KaxJas cTpaHHLA KpoMe KOPHEBOH COAEpPXHT He
MeHee n 3JeMeHTOB.

3. Kaxnas ctpanuua aubo npeacrasaser coboit JHCT,
7. €, He HMeeT NOTOMKOB, JHO60 HMeeT m + | NOTOMKOB,
rlle m-— YHCJO KJloueH Ha 3ToH cTpaHHle.

4. Bce cTpaHHUH-JIHCTbS HAXOASTCS Ha OJHOM ypOBHe,

Ha puc. 4.45 npuBenero B-mepeBo BTOpOro nopsaka
¢ TpeMsi ypoBHsIMH. Bce cTpaHuum coaepxat 2, 3 HJH
4 s/JeMeHTa, HCKJIOYeHHe NpeiCTaBJsIeT JHIIb KOpHeBas
CTpaHHLa: B Hell MOXeT HAaXOAMTLC JHUb OJHH-eAHH-
CcTBeHHHI{1 3neMeHT. Bce JUCcTbR HaxoAATCs HA TpeTheM
yposHe. Ecau cnpoeuupoBaTs b-nepeBo Ha ONHH-eAHH-
CTBEHHWI] YPOBEHb, BKJIOUAs NOTOMKOB MCKAY KJIOYaMH
HX POJAHTENbCKOH CTPaHuLLB, TO KJKUHN HAYT B BO3pa-
CTamlleM NOpsAiKe cJeBa HanpaBo. Takoe pasMelleHHe
npeacrasasier cob6ofi ecTecTBeHHOe pPa3BHTHe [PHHIHNA
IBOHYHBIX JepeBbeB W OmpejensieT MeTOL NOHCKa 3Je-
MeHTa C 3aJaHHbIM KJaoYoM. [1ycTb cTpaHHLa HMeeT BHI,
npUBeAcHHH# Ha puc. 4.46, W 3alan HexoTopblii apry-
MeHT noucka X. [lpeinosozim, CTpaHHLA yiKe CUHTaHa

l

[90 Ky Py kg Py .. Pr-t kmpml

R

Puc. 4.46. Crpannua B-aepesa ¢ m rawouaiL
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B ONEPaTHBHYIO NaMATb H MOXHO BOCNOJb30BaThCA 06K Y-
HHMH MeTOAAaMH MOHCKa cpeaH kJwueft k) ... km. Ecan
M AOCTaTOYHO 60JIblIOE, TO 3TO MOXeT GHTbL ABOHYHHI
NOHCK, €CJH e OHO MaJlo, TO MOXHO BOCNOJb30BAaThHCA
NPOCTHIM NOCJAeAOBaTeJbHHM MNOHCKOM. (3aMeTHM, uTO
BpeMs, 3aTpayHBaeMoe Ha NMOHCK B ONEPaTHBHOH MaMATH,
cKopee Bcero, npeHe6pexXHMO MaJlo N0 CPaBHEHHIO C Bpe-
MeHeM [MepecHJ/IKH CTpaHHUH H3 BTOPHYHOH NaMATH B
onepaTHBHYy10.) Ec/iH nouck HeypauyeH, TO MH nonalaeM
B OJHY H3 CJeAYIOLIHX CHTyalH#:

Lhi<x<kyi aas l<i<<m TIlouck npoaos-
XaeTcsl Ha cTpaHHue p;f.

2. km << x. TloHCK npoAo/KaeTcs Ha CTpaHHUE Pmi.

3. x < k;. ITouck npoaosxaercs Ha CTpaHHUE Po

Ecnu ykasaHHas cchJiKka uMeeT 3HaueHue NIL, T. e
CTPAaHHLH-NOTOMKA He CYILecTByeT, TO B JAepeBe BooGile
He CyILeCTByeT 3JeMEHTa € KJIOYOM X H MOHCK 3aKaHYH-
BaeTco.

K yauBnenuio, BkioueHue B B-mepeBo npoBoaHTCA
CpaBHHTeJbHO npocTo. Ecan 3/1eMeHT HYXXHO NOMECTHTh
Ha cTpaHHUy ¢ m << 2n 3JeMeHTaMH, TO MpOUecC BKJIO-
YeHHS 3aTparuBaeT JHWbL 3Ty CTpaHHUy. JIHIIL BKJIKWOYe-
HHe B yXe MOJIHYl0 CTpPaHHIY 3aTparHBaer CTPYKTYpY
JlepeBa H MOXET NPHBECTH K MOSBJEHHIO HOBHX CTPaHHIIL.
Hana Toro yTo6H NMOHATH, YTO MPOHCXOAHT B ITOM CJyuae,
obpatuMcss K pHuc. 4.47, HMJIIOCTPHpYIOLIEMY npouecc
BKJIoueHHs B Db-nepeBo nopsiaka 2 kJiwouya, paBHoro 22.
BkJlOYeHHe MPOXOAHT 3a TPH lIara:

1. O6napyxHBaercs, YTo KJI0Y 22 OTCYTCTBYeT. Bk.i0-
yeHHe B cTpaHHLy C HeBO3MOXHO, NMOCKOJbKY OHa YyXKe
3anoJIHeHa.

2. Crpannua C pasdeasercs Ha ABe cTpaHuHubl (T. €.
BBOAHTCS HOBas cTpaHina D).

l 1

A A Jzc20
[7 1015 18](26 303540] [7 1015 18] [2226 | [3540 |
B C B c P

Pic. 4.47. Brmioueitiie 8 B-aepeso Ka04a co 3nadeigenm 22,
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3. Kaoun — ux Bcero 2n - 1 — nopoBHy pacnpeses
astores B C u D, a cpeanuit kA0 nepeHOCHTCS Ha OAHH
YpOBEHb BBEpPX Ha «POAHTEJbCKYIO®» CTpaHHLY.

Takas BecbMa sJeraHTHasi CXeMa COXpaHsieT BCe Xa-
pakTepHoe cBoicTBa B-nepeBbeB. B uacTHOCTH, NONYYHB-
liHecsl ABe HOBHeE CTPaHHUB COAEpPXKaT POBHO 110 n 9Ae-
MeHTOB. KoHeuHo, BKJIOUEHHE 9JeMEeHTa B POIHTENbCKYIO
CTPaHHLy MOXET BHOBbL IIPHBECTH K NepenoJHeHHIO: CTpa«
HHLB, T. €. pa3jleneHue Gyaer pacnpocTpaHaThes. B kpafie
HeM c/lyyae OHO MOXeT <«IOIHATbCS® N0 CaMOr0 KOpHs.
@aKTHUCCKH TOJbLKO B 5TOM CJyuae MOXET YBeJIHYHTHCA
BhicoTa B-nepena. Tak uto B-nepeBbs pacTyT HECKOJbKO
CTPAaHHO: OT JIHCTbeB K KOPHIO,

* Tenepb, OCHOBBIBasicb Ha TaKOM 3CKH3HOM ONHCaHHA,
HayHeM pa3paGOTKy moJHOH nmporpaMMu, KoHeuHo, yXe
SiICHO, YTO B JaHHOM CJyuae Jyulle BCero BOCMO0Jb30-
BaTbCA PEKYPCHBHOH KOHCTPYKUHeH, MNOCKOJbKY Mpolecc
pasleneHns CTPaHHIL pacnpoCTpaHseTcsl MO NYTH MOHCKA
B o6paTHoM HamnpasJeHuH. [losTomy ofiuee cTpoeHHE
NporpaMMbl aHaJOCHYHO BK/IOUEHHIO B cOajlaHCHPOBaH-
HOe JepeBO, XOTA H eCTb OTAHuHe B Jeransx. [lpexne
BCEro LYXKHO COpPMYJHPOBATL ONpejleseHHe CTPYKTypH
cTpaHnun. bynem cuutaTh, 4TO 3/€MEHTH NpeACTaBaAIOT-
csl B BH/e MaccHBa,

TYPEPPir = POINTER TO Page;
TYPE index =[0..2+n];

TYPEitem = RECORD key: INTEGER; {4.81)
p: PPur;
count; CARDINAL
END;
T YPE page = RECORD 1n; index} {4.82)
p0: PPLr;
€: ARRAY [1 .. 2¢n] OF item

Kak u paHblle, KOMIOHEHTa 3J€MeHTa C HMeHeM
count npejHa3HaueHa AJs pa3Hoi HHpOpMalHH, KOTOpas
OTHOCHTCHl K «CMBLICJIy® CaMHX 3JE€MEHTOB H B peaJbHOM
npouecce NMOHCKA He HrpaerT HUkKakod poJan. OGpaTuTe
BHHMaHHe: B KaXJOH CTpaHHle NOCTATOYHO MecTa MM
2n sneMeHToB. B nose m ykasHBaeTcs (akTHUecKOC
YHCJI0 9/IEMEHTOB Ha cTpaHHuue. ITockoJbKy Besle, KpoMme
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KODHeBOA CTpaHHUH, M =N, TO 53TO TrapaHTHPYeT MO
KpaifiHeft Mepe 50 % HcnoOJB30BAHHA NMaMATH.

ANropHTM NMOHCKa H BKJIOYeHHs AJsa B-pepeBbeB Bxoe
AHT B mporp. 4.7 Kak cocTaBHas 4acTh, STO MNpoleaypa
¢ HMeHeM search. CTpyKTypa ee mpocTra H NOXOXa Ha
CTPYKTYPY NpoUeAypH MNOHCKa AJas cOajlaHCHPOBAHHHX
JBOHYHHX JiepeBbeB, TOJLKO BeTBJIEHHE He <«ABOHYHOE»,
BMecTo 3TOro nouck sryrpu crparuydt opopMieH Kar
JABOHUYHHH NMOMCK B MacCHBe e.

ANropHTM BKJIOYEHHS BHJeJeH B OTAEIBHYIO Npo-
HeAypy JHWL Aas scHoctH. CaMa npoueaypa BH3HBaer-
Csl, eCJIH NMOHCK CHrHAaJH3HPYeT, UTO HEKOTOPHH 3JeMEeHT
HYXHO MNepeaarb BBepX NO AepeBy (nO Hampab/eHHIO
K KopHio). O6 stoM coofiiaer GyJeBCKHA mapamerp-pe-
3yabTat h, OH BHNOJHSIET Ty XKe pOJb, YTO H B aJjro-
PHTMe BKJIOYeHHs B c6aJlaHCHPOBaHHOe JepeBO: TaM OH
yKa3nBaeT Ha pocT AepeBa. Ecan h HcTHHHO, TO BTOpO#R
napaMerp-pe3yJbTaT NpeAcTaniseT co6oft MepenaBaeMHA
9JIeMEHT. 3aMeTHM, YTO BKJIOUeHHe HayHHAeTCs C MHH-
MOA CTpPaHHUH, TaK Ha3hBaeMoOll «cCnenHaJbLHOH» Bep-
WHHH (cM. pHc. 4.19), H HOBHRt sJleMEHT cpasy Xe me-
penaercs uepes napameTp n AJf PeasibHOrO BKJIOYEHHS
yXKe B «JIHCTOBYlO» cTpaHHuy. CxeMa 39TOro npouecca
npuBeaeHa B (4.83).

PROCEDURE search(x: INTEGER; a: PPtr; VAR h: BOOLEAN; VAR u: item);
BEGCIN
IF a = NIL THEN (*X B fepeBe HeT, BKIIOUEHHE *)} (4.83)
Inementy u npucsours x, h — TRUE, yxavtagoujee, 410
u @ depeae nepedaerca eaepx
ELSE

WITH at DO

dgouynslii nouck x @ Maccuge e;

IF naiideno THEN o6paborka

ELSE search(x, notomok, h, u);

IFh THEN (* 2neMeHT #)
IF yuci10 aaemenTos Ra crparuye at < 2n THEN

@KAMYeRle U Ha cTpaKuRy at U YCTaHogKa i pasisim FALSE

ELSE pacujenaerue cTpaniybi U nepedaia 6GCpX cpedHeo atemenna
END

END

END
END
END
END search
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ta)
b 20 ]

[ 10 15] [30 40 ]

{c)
[Fi0 1518 [22_ 26
(@ 10 20 30
[s 7]‘115 18 )1 [22 26 ] [35_40 ]
{e} 10 20 30 40

{f

30 40

8][13 15 18]{ 22 24 ][ 26 27 | [32 35 38][42 45 46]
Prc. 4.48. Poct B-npepeBa BTOpOro nopaaxa.

Ecan nocne oGpamenus x search B OCHOBHOM mpo-
rpaMMe h HMeeT 3HaueHHe «HCTHHA», TO, 3HAYHT, Tpe-
GyeTca pasjieneHHe KOpHeBOH cTpaHuuu. [lockoabky 3Ta
cTpaxuua ocofas, TO mpoliecc ee pa3fieIeHHSA IPHXOAHTCS
nporpaMMHpoBaTh OTAelbHO. OH BKJIOYaeT pa3MelneHie
HOBON KOpHeBOH CTPaHHUHW H BKJIOYeHHe B Hee eIHH-
CTBEHHOTO, NepelaHHOro uHepe3 IMapaMeTp U 3JieMeHTa.
IlosToMy HOBasi kopHeBas cTpaHHua OyZAeT COCTOATh
TOJIbKO H3 OZHOTO 3JeMeHTa. C JeTalsIMH 3TOro npouecca
MOXHO NO3HAKOMHTbCA B nporp. 4.7, a Ha puc. 4.48 npu-
BelleH pe3y]bTaT IIOCTPOEHHS C MOMOIIBI 3Tol Ipo-
rpaMMu bB-nepeBa; npHueM BKJIOYaeMHe 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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3aech TOuKOR ¢ 3anATOA OTMeuyaloTcs MOMEHTH MOsB-
JIEHHs] HOBHIX CTpaHHL. BKJioueHHe mocJefiHero KJioua
NPHBOJHT K ABYM pasfiejieHHAM H NOABJEHHIO Tpex HO-
BhHIX CTPaHHIL.

Oneparop npucoeaunenus (WITH) wurpaer B atofi
nporpamme oco6yio poJib. Bo-nmepBuiX, oH yKa3nBaeT, 4TO
BHYTPH TeJla 3TOro oneparopa HAeHTHGHKATOPH KOMMO-
HEHT CTPAHHLUW aBTOMAaTHYECKH OTHOCATCA K CTpaHuIe
a4. Ecau cTpaHHUW M Ha caMOM JeJie pacnoJoXeHH BO
BTOPHYHONA NMaMATH, 4T0, pa3yMeercs, Heo6XoaHMO B 60J1b-
wHx 6asax AaHHHX, TO ONepaTop NMpHCOeAHHEeHHs, KpoMe
TOr0, MOXHO HHTEepNpeTHPOBATb KaK 3alpoc Ha mepe-
CHJIKY YKa3aHHOR CTpAaHHLW B OMNEPAaTHBHYIO NaMATh.
Kaxnoe o6pautenue Kk search mpeanosaraer mepechKy
TOJIbKO OfIHOA CTPaHHLK B OMEpPAaTHBHYIO MaMATb, a BCETO
ana pepesa H3 N asnemeHToB moTpeGyeTcs MaKCHMYM
k =logn N pekypcuBHuHx o6pauennfi. CirenoBaTeabHO,
MH JOJXXHH HMEeTb BO3MOXHOCTb HAKaNJHBaTh B OCHOB-
HOW maMATH A0 k cTpaHHU. 3TO eAHHCTBeHHOe coobpaiKe-
HHe, OrpaHH4yHBalollee pa3Mep cTpaHHun 2n. Ha camom
e Jlele HaM Hal0 XpaHHUTL jaaxe Gojee ueM k crpa-
HHII, MOCKOJILKY BKJIOYeHHe MOXeT MPHBOAHTb K HX pas-
aenenuio. KpoMe Toro, sicCHo, 4TO KOpHEeBYIO CTpPaHHLY
Jyullle BCEro MOCTOSAHHO XPaHHTb B ONEPATHBHOA MaMATH,
TaK KaK € Hee BCAKHA pa3 HaunHaeTcs JIOGOA MOMCK.

Eume oaHO nosoXHTeNbHOEe KauecTBO b-aepesbeB —
HX 3KOHOMHYHOCTb H NMPHCNOCOGJEHHOCTb K YHCTO MoOcJe-
A0BaTeNbHOA KOppeKUHH cpa3y Bcelt 6a3n AaHHHX. Kax-
Aas cTpaHHUa GyJAeT BHW3WBAaTbCA B ONEpPaTHBHYIO NaMATh
TOJBLKO OAMH pas.

Hckarouenue snementa u3 bB-Aepesa — npouecc Jo-
BOJILHO MPAMOJHHeAHWHA, XOTA H YCJIOXHEHHHHA B JleTa-
JAAX. 31ecb MOXHO BHAEJNHTL ABa caydas:

1. UcknoyaeMHu# 3JeMeHT HaXOAHTCA Ha JHCTOBOH
CTPaHHIE: aJrOPHTM YAaJleHHs siCeH H NpOCT.

2. DneMeHT He HAaxXOAHTCA HA JHCTOBON CTpaHHILE:
€ro HYXHO 3aMEeHHTb OJHHM H3 ABYX JeKCHKorpabdnuecku
CMEXHHX 3JeMeHToB. EciiH cMeXHHI 3/1eMeHT HaxoaHuTca
Ha JHCTOBOH CTpaHHLE, TO ero HCKJIOYHTb NPOCTO.

B cayuae 2 noHck CMEXHOro KJi04a IOX0X Ha NOHCK
KJI0Ya NPH MCKJAIOYEeHHH U3 JBOHYHOro Aepesa. Mu cny-
cKaeMcsl BHH3 BAOJb CaMBIX NPAaBHX CCHJIOK A0 JHCTOBOHA
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CTpaHHLH P, 3aMeHsieM Hck/IOuaeMHfl 3JeMeHT Ha mpa-
BHH 3/eMeHT U3 P ¥ yMeHbilaeM pa3Mep P Ha elHHHLLY.
B mo6om cayuae nocse ymeHbuieHHsi pasmepa Heo0XG-
ZLHMO NPOBEPHTb YHCJO 3JEMEHTOB, OCTABHIHXCA Ha 3TO{l
CTpaHHue, H60 ecan m << 1, T0 OyAeT HapyUIEHO OCHOB-
Hoe ycaoBHe bB-nepeBa. B atoM ciayuae HYXHO npoie-
JlaTb HEKOTOpHe AONOJHHTeNbHHe AelicTBHA, CaM (dauT
TaKoro HedocTarka (UKCHPYETCS C NOMOLULbIO OyJIeBCKOIC
napaMerpa — nepeMeHHO# h.

EfuHCcTBeHHBI BBIXOJ — NO3aHMCTBOBATh 3J€MeEHT
OJHOH M3 coceAHHX cTpaHuu, ckakem ¢ Q. [locko.
BHI30B CTPaHHLUB B ONEpaTHBHYI0 HaMsATb — ONePaLils
JOpOrocTosIlas, Jyyile BOCHOAb30BaTbCS 3TOH Henpuat
HOH cHTyallHell W CAeNAaThb HeuTo GoJblree; HaNpHMCH.
B35iTb He OJHH, a HECKOJMbKO 3JeMeHToB. OO6HYHO 3.1C
MeHTH P H Q nopoBHY pacnpelensiiotcs Ha ofe CTpa-
HHLEH, 3TOT [polecc Ha3elBaeTcs  OAAGHCUPOGKT..
cTpanuy,

KoneuHo, MoxeT cayunTbecs, uto B Q Heuero 3uwil-
MaTb, TIOCKOJIbKY €€ pa3Mep YXXe paBeH MHHHMa.lo-
HOMY —n. B 3ToM ciyuae abiiee UHCJIO 3JEMEHTOR i
P un Q paBHO 21— 1, H MH MOXeM cAurs o6e CTpaHIiLlLi
B OIHY, A06aBHB CIOfAa CpeAHHH 3JEeMEHT H3 pPOAHTC.ib-
ckofl (oast P v Q) cTpaHMubl, a 3aTeM LEIHKOM YHiiu-
TOXKHTb cTpaHHLy Q. STH JpeficTBHS B TOYHOCTH O6paTiik:
npoleccy pasiesieHHss CTPaHHL, H 3a HHMH MOXHO fip~-
CJelHTb Ha NpHMepe ylaJjeHus KJjawouda 22 (pHc. 4.47).
YnajeHue cpeiHero KJOYa Ha POIAMTENbCKOH cTpaliile
BHOBb MOXET NPHBECTH K TOMY, U4TO €€ pa3Mep CTaHuT
MeHblUe KpHUTHuUeckoro M nortpebyeTcss npoBeleHHe cCile-
IHAJbHHX AeHcTBHH (6aJaHCHPOBKH HJM CJAHSHHSA) Ve
Ha cJelyloleM ypoBHe. B 3kcTpeMaJbHOM cayudae C.1if:
HHE CTPaHHI MOXeT pacnpoCTPaHHTbCS BBEPX A0 CAMOi
KOpHeBo# cTpaHHUH. EciM KopeHb cOKpaTHTCs A0 Iy.Je-
BOTO pa3Mepa, TO OH yJlajsieTcs, H T€M CaMHM BbICOTA
b-nepeBa ymeHbuiaercs, PakTHYECKH 3TO eIHHCTBEHHLIM
cayuaif, Korja BLICOTA JepeBa MOMKeT COKpaTHTbca. Ha
puc. 4.49 nokasaHa nocrteneHHas paerpajauus b-gepesa
c pHC. 4.48 B cayuae ylaJieHHst KJiouell B Takofl noc.e-
JOBaTeJbHOCTH:

25 45 24; 38 32, 8 27 46 13 42; 5 22 18 26; 7 35 15;
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Puc. 4.49. Herpapauns B-pepesa sToporo nopsaka.

Kak u paHbe, ToukH c 3anatofi (QHKCHPYIOT Mo«
MEHTH, B KOTOpHeE AeJNalOTCH «CHHMKH JepeBa», T. €. Mo-
MEHTH YHHYTOMEHHS CTPaHHU. AJrOpPHTM HCKJIOYEHHS
B nporp. 4.7 odopmaeH B BHAe npouexypn. OG6parture
BHHMAaHHe Ha ero cXOACTBO C HCKJMIOYeHHeM H3 cbGanan-
CHPOBaHHOIO AepeBa.

B yxe ynoMHHaBluefica paboTte Bafiepa 1 Makxkpefira
NPOBOJAHTCA BCECTOPOHHHA aHaJH3 <«NPOH3BOAHTEJbHO-
CTH» aJrOpHTMOB, OCHOBaHHHX Ha B-mepeBbsx. B uacrHo-
CTH, HCCJIeAYeTCS BONpOC BHGOpPa ONTHMAJNBLHOrO pa3Mepa
CTPaHHIH, 3aBHCALIET0 OT XapaKTePHCTHK BHYHCJHTENb-
HOA CHCTeMH H ee NaMsTH.

B kuure Kuyra, T. 3, ¢. 567—570, o6cyxKpaiotcs pas«
JHYHHe BapHaHTH cxeM Ha bB-nepeBbsix. BoT naunGonee
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MODULE BTree;
FROM InOut IMPORT OpenlInput, OpenOutput, Closelnput, ClogeQutput,
Readlnt, Dane, Write, Writelnt, WriteString, WriteLn;
FROM Storage IMPORT ALLOCATE;

CONST n = 2;
TYPEPPtr = POINTER TO Page;

Ttem = RECORD key: INTEGER}
p: PPtr;
count: CARDINAL
END;

Page = RECORD m: [0 .. 2¢n]: (W0 MMEMEHTOB HA CTPATNS ¢)
po: PPtr;

e: ARRAY[1.. 2sn] OF Item
END;

VAR root, q: PPtr;
x; INTEGER;
h: BOOLEAN;
u: Item;
PROCEDURE search(x: INTEGER,; a: PPir; VAR h: BOOLEAN; VAR v: Ytem);
{» nouck xmoya X B B-epese ¢ KopHeM a; eciH OR HaXOHMHTCA, TO CUETIMX
yBemMuHBaeTcA. ECAH KITiowa HeT, TO BKITIOUAETCA HOBLIA JIEMERY ¢ JUTIOUOM X

Eciu aneMeHT MepenacIca BBEPX, TO 6ro NPHCBARBANT v h 03HaYaeT "Acpeno
CTaJIO BhILUE™ *)

VAR, L, R: CARDINAL; b: PPir; u: Ttem;
BEGIN (=~h=)
JFa = NILTHENh:=TRUE; (+3 nepese ker )
‘WITH v DO
key := x; count = 1;p 1= NIL
END
¥LSE
WITH at DO
L:=1;R:=m+1; (* nponwnii NOUCK *)
WHILEL<R DO
i:=(L+R)DIV2:
1Fefilkey<= x THENL:= i+1 ELSER := | END
END:
R:=R-1;
IF (R > 0) & (e[R].key = x) THEN INC(e[R].count)
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‘ELSE (# Ba 370it CTPAHHIIE ITEMEHTA HeT +)
IF R = 0 THEN search(x, p0, b, u)
ELSE search(x, e[R].p, b, w)

JF h THEN (% BKIMoUeHHO U BIIpano or e[R]+)
JFm < 2en THEN
h:=FALSE;m:=m+1;
FORi:=mTOR+2BY-1DO¢[i]i= ¢[i-1] END ;
e[R+1]:=u
ELSE ALLOCATE(b, SIZE(Page)); (# neperonsenns «)
(+ pacmernesne 2 Ha a B b} cpepuRit aneMenr B b+)
IFR<=nTHEN
IFR=nTHENvV:=y
ELSEv:= ¢[n];
FOR1:=nTOR+2BY-1DOe[i] ;= ¢[l-1JEND ¢
e[R+1]:=
END;
FOR i:= 1TOnDO br.efi] : = at.e[i+n] END
ELSE (*BK/IoYelHEe B NPaByi0 CIPALHIY 8)
R:=R-n;v:i=e¢[n+l]:
FOR1:= 1TOR-1DO br.efi] := atefl+n41] END 3
bteR]:=u;
FOR{:= R+1TO nDO brefi] 1= ate[l+n] END
END;
m:= g b= bhpois VP vpi=b

END
END
END
END
£END search;
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PROCEDURE underflow(c, a: PPtr; s: CARDINAL: VAR h: BOOLEAN)S

(*a = Jle perOTHUBINAACA CTPaHIIA, € = CTpanHua "opefox™
§ = HHOEKC HCIOTIOUAEMOTO B3 C IeMeETa, hi= #)

VAR b: PPtr; VAR §, k, mb, me¢: CARDINALS

PBEGIN mc : = ct.am; (+h, 4t.m = n-1+)

§F s {mc THEN
(+b:= cTpanuna cpaBa OT4¥) 8= s+13
b := ct.efs].p; mb ;= bm; k= (mb-n+1) DIV 2¢
(*X = WACIIO NICMEHOB, HOCTYHbIX Ha CTPaRHuE b+)
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at.e[n]:= ct.efs]; at.e[n}p := bt.po;

IFk> 0 THEN
(*nepefava K aneMenros i3b B %)
FORi:=1TOk-1DOate[i+n]:= bte[i]END:
ctefs] 1= bre[k]; ctie[shp:= b;
bt.p0 = bt.e[k]).p: mb:= mb-k:
FOR1:=1TO mb DO bt.efi] := btei+k] END }
bt i= mb; at.m = n-1+k; h:= FALSE

ELSE (¥ ciHme CIpaRHI 2 H b #)
FORI:=1TOnDO at.e[i+n]:= bt.ei] END}
FOR{.=sTOmec-1 DO ct.e[i}:= ct.e[i+1]END ;
et i=2+n;ct.oi= me-1; h= me<=n;
(+Deallocate(b)+)

END

ELSE (sb := crpannua ciesa ot a )

TFs=1THENb:= ¢t pOELSEb:= ct.e[s-1}pEND;

mb:=btam +1; k= (mb-n) DIV 2;

IF k > 0 THEN
(* nepesaua k anemerro Hab B 2¢)
FORi:=n-1TO1BY-1DO at.efi+k]:= at.e[i] END ;
at.e[k] := ct.e[s]; ar.e[k].p := at.p0; mb ;= mb-k:
FORi:=k-1TO1BY-1DO at.e[i] := br.e[i+mb]END §
at.p0 ;= br.e[mb].p; ct.es] 1= br.e[mb]; ct.els].p 1=2 ag
bt.m = mb-1; at.m:= n-1+k; h .= FALSB

ELSE(scnusume anb «)
br.e[mb] : = ct.e[s]: br.e[mblp := at.p0s
FOR {:= 1TOn-1DO bt.efi+mb] := at.e[{]END ;
brm = 2 ctm i=mec-1; h = me{=n;
{#*Deallocate(a)s)

END

END
END underflow;

PROCEDURE delete(x: INTEGER, a: PPir; VAR h: BOOLEANY:
{(* MOMCK H HCKJTROueHHE KITioya X H3 B-nepena; eanil CTpanmua CTAHOBNINA Mald,
To GIaHCHPOBKA HITH CTHAHKE C coceayeii; hi= cTpanuma a mMama™ *)
VAR, L, R: CARDINAL; g; PPtr;

PROCEDURE del(P; PPir; VAR h: BOOLEAN);
VAR q;: PPtr, (* rnoGameriic a, R +)
BEGIN
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WITH P+ DO
q:= e[m].p;
1F q # NIL THEN del(q,h);
IF h THEN underflow(P, q, m, h) END
ELSE
Pr.elm).p ' = atelR).p; at.e[R] := Pr.e[m];
m:=m-];hi=m<n
END
END
END dey;

PEGIN
IF 2 = NILTHEN (B jicpene xiicT +) h:= FALSE
ELSE
WITH at DO
Li=L R:i=m+1; (+ nsoirmnii gonew =)
WHILEL< R DO
ir= (L+R)DIV 2:
TF i) key <X THEN L:= i+1ELSER = i IND
END;
TFR = 1THENq:= p0 ELSEq := ¢[R-1]p END
IF (R<=m) & (e{k).key = x) THEN
(* HaliIeH, MCKIIOUCIHE #)
JF q = NILTHEN (a — Tep>HIBHAA CIPAILILA *)
m:=m-1hi=m<ln
FORi:=RTOmDO¢i]):= ¢[i+1}END

ELSE dei(q,h);
IF h THEN underflow(a, g, R-1, k) END
END

ELSE delete(s. q, h):
IF h THEN ungzrfiow(a, ¢, R-1, 1) END
END
END
END
END delete:

PROCEDURE PrintTree(p: PPty; level; CARDINAL):
VAR i: CARDINAL;
BEGIN
IFp # NIL THEN
FORi:= 1TO level DO WriteString(" "YEND;
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FORi:= 1TO pr.m DO WriteInt(pt.efi] key, 4) END ;
‘WriteLn;

PrintTree(pt.po, level +1);

;q%R 1:=1TO pr.m DO PrintTree(pt.efi].p, level +1) END

END PrintTree;

BEGIN ( rnaBxas nporpamma »)
Openlnput("TEXT"); OpenOutput("TREE"):
Toot := NIL; Write(">"); Readint(x);
WHILE Done DO

‘WriteInt(x, 5); WriteLn;
TP x>= 0 THEN
search(x, root, h, u);
TF h THEN ( » Bxutioyetie HOBOH KODHEBOR CTpaHuipi+ )
q :== root; ALLOCATE(root, SIZE(Page));
‘WITH roott DO
m:=1;p0:=q:¢[l]:=
END

END
ELSE
delete(-x, root, h);
JFh THEN (* pasmep KOPHEPOH CTPAHHII YMEHBLUMIICH #)
IF roott.m = 0 THEN
q := root; root ;= qr.p0; (+Deallocate(q)s)
END
END
END;
PrintTree(root, 0); WriteLn;
‘Write(">"); ReadInt(x)

CloseInput; CloseOutput
END BTree.

IIporp. 4.7. Tlouck, BKJIloueHHe M HCKaloueHHe u3 D-aepeBoeB.

CyllleCTBEHHOe 3ameyaHue — cjefyeT TOPMO3UTL pasfe-
JIeHHe CTPAHHIl TeM e crnoco6oM, KOTOPHM TOPMO3HTCH
HX causHHe, — 6anaHcHpoBKo# cTpanul. OcTadbHble yayy-
LIeHysl, NO-BHAMMOMY, He J[alOT CYLIeCTBEHHOro BHIHT-
puira. C gcuepnuBaioiuM Ke 0630poM B-AepeBbeB MOXK-
HO MO3HaKOMHTbCA B pabote [4.8].

4.7.2. dBouunnie B-pepeBbsi

Ha nepBhwil B3rasa KaeTcs, YTO HaHMEHbLUMH HH-
Tepec npencTanisior B-gepeBbsi mepBoro nopsaxka (n ==
=1). OpHako uHoOrga cTOMT ofpallaTh BHHMaHHe H HA
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TaKHEe HCKJIOYHTEJbHHE BapHaHTH. TeMm He MeHee cpa3y
Xe ACHO, uto DB-ZepeBbs nepBoro nopsiaka He HUMeeT
CMHCJIa HCNIOJb30BaTh AJIf NpeACTaBjJeHHA GOJbUIMX, YIIO-
PALOYEHHHX, HHAECKCHPOBAHHHX MHOXECTB AaHHHX, Tpe-
OyiolMX BTOPUYHOH MaMATH: BeAb NpHGAH3IHTENbHO 50 %
BCeX CTpaHHL OYAYyT COAEpPXaTb TOJbKO OAHH-eAHHCTBEH-
HHA 3nemeHT. [losToMy 3a6yaeM O BTOpPHYHOA NaMATH
M 3afiMeMcsi BHOBb 3ajJayeil NMOCTPOEHHSA JepeBbeB IO+
HCKa, HaxOAAILHXCA JHUWb B OAHOYPOBHEBOA ONEpaTHB=
HOR NaMATH.

HBouunoe B-aepeBo ([B-mepeBo) cocTOMT H3 Bep-
WHH (CTPaHHU) C OAHHM HJH ABYMA 3JeMeHTamu, Cie-
JOBaTeNIbHO, CTPaHHLA COAEPXKHT [ABE HJH TPH CChWIKH
Ha NMOTOMKOB (OTCIOAa ellle OAHH TepMHH — 2-3-Oepeso).
[To onpenenennio B B-nepeBe Bce JHCTOBHE CTPaHHLH
pacrnosoXeHn Ha OAHOM ypOBHE, a BCe HEJHCTOBHE CTpa«
HHUH (BKJIOYas H KOPHEBYIO) HMeEIOT ABYX HJH Tpex
notoMkoB. [lockosabky Tenepp MH HMeeM JeJO TOJbLKO
C ONepaTHBHONA MaMATHIO, TO cjelyeT 3a60THTbCA 00 KO-
HOMHOM ee  HCNOJb30BaHHH. [loaToMy npeAcTaBieHHe
SJIEMEHTOB BHYTPH CTPaHHUH B BHJE MAacCHBa yXe He
NMOAXOAHT. BHXOA H3 nOJOXKEHHs — AHHAMHYECKOe pa3-
MellleHHe, HA OCHOBE CITHCOYHOH CTPYKTYPH, — T. €. «BHY-
TPH» BEPUIHHH CYILECTBYeT COHCOK H3 1 HaH 2 3jeMmeH-
ToB. Tak Kak KaxJas BeplIHHa MOXeT HMeTb He 6oJjee
TPeX NOTOMKOB H, CJ€J0BaTeJbHO, AOJXKHA COAEPKATb
camoe GoJibllee TPH CCHJIKH, TO MH NONHTaeMcs o6beaH-
HATb CCHJIKH Ha MOTOMKOB CO CCHJIKAMH B CIIHCKE 3Je-
meHToB (cM. puc. 4.50). Takum o06pa3oM, BepIIHHH
B-nepeBa TepsiOT CBOIO LEJOCTHOCTb H 3/7€MEHTH HayH-
HalOT HIPaTh POJb BepUIHH B pery/jsipHOM ABOHYHOM Je-

PO 4
3 b=

Puc, 4.50. [Tpeacrasaenne sepwns J1B-aepesa,
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pese. OnHako ocraercsi HeOGXOZHMOCTb JenaTb paa.rm-|
YHe MeXJAY CCHJIKAMH Ha NOTOMKOB (MO BepPTHKaJH) gy
CCHJKaMH Ha «06paTbeB» B ORHOH cTpaHHuE (MO ropg.
30HTanM). Tak Kak MO FOPH3OHTANH MOTYT GHTH TOJBKO:
CCHIJIKH BNPaBO, TO AJs (HKCAlHH HanpaB/eHHs JOCTa«
TOYHO OJHOrO-eAHHCTBEHHOro paspsina. IlostoMy MH BBO-
JHM OyJeBCcKOe noJe h, rosopsiiiee, 4TOo CCHJIKAa HAET Mo
FOpH30HTAJH. Onpene.neﬂue BEpIIHHH JepeBa, COOTBET-
CTBYIOILee TAKOMY HaNpaBJeHHIO, NpUBEAeHO HHXKe (4.84),
«CxeMa» BeplIMHH OBTa NpejJioXeHa H HcClIeJoBaHa
P, bafiepoM B 1971 r. [4.3]. Takas opraHusanus jgepesa
MIONCKAa TrapaHTHpyeT, YTO MaKCHMaJbHasd JMJIHHA NyTH
p=2+[log N1.

TYPEPir = POINTER TO Node; '
TYPE Node = RECORD key: INTEGER: (4.84}
Jeft, right: Pirs
h:ﬁ BOOLEAN (+ rOpH30RYaNbHAA HPABAA BETBE *)

PaccmatpuBast 3ajjauy BRJIIOuUEHHs] Kawouedl, ciaeiyer
PasJyiHuaThb yeThipe BO3MOMHHX CHTyalMH, BO3HHKaIOUIHX
NPH poCTe JeBHX HJH MNpaBHX NoAldepeBbeB, Bce 3TH
yeTHpe Clyuas NOKa3aHH Ha pHc, 4.51. HanoMmuum, uro
Ansi B-pepeBbeB xapakTepeH pocT OT OCHOBaHHsl BBEDX
K KOPHIO H He06X0JHMO CJeJHTb, YTOOK BCe JIUCTbS GHUIA
Ha oxmHom yposHe. CaMHi# mnpoctoift cayuai (1)— poc®
npasoro nojiepesa BepIUHHH A, nmpHueM A — elHHCTBEH<
HHI 3JeMeHT Ha cTpaHHue (MHHMOH). B 3Tofl cHTyauHm
npeaok B npocTto craHoBHTCS GpaToM A, T. e. «BepTH<
KaJibHasi» CCHJIKA MNpeBpallaeTcsl B «TOPH30HTaJbHYIO».
Ecan BepmnHa A yxe uMeer Gpata, T0 Tako#l npocroit
«0OBOPOT» NpaBOH BeTBH HeBO3MOXeH, Mu nojydyaeMm
CTPaHHIy ¢ TPeMsl BepLIHHaMH, H ee Heo6XOJAHMO pa3ne-
Juth (2), Cpennss BepiuHHa cTpaHHun (B) nepenaercd
Ha CneAylOUIHH BHIILeNeXallHH yPOBeHb.

[Ipeacrasum Tenepn, 4TO pacTeT B BHICOTY JeBoe NOA-
Aepeso BepwHHH B. Ecan B cHoBa omHa Ha cTpaHHIE
(cayuait 3), T. e, ee mpaBasi CCHIKAa YKa3nBaeT JHIUb
Ha npejka, To JeBoe moajgepeso (A) Moxer crar, 6pa-
ToM B. (Tak kak neBas cchlka He MOXeT GuiTb rOpH*
30HTa/bHOH, TO Tpebyercsi HEKOTOpOe NMpOCToe «Bpaileq
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Puc. 4.51. Bxaouvenue cepuwud B J1B-aepeso.

(8)

AR

a c d

HHe» cce10Kk*.) Ecam xe B yxe umeer Gpata, TO
«MOABeM» A NPHBOAHT K CTPAHHULE C TPEMS 3JeMEHTaMH,
Tpebywoulefi pazaenenus. PasjleneHne NpoBCXOAHT OYeHb
npocto: BepwnHa C craHoBuTcs motoMkoM B, a nocaen-
Hsif NMOAHMMAETCSl ypoBHeM Bhlllie (cayua#t 4).

CaenyeT 3aMeTHTDb, 4TO NPH MOHCKE HEKOTOPOTO Kioua
(akTuuecKH HEeT Pa3sHMUB, ABHraeMcss MH BAOJAb TOpPH-
30HTaJbHOM HJH BAOJb BEPTHKAJbHOR CChHIKH., [losToMYy
:a60Ta O TOPH3OHTAJBLHOCTH JIEBOH CCHJIKH B TpeTbeM
cay4ae, KOrja CTpaHHLA COAEPXKHT He Gosee IOBYX 3Jie-
MEHTOB, BHIJISANT HECKOJbKO HCKyccTBeHHOH. M neficTBH-
TEJbHO, aJrOpDHTM BKJ/IOYEHHS CTDAHHO acHMMeTpHYeH

*) KoneyHo, MOXHO HA3BaTb 9TOT NPOLECC «BpallieHHeM» (rofa«
tion), no ayuwe nocMoTpeTb Ha puc. 4.51 (3).— [lpum. nepes.
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B TOM, YTO KacaeTCi POCTa JIEBOTO HJH NPaBOTO MOjje-
peBa, oTclola H Bcs opraHu3auus JIbB-nepeBbeB KaKercs
KakO#-TO HaAyMaHHOH. JloKasaTejbcTBa 3TOH HaayMma-
HOCTH HeT, HO HHTYHLHS TOBOPHT, YTO 3AeChb «YTO-TO He
TO» H HYXHO Onlio 6H OT acHMMeTpHH u36aBHThcs. Tak
NOSABJIAETCS IOHSATHE CUMMETPU4HO20 080U4H020 b5-Oe-
peea (CIB-nepeso), npepnoxexHoe B 1972 r. Bsiiepom
[4.4]. HoBas opranu3anus BefleT K HECKOJBKO JyulleMmy
CpeAHeMy NOHCKY, OAHAKO aJTOPHTMH BKJIOUEHHS H Hc-
KJIIOYeHHS CTaHOBATCS ONATH XKe HecKoJbko 6oJjee ca0x-
HHIMH. KpoMme TOro, B Kaxj0R BeplIHHe HYXHH Telnepsb
ABa paspspa (6ynebckue nepemerHue lh u rh), yxaau-
BalOIHE IPHPOAY ABYX CCHLIOK.

ITockoAbKY MH OTpaHHYHMCSl JHIIb JAeTaJbHEM pas-
60pOM aJropHTMa BKJIOYEHHSl, HaM HYXXHO BHOBb pa-
3o0paTbcs B YeTHpex cJyyasix pocTa noaidepebbeB, OHu
ApHBeJleHN Ha pHc. 4.52: sCHO BHAHO, YTO MH JOGHJHCH
cuMMmerpHH. OGpaTHTe BHHMaHHe: HOpPH pocTe Jw060ro
noAnrepeBa BepIIHHH A, He HMelomel 6paTbeB KOpeHb

v ok mack AR
;w\ TR, ﬁi‘/@{

IRR) /(fDﬁ’@\/@g—"R 'QQ‘ g

i
(B)
PR TR £

DPuc. 4.52. Bxaouyenue 8 CIADB-aepeso.
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3TOro MoJjiepeBa CTAaHOBHTCH AN A GpaToM. 3TOT cJjy-
yall He HyXJAaeTcs B RaJbHeAleM OGCYXAEHHH,

Bce ueTnpe cayyas, npuBegeHHble Ha pHC. 4.52, oTpa-
JKalOT CHTYAUHIO MepenojiHeHHA CTPAaHHUH M ee [mocje-
Aywouero pasfeneHds. OHH nOMeueHH nepBHMH OYKBaMH
HanpaeaeHuf ccuok (L u R) y Tpex GpaTbeB AepeBa
B cepefiHHe pHcyHKa. HavaibHoe mosoxeHHe npHBeReHO
B JeBOA Y¥acTH, B cepeflHHe — TO, YTO MNoJyyaeTcd MpH
nogbeMe HHXHeA BepUIHHH, BH3BAHHOM POCTOM ee MOA-
AepeBa, a B NMpaBo#fl 4acTH — TO, 4YTO MOJyuYaeTcs Moche
nepecTaHOBKH BepUIHH.

XenaTesbHo B MAajbHefileM yixe He BO3BpAIlaThbCA
K MOHATHIO CTPaHHUH, C KOTOPOro HayHHa/jlacb HOBaA
OpPraHH3auHs fepeBa: Belb Mbl 3aHHTEPECOBAHH JHUIb
B TOM, YTO6H MaKCHMaJjbHaA AJHHA MyTH Gbla OrpaHH-
yeHa BeJHYHHOR 2wlog N. [las 3TOro Ke HYXHO OHTb
yBepeHHHIMH, YTO HHrAe Ha J060M H3 nyTel He Berpe-
YaloTc ABe MOAPAA TFOPH3OHTAaJbHHE CChNKH. OnHako
HeT HHKaKHX MPHYHH 3ampeulaTb BEPIIAHH CO CCHHIKAMH
BNpaBo H BJjeBo. [loatoMy mMu onpeneaum CJB-aepesbs
KaK fepeBbs, o6JajalouiHe CaeAyOIMHMH CBORCTBaAMH:

1. Kaxpas BepulHHa COAEPMKHT OAHH KJlo4 H He Go-
Jee ABYX CCHIJIOK Ha nojaepeBbs.

2. CculKH GLIBAIOT TOPH30HTaJbHHE H BepPTHKa/be
Hue. HeT HUM ofiHOro myTH noHcka ¢ ABYMA MOAPAA FOPH-
30HTaJbHHMH CChHIIKAMH.

3. Bce TepMHHa/bHHE BEPUIHHH (BEpPLIHHH, He HMEO-
IHe TIOTOMKOB) HAXOAATCA Ha ORHOM (TepMHHAJbHOM)
ypOBHe.

W3 atoro cnenyer, 4To AIHHA CaMOro NpPOTSKEHHOro
NyTH NOHcka He 6ojee ueM BABOe NpeBHlaeT BLICOTY
nepeBa. Tak kak BmcoTa HHkakoro CJ1B-mepesa ¢ N
BepUIHHAMH He MOXeT 6HTb BHlle log N, To oTcloga che-
RyeT, YTO BepXHsas rpaHuua nyth noucka — 2 «[log N1.
Ha puc. 453 nokasaHo, Kak NMPOHCXOAHT POCT HeTHpeX
TaKHX HepeBbeB, KOrAa B HHX MOCJeJOBATENbHO BKJIO-
Ya10TCA CAEAYIOULHE KJIOUH:

(1) 12,3456 7
(2) 5431276,
3) 6241735
(4) 426, 17,3 5

(4.85)
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Piic. 4.53. Poct CIB-sepesa npu BKMOYEHHH BEPIIHH H3 MGC7E10-
BateabHOCTH (4.85).

B xa)no#i «cTpoke» PHCYHKa NpHBEAEHH NMOCAELOBATE D=
HBEle COCTOSIHHSI COOTBETCTBYIOILETrO JepeBa B MOMECHTLI,
K4K ¥ paHblle OTMeYeHHble B NOC/eJ0BATeNbHOCTH K.11O-
yeH TOYKOH ¢ 3ansiToll. PUCYHKM OCOGEHHO HArJasiHO J10o-
MOHCTPHPYIOT TpeTbe cBoiicTBo C/1B-aepeBbeB — Bce Tep-
MHHaJ/IbHbie BepIUHHLI JeXaT Ha OAHOM ypoBHe. [TosToMY
HanpaluHBaeTcsl CpaBHEHHE STHX CTPYKTYP € TOJBKO 41O
NOACTPHIKEHHBIM Caf0BbIM KyCTapHHKOM.

Aaroputm noctpoenuss CIB-nepeBbeB mnpuBejed B
(4.87). On ocHoBaH Ha ompexenenuu tHna Node (4.80)
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¢ AsyMs komnoHeHTaMH lh u rh, ykasnBawwuMHu Ha ro-
PH30HTAJbHOCTDb JI€BOA H NMPaBOM CCHIKH.

TYPE Node =RECORD key: fategers
count: CARDINAL;
feft, right: Ptr; (4.86)
1h, rh; BOOLEAN
END

Pexypcusuas npouenypa search (4.87), kak R paHb-
e, cJefyeT CXeMe OCHOBHOTO aJlODHTMAa BKJIOYEHHs B
ABoHuHoe aepeso. HloGasasercsa Tpetufi napamerp h, oH
yKa3HBaeT, H3MEHSeTCs MJH HeT NOIJLepeBO C KOPHeM D,
H MOJHOCTbIO COOTBETCTBYeT napaMerpy h B nporpamme
noucka B B-nepeBe. OAHaKO HYXHO yKa3aTb H Ha Mo-
CNeACTBHA MPEACTABJEeHHS CTPaHHIL B BHAe CBS3aHHHX
CNHCKOB: N06as CTpaHHIA MPOXOAHT C NOMOIUILIO OQHOTO
Hau AByx o6GpauwieHufi k npoueaype noucka. Heob6xoanmo
pasauyaTh TaKHe CJAyYaH: BHPOCJIO NOMLEPeBO (yKa3aHe
HOe BepPTHKaJbHOH CCHJKOA) HJAH «6paTcKas» BepuUIHHA
(yKa3aHHasi [OPH30OHTaJbHOH CCHJKOA) MoJdyuHJa elle
oaHoro 6Gparta H, clefoBaTeabHO, Tpebyercs pasjeneHue
cTpanuun. IIpo6GreMy Jerko peuiutTb, e€CaH CYHTaTb, YTO
h npHHHMaeT OAHO H3 TaKHX Tpex 3HayeHHH:

l. h=0: noamepeBo p He NPHBOAHT K KaKHM-1HGO
H3MEHEeHHAM B CTPYKTYpe AepeBa.

2. h=1: BepunHa p noayunJaa Gpara.

3. h=2: noanepeBo p yBeJHYHJOCH B BHCOTY.

3ameruM, uyTo AeHCTBHA IO IMepecTaHOBKe BepLIHA
OYeHb MOXOXH Ha aHaJOrHYHHE AEHCTBHA B aJropHTME
noucka B cGasaHCHPOBaHHHX AepeBbsx (4.63). U3 (4.87)
SICHO, YTO BCe YeTHpe cJyuyas MOXHO peaJjH30BaTh C No-
MOILbI0 MPOCTOr0 «MOBOPOTa®» CCHJOK; B cayyasx LL u
RR 310 oaHoxpaTHHIl moBopot, a B cayvaax LR v RL—
ABykpaTHuA. @Pakthyeckn npoueaypa (4.87) oxa3u-
BaeTCs Aaxe Heckoabko npoue, 4em (4.63). Slcuo, uto
cxeMa ¢ CJ1B-nepeBbsiMu npeactaBaser coGoH ajbrep<
HatHBy KkpHTepuio ABJI-c6anancuposanHoctH. [lostomy
xopoxij)o 6bj0 GH CPaBHMTb HX «[POH3BOAHTEJbLHO<
CTH» *).,

*' BOIMOXHO, KOMY-THGO He HPABHTCS TEPMHH <«IPOH3BOLHTENhb¢
HUCTb» B KOHTEKCTe pasroBopa o mporpammax. Ho uuuero ayumerq,
Het, — Ilpum. nepes,
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PROCEDURE search(x: INTEGER: VAR p: Ptr; VAR h: CARDINAL),
VAR pl, p2: Pir; (+h = 0s)
BEGIN “8n
IFp = NILTHEN (& BXMiouense «)
ALLOCATE(p, SIZE(Node)); h i= 2;
WITH pt DO
Xey ;= x; count 1= 1;
left := NIL; right ; = NIL; 1h := FALSE; rh ; = FALSE
END
ELSIF pt.key > X THEN
search(x, pt.left, h);
IFh> 0 THEN (# BbIpOCIIa NIcBa BETBS *)
IF pt.lh THEN
pl:= ptleft; h = 2; pt.lh ;== FALSE;
IF p1t.Jh THEN («LLs)
pt.left ;= plt.xight; pltxight ¢== p} p 1= pl;
pt.lh:= FALSE
ELSIF plt.th THEN («LR#)
P2 ;= plt.nght; plt.right = p2t.left; p2t.left = pl}
prleft ;= p2t.right; p2t.right := p; p t=2 p2;
plt.rh i = FALSE
END
ELSEh:=h-1;
IFh> 0 THEN pt.lh ;= TRUEEND
END

END
ELSIF pt.key < x THEN
search(x, pt.right, h);
JPh >0 THEN ( BRpocTa NPABas-BeTBE ¢}
IF pt.rh THEN
pl := prright; h:= 2; pt.oh i= FALSE;
IF plt.rh THEN (sRRs#)
ptrright := plt.left; pltleft iz p) p i= pl;
.plt.rh 1= FALSE !
ELSIF plt.1h THEN (+RL+)
p2:= plt.left; plt.left 1= p2t.right; p2+.right := pl3
pt.right := p2t.left; p2t.left 1= p; p 1= p2;

pit.lh ;= FALSE
END
ELSEh:=h-1;
IFh > 0 THEN pt.rh := TRUEEND
END
END

HLSE (« Haiipen +) pt.count ;= pt.couat + 1
END
END search
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Mu ne Gynem npoBOAHTH MaTeMaTHYECKHA aHaJH3,
a CKOHHEHTPHPyeM BHHMAaHHe JIHLIb Ha HEKOTOPHX OCHOB-
HBIX OTAHYHAX. MoXHo aokasath, yro ABJI-c6anaHchu-
poBaHHHE AepeBbs NMPEACTaBAAIOT cO60A MOAMHOXKECTBO
Bcex CJlB-nepesbeB. CienoBaTesnbHO, KJacCc MNOCAEAHHX
wnpe. OTcloaa cieayeT, 4To HX AJHHA NYTH B CpPeAHeM
6oablue, uem y ABJI-aepesbes. 3amerum, uTo HaHXyAUlee
B 5TOM OTHOLUEHHH jepeBo— aepeBo (4) Ha puc. 4.53.
C npyrofi CTOpPOHH, 3Jecb pexe NPHXOAHTCA NepecTas-
JATb BepliHHH. [lostoMy cG6anaHcHpoBaHHHE AepeBbsA
NpeANOYTHTEbHEE B TeX CJyYyasAX, KOrja MOHCK KJloueh
NPOHCXOAHMT 3HAYHTEJNBHO yallle, YeM BKJIOYEeHHe (HJIH HC+
KJioyeHHe). Ecin 3To He Tak, ToO MOXHO OTAATh /mpel-
noureHre H cxeMe Ha CJIB-aepesbsix. OueHb TpyAHO cKa-
3ath, Iie NPOXOAHT rpaHHua. CTporo roBops, OHa 3aBH-
CHT He TOJIbKO OT OTHOIUEHHS MeXJy YacTOTaMH MOHCKOB
H H3MEHEHHA CTPYKTYpPH, HO H OT ocobGeHHoCTed pea-
Au3anud. Hanpumep, 3anucu, cooTBeTcTByIOWIHE Bep-
IIHHaM, MOTYT GHITb MJOTHO YNaKOBaHHHMH, H MO3TOMY
obpalleHHe K HX noJsaM TpebyerT BHAENEHHA yYacTeH
cJioBa.

4.8. NIEPEBbsSl ITPHOPUTETHOIO MOMHCKA

Hepesbsi, H B 4aCTHOCTH, [ABOHYHLE AepeBbsi, Npea-
CTaBJsAIOT CO60A ouenb 3¢(eKTHBHYIO OpraHH3alHIO AaH-
HHX, AN KOTOPHX CYLIeCTBYeT OTHOUIeHHe JHHefiHoft
yNopsAOYEHHOCTH. B npeamaymnx pasaenax MH yike
npeAcTaBHIH HaHGoJiee yacTo BCTpeualouiHecs H306pe-
TaTeJbHHeE cxeMH, o6ecneunBaiouine 3¢ GeKTHBHHA NOHCK
H COMpOBOXJEHHe (BKJIOYeHHe, HCKJIOYEHHE), mpeAcTaB-
JIeHHE TakHX NaHHHX. OAHAaKO AepeBbA, KaK 3TO Kaxer-
cd, 6ecnojie3HH B 3ajauyax, rie AaHHHeE pacrnosaraioTcs
He B OJAHOMEDPHOM, a B MHOTOMEPHHX NpPOCTPAaHCTBAX.
XoTa cayyaih JABYMEpPHOro NpOCTPAHCTBA H sIBASETCA
BO MHOTHX [MDPAaKTHYECKHX MPHJOXEHHAX BecbMa BaX-
HBIM, TeM He MeHee (aKTHuecKH opraHH3auHs 3ddek-
THBHOTO NMOHCKAa B MHOIOMEPHOM NPOCTPaHCTBE OCTaeTCs
ONHOH H3 HauboJNee <«HeyJOBHMHX» npobaeM uHpoOp-
MAaTHKH,

Oxnnako npH BHHMaTeJbHOM 3HaKOMCTBE C CYThIO Jeaa
OKa3hlBaercs, YTO H3 JepeBbeB BCe elle MOXXHO H3B.Jeub
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NnoJb3y, 10 KpaifHed Mepe B cjyuyae [BYMepHLIX TpoO-

cTpaHcTB. B KOHUE KOHIOB, MH Beib pHcyeM Ha Gymare

JepeBbs B AByMepHOM mpocTpaHcTBe. [lostomy naBaiite

KPaTKO MepeuucJHM XapaKTePHUCTHKH ABYX TJaBHHX Bil-

JOB JlepeBbeB, C KOTOPbIMH MH [0 CHX IOp BCTpedadiich,
I. JlepeBo moHCKa ympaBJjsieTci HHBapHaHTaMi:

p.left = NIL > p.left.x < p.x (4.63)
p.right %= NIL - p.x < p.right.x

CIpaBelJIMBHIMH AJi BCeX BeplllH p ¢ kmouoM k. fcuo,
4YTO HHBAapHAHTOM OrPaHHYHBAIOTCS JHIUb 20PU30HTA.10-
Hble TOJOXKEHHS BEepIUHH, a BepTHKAJbHbIE MOJOH{eHIA
BepLIHH MOXHO BbIOMpaTh TaK, YTOOH MHHHMH3IPOBATH
BpeMs AOCTyna NpH NOHCKe (T. e. MJHHY DyTH).

2. ITupamupa, HasbiBaeMasi TakXe 0epesom ¢ #Hrta-
pureTom, ylpaBaseTcss HHBapHaHTaMI

p.left #= NIL > p.y < p.left.y (4.89)
p.right s NIL - p.y < p.right.y

CnpaBelJIMBLIMII AJ1 BCEX BepllnH p ¢ KaouoM k. B atoy
c.nyqae SICHO, UYTO HHBapHaHTaMH OrpaHHyHBaIOTCA TOIb-
KO 8epTuKaAbHble NNOJOZKEHHSA.

Ka}KETCH BIIOJIHE €CTEeCTBECHHbLIM Oﬁ”bellHHI{Tb 3ITH JABa
VCIOBIS sl ONpeleNeHlss HEKOTOpofi JApeBoBHINOIl
OpraHHsalnyy B ABYMEPHOM I[POCTPaHCTBe, rje Kazlas
BEeplUlliHa IIMeeT ABa KJloya: X H Y, KOTOpHE MOIZKHO pac-
CMaTpHBaTb KaK KOOPAMHATH AaHHOIl BepluiuHbl, Takoe
JepeBo mpeAcTaBasieT co60i MHOXKECTBO TOYWEK Ha M-
CKOCTH, T. €. B JABYMEpPHOM J€KapTOBOM MpOCTPaHCTBE,
[03TOMY TaKHe JepeBbs Ha3blBalOTCA dexaprogolMu 0dé-
pesvamuy |4.9]. Mn ke npegnountaeM ynorpe6asaTb
TEpMIIH Jepesvs NPUOPUTETHO20 NOUCKA, TOCKOJbKY M3
Hero cJefyeT, UTO 3Ta CTPYKTypa npousounia u3 o6b-
C€IHHEHHUs AepeBbEB C HpI{OpHTeTaMH H lIGPEBbEB noncka.
A HUX XapakTepHbl HHBapHaHTHl, COpaBefJUBHEe 117

Ka)XJ0# BEPUIHHH p:
p.left 5= NIL — (p.left.x < p.x) & (p.y << p.left.y) (4.90)
p.right = NIL - (p.x < p.right.x) & (p.y < p.right.y) =

OxHako HeT HHYEro yAHBHTEJLHOrO B TOM, YTO «[OKCKO-
Bhle BO3MOXHOCTH® TaKHX AepeBbeB NPaKTHUYECKH KpalHC
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G6eaHH. B KoHue KOHIOB, 60/abWas CTeneHb CBOGOAH
B BHOOpe NONOXEHHA BEPUIHHH CTAHOBHTCH HEAOCTAT-
KOM, H MH Oojbllle He HMeeM BO3MOXHOCTH BHOHpATb
pa3mellleHHe, Belylllee K KOpPOTKOMY nyTH. M nefictBh-
Te/IbHO, YXKe Hesb3fl TaDaHTHPOBaTh AJA YCHAHRA, saTpa-
YHBAaeMbIX Ha NOHKCK, BKNIOUEHHe HJH HCKJIOYeHHe 5Je-
MEHTa, KaKHX-JH60 «aorapupMHIecKKX» rpaHnl. U xota
C STHM MH YXe BCTPEYajHCh B CJlydae MpOCTOro, Hec6a-
JIaHCHPOBAHHOTO AepeBa NOHCKA, TeM He MeHee BepoOAT-
HOCTb XOpOLIEro B CpefHeM MNOBeAEHHA CXeMH KpaifHe
mana, Jlaxe eile xyxe — AeACTBHA 1O CONMPOBOXACHHIO
MOTyT CTaTb MOYTH HeynpaBjsfeMHMH. PaccMOTpHM,
HanpeMep, AepeBo ¢ pHc. 4.54(a). Bkawouenne HoOBOA
BepwHHH C ¢ KOOPAHHATaMK, TPeGYIOUIKMH Pa3MECTHThb
ee BHlle H MeXAy A H B, NPHBOAHT K 3HaUHTENBHHM
saTtparam no nepecrtpofike (a) B (b).

aKKpeAT NpeiJIONKHA CXeMy, MOXOXYylo Ha GajaH-
CHPOBKY, B KOTOpPOA 3a cueT 60Jee YCAOXKHEHHHX omne-
paunfi BKNIOYEHHA H HCKMIOYEHHA YAACTCH TapaHTHPO-
BaTb JOrapudmMuyecKHe OLEHKH AJAA STHX ONepaiuil.
Ol Ha3Ba/l COOTBETCTBYIOLLYIO CTPYKTYPy A€PEeBOM MO«
HCKa ¢ mpHOpHTeTOM [4.10], 0AHAKO B COOTBETCTBHH C Ha«
weR KaacchpukauHer ee caeaoBano 6n HasBath cOa-
Aancuposantbim  Oepesom noucka ¢ npuoputerom. OT
PacCMOTPeHHA 9TOH CTPYKTYPH ML BO3JAEPIKHMCA H3-3a
€e CJA0XKHOCTH H NMPAKTHYECKOR MaJIONPHrOAHOCTH, 3aHH«
Maacb GoJiee OrpaHHuYEHHON, HO MPAKTHYECKH He MeHee
«371060AHeBHOR» npo6aemoli, MakKkpefT npeAnoXHa el

-

{a) b}

Puc, 4.54, Bratouense B nepeeo NPHOPHTETHOrO MOHCKA,
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OAHY CTPYKTYPy AepeBa, KOTOPYIO MH 3JecCh  JAeTajLlo
o6cyaumM. BMecTo HeorpaHWYeHHOrO NPOCTPAHCTBA Mo-
HCka Mm OyleM paccMaTpPHBATh /[aHHHE B NPOCTPaH-
CTBE€, OrPAHHYEHHOM IPSIMOYrOJILHHKOM C ABYMS OTKPHhi-
THMH CcTOpoHaMH. ['paHHYHHe 3HaYeHHS AJAA KOOPAi-
HaTH X Mnl OyaeM 00603HayaTh yepe3 Xmin H xmax.

B cxeme ¢ (Hec6aslaHCHPOBAHHBIM ) A€PEBOM nOlCKa
C MPHOPUTETOM, YIOMSIHYTHIM BhIll€, Ka)XAas BePIIHHA p
JeNHT IJIOCKOCTh NpPAMOH X == p.X Ha JABe YacTH. Bce
BEDIIHHH JIEBOrO NOAJepeBa HaXOASTCH CJeBa OT Hee,
a BepIIHHH NPaBOTO NoadepeBa — cnpaBa. as addek-
THBHOTO MIOHCKa TaKOH BHOOP MOXeET 0Ka3aThCs HEMNOM-
xoaaumuM. K cgactpio, M MOxKeM BHGHPATh pasiensio-
LLYI0 NMPAMYI0 pa3jHYHHMH crnoco6aMu. CBsXKeM ¢ Kax-
JIof H3 BepIUHH P HeKoTOpwA HuTepBan [p.L ... p.R),
PaHXHPYIOUIHA BCe BeJHYHHH X, HayuHad ¢ x.L a0 x.R
(uckaiouas mocnennee). dto GyaeT HHTepBaJ, B KOTO-
pOM MOXeT HAaxOAHTbCH X-3HaueHHe BepLIHHBL. 3aTeM
NOCTYJIHpyeM, 4TO JIeBHH MOTOMOK (ecai OH ecThb) AOJ-
XKeH HaXOAHTbCS BHYTPH JIeBOH IOJOBHHHI 3TOr0 HUHTEpP-
BaJa, a NpaBHlfi [OTOMOK — BHYTPH IPaBOH MOJOBHHBL
CaenoBate/bHO, pasflensiioniasi npsimas OyldeT He P.X,
a (p.L+p.R)/2. Oas xaxaoro IOTOMKa HHTEPBal
yMeHbllaeTcs BABOe, H, TaKHM 06pa3oM, BHCOTa JepeBa
orpanHyeHa 3HayeHHeM |OZ(Xmax — Xmin). DTO 3akJioue-
HHE BEpPHO TOJBLKO B TOM cJyuae, €CJH HHKakKHe JBe
BEPUIMHH He HMeIOT OJMHAKOBHIX X-3HayeHHH. OpHako
BHIIOJIHEHHE 3TOTO YCJOBHS TapaHTHPyeTCAd HHBapHaH-
70M (4.90). Ecii MH HMeeM [eJ10 ¢ UeJOYHCIEHHBIMH
KOODAMHATaMH, TO Mpeae, caMoe 6oJblilee, paBeH AJHHE
CJIOBA HCIOJb3yeMOH MallHHH. PaKTHUeCKH IOHCK HAeT
aHaJIOTHYHO [OHCKY JeJleHHeM [IONOJaM HJH KOPHEBOMY
noucky (radix search), u moatTomy TakHe AepeBbsi Ha3bi-
BAIOTCS KOpHeBbiMU Oepesbamu NOUCKA € NPUOPUTETOM
(radix priority search trees) [4.10]. B uux uucsio ome-
pauuii, 3aTpayHBaeMBIX Ha IIOHCK, BKJIOYEHHe H HC-
KJIIOYEeHHe, OrpaHHYeHO JIOTapHOMHYeCKOH OueHKOH H
NOAYHHSAETCS B Ka)XJA0H BepliHHe P TaKHM HHBa-
pHaHTaM:

p.left 7= 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<lp.right.y)
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rae

p-M = (p.L 4+ p.R)DIV 2

p.left.L =p.L

p.lefttR ==p. M

p.right.L=p.M

p.right.R=p.R
Ans Bcex BeplIHH P, a root.L = Xmin, root.R = xmax.

Pewalouiee N0CTOMHCTBO KOpPHEBOH CXeMhl 3aKJI0-
gaercs B TOM, YTO OMepalHH NO MNOAAEpPXaHHIO (T. e,
COXPaHEHHI0 HHBAapHAaHTOB NPH BKAKYEHHH HJM HCKJIO-
YEHHH) OTPaHHYMBAIOTCA ONHMM-eJMHCTBEHHHM «pa3spe-
8OM» JepeBa, IMOCKOJAbKY pa3fensiollas JHHHA HMeeT
¢ukcHpoBaHHOEe X BHe 3aBHCHMOCTH OT X-3HauyeHHf
BKJIIO9aeMKhX BeplIHH,

TunuaHuMH A0S JepeBbeB MOMCKA C MPHOPHTETOM
onepauMaMHM SABJAAIOTCA BKJIOYEHHMe, HCKJAIOYeHHe, Ha-
XO0X/leHHe 3JIEMEHTa ¢ MHHHUMAJbLHHM (MaKCHMAaJbHEIM )
3HaYeHHeM X (MJH y), GONbUIMM (MEHbUIMM) 3aJaHHOTO
npenesia, H HyMepalHs TOUYEK, JeXallUX BHYTPH 3aAaH-
Horo mpsMoro yria. Huxe nposoasTcs npoueaypu Aas
BKJIOUeHH U HyMepaluH. OHu 6Ga3upyloTCs Ha TaKHX
ONHCAHMAX THMOB:

TYPE Ptr = POINTER TO Node;
Node = RECORD (4.92)

x: [kmin .. xmax}; y: CARDINAL;

Jeft, right: Ptr

END
OG6paTute BHHMaHHe, YTO HeT HyXK/]W 3aNHUCHIBATL B Ca-
Mylo BepuwnHy atpu6yTel XL u xR. BoJaee Toro, oun
BHUHCAAIOTCA B npouecce noucka. OaHako 310 Tpebyer
BReJleHII1 B DPEKYPCUBHYIO npoueldypy insert asyx mo-
NOJIHHTE/NbHBIX NapaMeTpoB. Hx 3nauenus npu nepsom
o6paweHnd (¢ p ==Toot) paBHm COOTBETCTBEHIO Xmin
M Xmax. ECJIM He CUHTaTb 3TOr0, T0 NPOLECC NMOUCKA aHa-
JIOTHYEH MOMCKY B J1000M, peryJisipHOM AcpeBe MoOHCKa.
Ecan BcTpeuaercs nmycTas BepilHHA, TO 3;1€MEHT BKJIO-
yaercs B AepeBo. Ecau Bepumnua, KOTOpyio HYXKHO BCTa-
BHTb, HMeeT Y-3HayeHHe, MCHbllee 4YeM TakKoe e
3HayeHHe y TOJNLKO YTO NPOHAAEHHOH BEpPUIHHK, TO HOBas
BepuiHHA W 3Ta npoljenHas «MCHAIOTCA MeCTaMH».
11 nakoueu, BepwuHa BKJIOSaeTcs B JeBOE NOANCPERO,
CC/M ee X-3HaUeHHE MEHee CpellHero 3HauyeHHs HHTep-
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Baia, B NPOTHBHOM Cjyuyae OHa BKJOUaeTcs B NpPaBog
nojjepeso.

PROCEDURE insert(VAR p: Ptr; X, Y, XL, xR: CARDINAL);
VAR xm, t: CARDINAL;
BEGIN
1F p = NIL'THEN (# Hex B 1épepe, BKIOUWHIS +)
ALLOCATE(p, SIZE(Node));
‘WITHpr DO
%= X; yi= Yileft 1= NIL: xight 1= NIL
~END
ELSIF pt.x = X THEN (# aiifero; He BK/TIOYATE 4y
ELSE
1F pt.y > Y THEN
ti=zprpprxi=XiXi=t:
t :1-)—. pryipry =YY =t
xrm = (xL -+ xR)DIV 2
9F X < xm THEN ipsert(pt.left, X, ¥, xL, xm)
ELSE {nsert(pr.right, X, Y, ¥m, XR)
END
‘END

END insert

- NpuseneHHass HHXe NpouUeAypa enumerate Hymepyep
BGe TOYKHM X, Y, JexallHe BHYTPH 3aJaHHOrO INPSAMOro
yraa, T. €. YAOBJETBOPAIOMIHE COOTHOWIEHHAM X0 <<
<x<xl uys<Cyl. IIpu o6Hapy:xKeHHH KaX10if TaKoil
TOYKH cJaeayerT obpalleHHe K HeKOTOpoi mnpoueaype
report(x,y). 3amerbTe, 4TO OAHA CTOPOHA OPSIMOro yraa
coBnajaeT C OCbi0 X, T. €. HHXHAA rpaHHua Aanas Y
pasHa 0. DTo rapaHTHpyeT, 4TO Npouecc HymMepauui no-
Tpebyer, camoe Gosbmee, O(log N --s) onepaumn, rae
N — moumHoCTL, npoCTpaHCTBA NOHCKA X, a S— 4HCJO
NpOHYMepPOBaHHBIX BepHIHH.

PROCEDURE enumerate(p: Ptr: x0, X1, ¥, XL, XK: CARDINALY;
VAR xm; CARDINAL;
BEGIN
IFp # NIL THEN
IF (pr.y<=¥) & (30 {= pt.x) & (prx < x1) THEN
report(pt.X, pt.y)
D .

¥m ;= (sL + XR) DIV 2
IF x0 ¢ xm THEN enumerate(pt.Jeft, x0, X1, v, xL, Xm) END ;
EIIE xm < x1 THEN enumerate(pt.right, X0, X1, ¥, xm, XR) END
D
END enutnerate



Ynpaxnenus 331

YIIPAXXHEHUSA

4.1. BeegeM NOHATHE PEKYPCHBHOTrO THMA H GyneM ero OMHCH-
BaTbL TakUM o6pa3oM:

RECTYPE T =TO0

PexypcHBHHA THO ONpejeiseT MHOXECTBO 3HAYEHHA, OMpeAeseHHHX
tTHooM TO, Kk KOTOpoMy A0GaB/ieHo efHHCTBeHHoe 3HaweHHe NONE.
B stoM cayyae onpenenenHe THNa ped (cm. (4.3)) MOXHO YNPOCTHTbL
AO TaKOro:

RECTYPE ped == RECORD name: alfa;
father, mother: ped
END

Kak Gyaer pacnonaraTbCs B NaMATH PeKYPCHBHas CTPYKTYypa, COOT-
BercTBylomas puc. 4.2? OueBHAHO, pPeajH3aflHA Taxoro THna Gyzer
OCHOBHBATBCA HA CXeMe [AHHAMHYECKOro pacnpefie/leHHA NaMATH,
npruen noas father m mother H3 mamero npumepa AONXHH aBTO-
MaTHYeCKH AONOJMHATBCA CCHUIKAMH, CKPHTHIMH OT MpPOrpaMMHCTa,
Kakie TPYAHOCTH MOTYT BCTPETHTubCA MPH peasK3alHH Takofl cxeMmu?

4.2. Oupepennte CTPYKTYPY JAaHHHX, OMHCAHHHX B NocsefHeM
noapasaene pasn. 4.2, ¢ momoinbio samHceR H CchAOK. Moxno am
npeacTaBHTb JaHHNE TAKOrO KAacCA B TEPMHHAX PEKYPCHBHHX TH-
nos, onpefie/ieHHLX B NPEALAYIIEM YNpPaXKHEHRAH?

4.3. TlpexnonoxuM, ¥T0 ecrb ouepear Q ¢ snementamn tHna TO,
MOCTPOSHHAA Ha MPHHOHIE <«NePBHA NpHIIeA — UEPBHA BHUIEA»,
OnpeaenATe MOAY/b C COOTBETCTBYIOUIAMH ONHCAHHEM AAHHHX, 1PO-
UeAYPAMH A/ BKJIOUEHHS H HCK/IOUEHHs S/7eMeHToB H3 Q H QYHK-
uneft, onpeaensiomeR, He MycTa JH ouepefb. B mpomeaypax AONKHH
NpPefyCMATPHBATECA COGCTBEHHHE MEXaHHIMH SKOHOMROTO NOBTOP-
HOro HCNOJIL3OBAHHA NaMATH.

4.4, TIpeauosnoxuM, 3aNHCH B CBA3HOM CNHCKe COMEpXKaT KAlO-
yeBoe mosie, oTHOcameecss X THny INTEGER. Hanrmnte nporpamumy,
COPTHPYWOINYIO COHCOK B MOPAfKe BO3PacTaHHA Kaloded, A sarTem
nocrpofite mpoueaypy, «oGopauHBapnlyio» Takoi CNHCOK.

45. B Kpyrosnx cnHcKax OOHYHO NMPeAYCMATPHBAETCA TaK Ha-
snBaeMHA 3a2040¢0k cnucka (cm. puc. 4.55). 3auem HeoOGXOARHMER
TakHe 3aroJoBkH? HanHmHTe NponeAypn A/ BKJIIOYEHHA, HCKAIO-
4eHHA H NOHCKA SJEMEeHTa, HACHTH)HLUHPOBAHHOTO SaNAHHWM KNI«

Puc. 4.55. KpyroBo#i cnHcok.
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aleinian ot nil

Puc. 4.56. JlpyHanpaB/eHHbA CITHCOK.

qom. [lpoaenaiite 3To AAA CNHCKAa C 3arojOBKOM, a NOTOM — Ge3
3aroJI0BKa.

46. JlsyHanpaBAeHHH{ CIHCOK — 3TO CIHCOK C 3JEMEHTawmn,
¥ KOTOPHX CBS3H YKa3niBaloT B o6e cTopoun (cM. puc. 4.56). OGe
CBAI3H HAYHHAOTCA H3 3aro/oBKa. Kak H B NPeanAylUleM ynpaxHe-
HHH, HaNHIUHTE MOAYJb C NpoUeAypaMH /i IOHCKa, BKJAIOYEHHS H
HCKJIOYEHHS 3JIEMEHTOB.

4.7. Byner JM npaBuibHO paGoTaTe NporpamMma 4.2, eciH BO
BXO/HOM TNOTOKe HeKoTOpasf mNapa {X,y) BCTpeTHTcs G6oJee OLHOro
pasa?

4.8, B nporpamme 4.2 cooGueune «This set is not partially or-
dered» («3TO MHOXECTBO He SBJAETCH YACTHYHO YNOPAJAOYEHHHIM»)
BO MHOTHX CaydasXx GecnojesHo. Jlomo/iHHTe NMporpaMMy Tak, YTOOHW
OHa, ecH LHKJ CPeJH 3JEeMEHTOB CYWLeCTBYeT, BhJaBaja ero fBHO.

49. Hanumure nporpaMMmy, KoTopas GyAeT YHTaTb TEKCT Ji06of
NporpaMMH, BHIENATb H3 HEro ONpejeseHHss mpouenyp M obpame-
HHS K HHM, a 3aTeM MNBTATbCA ONpPeJeJHTb, €CTb JIH CPejH NpOLUeayp
TOMOJIOrHYeCcKas YNOpAAOuUeHHOCTb. Dydem cuutath, uTo P < Q, ecin
Q o6pamaercs k P.

4,10, Hapucyfite JepeBo, KOTOpoe NOCTPOHT mporp. 4.7, eciH
Ha BXOj moaalorcs yucaa 1,2,3, ..., n

4.11. B kakofl ROCNEAO0BATEALHOCTH OyJAyT MOcellaTbcsl BEPIUHHB
JepeBa Ha pHc. 4.23, eciH OHO 06XOJAMTCHA CBEpXy BHH3, CleBa Ha-
OpaBo M CHH3Y BBEpX?

4.12. Hafigute npaBHIO TNOCTPOEHHA TOC/AEN0BAaTENbHOCTH H3
N uuMcea, AN KOTOpol NporpaMMa 4.4 NMOCTPOHT HjeanrHO cOaJaH-
CHPOBaHHOE JiePeBo.

4.13. PaccMoTpHM /iBa NMopsnka 06xoja ABOHYHHX JepesbeB:

al. O6xoauTCs NpaBoe NOAAEPEBO.

a2. Ilocemaercss KOpPeHb.

a3. O6x0/HTCA JeBOE NMORAEPEBO.

bl. Ilocemaerca KopeHb.

b2. O6xo/uTCs NMpPaBoe NMOAAEPEBO,

b3. O6xoauTCsA JeBOE NMOANEPEBO.
HUmeloTes AH Kakue-AH60 OPOCTHe COOTHOINEHHA MEXAY I[OCJeR0Ba-
TEJbHOCTAMH BEepPWIHH NPH o6Xojie MO TaKHM NpaBHJaM H N0 npa-
BHJ1aM, NIPHBEJIEHHLIM B TEKcTe?

4.14. OnpenennTe CTPYKTYPY AaHHLX JAJA NpeACTaBJdeHHA n-ap-
HHX JjepeBbeB. HamnHmuTe npouepypy Ajs o06xoja TakHX XepeBbeB
H TOCTPOEHHS JBOHUHLIX [ePeBbeB C TEMH e 3jeMeHTamu. Ilpea-
MOJMOXKHM, HTO KJIOYH 3JEMEeHTOB 3aHAMaloT k cjaoB, a Kaxnias
CCHIIK2 — OAHO CJ0BO. KakKoB BHHrpHI! B NaMATH IPH HCOOJAbL3O-
BaHHH BMECTO N-aPHBIX JIePEeBbeB JBOHUHLIX?
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4.15. ITpeanonoxuM, NpH NOCTPOEHHH JdepPeBbEB HCNOAL3YeTCs
onpejeaenHe THNa, aHaJOrHYHOE NPHBEREHHOMY B ymp. 4.1:

RECTYPE Tree = RECORD x: INTEGER;
left, right: Tree
END.

Hanumure npouteaypy Ana oGHapyXeHHA 9NeMEHTa ¢ 3alaHHBIM
KAOUOM H BHIMOJNHEHHs Haj HHM onepauun P.

4.16. B uekoTopoii ¢alsoBoil cucTeMe cnpaBoYHHK (ailioB op-
TaUHIOBAE B BHAE YNOPAROuEHHOrO ABOMUYHOro jpepeBa. Kaxpoit
BepIIHHE COOTBETCTBYET HEKOTOPHR hafia, 3Mechb COREPMHTCA HMA
Gaina u, kpome Bcero nNpovero, Aata NocJeAHEro oSPAllEeHHs K HeMy,
8aKOAHPOBaHHAan uenwM uncjaoM. Hanuwmure nporpammy, koropas
ofxonaT mepeBo H ymaaser Bce (hafisin, mocieaHee o6palleHHe K KO-
TOPHIM NPOHCXOAMJIO KO HEKOTOPOH onpexeneHHOR AaTHi.

4.17. B HexkoTOpo# ApeBOBHAHOM CTPYKTYPE ONLITHHM NyTeM
H3MEpHeTCs 4acToTa OGpallleHHss K KaxKAOMY M3 3JeMeHToB. Jlas
STOFO ¢ MOGLIM H3 JEMEHTOB CBA3aH cueTuuk ob6pawmennit. o npo-
fIECTBEH ONpPEeNE/NeHHOr0 BPEMEHH AEPEeBO PeopraHusyercs, AJIA ITOrO
OHO NPOCMATPHBAETCA H C NOMOLUBIO MPOrpaMMu 4.4 CTPOHTCH HOBOE
AepeBO, B KOTOPOE KJIOYH BKJIOYAIOTCH B NMOPAAKE YGLBAHHMA CHET-
YHROB 9acToT oO6paileHHs. HanMwnte nporpaMMu, BLNOHAKOLHE
TaKy peopraHusannmio. Byrer samM cpesHsas AJHHA NYTR B HOBOM
Aepese paBHa, Gosble MR Jax<e 3HAYATENLHO Gosbile AAMHH NMYTH
B OOTHEMANLHOM aepeBe?

4.18. Onucannuft B pasp. 4.5 Meroa aHanMsa aAropHTMa BKJIO-
4eHHS B REPEBO MOXHO HCNOJB30BATb H JJA BHUAC/ACHHA CPeRHHX
agaveHnll nas umcaa cpaBHeHHA C, M uMcAa Nepechliok M, (oGme-
HOB), BHOOJRAEMbIX Npn Guicrpoll coptHposke (nporp. 2.10) mac-
CHB& B3I N 3JIEMEHTOB, CYHTaf, 4TO Bce Nl MepecTaHOBOK A/ N KJlo-
weft 1,2, ..., n paBHOBepoATHH. HafizuTe aHanormio H onpemesHTe
Co & Ma

4.19, HapucyfitTe cGanaHcHposaHHoe AepeBo ¢ 12 BepuiHHam,
HMEIOIMEe MaKCHMAJbHYI0 BHICOTY AJsA Bcex (c6anaHCHPOBAHHHX)
nepested ¢ |2 BepwMHamu. B Kakoil noclefOBaTeNLHOCTH uARO0
BKAKMATL BEPIIHHH, 4TOOW mnpoueaypa (4.63) nocrpemna Ttakoe
Aepeso?

4.20, Hafizute TaKylo NOCJA€NOBATENLHOCTb M3 N SJIEMEHTOB
(BxmogaeMnix), yTo6n npoueaypa (4.63) BwWNONHHNA KaXx@oe H3
seTHpex peficreuii no Ganancuposke (LL,LR,RR,RL) no xpaiineit
Mepe onum pa3s. KakoBa MHHMMasbHas AJHHA TakOl NoOCJIENOBa-
TeNbHOCTH?

4.2]1. Haiiznte Takoe cGanaHCHPOBAHHOE HepPeBO C KJIOYAaMH
1...n B TaKyw nocaenoBaTeNbHOCTb 9THX Kaiodefl, UTOGW fpo-
negypa Hck/woueHusn (4.64) wawoueil 3TOR nNoc/eROBaTENBHOCTH NO
Kpafinel Mepe No onHOMy pa3y BHIMONHHNAZ KaXAYI0 H3 HeTHpex
noanporpaMm GanaHcHPOBKH. KakoBa MHMHEMaJbHas AJAHMHA TaKoft
00C/AeI0BATENbHOCTH?

4.22, KakoBa cpeanss AMMHAa NyTH B AepeBe PuGonauyu?

4.23. Hannmnte nporpammy GOpMHpPOBaHMA fIOMTH ONTHMAJbe
HOro. jepeBa, NMOJOXHB B €e OCHOBY aJropHTM BHGOpa B KauecTBe
KopuA nentpouna (4.78),
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4,24, Ipaancaokun, B IycToe bB-AepeBO BKJIOYAIOTCH Koun
1,2,3, ... (mpor. 4.7). Kakue kmoun npuBeAyT K paciiiennennio
crpanul? Kakve Kamoui NPHBEAYT K YBEJHUEHHIO BHICOTH JAepeBa?
Ecid B TOM (ke MOPAJKE HCKJINOYATL KJAIOYHM, TO KaKHe BH3OBYT
CAHSHHE CTPAlML, a Kakie yMeubluende BHcOTH? OTBeThTe Ha 3Ti
BONPOCH, CYlTasfg, 4TO a) HCHOIB3YeTCT cxemMa ¢ OajlaHCHPOBKOII
(mporp. 4.7) u b) Hcmone3yerca cxema Oe3 OallaHcHPOBKH (mpu
HexBaTKe 6epeTcs OAIH 3JIGMEHT C COCejJHEeH CTPaHHIM).

4.25, Hanuuwiute mporpamMmy IHOHCKA, BKJIOUEHHS M HCKJIOYEHIS
KJoueli M3 JABOHUHEIX D-aepeBnes. Mcmosm3ayfiTe onpejelieHHe Tuna
pepunHe (4.84). Cxema BkMoueHns NpHBedeHa Ha puc. 4.51.

4.26, Hafiaute TaKyl0 OOCJAEAOBATENLHOCTh BKJIOYEHHS Kilioved,
npd KOTOPOil, ecJd HAYaTk C NOycToro cuMmmerpuunoro bB-aepesa,
npoueaypa (4.87) BHIOJHAT Bce uYeThbipe JAeHcTBHS 0o OanaHcH-
poske (LL,LR,RR,RL) mo kpaiineii mepe mo oanoMy pa3sy. Kakosa
camas MaJieHbKas Takasl I0C/e10BaTeIbHOCTh?

4.27. Hanmwunure npoueaypy MAJs HCKJIOYEHHsI 3JIEMEHTOB H3
cuMMmeTpruHOrO bB-aepeBa. Haligure JepeBo H HEKOTOPYIO KOPOTKYIO
NMOC/1eJOBATEJILHOCTh HMCKJAIOYeHHIl, INPUBOAsLLHe @O KpafAHed Mepe
K OJAHOKPAaTHOMY IOSBJEHHIO Kax10ii H3 deThipex CHTyalH#l HOBTOP-
HOH 6ajaHCHPOBKH.

4.28. Hanuwute ompegeneHde CTPYKTYPH AaHHHX H Npolefyphl
AJIS BKJIOUEHHS H HCKJIOUEHHS 3JeMeHTa H3 JepeBa MOHCKA C Ipu-
oputetoM. [Ipoueaypn JOJKHBI OCHOBHBAaThCA Ha HHBapHaHTax
(4.90). CpaBHHTEe HX NPOH3BOJAHTEALHOCTh 'C NPOH3BOAMTEJLHOCTLIO
JJIS JlepeBbeB NIOMCKA C «KOPHEBLIM» NPHOPHTETOM.

4,29, TlocTpojiTe MOAYyJb, colepiKalinii mnpouedAyps, paboTaio-
IHe ¢ fePeBbAMH IOHCKA C «KOPHEBLIM» IPHOPUTETOM:

— BKJKYEHHE TOYKH C KOOPAHHATaMH X, V;

— HyMepauuy BCEX TOYEK BHYTPH 3aJ]aHHOTO KBaApaHTa,

~— [IOHCKA TOYKH C MHHHMAJLHOH X-KOOPAHHATOH B 3afaHHOM KBaA-
panTe;

+— [IOMCKA TOYKHM C MAKCHMaJbHOfi Y-KOOpPAHHATOR B 3afaHHOM KBal-
paHTe;

— IOHCKA BCEX TOYEK, JieXKallux BHYTPH (Iepecekaioliuxcs) KBaA-
pPaHTOB.
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5. [IPEOBPA3OBAHUS KJ/IIOYEM
(PACCTAHOBKA)

5.1. BBEAEHIE

TnaBHE{l BONPOC, TGK A0ATO 00CY:KAaBUIHicCA B I, 4,
GopMyJaHpPOBAJaCA TaK: 3aA2HO MHOMKeCTBO 3/1€MEHTOB,
XapaKkTepH3yeMblX HEKOTOPBIM KJI04oM (B MHOXecTBe
KJoYell 3a4aHO OTHOLIEHHE NOPsiAka); KaK HAaAO opra-
HH30BaTb YNOMSIHYTO€ MHOMKCCTBO, uTOObI MOHCK 3Je-
MeHTa ¢ 3aJaHHBIM KJ/IOYoM INoTpe6oBaj Kak MOXKHO
MeHblle 3arpar? JICHO, uTO AOCTYN K KaXJAOMy 3Je-
MEHTY, PacloJIO>KeHHOMY B MNaMsTI MAalllHbl, B KOHIE
KOHLIOB IIleT uepes onpejeneHHbli aapec namsaru. Cae-
JnoBaTeabHo, cdopmyaHpoBaHHas 3ajava  (akTHYecKH
CBOLUTCH K 3ajaye olpejaeseHlis NOAXOASLLEro OTobpa-
xenns (H) kmoueit (K) B anpeca (A):

H:K—>A

B ra. 4 Takoe oroGparkeHHe CTPOMJIOCH B BHJe BCH-
KHX aJTOpPITMOB [IOHCKa MO CNNCKaM H JepeBbsIM, OCHO-
BAHHBIX Ha pAa3JUUHBIX cnocobax opraHusaul camix
narupx. Ceflyac Mbl ONULIeM ellle OJHH [OAXOHL; OH
W mpolle, !I BO MHOTHX cJyyasix ropasao agpgpexTHBHEee.
{oHeul10, ey NpPHCYLLI 1l HEKOTOPbie HeJ0CTaTKH, HO 00
HTOM Mbl IOTOBOPHM [103Ke.

B Hauwem MmeTofe AaHHbBIe OPraH!I30BaHbl Kak 0ObIY-
nelit Maccun. [lostomy H — orobpaikenue, npeobpasylo-
1ee KJWOYIl B HHIEKCbl MaccHBa, OTCIOAa II NOSBH.IOCH
Ha3BaHlle «npeodpazosarie Katouely, o0bYHO AaBaeMOC
sToMy Merody. CJefyeT 3aMeTHTb, YTO V Hac HeT HIKa-
Koll HyxAb ofpamarbcsd K KakiM-1160 npoueldypaM
LHHAMIYECKOru pa3MelleHlls, BelAb MacCUB — 3T0 OAHH
113 OCHOBHBIX, CTATIyeCcKHX O6beKToB. Meroa npeod-
pa3oBaHus KJoueff YyacTo MCIOJb3yercs [Js TaklX
3ajay, rie MOXHO C YCINeXOM BOCNC/b30BaTheca 11 AL:
peBbAMHU.
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OcHoBHasl TPYAHOCTb, cBsI3aHNHas ¢ npeoGpasoBaHueM
wJAoyedl, 3aKJalodaeTcss B TOM, UYTO MHOXKECTBO BO3MOQIK-
HBIX 3HayeHH 3HAYHTENbHO LIIpe MHOMKECTBa JOMYCTH-
MBIX ajpecoB namaTi (ungexkcos MmaccuBa). BosbmeMm
B KauecTBe MplMepa HMeHa, BKJlOualome 10 16 6yks
i mpeicTabasiouine coboil Kiaoull, HIeHTHQUUHPYIONLIe
OTAe/bHblE IIHAHBHAB H3 MHOXKECTBA B THICAYY [EPCOH.
CaenoBaTtenbHo, Mbl liMeeM JAedo ¢ 26' BO3MOXKHBIMI
KJIOYaMH, KOTOpble Hy»KHO oTo6pasuts B 10 BO3MOKK-
HBIX unAekcos. [lostomy dyHkuus H 6yner dysruuei
Kmacca «MHoro 3uadeniili B olHo sHauenlle». Ecaun nan
HEKOTOpbIH Katou k, TOo MepBblil war ofepauliyn noHcKa —
BblUKMC/AEHHle CcBA3aHHOro ¢ HiM upgekca h = H(k),
a BTOopoil (coBeplleHHO HeOOXOAMMBbIil)— mpoBepka, Aeii-
CTBHTeNBHO Al h uaeHTUOHUlipyeT B MaccuBe (TabJule)
T snemenT ¢ kawuoMm k, T. e. BepHO JH OTHOLIEHHE
T[H(k)].key = k. Orciofa Mbl cpa3sy e CTaJKiBaeMCsl
C TAKUMHU ABYMsl BONPOCAMH;

l. Kakoro Buaa ¢yHKwiio H Hy:HO 1icrnofb3oBaTh?

2. Uto jgenaTb B cHTyauuu, koraa H He ykasbiBaer
Ha MECTOMNOJOXeHHe XKeJaeMOoro ajeMeHTa?

OTBeT Ha BTOPOil BOMPOC: HYXKHO HCMOJNbL30BATb Ka-
KOW-HUOYAb METOA, yKa3blBalOllKil a/jbTepHaTHBHOe Me-
CTONOJIOKEHIIE, CKaxeM uHAekc h’, a ecan m Tam Her
HYXHOrO 3JeMeHTa, — TpeTHii uHgekc h” u 1. 1. Ci-
Tyalusl, KOrAa B YKa3aHHOM MecTe HeT 3/eMeHTa C 3a-
JaHHBIM KJIOUOM, Ha3blBaeTCsl KOH(pAuKTom, a 3ajaua
¢dopMupOBaHlsl aJbTePHATHBHOIO HHAEKCA — paspeute-
Huem KOHauxkTa, B nocaepylollux pasfenax Mbl pac-
CMOTpPHM, Kak Bbi6upate (QyHKUHIO npeobpa3oBaHis
W BO3MOXKHble METO/bl pa3peluleHksl KOHMJIHKTOB.

5.2. BbIBOP ®YHKIINH I[NTPEOGPA30OBAHHN{

CaMmo coGoit pasyMmeercs, uto Ja106as xopowas QyHK-
uis npeobpa3oBaHMs AOJIKHAZ KAaK MOXKHO paBHOMepHee
pacrnpeiensiTb KJIIOYH 110 BCeMy AHanasoHy 3HayeHHil
unjekca. Ecaw 310 TpeboBaHue yaoBJeTBopsercs, TO
IPYTruX OrpaHuuyeHHil yxe HeT, U Ja)ke XO0pollo, ecJH
npeofGpa3oBaHue 6yJdeT BbINisiAeTb KaK COBEPLIEHHO CJay-
yaiinoe. Takasi 0cOGeHHOCTb OOBACHSIET HECKOJbKO He-
HayuHOe Ha3BaHHWE 3TOr0 MeTOAA — «lepeMalblBaHue»
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(xsmupoBanue ¥)), 1. e. ApoGJeHHe apryMeHTa, NpeBpa-
liieHHe €ro B Kakoe-To «MechBo». @yHkunsa xe H Gyner
Ha3biBaTbCA «(yHKUHell pacCTaHOBKH». $lcHO, uto H
JIOJIJKHO BHYHCAATLCA JOCTaTouHo 3¢deKTHBHO, T. e,
COCTOATh H3 OYeHb HeOOJbIIOro 4HCJAa OCHOBHHX apud-
METHYECKHX onepauni.

IIpeacraBum ceGe, uTo ecTb (PyHKUHA npeobpa3oBa-
uua ORD(k), o6o3Hayaiouias nopsAKoBBHIi HOMep KJiO-
9a k B MHOMECTBe BCeX BO3MOXKHBIX KJaiouefi. Kpome
toro, GyaeM CYHTaTh, 4TO HHIEKC MacCCHBAa | JIeXHT
B auanasone 0 ... N— 1, rae N — pasmep Maccusa.
B aTtoM ciyuae fICHO, 4TO HYXHO Bbi6paTh CJAEAYIOLLYIO
(QYHKIHIO:

H(k) = ORD(k) MOD N (5.1)

J1s Hee XapaKTepHO paBHOMepHGe OTO6paXkKeHHe 3Ha-
geHHHl KJIOYa Ha BeCh JHANa30H H3MEHEeHHA HH/EKCOB,
NO3TOMY €€ KJAaAyT B OCHOBY GOJbUIHHCTBa npeobpaso-
BaHH#t kaioueit. Kpome Toro, npu N, paBHOM crTeneHH
ABYX, 3Ta QyHKuHs 3pdeKTHBHO Bbigucaserca. OnHako
eC/AH KJoY nNpeacTaBiser cofofi nmocjieJoBaTesbHOCTD
6ykB, TO HMEHHO OT TaKOH (YHKUMH H ClelyeT OTKa-
3aTbca. Jleslo B TOM, 49TO B 3TOM Cjydyae JONYLIEHHE
0 PaBHOBEPOSITHOCTH BCeX KJawouefi omwn604Ho. B pesyiib-
TaTe CJOBAa, OTJHYAIOLIHECs TOJbKO HECKOJbKHMH CHM-
BoJlaMH, C 60JblI0ii BepOATHOCTbIO GyAYT OTO6paxKaThcs
B OJHH H TOT e HHJEKC, 4TO NPHBeJeT K OYeHb Hepas-
HoMepHOMY pacnpefenenuio. [losToMy Ha npakTHke pe-
KoMeHayeTcs B KauectBe N 6patb nmpocroe uncno [4.7].
CnenctBueM Takoro Bbi6opa 6yner Heo6XOAMMOCTb HC-
NOJIL30BAHHSA MOJNHOH ONepalHH JeJieHHs, KOTOpYK yxe
Helb3sl 3aMEHHTb BbiJleleHHeM HEeCKOJbKHX [ABOHYHBIX
uudp. OnHako Ha OOJBLUIMHCTBE COBPEMEHHLIX MallHH,
MMEIOIHX BCTPOEHHYIO ONepalHIo JeseHHd, 3To He Oy-
JleT Cepbe3HbIM NPENnATCTBHEM.

Yacto ymotpebaserca GYHKLHA pPacCTaHOBKH, «CO-
cTofllasi» M3 JIOTHUECKHX omepalufi, CKaxeM <«HCKJIO-
YaIOIIero HJHu», NPHUMEHEHHBIX K HEKOTOPOH 4YacTH KJiO-

*) B pycckolf JuMTepaType, K COXaJeHHIO, OueHb 9acTo ymoTpeb-
Asetrca 39To €n0BO, XoTA ewe B 1956 r. Oyaywnd akageMHK
A. Tl. Epuios Hayan HCMOJb30BaTb PYCCKHMA TePMHH «paccTaHOBKA»,
KOTOPbIM MH H GyaeM mogb3oBatbcs. — Ilpum. nepes,
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4a, paccMaTpPHBAEMOro Kak I10CJeA0BaTeJbHOCTb ABOIY-
HBIX uuepp. Ha HekoTOpbX MalmMHAX TakHe omepauuu
MOryT *) BHNOJNHATLCA GbICTPEe, YeM JeJsleHHe, HO NHOTAa
OHIl pacnpeiensiloT KJAOYH N0 AHANA30HY [3MEHEHHH
Janeko He paBHOMepHO. IToatomMy Mul He 6ydeMm AeTadib-
HO B HHX pasfupaThCH.

5.3. PASPEHIEHHE KOH®J/IHMKTOB

Ecanl obHapyxuBaeTcs, 4TO CTPOKa Tab.aiubl, COOT-
BETCTBylOulasi 3a4aHHOMY K04y, He COAEPKIHT Kejnae-
MOrO 3JIeMeHTa, TO, 3HaYUT, NPOU30ILEN KOH(DJAHKT, T. e.
ZlBa 3J€MEHTa HMEIOT TakKHe KJUH, KOTOpble oTo6pa-
JKATCA B OAHH M TOT Xe HHAeKc. B artoii curtyauun
Hy!XHA BTOpas NONMBITKA C HHAEKCOM, BIOJHE Ompeac-
JCHHBIM 00pa30oM MNOJMyYaeMbIM H3 TOr0 ;Ke 3aAaHHOrO
katoya. CyllecTByeT HECKONbKO METOAOB (GOPMHDOBAHIIA
BTOPHYHOrO HHAeKca, OueBMAHbBII NpHEM — CBA3LIBATD
BMeCTe BCE CTPOKH C MAEHTHYHHIM NEPBHYHBIM HHAEKCOM
H (k). npeBpamas ux B cBsi3anublii cnucok. Takoit npuem
Ha3blBaeTCss npameim cseaswvisanuem (direct chaining),
DNeMeHTH NONYYaIOLIErocsi CIMCKa MOTYT JH60 MoMe-
aTbCA B OCHOBHYIO Tabauuy, NM60 HET;, B 3TOM CJayyae
laMsaTb, rJe OHH pa3MelaTcss OObLYHO Ha3hLBaeTcs
obaactoro nepenoanenus. HepoctaTok Takoro npuema
B TOM, HYTO HYXHO CJeAHTb 33 TAaKUMII BTOPHUHBIMH
CIHCKAMH H B KaXJAOH CTPOKe OTBOAMTb MeCTO AJ#
CCbIIKH (MM HHAEKCa) Ha COOTBETCTBYIOIIMH CHHCOK
KOHQIMKTYIOUIHX 3J1eMEHTOB.

Hpyroit npueMm paspelleHHss KOH(MJIIKTOB COCTOHT
B TOM, YTO Mbl COBCEM OTKa3blBaeMCs OT CCHIJIOK H BMe-
CTO 3TOr0 NpocMaTpHBaeM ApyTHe CTPOKI TOH Xe Tab-
JHULB — J0 TeX NOp, MOKa He OOGHAPYXKHUM KelaeMblil
3JIEMEHT WJH XK€ NYCTyl0 CTPoKy. B nmocaeaneM cayuae
MBI CYHMTaeM, UYTO YKa3aHHOTO KJYa B TabJHLe HeT.
Takoil npueM HasbiBaeTCsi OTKPbITOL adpecayued 15.1].
EcTecTBeHHO, 4TO BO BTOPOH MNOMBITKE IM0OCAEA0BaTE b=
HOCTb HHAEKCOB AOMXKHa ObiTh Bcerjga OAHOH H TOH XKe

*) 310 He coBceM TaK!: JIOTHHECKHE oONepauilt gcezda 6yayr
BBIMONHATECH GulcTpee JesieHHs (ecnd 310 1€ AeNEli€ Ha cTeneHb
Asoliku). — [lpun. nepee,
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A 11060T0 3alaHHOTO KJaKYa. B aTom CJlyuae aJTrOpHUTM
RPOCMOTpA CTPOUTCS MO TaKoi cxeMme:

n:=Hk):i:=0;
REPEAT {52
IF T[h)key = kK THEN saesenr yaiiden
ELSIF T[hl.key = free THEN sievenra ¢ zadatie ner
ELSE (& RougummKi )
it=i+1;h:= H(K) + G}
"o
UNTIL auGo malidon, ado Her ¢ eOause (au00 ona noata;

B autepatype npeasarajuch camble pasHble (QYHK-
uun G (i) ans paspeweHus koHbauKTOB. IlpuBeaeHHbil
B pabote Moppuca [5.2] (1968) o630p cTuMyauposan
AKTHBHYIO HesTeJbHOCTb B 3TOM HanpasjeHun. Camualii
NpocTOil NpHeM — MOCMOTPeTh CJAeAYIOULY CTPOKY Tal-
Jaulbl (6yleM cyHTaTb ee KpPYyroBoH), M Tak A0 TeX Iop,
noxa JAu60 OyneT HafileH 3JeMeHT C YKa3aHHBIM KJlio-
4yoM, aub0 BCTpeTHTCH NycTas cTpoka, CJienoBaTesbHo,
B 3ToM cayyae G(i)=1i, a uupekcn hi, ynotpebasemeie
NDH NOCJeAYIOUIUX NONbLITKAX, TAKOBHI:

ho = H(K)
B = (ty+i)MODN, =181 53

Taxoil npieM Ha3BIBACTCA AUHEUHbIMU 1pobdamu, ero
HCJAOCTATOK 3akKJ/ouaeTcsli B TOM, YTO CTPOKH HMEIOT
TEHJEHLHIO TPYNNHPOBATbCS BOKPYT MEPBUYHBIX KJMOUeil
(T. e. Ka1ouell, A5 KOTOPBIX NpPH BKJAXYEHHH KOH(JIHKTA
He Bo3HHKan0). KoneuHo, xoTenoch Obl BLiOpaTh Takylo
¢yukwro G, KoTopass BHOBb PaBHOMEDHO paccenBaJa
6bl KJIOYIl Mo ocTaBuiiMcst cTpokaM. OaHako Ha npak-
THKE 3TO MNPHBOAHT K CJAHILIKOM OOJbIIHM 3aTpaTam,
NOTOMY INpEeANoYTHTeJbHEE HECKOTOPbie KOMIIPOMHCCHDIC
MEeTOAbl; OYyAy4YH AOCTAaTOUHO NPOCTHIMH C TOYKI 3PCHIA
BhIYHCAEHHI, OHIl Bce »xe Jayumle JaHHellHOA ¢yHKUIH.
OauH M3 HHX — ICNIOJIb30BaHHE KBaApaTHuHOll (QyHK-
LHH, B 3TOM CJyyae IOCJGA0BaTe/ILHOCTD NpPOOyeMbiX
HHAEKCOB TaKoBa.

ho = H(k)

. . (5.4)
h, = (b, -+ i) MODN, >0
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O6paTiiTe BHIIMaHHe, 4YTO €CJAH BOCMOJb30BAThCH pe-
KYPPEHTHBIMII COOTHOILEHHAMH (5.5) nasa hy=1i? u d; =
=2i4 1 npu ho=0 u do=1, To nNpuU BbIYNCAEHIH
OUepelHOro IHACKCAa MOXKHO o06ofiTiuce 6e3 onepatyin
BO3Be/ACHNISA B KBaApar.

hy  =h; 44

{8.5)
&, =d,+2 (>0

Takoil npnem HasbiBaeTcs Kgadpartuunolmy npodasit;
CYLIECTBEHHO, YTO OH M03BOJseT H36eKAThL TPyRMmiIpoBa-
HUsL, MPHCYWIEro JuHEHHHBM npoGaM, He PHBOAA IIpak-
THYeCKH K JONOJIHHTEJNbHBIM BbluHCieHHAM. He6oaplioli
¥e €ro HeNOCTAaTOK 3aK/I0YaeTcst B TOM, YTO NPH [OUCKE
npo6yioTCs He BCce CTPOKN TaBJuLUB, T. €. NPH BKJOYe-
HKH 3JeMeHTa MOXeT He HaWTHCh CBOBOAHOro Mecrta,
XOTsl Ha caMoM Jeste OHO ecTb. Ecan pasmep N — npo-
CTO€ 4YMCJO, TO NPpH KBaApaTHYHHIX Npob6ax MpocMaTpH-
BaeTcs no KpafdHefl Mepe mnoJsoBHHA Tabanub. Takoe
YTBEpAKAEHHE MOYKHO BHIBECTH H3 CJeAYIOUIHX pacCy-
pexuit. Ecaun i-9 v j-1 npobbl NPUBOASAT K OAHOH M Toil
e CTpoke TabaHUb, TO CNpaBelJHBO PaBEHCTBO

i2 MOD N = j2MOD N

HJIH
(i?— j3» =0 (mod N)

Pasnaras Pa3sHOCTb Ha ABa MHOXHTEJS, Mbl noJay-
yaeMm

(i4+p{i—jy.=0(modN)

Iockoabky i%<j, T0 aubo i, aAu6O j AOMKHB GHTL
6onbwe N/2, u4To6bl G6BLIO CNpPaBEAJMBO PaBeHCTBO
i+ j=cN, rae c— Hexotopoe uenoe uyncno. Ha npax-
THKE YNOMSIHYTBII HEJOCTATOK He CTOJb CYUIeCTBeH, Tak
kaK N/2 BTOpHYHBIX MOMBITOK MPH paspelieHHH KOHG-
JIHKTOB BCTPEYaIlOTCH OYeHb PEAKO, IJaBHbIM 06pa3oM
B TeX cJayyasix, xoria TabJHLA MOYTH 3anOJHEHa.

B kauecTse npuMepa ucnONb3OBaHHS MeToma pac-
CeSHHBIX TalJsil TNpHBeLEM MNEPEeNHCAHHYIO NMPOrpaMmmy
(mporp. 4.5) reHepaTopa NEPEKPECTHHIX CCBIIOK —-
nporp. 5.1. IlpuHUMnNHaJbHOE pasjHuHe 3aKAI0YaeTCs!
B npoueaype search u samene cceijouroro tuma WPtr
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MODULE XRef:

FROM InOut IMPORT Openlnput, OpenOutput, CloseInput, CloseOutput,
Read, Done, EOL, Write, WriteCard, WriteString, WriteLn;

FROM Storage IMPORT ALLOCATE;

CONSTP = 997; (+1pocToc wieno, pasMep TAGIHLAL +)
BufLeng = 10000; WordLeag = 16;
free = 0;

TYPE WordInx = [0.. P-1];
ItemPtr = POINTER TO Item:

Word = RECORD key: CARDINAL;
first, last: ItemPtr;
END;
ftem = RECORD Ino: CARDINALY
next: ItemPtr
END;

VAR k0, k], line: CARDINAL;
ch: CHAR;
T: ARRAY [0..P-1) OF Word; (+ MacCHB PiCCTIHOBKH 4}
buffer: ARRAY [0., BufLeng-1] OF CHAR;}

PROCEDURE PrintWord(k: CARDINALY;
VAR iim: CARDINAL;

BEGIN lim ;= k + WordLeng;
WHILE buffer[k] > 0C DO Write(buffer[k]); k t= k+1END}
WHILE k < lim DO Write(" *); k 1= k+1 END

END PrintWord;

PROCEDURE PrintTable;
VAR i, k, m: CARDINAL,; item: ItemPtr;
BEGIN
FORk:=0TOP-1DO
IF T{k].key # free THEN
PrintWord(T[k].key); itetn : = T[k].first: m 1= 0}
REPEAT
IFm = 8 THEN
WriteLn; m := 0;
FORi:=1TO WordLeng DO Write(" ) END
END;
m:= m+1; WriteCard(itergt.Ino, 6); item 1= itemt.next
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UNTIL jftera = NIL;
‘WriteLn;
END
END
END PrimiTat{e:

PROCEDURE Diff(§, j: CARDINAL): INTEGER;
BEGIN
LOoOoP
IF bufferfi] # buffer]j) THEN
RETURN INTEGER(ORD(buffer[i])) - INTEGER(ORD(bu{=r{i])
ELSIF buffer(i] = 0C THEN RETURN 0

END;
ir=i+l;ji=j+1
END
END Diff;
PROCEDURE search;

VAR, h, d: CARDINAL; found: BOOLEAN;
ch: CHAR; x: ItemPtr;
(« rnoBansirbte nepemenisie: T, bufter, k0. k1)
BEGIN (* sbiuncriense uusiexca h cosa, Hawnsawmerocs ¢ bulfer [k0] #)
i:=KkO0; h:= 0; ch := buller(i];
WHILEch > 0C DO
h:=(256sh + ORD{(ch)) MOD P; {:= {+1; ch : = buffer]i]
END;
ALLOCATE(x, SIZE(Item)); xt,Ino := line; xt.next := NIL;
d:= 1, found ;= FALSE;
REPEAT
IF Diff{T[h}.key, k0) = 0 THEN (* connapene +)
found : = TRUE; T[h}.lastt.next : = x; Tfh].last 3z= X
ELSIF T[h).key = free THEN (» HOBbIH 3NeMEHT »)
WITH T[h} DO
key = kO, first ;= x; last ;= x
END;
found := TRUE; kO := k1
BLSE (» kondmikr#) h:= h+d;d:= d+2;
IFh>= PTHENh:= h-PEND;
1F d = P THEN WriteString(" Table overflow"); HALT END
END
UNTIL found
END search;



B44 5. Ipeobpasosanus karoueli (paccratnoska)

PROCEDURE GetWord;
BEGIN k1 := k0;
REPEAT Write(ch); buffer{k1]:= chs k1 1= k1 -+ 1 Read(ch)
UNTIL (ch < "0") OR (ch > "9") & (CAP{ch) <"A™)
OR (CAP(ch) > "Z");
buffer(kl] ;= 0C; kL:= k1 + 13 (% orpamnunre:n, «)
search
END GetWord;
BEGIN'k0 :=1; line =0,
FOR k1'i= 0 TO P-1 DO T[kl]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); ling := ling ++ 13
WriteCard(line, 6); Write(" ')}
v, *@": Write(ch); Read(ch)]
VAT "Z"s GetWord }
"fr "t Write(ch); Read(ch) |
vat L2 GetWord|
i, "~"t Write(ch); Read(ch)
END
END ;
‘WriteLn; WriteLn; CloseInputs
PrintTable; CloseOutput
END XRef.

Ilporp. 5.1. Tlocrpoeniie TaGauLbl NEPeKPECTHHX CCHVIOK C HCMOMb-
3oBanneM QYHKUIH PacCTaHOBKII,

Ha tabapuy caos— T, Pynxuus paccranoBku H—sT0
3HayeHHe MO MOAYMAI pa3Mmepa TabauLhW; AAs paspelc-
HUs KOH(JINKTOB OblA4 BbIOpaHbi KBajpaTHUHbie MPOOLL
3axeTuM, 4To Misi ahQeKkTHBHON pabOoTH CYLIECTBEHHO,
Y1066l pazmep TabaHlbl OblJT MPOCTHIM YIICJAOM,

XoTts mnpeobpasoBaniie Kaiodell B JLaHHOM cJayuyae
Kpaiiie 3(Q@exT!BHO, (axkTuyecKn OHO paboTaeT naie
Jyyile, YeM MCTOAbI, OpIEHTIIPOBaHHble Ha MOHCK IO
LepeBbsM, TeM He MCHEC Il eMYy MpPHCYIUH HeKOTopble
nepoctatki. Ilocae mpocMoTpa Bcero TekcTa i HakomnJae-
HHA CJOB, MO-BHAMMOMY, Y HaC BO3HHMKaeT KeJaHue Ha-
neyatath 5TH cJoBa B ajdaBHTHOM mopsake. Ecan mnl
noaAbL30BafliCh AepeBbsiMH, TO 3Ta 3ajaua peuaercs
eCTeCTBEHHbIM 00pa3oM: Be/lb B OCHOBY ObJIO MOJOXKEHO
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‘ynopsifoueHHOe AepeBO mnoHcka ®). OpHako npu mpe-
o6pa30BaHMH KJloYeHd 3TO caeaaTb He TaK [MpPOCTO,
HMEHHO 3J4eChb NOJHOCTbIO H NposBaAseTcs OyKBaJbHOE
3HaueHHe CJ0Ba «nepemaJnbiBaHHe». OKa3hlBaercs, 4TO
Tiepe] MNeuaTbl0 He TOJbLKO HYXKHO NPOBOAHTbL KakKylo-
au60 cOpTHPOBKY (B nporp. 5.1 Mbl 3TOT mpouecc ony-
CTHJH), HO XeJaTeJbHO COXPaHAThb NOCJEeN0BAaTEJbHOCTh
BKJIIOUEHHS] KJIouell, CBsA3biBas HX fBHO B COHCOK. [lo-
3TOMY OYeHb BbiCOKasi B CJydasX NPOCTOro MmoHcka Opo-
H3BOAMTENLHOCTb METOAA PaCCTaHOBOK GYAET CHHXKeHa 3a
cyeT JONOJHHTEJNbHHIX onepauui, HeOOXOAHMBIX AJsl Bhl-
MOJIHEeHHsI BCEX YCJOBHH 3alauyd (pOpMHPOBAHHS YNOPSLO-
YEeHHOr0 yKa3aTessl NepeKpecTHhX CChLIOK.

5.4. AHAJIU3 METOJA TIPEOBPA3OBAHMHS{
KJIIOUEHN

flcHo, uTo B HaubGosee HebJaronpHATHLIX CAyyYanx
NpPOH3BOAUTENBHOCTL MeTOAa NpeoOpa3oBaHUA KJalOUel
NpH BKJIIOYEHHH 3JIeMEHTOB H NOHCKe OyAeT yApyuawouie
niaoxoil. Beap BnonHe BO3MOXKHO, YTO apryMeHT MOHMCKA
OKaXeTcsl TaKHM, YTO BCe BTOpPHYHHe npobbl 6yAyT npH-
XONHTbCA Ha 3aHsAThle MeCTa, a HyxHble (CBOGOAHLIE)
6yaytr BecsKHH pa3 nponyckaTtbes. PaKTHUECKH, ecC/H
YyeJIOBEK HCNOJb3yeT (PYHKUMH PacCTaHOBKH, OH JOJIXEH
ObITb NOJIHOCTbIO YBEPEH B KOPPEKTHOCTH NpIIMEHeHHSA
33KOHOB TEOPHH BeposiTHOCTeH **). Mbl Xe JHlIb XKeJlaeM
y6eHTbCsl, YTO B CpeldHCM uicao npo6 Oyder HebOJb-
mum. Cleayioliie BepOSITHOCTHbIE PacCyKAEHHS NOKa3hl-
BAlOT, 4TO OHO OyJer Jaxe O4yeHb HeOOJbILIHM,

Kax 1 panbule, 6yaem npeanoJaraTbh, YTO BCe AOMNY-
CTHMHE KJIOYH DaBHOBEPOSITHH, H (PYHKLUHS paccTa-
HOBKH paBHOMepHO OToOpakaeT HMX Ha BeCb AHanasoH
HHOeKcoB Tabauud. IlpencraBum cebe, 4TO eCTb HeEKO-
TOPBIA KJIOY M €ro HYXXHO BCTaBHTb B TabJHLy pasme-
pOM 0, rle yXe COAepXKHTCA k 3jJeMeHTOB. BeposTHOCTB

*) CsieayeT HMeThb B OHIY, YTO B OGILENPHHATHIX KOAMPOBKAX
ISO G6ykenl pyccrkoro s3Lika ynopsiiodeHsl He Mo adAdaBHTY., —
Il pus. nepes.

**) B gacthocTH, TO ©03Hayaer, YTO OH AOJAXKeH OulTh yBepeH-
HbIM B PaBHOMEPHOM pacnpefeseHHl HCXOAHLIX KJioyel, OGhYHO
HMEINo 3TO YycJoBHe H Hapyiuaerca. — Ilpum. nepes.
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cpasy jke nonacTb B ¢BO60AHOe MecTo paBHa (n—Kkj/n,
3TO e i BepPOSITHOCTL (Py) TOrO, YTO HYACHO BCErO O1HO
cpaBHeHlle. BeposiTHOCTL 70ro, UTO NOHAAOGHTCS TOUHO
OlHa JAOMOJHIITEJNbHAS [ONbITKA, paBHa BEPOSITHOCTH
KOH(MJNKTa npil NepBoit NMONBITKe, YMHOMXEHHOIl Ha Be-
POSITHOCTb nonafaling B cBoGOAHOE MeCTO NpH BTOPOIi.
Takus o6pasomM, Mbl ModyyaeM OBLLYIO CXeMY BbIYIUCIC-
HIIS pi— BEPOSATHOCTII TOro, uro TpebycTc TOUHO i Nno-
NBbITOK:

Pi = (@K/n (5.6)
P2 = (k/n)» (-k)/(n-1)

P3 = &/n)+ (k-1)/(n-1) « (u-K)/(n-2)

P = (k/n) s (k-1)/(0-1) » (k-2)/(n-2) + ... * (n-K)/(n-i+1)

Ilostomy cpemnee uncio nomwitok E npu B/AOYeHin
k + 1-ro snemenra pasHo:

Exs1= SItL i <k+1inpy )
-= le(@k)/n + 25 (x/n) + (n-k)/(0-1) + .\ +
(k1) » (k/n) » (k-1)/(n-1) # k-2)/(n-2) % ., » 1/(n-k+1)
= (n+1)/(n-k+1)

IMockoabky yucso npo6, HEOOXOAHMBIX AJI pasMellleHIist
HEKOTOPOro K/0Ya, coBnajaeT ¢ YHCJIOM npo6, saTpauil-
BaeMbiX Ha €ro NOHCK, To pesyabTat (5.3) MoxHO Iic-
nosib30BaTh H [AJA BbUliCJeHHs cpefHero uucaa (E)
NOMNBITOK, HEOOXOAMMBIX 115 AOCTyNa B TabJHLe K HeKO-
TOPOMY cJ/lyuaiiHOMY KJ04y. O603HaUUM pa3Mep Tab.aulibl
yepes n, a yepes MM — 4jcj0 KJOyeH, ¢paKTHYecKH NoMe-
pieHHbix B Ta6auuy. Toraa:

E = (Sk:l1<k<m:EBym
= (n+1)s(Sk:l<k<m: 1/(a-k+2))/m
= (“+1)‘(Hn+l‘ﬁ1-m+1)/m

rae H— rapmonnueckas ¢ynxuus. Ee MOXHO anmnpox-
CHMIIPOBaTb TaxkuM BbipaxmenneM: Hn, = lIn(n)+ g, rac
g — siliiepoBa KoHcTaHTa. Ecsn, kpome Toro, eute noi-
cTaBuTh a = m/(n-+ 1), 10

(5.8)

E = (n(n+1)-n(em+1))/a = n((n+1)/(a-m+1))/a .9
= -In(l-a)/a '
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Tabauna 5.1, Cpeanee YHCIO0 MONWTOK B 3aBHCHMOCTH OT Ko3ddu-
HHEeHTa 3aMOMHEeHHs )

2K
01 108
025 115
05 139
075 185
09 256
095 315
099 466

3HaueHHe a, NpUONU3UTENBHO COOTBETCTBYIOIEE OTHOIUE-
HUIO 3aHATOH NaMsaTH KO Bcell HMelolleficA, Ha3biBaeTCHA
Ko3(hpuyuenrom 3anosrenus; a =0 COOTBETCTBYeT Ny-
cToil TabnHUe, a 3HayeHHe & == n/(n - | )— noaHOCTHIO
sanonxenHofi. Cpeanee uucno (E) nonmTok npu no-
HCKE HJM BKJIIYEHUH CAyyaftHO BHIGPaHHOrO KJWOYa
B 3aBUCHMOCTH OT KO3((HIHEHTa 3anoNHeHHA MpUBO-
autcsa B Taba. 5.1. [IpuBeneHHble uucia AefCTBUTENbHO
BbI3bIBAIOT yAHBJeHHe H OOBACHAIOT HCKJIIOYHTENbHO Bbi-
COKYH) TNPOU3BOAHTEJBHOCTh MeTOAa npeoGpa3oBaHHfA
kawueil. Beap naxe npu 90 % 3anonHenus B cpemHeM
Heo6Xx0AUMO Jub 2,56 NONBITOK, 4TOGH OGHApPYKHTb
HEKOTOpbIHi KJIO4 HJIM HalTH cBOOGOAHOe MecTO. 3aMe-
TUM, B HYAaCTHOCTH, HTO 3TO HYMCJAO 3aBUCHT JIHUIL OT
K03 ¢ullHeHTa 3anOJHeHHs, a He OT abCONIOTHOroO yMucaa
NPUCYTCTBYIOLIUX KJIOYeil.

Hai aHanu3 OCHOBHIBAJCS Ha MPEANONOMEHHH, 4TQ
NnpH pa3pelieHHy KOHMAHUKTOB KJIOYH PaBHOMEPHO OTO-
6parkaloTcs Ha OCTaBLIyIOCA cBOGOAHYIO maMsATh. Peanb.
Hble JXe MeTOAbl pa3pelleHHS JAal0T HECKOJbKO XYALYIO
NMPOU3BOAHTENBHOCTb. JleTanbHbIl aHa/NH3 MeTOAa JIH-
HeliHBIX Np0o6 AdaeT TakKoe 3HayeHUe ANA CPEAHEro 4ucja
nonbitok E = (1 —a/2)/(1 — a).

Hekotopbie 3nauenus E(a) nepeuucnenn B taba. 5.2.
PesyabraThl, nonyueHHble Aaxe IJS Takoro «ybororo»
npuHeMa paspeumieHHs KOH(JAHKTOB, HACTOJbKO XODOILH,
4YTO cO6JIa3HUTENbHO pacCMaTpHBaTh MeTOA npeofpaso-
BaHHA KJIioyeil (pacCTaHOBKY) KaK NaHauel OT BCex
6en. Bean npoHM3BOAHTENBHOCTh €ro Bbillle NPOH3BOAH-
TeJbHOCTH METOJO0B, OCHOBAHHBIX HAa HCMO/b30BAHHH Je€-
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Ta6auna 5.2. Cpeanee 4lic10 MOOBITOK NPU HCOONb3OBAHNI MeTw |
antefiHeIX 0pod

a E

0l 1.06

0.25 1.17

0.5 1.50

0.7S 2.50

0.9 5.50

0.9% 10.50.

peBbeB ¢ caMmoll N30LIPeHHOIl opraHH3aulell, 0 KOTCPLIX
Mbl TOBOPILIN (CCJIl CPABHHBAThL KOJIYECTBO IIATOB, lie-
00X0AHMbIX [AJs1 NOICKa HJAIl BKJOYeHHs ). [loaTowmy
BAaXKHO 3/cCb SIBHO YKa3aTb €ro HEJOCTATKH, XOTSl OHH i
TaK OYEBHAHBI NpPH OECNPHUCTPACTHOM PacCMOTPEHIIH.

KoHeuHo, OCHOBHOH HeJOCTAaTOK 10 CPABHEHHIO C ApY-
THMH METOJaMH, OCHOBAHHbIMH Ha AHHAMHYECKOM pa3-
MeIlleHlIH,— 3TO (HUKCHPOBaHHBIH pasmep TabJaHU I He-
BO3MOXHOCTb HAaCTPOHKH Ha peaJsbHble TpeboBaHis ©),
[TosatoMy, ecan MBl XOTUM 136€XaThb HEIKOHOMHOTO lic-
NOJIb30BaHHA NaMATH HJAH HH3KOH NPOM3BOAHTEJBHOCTII
(M1 JaXe NCPernoJiHeHHA TalJHIB), HYXKHO Hay4iTbed
JOCTATOUHO XOpOIIO 3apaHee OLEHHWBATH YICJO KJaccit-
(dHUHpYeMBbIX 3JeMeHTOB. Ecan e 4HC/I0 3/1eMEeHTOB 113~
BECTHO TOYHO, a 3TO KpailHe pelKHH cayuail, TO XKenaaHue
NOJYYHTb  XOPOIUNYK  NPOH3BORHTENABHOCTb  NDHBOIIT
K TOMY, 4TO pasmMep Tal/JHLbI NPHXOMUTCH CJerka yBe-
auuuBaTh (cKamem, Ha 10 %).

Bropo#t 0CHOBHOIl HeLOCTATOK METOAOB, OCHOBaHHBIX
Ha pacCTaHOBKax, CTAHOBHTCH Cpa3y iKe OUEeBH/HBIM,
KaK TOJbKO 3aXOAMT peub O TOM, UTO KJIOUIl HYMKHO HC
TOJIbKO BCT@BJSATb B TabJuLy H OTHICKHBATb, HO I M-
KJaouyaTh H3 Tabuuubl. HMabaTue cTpokn u3 paccrauno-
BOuHOIl TabJaiubl — Belllb KpailHe TPYAHAs, €Call TOJbKO
He HCIOAb3YIOTCS sIBHBIE CIHCKIL B OTAeabHO{l of.aacTil
nepenoatetis. Taxium obpasom, Halo ObITb cnpaBepali-

*) CcbLIKH HA SKOHOMHYHOCTb JNHAMINECKHX MeTOACE pacnpe-

JeleHitst naMaTH OOMAHUHBBEI 3TA NaMsATb He NOIBIAETCA 13 liluero,
oHa OGepercs 113 cpoboanoit namaTH (ukclipoBalinoro pasmepa. Ta-
Kasi NaMATb MOIMKET I {ICYepPNLIBATLCA, H, CaMoe TaaBHoe, AJsl €e

oprasuzauui TpeGyeTcsi MHOrO BpPeMeHH, HHOTAA HacTOabKO MUOrO,
YTO BCe OUEHKH CaMHUX METOLOB, B KOTOPWX HIET QHHAMIIUECKOC
pasmelcuiie, TepAOT BCAKHI cMbich. — [Ipua. nepes.
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BHMHK N CKa3aTb, YTO OpraHu3saunusg naMmard B Bilje Je-
pPeBbeB IMPOAOJIKAET OCTaBaTbhCsl npnB.neKaTe.anoﬁ H
Haxke KeJsaTeJbHOH, KOIAa 06beMbl AaHHDLIX HEH3BCCTHUI,
CHJIbHO BapbHpPYWOTCS1 H HHOrAA NazKe YMeHbIIAKOTCA.

YIPA)KHEHMUS

5.1, Ecan cBnzannas ¢ xamauiM u3 Kaoueil undopmaiig orio-
CliTeJIbHO BeJlilKa ([0 CpaBileHilio C CaMiM KJIOYOM), TO ee lie cae-
AyeT xpahuth B Talauue Bmecte ¢ raoyami. OObsicHuTe moyemy
H OpeAsOXKHTe CXeMY A/ XpaHenus Tawoil mHpopMaLi.

5.2. C npo6aemoii ckon/JeHHs MOJKilo OOpPoThcA Tak. Bwmecto
CNHCKOB Mepelo/JHEHHS MOKHO HCMOJL30BATbL JAepeBbsi [epeno.iHe-
HHA, T.e. OMellaTbh B HEKOTOpOe AepeBO Te KJIOYH, KOTOphE Bbi-
auBaioT KoHoAHKT. CreloBaTeslbHO, Kaxabii 37eMeHT B TabJuue
MOXHO CYHTaTh KOPHeM JepeBa (BO3MO:KuO, myctoro), CpasHiiTe
NpPOU3BOAHTENBHOCTh (OKI1AaeMYi0) ¢ MPOH3BOANTE.ILHOCTBIO METO]a
OTKPHTOIl aapecalnH.

5.3. I1pensocure cxemy, AOONYCKAIOILYIO BKJIOUEHMH M IICKJIO-
4YeHHs M3 TabJHlUbBl DacCTaHOBKH H OCHOBAHHYIO i1a KBaApPaTHUNGLIX
CMelleHHsiX NpH paspeuteHnu KoHoJnkToB. CpaBHHTEe 3KcnepuMen-
TajlbHO TaKYi0 CXeMY CO CXeMOil, HCIO/b3Yioulell OpocTyio Opraitd-
3aluHio HHboOpmauu¥ B BHAe ABOHYHOro aepesa. [lpu cpaBHewuy
Henonb3yHTe caydaliHble [0C/AeA0BAaTeNbHOCTH BKJIOYaeMbiX H MC-
KJi0gaeMbiX KJioygeil,

5.4. OcHoBHOH HEROCTAaTOK MeTOAa pacCTaHOBOK 3aKJ/ioyaeTca
B TOM, 4YTO MNPH HEH3BECTHOM uiC/e 23/71eMeHTOB pasMep TabauLu
pomxed OuTh (QukcHpoBanubiM. [Ipeanosorkum, uto B Bameil cu-
cTeMe CYIUECTBYeT MeXaHH3M AHHAaMHYecKOro pachpeieseHuss Oa-
MmaATH, obecneunBaiolleli Bac Bcerza Hy)Holi maMaTbio. B aTom
caydae, ecan Tabauua H yxke 3amonnena, ¢opmupyetcs 6Gosbluas
Tabauua H’ v Bce kaoun 13 H tpancdopmupyiores aas H’, a na-
M%Tb, 3alinMaBmiasca Tabuuieft H, posspaitaercs aaMmuHicTpaTtopy
cucTenmul. Takoi npollecc Ha3wiBaeTCsi no8TopHoll paccranosxol. Ha«
NuUINTe TporpaMmy MOBTOPiOil pacctaHoBkd ans H pasmepom n,

5.5. Hacto Kalouamy sBIAIOTCS He LCIbE 4HCJAa, 4 [0CTej10Ba-
TeJbHocTH OyxB. Takue cloBa CiliblO Pa3JiiyaloTCs NO AJHHE, H 11X
HEeBO3MOXKXHO 3KOHOMHO H Y0040 pacnoJaratb B 00asx (uKcipo-
BalHOro pasmepa. HanuuMrte nporpamMay Ans MeToda PacCTaHOBOK,
pa6GoTaolyio ¢ K/IouaMii nepemMentioro pas3vepa.
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1. MHO)XKECTBO CHMBOJIOB ASCII

CumBoa bI-OTpAHHYHUTC/H

is
gs
Is
us

.ﬁmunw>\om\7@uhuuuo

0

nul
soh
StX
etx
eot
enq
ack
bel
bs
ht
If
vt
ff
cr
S0
sl

BO3BparT

TOpH30HTaNbHas Tabyasuus
IepeXO/l Ha HOBYIO CTPOKY
BepTHUKANbHAS TaGyAsinus

10

dle
del
d:2

dc3

dc4
nak
syn
eth
car,
ent
suly
ess
fs
BS
18
us,

20

o RH oy

B =~

T |

/

30

O oONOG RN -0

A

-~ Vo

40

OZErXC—"IOTMMUOW>»@

CPeX0] HAa HOBYIO CTPaHHIY
BO3BpaT KapeTKH

CHMBOJIBI-Pa3aeJHTENH

pasaeautess aiinos
pasaenuTeNb rpynn

pasaeauTeNb 3anucei
pas’aenuTeNb CAHHUIL

50

TP TN XECHO®DOTD

o
o

OS> 3 —x"TToa "0 aQAo0ooE

~
@

"

MmN X IR g e g

del
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2. CHHTAKCHUC MOZAY/JIbI-2

LW N> —

s
—~OwWNOLT B

ot o ok
o0 N

15.

16.
17.

18.

19.
20.
21.
22.

. Uneur = 6ykBa {6yksa | luppa}.
. Yucno = Uenoe| BemecrsenHoe.

. Henoe = Hudpa {Uucdpa} |

U,chpaS{U.chpaS} (IIBII‘IICII) |
Hunppa {Uudpal6} "H”.
Bemectsennoe = Hudppa {Uudpa}”.” {Uudpa}
[Mopsimok].
ﬂopﬂ,ElOK — IIEII [II+II I //__II] qu)pa {uﬂq)pa}'
qu)pa 16 —_ qu)pa IIIAIIIIIBIIIIICIIIIIDIIII/E/II,IF',.

. qu)pa —_ qu)paS l ”8” I Ilgll.

5 qu)paS = IIOII I IIIII I ,I2II | II3/I I II4I/I II5III ll6/l| Il7ll.
. Ctpoka = """ {cumBoa}”” |’ {cumpoa}'”,

. Moauwit upenr = Unent{".”Uaent}.

Onucanne KOHCTaHTH = Mpaent ="

BHIpaXKeHHe.

KoncraHuTtHoe

. KoHcraHTHOe BIpa)XeHHe == BripaxeHue,
. OnHcaHHe THna = Haent “==" Tun.
. Tun = Ilpocroft Tun|

MaccupoBniit THI|
3anucHoR THN|
MHoxecTBeHHblR THI|
CcntouHbIA THI |
[MpoueaypHuit THI.
TTpocroit tun = lNonuu HaeHT|
[Mepeuncnenne|
Juanasos.
MMepeuncnenne = " ("CnHCOK HAEHT
Cnucox uaeut = Hpent{”,” Uneur}.
Iinanason = {[Tonuwmit uaenr]” ["KoHcTaHTHOE BHIpa-
Kenue ”.”KoHCTaHTHOe BhlpaxeHHe”]”,
MaccusoBuit THn = ARRAY [Ilpocroit tun{"”,”Tlpo-
croit Tun} OF Tun.
3anucuoit Tun = RECORD Heckoasko cnuckos no-
aefi END.
Heckoabko cnuckos noJeit = Cnucok noJeft {
COK noJeit}.
Cnucok noaeit = [Cnucok uaent ”:” Tun| CASE
{Mnent]”:” Tlonuw# wuaenr OF
Bapuaur sanucu{”|”
Bapuanr 3anucu} [ELSE

II) Il'

n.rn
!

Cnn-



&3

24,
25.
26.

27,

28,
29.

30.

o

32.
33.

34.

35.

36.
. Tepu = ®axrop {Onepauus ymnoxenuns ®axrop }.
38.

39.

41.
42,

43.

31.

2. Cunraxcuc Modyaei-2

Heckoabko cnuckos moseit JEND

. Bapunanr 3anucu = [Cnucok MmeTOK Bapuanra ”:”

Heckosbko cnuckoB nosefi],
Cnucok wmeTok BapHanTa = MeTku Bapuantaf{”,”
Merku BapuaHra).
Metkn Bapuanta = KoucrantHoe Bripaxenue|[”..”
KoncrantHoe Bmpaxenue].
MuoxectBennblit THil = SET OF Ilpocroii Tum.
Ceoutounnii Tun = FOINTER TO Tun.
[Tpoueaypunifi Tun = PROCEDURE [Cnucox d¢op-
MAJIBHHX THMOB].
Cnucok ¢popmanbanx tunos =" (”[[VAR] ®Popmab-
il Thn {7, [VAR]
DopmanbHbiii  THI}] )" [
INoanwfi naexr].
Onncanve nepemenHoll = Cnucok ugedt ”:” Tum.
[Tepevennast = Iloannit upent {”.” Hpent
”["Cnucok Bripaxenuit”]”|""4""}
Cnucok Bupaxennii = Buipaxenue {”,”
BripakeHue}.
Broipaxenune = Ilpoctoe Buipaxenne [OTHOWeHHe
[Mpocroe Buipaxkenue].
OTHO[HEHHG — Il=ll I/#'/ Il<lllll<=lllll>lllll
ll>=lll l
ITpoctoe Brnipamenne==["+"|"—"] Tepm {Onepa-
uus caoxenus Tepm}.
Onepauus croxenus ="+"|"—"|OR.

Onepauus ymHoXxenus ="+"|"”/”| DIV|REM|
MOD|AND
daxrop = Uucso|Crpoka|Muoxectso|[lepemennas

[PakTHueckHe napametpst| |
”("Bupaxenne”)”| NOT dakrop.

. Muoxectso = [[Tosnnit  ugent] “{”[dnement{",”

Daement}] ”}”.
DJyeMeHT = KoOHcTaHTHOe Bhpaxenue [”..”
KoncrantHoe BhipaXkenue].
dakTtHueckue napametrpal = “(” [Cnucok
BhIpaxeHHi ]
Onepatop = [IpucBaupanue)|
O6pamenne k mpouenype |
Ycaoruuii oneparop |

"y r
)’



44,
45.

46.
47,

48.

49,
50.
51.
52.

53.
54.

ITpusroxenusn 353

OnepaTop BapuaHTa |
Lluka ¢ npeayciosHem
Lluka ¢ nocrycaosHeM
Luka ¢ warom |
BeckoHeyHHH LHKI|
OnepaTtop NpHCOeAHHEHHs |
EXIT
RETURN BuipaxeHue.
[lpucBanBanne = [lepemennan ”:=" BupaxeHue.
O6pamenne Kk npoueaype = [lepemeHnas [DakTH~
yecKHe napameTphl].
Heckonbko onepatopos = Onepatop {”;”
Oneparop}.
Ycnosumit onepatop = IF Buipaxkenne THEN
Heckoabko onepatopos
{ELSIF Bnipaxenue THEN
Heckoabko onepartopos}
[ELSE.
Heckoabko onepatopos] END,:
Oneparop Bapuanta = CASE Bupaxenue OF
Bapuaunt {”|” Bapuant}
[ELSE Heckoanbko onepatopos] END,
Bapuant = [Cnucok metox BapuaHTa ”.” Heckonbko
onepaTopos|.
Iuka ¢ npeaycnopiem = WHILE Bupaxenne DO
Heckonbko onepatopos END,
Iukn ¢ nocrycaosHem = REPEAT Heckoabko omne-
patopoB UNTIL Bupaxennue,
Iuka ¢ warom = FOR Haent ”:=" Bupaxenne TO
Buipaxenne (BY KoHcranTHoe
Buipaxenne] DO Heckoabko
onepatopos END.
Beckoneunni#t unka = LOOP Heckoabko onepatopos
END.
Onepatop npHcoeaunenuss = WITH Ilepemennas DO
Heckonbko onepartopos
END.

. OnHcaHHe npoueaypH = 3aroJlOBOK Npoueayph ”;”
56.
57.

(Baok Uaent| FORWARD).
3arosoBok  mnpoueaype = PROCEDURE  Hjpenr

[®opmanbHbe napamerph].
Bnok = {Onucanue} (BEGIN
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Heckonbko onepatopos] END.
58. Onucanne = CONST {Onucanue xoHcTanTw ”;”}|
TYPE {Onucanne tuna ”;"}|
VAR {Onucanue nepemensofi ”;”}|
Onucanne npoueayps ”;”|
Onucaunue momyas ”,”.
69. ®opmanbubie napamerpbl = “(” (CneundHuganus
napamerpos {";”
Cnenudukauns napamer-
pos}]
"y [7:" ToaHbift uaeHT].
60. Cneundurauus napamerpos = [VAR]
Cnucok upedt ”;”
QopMmaabHu# THI,
61. ®opmanpubiit THn = [ARRAY OF] Iloaumii ugenr.
62. Onucanne moayna = MODULE Haent [[Ipuopurer]
7" {Mmnopt} [rcnopT]
Baok Haenr.
63. ITpuoputer = ”[”"KoncranTHoe BulpaxkeHue”]”,
64. dkcnopt == EXPORT [QUALIFIED] CunHcok wuaent
Cnucoxk uaent ",
65. Mmnopt = [FROM Haent] IMPORT Cunucok uaent
Coucok uaeHt 7",
66. Moayans onpenenenuit = DEFINITION MODULE
Hanenr”;” {HUmnopr)}
{Onpenenenue} END Hapent”.”.
67. Onpenenenne = CONST {Onucanne KoHcTaHTH ”;"} |
TYPE {HMaent ["=" Tun] *;"}|
VAR {Onucanue nepemenHo#i ”;”}|
3aronoBok npouenypu ”;”,
68. Moayar = MODULE Hnent [IIpuopurer] ”;”
{HAmnopt} Baok Haenr ”.”.
69. Eaunuua tpancasuuu = Moayab onpeneneHuli|
[IMPLEMENTATION] Moayas.

14 [I/

BeckOHeUHBI LUK — 53 43

Baok — 57 55 62 68

Bapuanrt — 49 48(2)

BapuaHT 3anuci — 23 22(2)

BeiecTBeHHOE —42

BripaxeHnue —33 12 32(2) 39 43 44

47(2) 48 50 51 52(2)
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HianasoH — 18 15

Eaununa Tpancasuuu — 69

34ro10BOK npoueaypbl — 56 85 67

3anucHoll Tin — 20 14

Waenr — 1 10(2) 11 13 17(2)

22 31 52 55 56 62(2) 63
66(2) 67 68(2)

HMnmopt — 65 62 66 68
Koncrantnoe  Boipawe- — 12 11 18(2) 25(2) 41(2)
HiIIC 22 63
Maccupobiii Tin — 19 14
Merkit BapuaHTa — 25 24(2)
MuozKecTBeHHBII! THN — 26 14
MuoxecTBo — 40 39
Moayab — 68 69
Moay.b onpeaeaeHnii — 66 69
Hecroabko onepatopoB  — 46 47(3) 48 49 50 51 52 53
54 57
Heckoabko cnuckos no- —21 20 22 23
neit
Oépaiweniie K npoueiy- —45 43
pe
Oneparop — 43 46(2)
Onepartop BapilaHra — 48 43
Onepartop npucoefiniHe- — 54 43
Hiig
Ounepauiisl CJIO¥KeHHs — 36 35
Onepanist yMHOXeHHS — 38 37
Onucanue — b8 57
OnucaHile KOHCTAHTH — 11 58 67
Oniicanie MOAY.JIA — 62 58
Oniicanile nepeMeHHOI — 30 58 67
Onucanic npoyeaypbl — 55 58
Onucaune THNA — 13 58
OTHoueHHe — 34 33
OnpeaeieHHe — 67 66
[Tepemennas — 31 39 44 45 54
[TepeuncacHue — 16 15
[TonHelil HACHT — 10 15 18 22 29 31 40 59 6!
[Topsiaox —5 4
[IpuoputeT — 63 62 68

[TpucsanBaHuc — 44 43
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IlpocToe BhIpaMeHiie

ITpocToit Tun

Tlpoueaypuulil Tin

Creunduxaiuns
METPOB

Crncox BEIpAzKeHItl

Cricox HIeHT

CiliCOK MeTOK BaphaHTa

Cancox no.efl

Cmiicok GopMagbHbIX TH-
NoR

Ccesli1oyHb THI

Crpoka

Tepwm

Tun

Y'CJIOBHBLT OnepaTop

DaKkTiueckie napamet-
phl

daxrop

dopmaabHble
Pl

dopMaJbHbIH THI

Uieno

Ieaoe

Link.1 ¢ noctycaoBieM

Linka ¢ upenycaosiiem

Lk ¢ warowm

Lngpa

Hudpald

Hudpasd

IDKCNOPT

DICMCHT

napa-

napamer-

— 35 33(2)
— 15 14 19(2) 26
— 28 14

— 60 59(2)
— 32 31 42

— 17 16 22 30 60 64 65

— 924 23 49
— 22 21(2)
— 99 28

—27 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

— 7 1 3(3) 4(3) 5(2) 6

—6 3
—83(2) 7
— G 62

— 4] 40(2)



NPEAMETHbBI YKASATESb

Aapec 46

AkTuBHHA Bxoa 145

Anroput™ BetBeit n rpannu 210

An¢a2;m'uun YyacTOTHHII cnoBapb
9

Banancuposka ctpanxy 310
B-aepeso 304

— CHMMeTpHYHOe JBOHYHOR
(COB-nepeso) 320

Baok 58

Bygep 53

BydepHaauns 58
Bucrpas coprHposka 115

BapHanT 3annch 41
BapHaHTHas yactb 42
Bec nepesa 289
Bkatouenne B cnncok 226
BHewnss copTHpoBka 91
BHyTpennss Bepwinna 248
— copTHpoBKa 91
Bosspat 190
BuipasHuBanne 47
Buipoxcnennoe nepeso 247
Bricota nepepa 248

Fay6una nepena 248

Topn3onTanbHoe pacnpeaenenne
154

I B-nepeso 317

Hbeonunoe (6HHapHoe) Aepeso
249

JByxcda3nas coprHposka 128
Hekaproso Aepeso 326

— npou3penenHe 37

Jepeso 247

— noHcka 256

~— - NpHOpHTeTHOrO 326

— ¢ npHopHTeTOM 326
Jepesbs Pubonauyu 274

IHHamHYecKass CTpyKTypa na-
maTH 213

JIHHaMHyeckOoe  pacnpepesieHne
namsatH 217

JHcKpHMHHAHT THRA 4]

Jlnuna nocaegoBartennHocTH 51
— nyTH 248 .

- —— B3BelleHHas 286

- — — obwas 288

— —— BHElWIHero 248

— — sBuyTpeHHero 248
EcrecTBennoe caHsniie 134
3anucy 38

Haeanvho cGanaHcHpoBaHHOe fe«
peso 252

Hanentnoukatop noas 39

HNsasneuenne 60

Hndurcnas sanncs 256

Hckaouenne u3 pepesa 267

— — cnucka 227

KpaapaTHunbe npo6u 341

Kawoy 92

Koudankr 337

KopHeBoe aepeBo noucka ¢ npu<
opHTeToM 328

KocseHHas pekypchs 172

Kosgdnunent 3anonnenns 347

Kpupas I'uavbepra 178

Kpupas Cepnunckozo 182

Jinnefinsie npobu 340
JIHHefinpiA nonck 68
JIner 248

MakcHmanbHas cepHs 134

Marpuua 35

Meanana 121

MeToa COPTHPOBKH C JBOAHLIM
BKJIO9eHHeM 97

— — npamMuM Bu6opom 99

Mewatomee oxHaanue 61

MHuorodasnas coptHposka 148

Muoxectso 44

— eAHHHYHoe (CHHrneToH) 45

MiuoxecTBo-cTenenn 44

MonnTop 62

O6nacts nepenonHenHs 339
O6begHHeHHe MHOXecTB 45
Oannogasnas coptHposka 128
OnepaTtop BapHanTa 43

— npacoegHHeHHs 40
Onpeaenstownit Moayas 55
OntHmanbHoe jepeso 288

— pewenne 205

Ortkat 190

OtkpuiTas aapecauns 339
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TepeMennas ¢ HHIeKcaMk 34

Iepeceuenne MHoOXecTB 45

Iupamuna 326

IToBTOpHas pactTaHoBKa 349

Toanepeso 247

Tlo3nuus 54

TTouck B cnucke 228

— — Ttabanye 72

~— — ynopanoueHHoM cnHcke 231

~— nenexneM mnonoaaM 70

— N0 JepeBy C BKJIIOYECHHEM
259

»— CTPOKH 74

Tlone 38

+— OpHanaxa 41
OC/Ie0BATENLHOCTE Sl

ITocnepopatenpynit goctyn 52

—_ anl'{.’l- 53

Tloctdukcran sanuce 256

Ilotomok 247

IloTpebaresns 59

Hpamg;o cTabuabHux  Gpakos
1
pepox 248

Ipearpancasuusa obpasa 79
ITpeoGpasoranne Kmoues 336
TpedrkcuHas 3anucey 256
Tlponssoputesn 59

Ilpocroe causauue 127

Ilpoxon 128

— no cnucky 228
Ilpouenypa-pynxuua 175
Ilpamas pexypcus 172
Ilpsamoe cea3nBamne 339
Tlpamof nouck crpoku 75
IlpsaMue MeToan COPTHPOBKH 94
IlysupskoBas coptHposka 102
Ilycthie ceprr 152

Pasnenenne crpannun 305
Pasmep Gaoka 58
Pasmemenne 60

Paspeienne xoudpamkra 337
PaccranoBka 338
PexypcuBrocts 214
Pexypcupubifi o6bexkt 171

C6anancuposannoe pepeso 273
— — MOHCKa ¢ NpHOpHTeTOM 327
Ces3anHocTs THNom 219

TlpepmeTHH yka 3aTenb

Cepusa 134

Curuan 61

CHIbHO  BeTRSAINHeCH
250, 300

Causanne 127

— crpanny 310

Caoro 46

CMemenne 49

Conporpamma 164

CoptupoBka MaccHeos 91

— ¢afinos 91

CocTosiHHe NOC/E/0BATENLHOCTR

HepeBb

CrartnyeckHe nepemennne 213
Crenenb BepmHHn 248
Crpoka (cepus) 134
Crpokosnifi THn 72

TepMHHaNbHaA BepminHa 248

Tononoraueckas coprrposka 237F

Tpanchopmauusa npeAcrapaeHAR
64 ’

Tpexnentounoe cananme 128°

¥nakoska 48

Ynopanouennoe sepeno 247
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