H.Bupm
AJITOPUTMBI + CTPYKTYPbI JTAHHBIX = ITPOI'PAMMBbI

Mourorpaduss  M3BECTHOTO  IIBEHIIAPCKOTO  CIICNHATNCTa TI0  CHCTEMHOMY
MPOrpaMMHUPOBAHUIO, 3HAKOMOTO COBETCKMM YHTATEIsIM 10 TEPEBOAY €ro KHHUTHU
«Cucremaruueckoe nporpamMmmupoBanue. Beegenue.» (M.: Mup. 1977). Ona congepxut
OMMCAaHWE M aHaJN3 OCHOBHBIX aJTOPUTMOB, METOJOB MOCTpOeHUsl mporpamm. Kuaury
MO>XHO HCIIOJIB30BaTh M KaK PYKOBOJCTBO IO NMPUMEHEHHIO si3bika [lackanb B 3amavyax
MaTemaTHueckoro obdecrieuenus JBM.

Jis  Hay4dHBIX pPaOOTHHKOB, TIPENOJABATECH, AacUPAaHTOB W  CTYICHTOB,
CIIEIUATTU3UPYIOMIUXCS TI0 MaTeMaTHIecKoMy obecriedeHuo DBM.
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MPEAUCNOBUE PEAAKTOPA MEPEBOOA

¥me Muoro JfieT ropopaT o KpHiuce B 06MacTH NporpaMMHpo-
BAHHA M CO3faHHA aporpaMmHoro obecneyenua. [loaBunace
mMacca TEOPHA 1 HANpas/CHKI, aBTOpH M aNoONOreTH KOTOPHIK
ofeuraloT OsICTPO XOCTaBHTE Kopalab NPOrpaMMHPOBAHHA K 3eM-
Je 00eTOBAHHOMA. ¥iKe OBIAH A A3bKH BRICOKOTO H OYEHb BHICO-
KOTG YPOBHA, H CTPYKTYPHOE NPOTpaMMHPOBAHAE, H LOKA34ATe/b-
CTHO MPABHALHOCTH, H  ACKA3IATCABHOE MpOrpaMMHPOBaHHE,
i1 Macca BesiecKHX TexHoforHi. OAun H3 aBTOPOB #A3BKa AAa
B CBOEM WHTEPBbO, ONYGJHKOBAHHOM B CTApoM H YBa)KaeMmoMm
nporpaMMucTaMn Kypaase Communication of the ACM (1084,
No 4}, n0TeBOpPHACA N0 TOCO, YTO METKOCTh HAUCAHHA POrpaMm,
OKA3BIBACTCSH, U Le Ouia Ueabld pazpaboTkH 5TOro HOBOTO A3HKA
nporpamMHpoBaHHf. B 3Tol CHTYaUWd BCce TpydHee CTAHOBHTCA
YUUTB NPOrpaMMIICTOB XOPOUIO NPOTPaMMEPORATS,

Ha cnoBax sce NpH3HAWT, YTO B OCHOBE NPOrpaMMHpPOBAHHSA
JICKHT TROPUECKHH akT, VY YVUCHHKOB HYMHO Pa3BHBATE CHOOCOD-
HOCTH TBOPHECKH MbICAHTe. M 3iech orpoMHa ponan yuHTend, ue
CTOALKO PACCKa3BIBAIOUIErD O UYEM-TO, CKOJBKO MOKA3HBAKIIED,
K4K OH Jefder T0-TO H T0-70. 3aMeTHm, 4T0 B OcHOBE O0yuYeHHH
H TeflcTBU yuutedn JemHT 10T JKe TBOpUecKH# akr. TBopuecTso
He NOABJACTHO KaHOHaM, METOAHKAM H, TeM (oaece, TEXHOMOTHAM.
[TpezcraBbTe cefe ydefHHK RO TeXHOAOTHM (H3NKH HAM eule
Ayuine MO TEXHONOTHE MATEMATHKH, N0 TeXHOJIOINH COOTBeT-
cTBylolerc MullwaeHds. bBaectawse xkaurk Tlofin muus noarsep-
WAAOT TPABHMIO, YTO TBOpUecTBY yyar Yaurteas. HipH obyucrun
«TBOPUYECKHM CMeUHaAbROCTAM? YUEHHKH He CTOABKO CAYIMAIOT,
CKOARLKD CMOTPAT, UTO T KAk Aedgaer yyarenn, Ouu Habmonawr
BECH MPOUECT ef0 TBOPYECTBA.

Ho uto e meTaTh, eclH BYMHOG 06yuaTh He JecHTKE HJH
COTHH JHOAeH, a4 MHOTIe THCeAYH? B 3TO0M ciyyae Hajlo moga-
FaTLCH HA «IEKOAR», BO (A4BE KOTOPHX CTOAT TakHe KPYNHLIE
Yunrean. B wkogax uponece o6yuesns H BUCHHTAHHA OHATDH-
TaKH OCHOBAaH Ha RGKa3e, HO HOCHT (ojee CAOMHMA XapakTep
H 3axBaTeiBaeT 3HaULTeALHe (oablllee KOAMYECTBO YUEHHKOB,
B nporpaMMHpOoBaENG TAKHX IMKON HecKoAsKo. Oana H3 3apy:
fexHulX WKoa HaxoanTes B Lliopuxe, so ruase ee cront H. Bupr.
Hmenno orcwosa npHuwen aaeradtHwid Ilackans, 3aBoeBaBLIHE



G fipeducacaue pedaxropa nepesoda

NOMTH BeCh MHpP, OTciaa npausid Moayviaa v Meoxyna-2. 3acen
noapnaack KHWra «CHCTEMAaTHYeCKOe TPOTpaMMApOBalHe. Bse-
nenne» ([Tep. ¢ amra, — M. Mup, 1977), 1 orcona me mnoas-
AfeTCs KHMPA, NepeBOM KOTOPOR YHT3TeNb JepHT B pPyKax.

B neli obobller aBTOPCKHA ONET MHOrOJETHero obyueHHS
nporpaMMuposannio, Mckyccrso aBTopa NPOSBHIACCH B TOM, 410
B CBOCH KHHTC OH NOKYEPKHBAET OCHOBONOATAMINAE NPHHIHIIL
npoOrpaMMHPOBAHHA, a He KOHKpeTHble 0CQGeHHOCTH TOro Hau
HHOIO MOAHOrO S3HKa NporpaMMyiposatns. Baarofaps stomy ero
KHHre CYXIeHa OOJFaf MWH3HbL. 3jech NMOYTH HET HHKAKHX pe-
LeNnToB, peKoMedJaluMd, MeTONHK. D710 Habop HpHMEpPOB mpo-
IrpaMM, PG KOTopbie aBTOP roBopuT: «CMOTpHTE, KaK M IoveMmy
1 9TO ARNA0D,

JeficTBUTENBHO, YMTATEAB, NOCMOTPHTE. Ecnu Bur  Tofsko
HJUHHAWIUHA BPOTPAMMHCT, TO Aasn Bac Kuwra ‘Gyaer odvennb
xopolm camoyduteaeM. Ecan B gocTaTOUHO ONEITEH, TO B HeH
Bu oGunapy:KuTe MHOMHe TOHKOCTH, KOTOpLIe NO3BOAAT Bam yco-
peplieHcTBoBaTh Bawl c¢Tanp nporpaMmupoBanus, M wakouen,
"ecan Bt nepBHil pa3 OKyHaeTech B €MOpe MPOrpaMMHDPOBAHHA»
1 He aHaere, yTo Takoe IBM, 1o syulle ocraBbTe 3TY KHHTY HA
nNpANaBKke; MYCTh €€ KYRST Apyrie: Bedb NPOrPAMMHCTOB TAaK
MHOTO, & XOPOIIHX KHHT AJf HHX, K COXa/JeHAl, TAK Manc.

H. b, HoGuueaios



Mocsrwaerce Hawnu

PE ANC NTIOBUE

B nocaefHBe oAbl #poepammuposanie 0a8 GoliCAUTENbHBIL
My CTaao He TOABKO CPEACTBEOM, BAAACHHE KOTOPLIM OKAa3kl-
paeTeA peiliaiomlnM ANA yenemholi paorit BO MHOTHX DpHKAAK-
HHX offiacTax, a Takxe H NpeAMEeTOM Hayiduro uayuexus. Has
peMecaa NPOTPAMMHPOBAHHE NPeBPATANOCE B AKAAEMHUECKYIO
AHCUMTIAHKHY, [lepBule KPYNHLIe DIaTH B 3TOM HANpaBAeHHH OblIA
cidenanpt B padorax 2. Hefikcrpot 1 K. Xoopa, <«3amerxn no
CIPYKTYpHOMY Rporpammuposaunior Hefikerpu *) onpepenund
HOBHH B3TAAL Ha HpOI‘paMMHPOBaHH& K4aK Ha [IpeaAMET Hayl{HOI'O
HAYYEHUA o NoJae IS HHTeMIeKTYAJbHOR HeATeNLHOCTH, 3TOT
ROAX0A GOAYUH HA3BaHHe <«PeBOJIOLHH» B nporpaMMHpOBaHHH.
B cratbe <AKCHOMAaTHYeCKAn OCHOBA MPOrPaMMHPOBAHHA AJA
BHIURCARTENLEBIX  Mamuu» **) Xoop npoaeMOHCTPHpOBAJ, YTO
IIPOFPEIMMIJ[ nmoumalored TOUHOMY ananusy, OCHOBaHHOMy Ha
MaveMaTHUECKHX paccyxfekiax. B stux paborax yGerurenwHo
MOKA33HO, YTO MOXHO H30emaTb MHOMHX OWHOO0K HpOrpaMMi-
pOBaHHR, eCAH NPOrPAMMHCTIL €O 3HaHHeM fena OyAyT npnMe-
HATH T¢ METOALI ¥ NPHEME!, KOTODBI@ OUH paHee KCADALIOBAMM
HHTYHTUBHO M YacTo HeocosHaHHo. OCHOBHOe BHWMAaHKe B HHX
VIAEREHO MOCTPOEHHIO H aHaJAwW3y NOporpamu, HJH, Gofdee KOH-
KPeTHO, CTPYKType aJTOPHTMOR, MPEACTaBACHHMX TEKCTAMH Npo-
rpamM. [IpHyem coBepileHHO ACHD, 4TO CHCTeMATHYECKHH H Hay4-
Hoifl TOAXOR K MOCTPOEHHIO NPOTpaMM BAMEH B NEPBYIO OYepess
B cayqae GOJBLIHX NPOrPAMM €O CHOMHBIMH AaHHBIME. Takam
00pa3oM, MeTOAR INPOrpaMMHPOBAHHS BKJIOUAIOT TakiKe H BCE
B4PHAHTM CTPYKTYPHPOBAHUH RaAHHbIX. [Ipoepammot npeacras-
a7 cofoli. B KOHEUHOM CYETE KOHNKpeTHHWC (OPMYJHPOBKH
a6CTPakTHEIX QA20PUTMOS, OCHOBAHHLIE HA KOHKPeTHHIX Npef-
CTABACHUNX H CTPYKTYpax Oaunsix. Baxkubii BKIAA B yndpsio-
YeHHe IIHPOKOTO DPasHec0pasnd TePMPHOB M KOHUENUHH, OTHO-
CALIHXCH K CTPYKTYpaMm AauHuiX, Gbin cAexaH XoOpoM B craThe
« CTPYKTYPHOR OPraHH3ausy Aanubix» ¥**}, Crajgo fcHO, 4TO
PelieHUSl O CTPYKTYPHPOBAHEHW MAAHUBIX HE/63H NPUHHUMATL 63

*y B wiare; Q. Han, 3. Heiikerpa, K. Xoop, CrpykTypHoe nporpamMu-
popanue; Ilep. ¢ anen. — M.: Mup, 1975
**y B Comm, ACM, 12, Ne 10 {1969), 576—583.
**%) B kuure «CTDYHTYPHOR NpPOTpAMMHPOBANHE» CM. CHOCKY Bhilie.
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SHaHHA aJATOPHTMOB, NPHMEHAeMbBIX K 3THM A3HHBEM, H |13060p0'r,
CTPYKTYR2 M BRICOp AJrOpHTMOB CYULECTBEHHBIM 06pa3oM 3aen-
CAT OT CTPYKTYPH AdaHHbiX. TOBOpH KOpOWe, CTpoeHHe MporpaMm
H CTPYKTYPH BAHHBIX HEpa3pbiBHO CBR3aHDI.

Ilpeanaraeman KHHra BauHHAETCA TNABOH 0 CTPYKTYpe Aak-
KX 10 JABYM nOpiunHaM. Bo-nepBulX, MBI MHTYHTHBHO uyB-
CTBYEM, UTO A4HHbie OpeAlltecTBYIOT AATOPHTMAM: HYRXHO HMETHh
HEKOTOpHE OGbeKThl, NPEXEE 4YeM BHNOJHATb AHCTBHA ¢ HHMN.
Bo-propuix (W 310 60nce NCNOCPELCTBCHHAA FPHYHHA), XOTH
gleCk H NPeARONAraeTcs, UTQ YHTATEAb 3HAKOM ¢ OCHOBHHIMH
TOHATHAME TIPOCPAMMUPOBAHNA, HO IO TPAJAMIMH KYpPCH BBeje-
HESL B NPOTpaMMHPOBAHUE HBHO YNeJSOT Gojbile BHHMAHHA
asiTOPHTMAM, ONEPHDYVIOLLEM AAHABMH CO CPABHHTENbHO MpocTof
c¢TpyKTypoll. B ¢Bsi3H ¢ 3THM BO3HHKJAA HeOOXOIWMOCTE B BBOAHON
riage O CTPYKTYPe AAHHBIX.

Ha nporaxenny Bcell KHAMK, H B YacTHOCTH B FJ. 1, MW cne-
AYeM TEOpHH - H TEPMHHONOTHH, KOTOPLIe Gbla# HpPeLAONEHE
XoopoM *' W peannsoBaHb B f3nKe NporpamMmupoBadua [lac-
kaap **), CyTb 2TOU TEOPHH COCTONT B TOM, UTO AZHHBIE NPeA-
¢TaRnAT cofoil npewkae seero A6CTPAKUHE pealbhHMX O06HEKTDER
¥ QOPMYJHPYIOTCH LPEANUYTHTENbHO KaK a0CTPAuTHBE CTPykK-
Typhl, He 00A34TeNbLHO PEANH3OBAHHNIE B PACTIPOCTPAHEHHBIX SSHI-
KaXx nporpaMmBposannsa. B npouecce KoncTpywposamsa apo-
rpaMMil MpefcTaBAekHe AANRHIX TNOCTEMEHHO YTOUHNETCA Bened
33 YTOUHEHHeM AATODHUTMA, Bee Oojee TNOLUHHSSCh OTpaHHve-
HHAM, HAKMaAbiBaeMbiM KOHKPETHOH CHCTEMON NporpaMMaposa-
iHsA., T103TOMY MK ORpPCASAHM HCCKOJLKO OCHOBIBLY CTPOHTC -
HBIX KOHCTPYKIHH — CTPYKTYP AJKS JAaHHHX, HA3bIBACMbLIX @yH-
SamentaroHoimn cTpykTyparmi. QcobBeHHO BAMHO, MTO 3TH KOM-
CTPYKUHH JOBCABHO JIErKQ PEANH3VIOTCA HA COBPEMEHHHIX BHUYHC-
JHTEABHEIX MalUHHAX, NOCKOMBKY TOJBKO B STOM CAydae HX
MOXKHC JeHCTBHTENBEO PRCCMATPHBATE KAK 3JIEMEHTHl PeajbHOro
NPeACTaBNeHHsl JAHHBIX, T. € KAK «MOJEKYJH», BOIHHKAWIIHe
Ha OKOHYAaTeJNBbHOM 32TANe YTOYHEHHA CHHCAHWH AaHRBX. IJTO
cAeAYIOLIAe CTPYKTYPH: 3antce, maccus (HAKCUPOBAHHOrO pai-
Mepa) B mnomecTso. HeynuBuTeasno, 4To 3TH OCHOBHLIC CTPOH-
TEJNbHEIE Gnoxn COOTBETCTBYIOT MATEMATHUECKHM 0603]-1&'{6}{?!51!\»{,
KOTOPEE TAKKe ABAAITCA PYHIAMEHTANbLHBIMA,

KpaeyroapHRM KaMHeM 3T0l TeODHH CTPYKTYP A4HHBIX cay-
MHAT  pPasauyue MEXAY QYHAAMEHTANBHBEIMH H  YCACKIUSHHBIMH
eTpyKTYpaMi., PyHRaMeHTaNLHHE CTPYKTYPH — 9T0 KaE Om Mo-
Aexgavt (B CBOW ouepPeAnL COCTOALLME H3 ATOMOB) ) OHM ABASKIOTCA
KOMTIOHEHTAMH, B3 KOTOPHIX COCTOSAT YCAOMHEHHbIE CTPYKTYPHL.

*} CM. NEPBYIO CHOCKY Ha NpeRnzyuled cTpaknile.
**) N. Wirth, The Programming Language Pascal, Acla Informatica, 1,
No. 1 {1971), 35—63.
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[lepeMennbie  gryHAaMeHTANABHOR CTPYKTYpPH MOIYT MEHATb
TONbKO ¢BOE 3HadeHHe, COXPaHAfA (OPMY HAH MHOMKECTBO 3Ha-
ueHkll, KOTOPBIC OBH MOTYT DpHHRMATh, Takum o6pasom, pasmep
JANHMAEMOA MMH haMatd ocTaerca noctoanueM. Hanporus,
YCAOWHEHHBE CTPYKTYPH XAapaKTEPH3YIOTCA HIMEHEHHEM He
TCJIBKO 3HAUEHHA, HO # (OPMBE BO BpPeMsS BbITOJNHECHUA IIPO-
rpamuMel. TloaroMy AAs AX peanH3auH¥ HYKHO HPHMeHATh Gojee
CAOMHBIE HpHthl.

IlocnegosateibHBIG dafisl, UAK APOCTO MOCAGA0BATEALHOCTD,
L 9r0ll KMaccHPHKALMK ABAACTCA NpPOMeMyTOuUHbIM, Ero AgauHa,
€CTeCTBEHHO, H3IMEHARTCS, HO 3TO H3MeHeHYe (OPMbLl TPHBHAJDBHO.
Ilockonpky mociegoBaTeAbRWil (altn urpaer BamHyIo PoNb ApaK-
TilyecKH BO BCEX BBIUHCJNTEALHEX CHCTEMAX, MBI PACCMOTPHM €ro
cpeny QyHAAMCHTAJIBHEIX CTPYKTYp B I1, L.

Bo BTOpoi# raBe ONHCHBANTCA pasIddHEE 0A20PUTIMbL COP~
Tuposku, MateMaTHYeCKHA aHANK3 HEKOTODHIX M3 HHUX DacKpH-
BA€T NPEHMYILECTEA W HEZOCTATKH Das3HbiX METOA0B B MOMOraer
DPOrpaMMHECTY [OHATH BAXKHOCThL AHAJAM3A NpH BHIGOpE HOAXO-
Aauwero cnocofa pemennit ctoamell nepel WHM 3afaud. Pasrpa-
HIIMCHKE METOA0B COPTHPOBKH MACCHBOB H METOAGB COPTHPOBKH
tbajisos (4acTo HashBaeMblX BHYTPeHHed H BuemiHedl COPTHPOS-
KO} AeMOUCTPHPYCT PCIIALLE BAHANNE NMPCACTABASHHA AaH-
HblX Ha BbIOOP ANFOPHTMOB R HX CROMKHOCTB. COPTHPOBKE yie-
JAACTCA CTOJNLKO BHIUIMANHHA, TAK KaK C €& INOMOLLLY MOMXRAO npe-
KPACHO HAMIOCTPUPORATE MHOCHE RPHHUHIH [(POrPAMMHPOBAHHA
U CHTYAUHH, BO3HNKAKOMINE H B ,ﬂp})'l"HX 3ajadax. COSII.&E‘TCH pna-
UaTheHNe, UTO MOIKHO NOCTPOHTbL HeMb Kypc pOrpaMMipoBa-
Hits, RHOHPAA EPHMEDH TOALKO H3 38124 COPTHPOBKM.

Hpyras tema, xoTopeil wacTo npeHedperaldT 3 Kypcax bee-
ACHHA B nporpam{upoaaﬁne, HO KOTCPpAdA BaXHA AMF NOHHMAaHHA
60aLOre HHCAA ANTOPHTMHNECKHX PeleHH, — 3TC PeKypCHH.
H‘J'-)TOM}’ TRCTRA INARA NOCBALLEHE PeR{PCUHBHBIM GA20PUTMAM.
B Heil noxazano, uTo pexypcun -—ato 0000WEHHe 10BTOPEHHA
(HTCpalHK) H MOPTOMY ABAAETCA BAXHBLIM K MOIRHBIM CPEXCTBOM
nporpaMmMmnupoBatis. K COXalJlelllo, NMpH 06)"1&[—11-[“ GROTpaMMH-
pPORAHHIC PCKYPCHBHBIE MET0ALl HEDEIKO AeMOHCTDHPYIOT tia
lpHMEPax, B KOTOPBIX IOCT4TOUHO NPOCTOl Wrepalui. B ra. 3,
HAanpoTHE, NPUBOAATCA HECKOABKO BPHAMEpOB 3amtad, ric PERY P
Clist HO3BOARET NONYYHThL pelleltHe landonee eCTeCTBLIHBM Of-
pasoM, TOTAA KaK WCOOAL3IOBaHHE HTepaldd cAeJaJo Gul 1po-
FpaMMEL F[}DMDS}IKHMH i Tp}'}],HblMH AJA MOHHMAHHA. ”ﬂea.’[beIM
TIPHAOKEHHEM PEKYPCHH CAYHHT KAace aXrOpHTMOB ¢ 6038pa-
TOM, HO uaubosce OTEBHAHO €& HCNogb30Balllie B a4/ITOpHTMax,
pafoTaloW X ¢ AdHHbIMH, CTPYKTYPa KOTOPBIX ONpeleiieHa pe-
KypewBHo. [lopoBusle cayuan paccMaTpHBalTes B ABYX Tociael-
HHX rA4Bax; TpPeTea rlaga Aaer A HHX COOTBETCTBYKILLYH
TIOATOTOBKY.
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B ra. 4 paccMmaTpupaoTea Ounamuweckue Crpykryper dan-
HUlX, T. € TakHe CTPYHTYPH, KOTOpHE H3IMEHAWTCA BO BpeMs
BHIONHEWAR nporpammut. [Tokasawo, 410 peKypCHBHME CTPYK-
TYPH AAHHBIX SBAAIOTCH BAMKHBM NOAKAZCCOM OOBMHO MCMOAL-
3YeMBIX JAHHAMHUECKHX CTPYKTYp. XOTA B TAKHX CJAyYanx BoO3-
MOXKHO H eCcTECTBEHHO PEeKYPCHBHOE OMNpelefeHlie, €ro obsi4H0
Ha npakTuke He npumengioT. Bmecto 910r0 Mmporpammict noay-
YaeT ROCTYN K MEXallN3My peann3anii NyTeMm HCROoAb3OBaitHd
ABHHX CCota0K, MAH yKadaTered. [lanuas KHHTa cleayer 3TOMY
TIPHHUMNY, OTPaKAOLeMy CORDEMeHHoe NOJaoXKeHHe Bellel: ra. 4
NOCBAUWIEHA NPOTPAMMHPOBAHHID CO CCHUIKAMH, & TaKxXe CIH-
CKaM, BepeBbAM H NpHMepaM, TpeCYOIIAM elie §0Jee CIAOMHLIX
COBOKYTNHOCTel JanHeiX, B Hell paccMaTpmBaeres npouece, KOoTo-
PHE UaCcTO {0 He COBCeM BepRO) wasmpaor «obpaboried cnwu-
cK0B», JlOBONBHO MHOTO MECTa OTBeleHO OPraHH3dlHH kepeBbes,
H B 4acTHOCTH AepeBbCB NouCKa, Faapa sakaHYHMBaeTcs paccMoT-
peHHEeM MeTofa paccesHHnIX TalaHM, MAH <XCIUHPOBAHHAY», KO-
TOPH YacTo NPEANCURTAIOT JAEPeRbAM MOHCKA. ITC NAeT BO3-
MOMXHOCT: CPABHMThL [BA NPKHUHMHAABHC pPa3/JAHYKEIX MeTOAd
PELICHEA YACTO BCTPeYalOLIedcs 3aAa%4H.

[Mocneansia raasa cOCTOHT H3 KPATKOrO BBEAEHHA B TEOpiHio
GOPMALBHLLY AZBIKOE W ZPAMMATHYECK020 PA300pAT M K3 ONHCE-
HAR TRAMCARTOPA ANA HeGCABLIIOTG H NPOCTOTO A3BIKA TPOrpaM-
MipPOBAHUA IAA NPOCTON BOIYHCANTENbHOA Mawnub, Mo BK/0-
YHJIH 3Ty rAaBy Mo cJaelylIHM IpHuHHaM. Bo-nepbBnix, KBaau-
GIUHPOBAHHEIN NPOrpaMMHCT AOJMEH HMeTh HEKOTOpoe IIpei-
CTARJEHHE O METORAX TPAHCJAAUMM H3BIKOB NPOrpaMMAPOBAHMA,
Bo-BTOp®X, IOCTOHRHO PacTeT YMCAQ 3ajay, B KOTOPHIX AJA
YEOGCTBA pabGOTHl HYMHO OBPelCANTL HCKOTOPH{ NPocTOfl ALK
BBOAA MJH yopasaeHus. B-rpeTpux, mockoneky ¢opMmanbHbIe
A3LIKM ONpeelA0T PEeKYPCHBHYID CTPYKTYPY Ha MOCIeLOBATE.ib-
HOCTH CHMBOJIOB, TO NPOULECCOPH AN HHIX CAYHAT XUPOMHMH
NpHMepaMH YCHellHOro TPHMEHEHHA DPEeKYPCHA, KOTOpas MO3BO-
A9eT AOOUMTBCH ACHOH CTPYKTYPH TAM, A& NPOTPAMME 0Kalbi-
BaKTCA GOMBIUINMM W game orpoMHbiMH. JLAd Haliux npusMepon
MBI HCOOAB3OBAJAH A3LIK, HaswpBaesmblii [1J1/0, Tak kaxk oH aB-
JAETCII KOMIPOMHECCOM MeX(ILY A3BIHOM CJHLIKOM TPOCThIM, YTObLE
CAYAHATL XOPOIIHM ONPHMEDOM, B A3HIKOM, TPARCAATOP LIS KOTO-
poro oKasancs 6wl CTOAL DONLWIHM, UTC €T0 He HMEND 6t eMmulea
BEJIOYATE B KHHIY, NPEAHA3SHAYEHHYIC He TONBKO Aa% paapalor-
YHKOB TPaHCAATOROR.

[TporpamMmuponatne -— 3T0 HCKYCCTBO KOHCTpYlpopanHa. Kax
MOMHO HAYUETE KOHCTPYKTOpCKOH, HaohpeTaTenncKol AeaTeds-
HocTH? EcTh Takofl MeTOA: BuINeANTh OPOCTeillie CTPOHTEABRbIE
GaoKH H3 MHOTHX Y)Ke CYLUIeCTBYIOIMHX NporpaMm M AaTb HX
cAcTeMaTHuecKoe onHcande, Ho nporpammupopanne npeacras-
ager cofoli o6npHyIe u pasHoobpa3nyle AeATensHOCTh, 4acio



I peducsosue 1

Tpedymyw cnoxHoil ymcTBeHHo# padorel, OWHGOUHO CHHTATD,
YTO € MOXKHG CBECTH K HCIOAB3IOBAHHID [OTOBHX DELENnTOB.
B uauyccrse Merona o0ydeHWsA HAM OCTAGTCA TINATeNbHHH BHOOp
B paccMoTpeHHe Xapaktepubix npumepop. KomeuHo, He cnepyer
CHHTATH, YI0 MAYYCHHE NPHMEPOB BCeM CXHHAKOBO moaesuo, [pu
ITOM ROAXOAE MHOTO€ 3aBHCHT OT COOGPASHTERLHOCTH H HHTYH-
unn ofyvatomerccs. 3te oco0eHHO BepHO AJAS OTHOCHTEILHO
CAOMHLIX H AJMHHHBIX Opumepod nporpaMM. Oxu He caydadiso
BRKAOYEHB B 3Ty KHHTY, HJAuHELEe (OporpaMMBl OBBIYHO HACTO
BCTPEYAWTCA Ha MPAKTHKe, W OPH Jyulle BCero NMOAXOZAT ANA
BHISBRCHHA TOFO HEYMOBHMOMO, HO BAMHOMD CBORCTBA, KOTOPOE
HA3LIBAIOT CTHAEM HJIH AHCUHIAKBGA. Kpome Toro, oHH cayKar
YOPOXKHEHHEM B HCKYCCTBE YHTAThb NPOFPaMMb, KOTOPLIM YacTo
npenefperaieT N0 CPABHEHHIO ¢ HCKYCCTHOM KEHCATh NPOTPaMMEL.
I'napnbiv obpaszom no 3tofl OpHYKHe B KayecTBe mpHMepos Ge-
pyTcH UeJHKoM §0JablIRe nporpaMMel. YuraTenswo moxassiBaercd,
KAK NOCTeNeHHO co3faeTcs NMPOTpaMMa, emy AalTca pAINHUHEE
«MOMCHTANBHLIC CHUMEH» €€ Pa3lBHTHS, MpHYeM 3TH pa3paboTeu
JCMOHCTPHPYIOT METONl A03TANNO20 HTOuneHusn pneraned, H cun-
TAK) BANCHBIM, PACCMATPHEASA TPOTPAMMBI B HX OKCHYATEARHOM
BHAe, YAGAATH /[OCTATOUHO BHHMAHHA AeTadfiM, HOCKOJABKY
IIMEHHO B HEX KPOIOTCH OCHOBHHEIE TPYAHOCTH B NMporpaMmuposa-
uig. [IpedcTaBETh AJArOpHTMB B WHCTOM BHIE W R2aThb HX MaTe-
MaTHYeCKHEH aHanns OnIo 65l HHTEPECHO ¢ YHCTO aKaZeMH4eCKOH
TOUKH 3peHUR, Ho OO OB ReyecTHO M0 OTHOWRHNID K JIpO-
rpaMMucTy-npakTdaxy. [lostomy f cTporo npHiepxuBadcs npHH-
LHIIA NPelCcTABAATE HPOTPAMME B HX OKOHYATCHBLHOM Bife I
FOM N3WKE, HA KOTOPOM OHH MOTYT peasipH0 BHIIGAHATHCH B Bol-
YHCARTENBHOW MALTHHE,

Pasymeertcs, s3Aech BO3HHKA®T 3alava dalte takyie dopuy
NpeaCTaBACHHY, KOTOpas MOXeT GMTL peanusoBana Ha IBM
H OJHOBPCMEHHO ABAACTCA JOCTATOYHO MAILIHHHO-HE3ABHCHMOIT,
yTo0H 3A€Ch HCUOAb30BAaTHCA. LR 3T0r0 He NOAXORAT HH LIH-
pOKO YROTpeGHTeIbHBIE A3BIKH, HR afcTpaxrnas notanna. Hyx-
uulil KoMnpositce ofecneynBaer A3mk [lackans, KOTOPWEH paspa-
60TaH ClHeUHaJbLHO AMA 3TOH HeaH, NOITOMY H HCHOAb3YyeTcA
8 AanHofi waure. IlporpaMmicTel, 2nakoMble € APYTHMH SI3LI-
KaMli BHICOKOO YPOBHS, CMOTYT JIefKO pa3olpaTncad B Hporpa-
Max Ha nﬂCKﬂJ’le, TAK KaK ero Bblpa)KEHHﬂ MOACHAKITCH B TEKCTe.
Ho 3To He 3HaydT, YTO HEKOTOpPAH MOArOTOBKA Oblia O H3JIMLUI-
mefi. Hpeaanuyw noarotosky Aaer KHura «CHCTEMATHUECKOe
nporpaMmupoBagne» *), Tak Kak oHa TOxe ocHooalla Ha [Tackane.

*} N. Wirlh (Englewood Cliffs, N. J.: Prentice-Hall, INC. 1973).
[Mumeercn nepesoa: Bupr H. Cucrtemartuueckoe mporpammzposanue. Bpeges
Hue. — M.: Mup, 19771
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Ho oHa He MOMET CAVEHTL yYeDHHKOM nA3bika flackaan — aaa
3TOrG CYLIECTRYIOT HoNee MOAXOAAILHE KHHIH *).

HacTosiulasg KaHTa npeactaBasieT co0ol cxartoe H nepepaco-
TAHLIOE H3AOKEHUE HECHOMLKHX KYPCOB BPOrPAMMHPOBAHNA, NpoO-
uHTZHEWX B PelepanbHoM TexHomorHdeckoM HHeTHTYTe (ETH)
B [liopaxe. MHOrEMH HAeAMH H BITJSLAME, H3NOMREHHLIMHE B 3TON
Kuure, 1 o6n3an Gecejam CO CBOHME COTpyiunkaMu B ETH.
B wactuocTH, Mue x0Tenoch 6ul BHPasHTp  64aropapHocTh
M-py I'. Canameitepy sa DBHEMaTelbHOC RPOYTEHHE pPyXOMHCR
n muce Xeiinn Tefrtep 33 BHHMAWHE U TepheHHe NIpH Mepemne-
yaTke Tekcra. 51 xoren Gbl TaKke OTMETUTH GOJBINOE BAHAHUE,
oxasaHHoe Berpedamyu pabouux rpynn 2.1 ¥ 2.3 IFIP 1 ocoGeduo
MHOTOURCASHHMMH OeceflaMy, KOTOpLE 5 Bea NpH 3ToM ¢ O, M2kx-
cTpofi K. Xoopom. Haxokel, uro He menee Bawuo, ETH wenpo
APEAOCTABRAR BLIUMCIHTENLHLIE MZUIHHH, 0e3 KOTOpuX Guina O
HEeBO3MOMKHA MOAroTOBKA STOH KHErH.

H. Bupr

*} K. Jensen and N. Wirlh, PASCAL — User Manual and Report Lec-
ture Notes in Computer Science, Vol. 18 (Berlin, New York; Springer-Verlag,
1974}. [Hmeetca nepepon: Flencen K., Bupr H., DNackaas. Pyxosoacrse nas
NONb3CRATENN W ONHCAMBe R3bEA. — M.: OHHAHCH H {TaTHCTHHA, 1982.]
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Haw sucokournmmi r, JI. Oftnep zenaet maw
B HAIRRANKE clenyioiuee 3anBiaeHde. OH OTKPOBCHHO
npU31IaeT:

gTO, SBIARCKE KOPOJieM MATEMATHKOB, OH BCE Me Bei-
HO OyleF XpacHeTt 33 BL30P JAPAGOMY CMUCAY M
NOBceAHeBHOMY ONBITY, GPOWEHHE! BHBOADM H3 ero
bOpMYIEL, COTAACHD ROTOPOI Teao Aoa ACHCTRHCM
CHA APHTANENHR X USHTPY C¢depH BHezanHo HI-
MENHT NARPABALINE ABHMKENNS K BOHTPY;

YWTO OH CLeAdeT BCe BO3MOXKHOGE, 4TOOH fonble He
HIMEHATe Pa3ymy, JoeepAack owubBounoit  dop-
myse. OH Ha KONEHRX MOAHT NPOWEHHA 3a To, 910
K3K-TO, HMEA R BRAY NAPAAOKCANLHRHI pesyanTaT,
ol 3aABHA: «BRTUHCAEHHAM caeayeT AoBepATh Sofb-
me, 9eM MYBCTDAM, Jae eSfIH Kamerten, Q1o 1o
APOTHBOPEYRT NefCTBUTEALNCCTHS |

. UWTO BOPELE OH HHKOrAZ GOJIbIEe He CTARET ALNATh

BHUYHCAEHHA Ha WIECTHASCATH CTPARHUAK ANA noAy-
UeHHs Pe3yNLTaTa, KOTOpHIl Mo 3ApasoM pasmbiune-
HHH MOXKHO BEIBECTH B AECATH CTPOKAX: K ECAH OW
roraa-aufyas sdoBe colepeTcn, 3acyuMes pyxasa,
CAHTAThH TPH AHR W TP# HONH NOAPAL, TO OH Apexne
NOTPATHT YeTOSPTh Waca Ha Pa3AyYMbR O TOM, KaxHe
METOJIH  BHMACHEHMA 3R 3T0oro Hanbodee moaxo-
ASIR

Boaerep, Hasdaer doxropa Axanun, noafips 1752 e



aYHAAMEHTAJSIbHBIE CTPYKTYPBI
SAHHbIX

1.1. BEEAEHME

CoBpemennan KubpPOBAA BHYUCAHTENBHAA MAILIHHA NEPBOHA-
HaJLHO TpeAnasHaqdanack oINS ofJeTueHHR H YCKODEHNA CAOMKHRIX
" AAUTeNBHBX Buiuycaenud, OAHAKO NpH ee HCNOALIOBAHMN
o0b04HO Goslee BaKHOH OKA3HIBACTCA CHOCOBHOCTh XpaHKTh GOJb-
wiolt ofpeM HHDOPMALHH H OfecneyHBaTh AOCTYN K HEMY, a CNO-
COOHOCTB BHIYHCAATL, T. €, HPOHU3ROAHTHL apH@MeTHUECKuHe Agii-
CTBHS, 80 MHOTHX CAYYasAX OTXOAHT HA BTOPOMA MMIAH.

flpuy s10M obOpabareiBaeMad HHOOPMALHKA NpPeACTABIALT
co00it B HEXOTOPOM CMbIC/e afcTPaKyuio KakoR-T0 YacTi pealth-
Horo wupa, HMupopmaludA, A0cTYnHAS BBHIUHCHHTEABHOH MawKue,
COCTONT M3 HEROTOPHIX JaHHblX © ALHCTBHTEALHOCTH — TaKHX
ZaHHBIX, KOTOPBIE CUMTAIOTCH OTHOCHLIHMHCA K perlaeMoll 3afave
# H3 KOTOPHX, KAK BPEANOAAraeTcA, MGKHQ MNONYYHTD HYRKHBIH
peayavtat. [Jauusle Agafawrtcs aberpakunefl ASHCTBHTENBHOCTH,
IOCKONLKY B HHX HTHODHPYHITCA HEKQTOpBle CBOHCTBA H Xapak-
TepPRCTHKH PpeanbHbelX 00BeKTOR, He cyllecTBeHHHE AAA peliac-
mofi 3ajadn. Ilostomy abcTpakuus — 3TO CAHOBDEMEHHO YIpPO-
HIEHHE.

B XavecTse npumepa MOMKHO pPaceMOTPETb MepCOHANbHBUN
dada cnyxkapero. Kax/asil cayxawiui npexcrasied (aberpa-
THPOBaH} B 3ToM (afine MHOMECTBOM HAHHBIX, CYUIECTBEHHBIX
au60 BAA erp XapakTepUcTHEH, aubfo aas npouledyp pacueta.
3T0 MIIOHKCCTBO MOMKCT BKAIOHATh NCKOTOPYIS HACHTHGHKALHIO
CAyHalllero, HanpHMep ere UMs H sapaGornyto nxaty. Ho span
Jil OHO OyaeT COdepXATh TakHe HecylIeCTReHHble AAHHBIC, KAK
ILBET BOJIOC, BeC H POCT.

[Ipn peweruy Kaxol-subo 3aiadsi Kak ¢ nomoulbio IBM, tax
i 0e3 Hee HYXUO BoIGpaTh HCKOTOPYIO alCTPaKUHK AeHCTBITE b
HOCTH, T. €. OLpeAQIHT, MHOMKECTBO JaHHBIX, OIHECEBAIQUIHY
peanBHYI0 CUTYAlND. DTOT BLOOP 3ABHCUT OT 22AaUH, KOTOPYIO
HY®HO PelliTb, 3aTeM cAefyeT BuifpaTh clocof mpeicTaBieHHA
s10if MHbopMauny. 3aece BHGOp ONPEALNACTCA HHCTPYMEHTAMIL,
IpHMEHSEMBIMH AV PereHHs 3aRauM, T, €. CPeJCTBaMH, KOTO-
phie¢ NpeAOCTaRASET BHIUHCAHTENbHAH Matidna. B Honemkdcrse
CyuaeR 3TH KBa TANA B3AUMO3IABUCHMBL.

Betbop npedcrasasenun Qanmbix 4a¢TO OBIBAST 3ATPYRHHTETEN,
OH He ONpeiesseTcd OAHO3HAYHO HMEWHMUCA cpeAcTBaMu. Ero
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cJieflyeT OCylecTBAATh ¢ YIeToM AeHCTRHH, IPOH3BOAHMBEIX ¢ AaH-
HUMH. XOopowWwHil NpaMep 3Aech — MPeACTaBReHHe YHCEH, KOTOpble
yXKe CcaMH ABAAOTCA aleTpakuHAMH ¢BolicTs obbextoB. Ecuan
eIHHCTEeHHAA (HAH no KpaliHedl Mepe OCHOBHAA) BHIICAHAEMAS
onepauls — cjoKeHHe, TO JAYYLIHH cmocol npeAcTaBHTh WHCAD
#—3TO0 HAaNHCaTs, A deprodeK. FIpH 3TOM NpaBHUNo cJloXKeHHA
oxa)ieTca abcoNOTHO NPOCTWM M OUeBHAELIM, [lopofuwii npua-
HHII HCROAb3yeTcA B PHMCKHX LKGpaX, rle Ipasnaaa CHOXKEHNUA
Ans HeGOABIIHX uwHCesl Takke AocTaToudo nipectel, O Apyroit
CTOpOHb, TIpaBUNa CAQKeHHA HeOOoNbIIMX YuCed, NpeicTaBleN-
RuIX apaOckuMi uBdpami, AaNeKko He OueBHAHBI H TPeOYIOT 34-
noMuHaHna. Ho npu ciaokennu OOJbIEMX 4HCen, a TaK#e NpH
YMHOMEHHN M AeJeHHH 0J0XEeHHe MeHsercd. [IpelcTaBneHde
YHCeaA C© {OMOULBID 2paGCKHX LHGP NO3BOAMET HAMHOTG Jerue
Pa3NO¥HUTL 3TH omepalini Ha Gojee NMPocThie AaroAapa cHoTeMe
34NKCH, QCHOBAHHOH Ha MO3HLHORHOM Bece HHP.

HapecTRO, 4TO BBIYHCJHTEABHEE MANIUHEL HCTIOABIVIOT BHYT-
PEHHEE PEeACTABACHHE AAHHBIX, OCHOBAHHOE HA ABOHYHBLIX UUG-
pax {paspanax). Jl1sa uenoseka Taxoe DNpeacTaBileHHe HeyAOGHO
H3-3a foapioro KoAHgecTsa UAQGp B 4HCAe, HO ONi¢ ABIAETCH
HanboNee MOAXORALLHM JAfA 3AEKTPOHHBIX cXeM, MOCKOAbRY ARd
saayesda (0 0 1) mMoMHO YLOOGHO W HaleXKHO KOAMPOBATL HafH-
YHeM HJH OTCYTCTBHEM 3JEKTPHYECKOrQ TOKA, INEeKTPHUSCKO!O
3apAna HAH MartHTHOrQ Moaf.

N3 npuBegesnoro npuMepa BHAHO, 4TO OpH pellleHHY BONpoca
¢ TNpPefCcTaBAeHKH JAHHHX OOLIUHO HMEeTCA HECKOAbKO YDOBHefl
setanusauud, Ilycrb, HanpHMep, HY:KHO H300pa3dThL NOJOEEHHE
00beKTa B IpocTpaHcTBe. Ha meppom 3Tane GepeTcs napa Bellle-
CTBEHHBIX UHCE], HANPHMEpP ALKAPTORBl HAH IOASPHBE KOOPAM-
natel. Ha BTopom zTane oWM NMPeAcTABIAIOTCA KaK YHCJa ¢ IJaa-
BAWIUEHA 3aNATON: KaXAOMY BEUECTBEHHOMY YLCAY X CTABHTCA
B COOTBETCTBHE MNapa UesblX uHceq, ODO3HAYAUIMX MaHTHCCY f
L nopAjoK e (Hanpumep, x == {-2¢). Ha Tperbem 3Tane, koria
YUUTHBAETCA, UYTO [AHHbIE AGIKHW PACHOAATATBCA B HaMATH
3BM, Mul nosyydem ABOHUHCE [IO3HUHOHHOE lIpelcTaB/AeHHe We-
JEIX YHCEN, H Ha IocjefHeM 3TAne ABOHUHLIE YNCAA MOTYT Mpei-
CTABNATHCH HanpasjeHdeM MArBATHOrO MOJASI B MArKHTIOM 3a-
AOMHHAIOWEM YeTpolicTee. FcHO, UTo MepBLlit 3Tal onpeieaseTca
B OCHOBHOM CaMOH 3aaaued, a noCAeAHUN TeCHD CBA3aH C HCTIOAb-
3yeMBIM BRIYHCAHTeAbHHM ycrpofictBoMm. Ilostomy Bpax nu cae-
ayeT TpefoBaTh, 4TOOH NPOrpPAMMHCT CaM ONpelensifl CMocoful
NPeACTABNEHHA YHCe/l HAH Jajke XapaKTepHCTHKH 3anoMHHAK-
Wero yerpoiictea. 3TH «pelleHus HH3LEETO YPOBHA» MOMXKHO Ape-
IoCcTaBHTb paspaborunkam IBM, rax kak oM pacnonaraor
nanfosbimed vugopManteii o ¢e TEXNONOTHH, YTO NO3IBOJAET HM
BubpaTth cnocof TPeACTABIECHHA dlcesd, NPHTOAHMA JOAA Bcex
(HIH DOYTH BCEX) eayuaes.



G 1. PyndasmenTainioe CrPYRTEPH JanHox

C 270/l TOUKM 3PeMUs OUSBUAHO 3HAUSHUE ASBIKOS nPO2paM-
muposarud. SI3blk  NpOTPAMMEPOBAHHA ONHCHLIBAET HEKOTOPYIO
HGCTPAKTHY IO BOIMHCANTEAbHYI0 MAIIHHY, BOHHMAIOWLYK) TEPMHHH
ITOTO ALIKA, UYTO COOTBETCIRYET KAKOMY-TO YDOBHIO alCTPaKuiK
oT 06BeKTOD, HCIoabayeMblXx peansHolt 3BM. Cheposarennno,
paborast ¢ TAKUM <A3LIKOM BbICOKOTO YDOBHA®, [pOTPaMMHCT
oceo0omnaercs (M OTCTPaHsAeTCA) OT BONPOCOB OPeACTABJEHHA
YHCE, Qi YHCAQ — 3IeMeHTAPHBH 0ODBEKT 3TOTO ASLIKA.

[IpniMeticitie A3bIKA, KOTOPHE NpeAOCTaBAfeT IOAXOAsLIee
MHOMECTEBO OCHOBHBIX aBeTpakwil, ofmuax aas JoJ5LHIHHCTBA
3afjaq o6pafoTKH RAWABIX, YBEJHUHBAST HAZEMHOCTH NPOrpaMM.
Jlerve mailucatp NPOTPaMMY, OCHOBAHUYIQ HA 3HAKOMBbIX HOTA-
IAX B 9HES), MEOMKECTB, T[OC.l'le}J.OEaTe.I'le{JCTEﬁ H UHKAO0BG,
ueM HA PA3pHAAX, «CA0BAX» H nepexoaax. Pasymeerca, B camof
IBM Bce nauuunie’ B UKCAA, M MHOKECTBS, B ROCJARI0BATENbL-
HOCTH — QYAYT NpeicTaBiaeHs B BhAE OOABWON COBUKYIHOCTI
paspanes, Ho aaw nporpammucta 370 HECYI(CCTBEHHO, CCHII QN
He 3a060THTCA O NOAPOGHOCTAX OPEACTARACHUA BHOGPAHHEIX WM
aGeTpakuiii M ecan oK yBepeH, HTO NpeAcTapigilie, KOTOpPOT
BeiGEpeT Mawiga {iay TpaHeAaTop), NOAXOAHT AJH ero ueneit.

Uem dainke abeTpakiHi Kk kouxkperHo#t IBM, tem neruc pas-
paGOTLme A3piKa BBIOPATH NOpeicTaBAedHe AaHHBIX W TeM
60ABWe DEPONTHOCTE, HTO OHO OYACT NMpPHTOAHO AAS BCeX (uan
NOMTHT BCeX) BO3IMONHLIX 2afay. ITO RakIanmsaer onpeneiaeH-
HOe OTpPaHHYeHHA HA ypoBeHbL abCTPaKLUWH OF peadbHOH BtluHc-
JiTeapHOl Mammuel, Hanpimep, ne NMEeT ¢Mueaa BRAIDYATD
B $fI3HIK 06].&6]"0 Ha3Ha4eHNA B KaudeCTBC CQCHOBHLIX 3JIJIEMEHTUB
AaHIEIX FeoMeTpHUecKHe OOBEKTH, TaK Kax H3-3a8 CACHKHOCTH HX
ApeAcTaBReHUs 0Ho OGyAeT CHALEO 3ABHCETE OT BHNOAHACMBIX
¢ HHMH gmefictnil. Ho npuponaa stux meficTBHA ©H nx uvacroTa
OyAyT HeuseecTupl paspadoryHKy YHUBEPCAMLHOIQ A3bIKA A €ro
TPaHCAATOPa, 1103TOMY fM060e Ccro pellicHUC B MCKOTOPWX cay-
uyagx 6vIer BenpUrofdbiM.

B racroailell KHire 3TH coOBpaXKeHIR ONpeReasioT Bhbop
HOTAUHIT AAA OMHCAHHUA AaACOPHTMOB M NPEACTABACHHA AAHHBIX.
HOHHTHO, 4Td MBI XOTHM HCHOAL3OBaTh ITIPDHBLIUHYIC MareMartii-
YeCKYIO HOTAauUMie, T. ¢. YHCAA, MUOKECTBA, ROCACAOBATLILAGCTH
W T. A., @ HE TakHe MAIlHHHO-3ABHUCHMBIE MOHATHA, KAK NOCIen0-
paTeAbHOCTH pa3psios. o aAcHO Takike, 8TO  MCJAATCALHO
ICTIONB30BATE R3bK, LAR KOTOPOTO CYECTEyeT 3PPeKTHBHUIN
TpaucaaTop. B pasuoll Mepe HepasyMHO KAk HCOONbIOBATD MA-
IUHIIHO-OPHEHTHPOBAIILIH HAH MAIIHMHHO-3ABHCUMBIA A3GIK, Tax
# COCTaBARTL NPOTPAMMY ANH BBISHCANTEARHOR MalliHMbl € RO
MOILbIO aBCTPAKTHLIX HOTAUHH, He 3aTpardeas npodreMy npea-
CTaBJeHH,

B xasecTme KOMIPOMHCCA MeWAY 3THMH KpafdHocTsmu Oua
paspafoTan f3blk mporpammuposadug Ilackass, KOTOpLA H He-
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nojie3yercA B Aaukol kuure (1.3, 1.5]. 3710T A3k 6mA ycnelHo
Peand3eBay Ha HeckoabKHX IBM, n Owiao nokasano, yre OR
LOCTaTOo4Ho GAN30K K PEANbHBIM MAUIHHAM, 4 €rQ CBOHCTBA H HMX
peanHIanHa A0BONBLHO NOHATHH. KpOME TOrO, 3TOT A3MK BAHIGK
K ApYrAM fA3bKaM, ccobenno x Anromay-G0, mostoMy nallY Bi-
BOJB MOKHO HCNOJL30BATL TAKKE NPHMEHWTRALHO H K STHM
A3LIKEM.

1.2. HOHLENMUME TUNA ONA AAHHBIX

B mMatemMaTHKe DPHHATO KA2CCHPHIINPOBATL ACPEMeHHblE B CO-
OTBETCTBHH € HEKOUTOPLIMH BadMHBIMN xapakrepucthkamu, [lpo-
BOJAHTCA CTPOroe pasrpaddyenie, BO-IEPBBIX, MEMAY BEILECTBEH-
HBLIMH, KOMIOJIEKCHEIMH 1 AOTHU2CKUMH NepeMeHHbIME, BO-BTOPWX,
MEMIRY RCpeMEHHBMI, IPEeACTABAAIOLUMH OTASNbHBEe 3IHAYECHIA,
MHOMECTEA sHAYeHHA HJIH MHOMECTBd MHOMSCTE, B-TPETLHX,
MeREY PYHKOHAMY, OYHKIHOHANAMH, MHOMeCTBaMH @yHKUnb
n 1. 8. Ilpn obpaborke AaHNWX TaKad KJAACCHRHKAUMS e Mciee
(ecntH wne OGosiee) paxHa, Mul OydeM NPUAGDKHBATLCA TOro
NPYRLALG, YTO KaXOEa KORCTARTA, REPEeMEHNAS, BOLDANCEHNUE WA
Pyrkyua Goiearor onpedeaennozo Tuna. JTOT THI CYUIECTBEHHBIM
00pa30M XAPAKTEPHIYET MHOMECTBO 3HAYEHUEH, K KOTOpOMY NpH-
HAaAREKHET KOHCTAHTA, KOTODHE MOMKCT OPHIHMATL NMepeMeHHAR
HIH BHpaMeHWe HJH KOTOPHIE MOXKeT BbipafaTbiBaTh PYHKIHA,

B MateMaTHYecKHX TekcTax THI mepemMenHofl odu'HO onpele-
JAeTCA N0 ee BHAy Oe3 ofpalieHna K KOHTEKCTY, HO B NpOrpaM-
MaX AR BLIYHCAUTEABHLIX MALIHIl 5TC HCOPHMCUHMO, MOCKOJILKY
B HHX 0OBI9HO HCAOMLE3VIOTCH OYXBH TOMNBKO OAHOIO BUZA, KOTO-
pHit ApnyckaeT obGopyiaosanne IBM (nartnuckde Oyksu}. [lo-
ITOMY LIHPOKO HCMOAL3YETCH MPARKAO, 4TO THIL BHO 3a/4eTCA
B ONUCAHUE WOHCTAHTH, TepemeHHofi HAL (yHKLHH, KOTOpOe
npefinecTByeT B TEKCTE #X HCNOABIOBAHHIC, DTO ngasHad oco-
GeHHO BaXKHO NOTOMY, YTO TPARCANTOP dOMAMNeH sbifparh npex-
cTaBnedne obbvekta B namard 23M. Ouesnano, uro obnewm
NaMATH, BHAGAAEMON AKA NEepeMeHAO, TONMEeH YCTAHABAHBATLLA
B 3aBHCHMOCTH OT TOTO, Kaxie 3Hadyeltdyqd oRa MOHEeT NPHHRHMATL,
Ecan s7a Hubpopmauns H3BeCTHA TPAHCAATOPY, TO MONKHO H36e-
KaTh TAK HA3BIBAEMOro AHHAMHYECKOFO paclpelesedus NaMATH.
3o 4acro O3BOJIAET PEAANIOBATL AATOPHTIM Bonee 5(pPexTHBHO,

Taxum o6paizom, paccmarpupaemas 3ileck KOMUONLNS THIA,
KOTOpas BRAWMEHA B SI3LIK MporpaMmmupoBanus Ilackanb, nMeer
caenvIniIne OCHOBHLIE ¢BoficTBa [1.2]:

I. JhobGofi THW AaWHLIX OlpeAenser MHOMKEeCTBO 3HAYCHHA, K KO-
TOPOMY NPHHALISKIIT KOHCTAHTA, KOTOPHe MOXeT [pHHHEMATL
nepemeHnas (#AH BHpPaxenue), HIH BolpabaTuiBaTh ONEPaUHA
(min  dyakuua).
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2. Tun 3Hauenns, 335aBaeMOrD KOHCTAHTON, nepemeHBON na#H
BHpAXEHNEM, MOXHO OTDEREeNHTL NO KX BHAY HAH ONHCAHHIO
0e3 HeoOXOARMOCTH BHINOAMATE KaKHe-AH00 BLIMHCAEHHA.

3. Kaxzaas onepaulsi naH PYHKURA TpeSyeT apryMenton GuKcH-
POBAHHOrG THNA M BHAAET DE3YABTAT (PUKCHPOBRHHOTC THNA.
Ecnn omepailng JONyCKaeT apryMeHThl HECKOJILKHXY THROR {Ha-
HPHMED, €% HCOMWIb3YETCA AAA CNOMEeHHS KaK BefbiX, Tak
H BelleCTBEHHbIX YHCER}, TO THO pPe3yJAbTaTa MOMHO omnpe-
AENHTDL 1O CIeUHANLILIM NPABHAAM A3LIKA.

Cref0BaTebHO, TPAHCAATOP MOMET HCICAB3OBAaTh HHOPMALHIO
O THRAX AJA NPOBEPKH BHYHCAUMOCTH H NPaBHAGHOCTH Pasiud-
HBIX KOHCTPYKUWH. Hampumep, npucsanpavie apudMeTHYeCKoil
{BellecTBenHON)} mepeMeHHOft OyJaeBcKOro (AOTHYIECKOrQ) 3Haye-
HHA MOMHO BHIABHTL €3 BHIMOJMHEHHA NPOrpaMMbl. Taxas H3dul-
TOYHOCTL B TEKCTe NPOTPaMMbl ABAACTCA BAMHBIM BCIOMOTA-
TeNbHBIM CPEIACTBOM pa3paloTky NporpaMm # PaccMaTPHRALTCs
KaK CYILCCTBOHIOC RPEHMYIUECTBO XOPOIUHX A3LIKOB BLICOKOTO
YPOBHA TNEpel MALMHHBIM KOLOM WIH CHMBOJHYECKHMM SA3LIKOM
accembiiepa. KoHeuro, B koHUe KOHIOB R4HHBe OYAYT npencran-
JIEHE. B BHAE GOMDUIOrO KOAHUYECTBA ABOHUHEIX LHY HE3ABHCHMO
OT Toro, Oblla AW NpOrpaMMa HanHCaHa Ha $3bIKe BHICOKOTO
YPOBHA ¢ HCIOJB30BANMEM KONLENUMH THRA HJAN HA A3bIKe
acceMbnepa, FAe THNB! OTCYTCTBYIOT. [lnfl BBIMRCHHTENBHOH M-
IUHHB NaMATbL — 3T0 OAHOPOAHAA COBOKYIHOCTE paspAfcs §es
Kakoi-nn6o cTpykTypbl. Ho w#MedHo alcTpakTHas cTpykTypa
NO3BONACT NPOPPAMMHCTY ONpelCASTh THNW AAHALIX Ha ¢one
0AHCOCPA3HEIX 3anKHCceH B namsaTh IBM.

TeopHa, KOTOpag HCOONL3YeTCA B ITOH KHHIE, B S3HK Mpo-
rpaMmupoBannd  [lackade MApPeANoOAaraivT HEKOTUPbIE METOb
onpejeiieiHs THNOB AAHHHX. B OGoOJBILMHCTBE CAYYacB HOBLIC
THDBl RaHHEBY OOPeJeAFIOTCS € NOMOHLK Padee OOPeRLNieHHBIX
TRIIOB JAHHWX. 3HAYSHUA, NPUHAAREKALME K TAKOMY THAY,
oGLIYHO DPeACTaBIAAT CcOO0H COBOKYMHOCTH 3HUdeNud Komno-
HEMT, TPHHAANMEKAIIHKX K ONpeAencHHbIM pPAHES TURGM ROMNG-
HEMT, TAKHE COCTABUEIC 3[M&YClHA HalBIBANOTCH CTPYKTHPUPOSAN-
sy, Ecnu HMeeTcs To/IbKo OAMH THN KOMIIOHEHT, ¥. e, BCe
KOMIIOHEHTH TIPHHAAMEKAT OAHOMY THNY, TO OH HasblBaeTcd
fazosoim,

Uuene pasanuHeix 3Hauvenud, npuxaanexawux tany 7, na-
suBaetcst kapourarsnen wucsom T. KapaunaasHoe unciao onpe-
JenseT pasMep MaMATH, HYMHOH AJ1d pa3MelueHHs nepeMeHHof x
Tuna 7. 3toT GakT obosHayaerca Tak — x: 7.

[TocKOABKY THTHL KOMITOHEHT MOTYT TaKie Obith COCTABHLIMH,
MOXMHO fIOCTPOHTDb LCAYIO HEPAPXHIO CTPYKTYP, HO KORCYHEE KOM-
NOHEeHTH CTPYKTYPH, PaaymMeeTcA, AQJKHbl OnlTh ATOMapHLIMH.
CAeLOBATEAbHD, CHCTEMA HOTAUMA HOJXHA JOTYCKATh ONHCANKE
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i NPOCTHIX, HECTPYKTYPHPOBAHKBIX THUOB. CaMblil npocTof Meron
OMHCAHHA IMPOCTOrO THNA — STO Acpesycrerue 3HauYeHHH 3Toro
tuna. HanprMep, B nporpaMme, CBA3AHHON ¢ MJIOCKUMH reoMeT-
pHYeCKEMH QHrypaMH, MOMeT OMHCHIBATBCH NPOCTOH THN, Ha3H-
BaeMblifl (hueypoil, 3HaYeHHR KOTOPOro 3ajaloTcd HiAeHTHHKATO-
paMI npamoyzorenuk, xeadpar, saaunc, kpye. Ho kpome Ttunos,
3aMaBaCMIIX NPOTPAMMHCTOM, HYXHO HMOTh HEKOTOpLE CTaA-
daprrste TURGL, KOTOPHE HA3HKBATCA NpeaocnpefeneHuuMy. Oun
O0GLIYHO BKAIYAICT 4uCAQ H A02uYecKue nepemensvte, Ecau 3na-
YeHHH HEKOTOPOro THIA YNOPAACGYEHB!, TO TAKCH THN HAIBIBAETCH
yHOpAJOYcHHEEIM HAH ckaaapreis. B Tlackane npegnonaraercs,
YTO BCe HECTPYKTYPHPOBAaHHbIE THRH YROPAROUYEHH, B Cayudae
KOTAA 3HAMCHHWS ABHO NMEPEedHCAAOTCH, CYHTAETCHA, 4TO OHH yno-
PRAOYEHBl B NOPAAKE NEpevlc/IeH s,

[lpuMeras 31w nMpanina, MOMHO ONHCHIBATE TPOCTHE THNW
% CTPOMTL H3 HHX CTPYKTYpPHpOBaHHble THNLL JN10GOH CTENCHH
cromuocTi, ONHAKO Ha NPaxTHKe HelOCTATOYHO HMETH TOJABKO
onHH obwnil MeTol ofbelHHeHHA THIIOB KOMBOHEHT B CTPYKTYPY.
C yueToM NpaKTHYeCKHX 3alay HpelAcTaBJeHHT M HCN0Ab30BaHUA
ZAlHBIX YHHABEDCAIbHBLIA A3LIK AOAMEH [ACTONdTaTh eCKOT i
Kumi Merodamu cTpysrTypuposanus. Onn Moryr ObiTh 3KBHBA-
JIEHTHEL B MATEMAaTHYECKOM CMBICJIE H PasnHyaTbed TOJLKO Qne-
PauMsMH NOCTPOSHHA HX 3HAYSHHI M BHROOPY KOMIOHEHT 3ITHX
avagenddi, OcHOBHLIC pAcCMATPHBACMEIC 3AeCh METOAH MG3BO-
JSI0T CTPOHTL CISAYIOUIHe CTPYKTYPH: MACCHE, 30AUCH, MHOXMCE-
cT8o u AocaedosarenbHocTe (aiba). Donee cl0XKEbe CTPYKTYPH
OOLIMHO HE ONHCHBAWTCA KAK «CTATHUSCKHE» THOLl, a «AHHAMH-
YyeCcKH» C034al0TCH BO BPEeMA BHIOJHEHHA NPOrpaMMsl, mMpHUSM
EX pa3Mep M BHJ MOTYT H3MenATbes. TaxHe CTPYKTYPH paccMat-
PHBAWOTCA B T, 4 — 3TC CAHCKH, KOAbUA, AepeBbA W OO6IIHE KO-
HeuHsle rpadul.

ITepementsle H THOB AAHHBX BBOART B NPOrpaMMy AkA TOCO,
ytofEl HX HCMOAB30BATH B KaKpX-anGo pmuncnennax. Caeiopa-
TEALHO, HYMKHO ellle UMeTh H HEeKOTOpOe MHOMECTBO ofaepalHi.
Buecte ¢ THnaM#H JAHHWX A3bIK l'lpOI‘paMMHpOBaHHﬂ 3413€T He-
KOTOpBIC MIPOCTLIE, CTAHAADTHBIE (ATOMApHSLE) OMepallHH I Me-
TOAK CTPYKTYPHPOBAHHA, KOTOPHIC NMO3BONAIOT OMACLIBATL CAOHK-
Hble geficTBUA B TEPMHHAX TPOCTHX OfepauHil. CyTbio HCKYCCTBA
TROrpaMMUpPORaHHA OOLIUAC CYHTACTCHA yMEHHE COCTABAATH OMNe-
pamii. OZHAKo MBl YBHANM, YTO He¢ MEHEEe BAXKHD YMEHie cocTas-
JATL BaHRbE,

BazkHeifinie OCHOBHBIE OmEPalHH — 3TO cpageste W npu-
ceéauBaHYe, T, ¢. NTPOBEPKA PABEHCTBA (M NMOpPALKA B C/yyae yHO-
pPAACYEHHbBIX THIOB) ¥ KOMaHAA «YCTAHOBKH paBeucTBa», [Ipun-
UUNUaNbHOE PANHUAE ITHX ABYX OHEPALHA BHIPAXKAeTCs YeTKHUM
pasanyHemM HX OGOGRAYCHHA B TeKere (XOTA OO, K COXAJCHHD,
CKPHTO B TaguXx INHPOKO PpacHpOCTPaHEeHHBX A3blKaX, Kaw
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$oprpan 1 [1JI/l, KOTOpHe HCTIOALAVIOT 3HAK PABEHCTBA B Ka-
uecTBe ONEPATOPa NPUCBAMBAHHA):

iTpopepka pasencrea: x=yg
Ipucsansadne: x:=y

3TH OCHOBRLIE ONEPAUKN Onpeienens A COALWMHCTBA THIGB
BAHHBIX, BO CJAYET 3&8METHTh, 4TO ATA NAHHBIX, HMEOULIX 60iibe
BIOH 00beM H CAONHYIO CTPYKTYPY, BHIMOAHEHHE 3THX onepauuii
MOXET COMPOBOKAATECH AOBOALHO CROMHBIMH BHIUHCASHHAMM.

Kpome npoBepkn pabencTBa W NPUCBAHBAHHA HBMEETCR elle
OfHH KNACC OCHOBHBIX, HESBHO ONpejefcHHBIX OOepaihl — TaK
HasblBaeMuIX onrepayufl npeobpazosantis, 3Ty onepaunH otoGpa-
HAOT OABM THOBLI RaHHBIX B apyrue. OCOGEHHO GHH BAXUBL BJf
cOCTaBHHX THNOB. COCTaBHBIE 3HAUGHHA CTPOSTCA H3 sHadeuiil
KOMIIOHEHRT ¢ NOMOUIBIO TAK HA3LIBAEMbIX KOHCTPYKTOPOB, 4 3HA-
YERHA KOMMOHEHT H3BACK2IOTCA € NOMOULbE) T2K Ha3HBAEMBIX
ceaektopos. Taknm 06GPA3OM, KOHCTPYKTODS H CENEKTOPH ~= 510
onepanui mpeofpazoBaHud, OTOOPAMAILIHE THINE KOMOOHE!T
B COCTaBHEIe THOb H HaoGopor. KaxaoMmy Meroay CTpykTypii-
pOBZHHKA COOTBETCTBYET CBOA f1apa KOHCTPYKTOPOR M CEReKTOPOR,
0003HaYCHHA KOTOPHX YeTKO paziHgamnTed. _

CTaHAapTHBIM NPOCTHIM THOAM HAHHHX COOTBETCTBYET TAKHE
HEKOTOPOE MIOXCCTBO CTAHAAPTHHIX NpocTulx onepaunil. Cacao-
BaTeNLHO, BMECTe CO CTAHAAPTHHMH THHAMH JaHHLIX: 4HCaaMH
H JIOTHYECKMMH 313UeHHAMH — BBOAATCR TAKKE COOTBETCTBYIO-
HiHe apUPMeTHICCKIe H TOTHYECKHE OTEPALHA,

1.3, MPOCTHIE TMNGE QAHHEIM

Bo mHornx nporpammax bennle 4HCSA HCNOJb3YITCS B ToM
cnyyae, Koraa UxX CODCTBEHHO YHCAOBOE 3HAYEHHE HECYLULECTBEHHO
H KOTAa Lesoe YHCNO yKasbiBaeT Ha BuGOp 3maveHns n3 HeGOMbL-
WOro MHOXKECTBA BO3MOMKHBIX BApHaHToB. B nomofHBX coyuasx
™Mbl BBOAHM HOBHI, BPOCTOH, HeCTPYKTypHpoBaHurlt tun T, pe.
peuHcasa MHOMECTBA BCeX €ro BO3MOMNHEIX 3HAYeHHH ¢, Co, ...

wery Ont

type T =(Cy, €s1 <+ oy Cp) ! (1.1}

Kapausaaenoe uncao T ectb card(T) = n.
fIpumepor:

type Quzypa==(npamoyzorenur, Keadpar, s44unRC, Kpyes)
type yser=(kpacubiti, scearoill, sesersil)

type noa = (sywesod, owenckui)

type Boolean = {false, irue)
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type dens = (nonedeasHuK, 8TOpHUK, cpeda, HeTeepa, NATHIYA,
cybbora, sockpecense) _

type sauwora = (dpanr, mapra, Gynr, oasap, wHALANE,
Aupa, zyavden, Kpona, pybie, xKpyIenpo, uewa)

type oburess = (ad, wucruauge, pat) '

type rpancnopr=={nove3d, asrobyc, asromMubiurs, hapoxod,
CaAMOAET)

type asanue = (padosod, Kkanpaar, CEPMANT, ACUTEHRART, KO-
AUTAR, MABOP, NOAKOBHUK, 2eHepan)

type 00BexT = (KONCTARTA, THP, - HEPeMEHHAA, Rpoyedypa,
Pinryun}

type crpyxrypa = (Paiia, maccus, 3arlcy, MHONECTEO)

type cocroanue = (Goiratonenn, nycroe, outubya, neperoc)

[Tpy onpeaesieHUd TakHX THIOB BBOOMTCA He TOABKO HOBGIA HIeH:
THHUKATOP THNA, 16 OAOBPEMERNC — MHOKECTBO HAENTHPHKA-
TOPOB, COOTBETCTBYIOMULIX 3HAYEHHAM 9STOFO THOA. JTH HAEHTH-
@HKATOPH MOTYT 3aTeM HCHNOJb30BATLCH B NMPOTPAMME KAaK KOM-
CTAHTBl, TIPH 3TOM WPOTPaMMa CTAaHOBHTCH HAMHOIO NOHATHEf.
Ecau, HanpuMep, M ONpelclHM TMepeMcHHbe s, d, r 0 &

Yar s. o
var d: denes
VAT ! 3BGRie
var i Boolean

TO BO3MOMHH CielYIoWnie onepa¥topsl TPHCBAHBAHNS:

§ == MYyACROL

d = gockpecenbe
ri= madop
bi=irue

Ouepupiio, yto OHM HamHoro Honee HEbOpMaTHBHE, UYEM ONe-
paropht
§1== d:=7 r:==6 b:=

KOTOpLie GYAYyT WM COOTBETCTBOBATL, ecaW s, d, r 1 b ompese-
AUTH KaK NepeMeHHbie UeN0T0 THOA, a4 COOTRETCTBYIOUIHE KOH-
CTAHTE W300PaXKaTb HATYPAJNLHBIMB UACAAMH, ONpeieNeHHbIMH
NOpAAKOM [epevncaenus. B panbuefiuleM TPAHCASTOP MOKET
BbisiBASITh HEYMECTHOE HCNONb3OBAHHe apH(MeTHueCKHX omepa-
nuil Ha TAKHUX HEUHCJIOBWX THHAX, KaK, HanpHMep:

=g+1

Onxako ecay THD cunTaercs ynopsaoyeHHHM, TO NOJE3H0 onpe-
meanTh (PYHHIHM, KOTOPHE BHIAAIT NpeilIecTBYlOllee ¥ Nocie-
Aywllee 3JnaveyHs Ana CBOETD aprymenTa, TR (YHKLHE
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obo3Havatofca Kak succ(x) {nmocaesylomiee 3HadcHue) W pred(x)
(npellecTByiOllee  3HAUEHHe), YIOPANQUEHHOCTL  3HAveHHI
Thia T onpelenserca npanuiaom

e <ep=(i <)) (1.2)

{.4. CTAHOAPTHBE NPOCTHE THNK

CTanAapTHbie APOCTHIE THADI— 3TO THNLI, KOTOPLIE ABANIOTUR
BCTPOEHHBIMH AaR  OoapiruictBa DBM. Odu Briouaot uedibie
qecjia, JOrHUECKHE 3HATEHHA W MHOMKECTBO CHMBOMOB HeyaTh,
B KPYyNHGIX BRIUMHCNBTENLHEIX MAIGHHAX UMEIOTCH TaKXe BeLie-
CTBEHHBIE YHCAA K COOTBETCTBYIOLLEe MHOMNECTBO HPOCTHIX Oflepa-
uHA. Mbl ofo3dayaen 3TH THIB HASHTHQIKATOPAMH:

infeger, Boolean, real, char,

Tun integer coepHUT NOAMHOMNECTBO UEJABIX YHCEJ, pasmep
KOTOPOLO MOMET GhThb Pa3iHYHLIM B PA3HBIX BLIYHCAHTCIbHbLIX
cHetemax. Ho npeanoraracTes, uro BCe peficTBUA ¢ JAHHEMH
3TOCO THRA ABAAIOTCA TOUHHIMH H BHMOAHAIOTCHS 00 OBBIMHLIM
NpaBHAAM apHPMETHKH H YTO BHYUHC/IEHHE NPepplBaeTCA, ecaH
Pe3yAbTAT OKA3MBAaeTCH 33 IPaHHUAMH AONYCTHMOTO NOAMHO-
wecrsa. CTanAaprabie onepawid — 370 feTHpe AcHCTBHA apsid-
MEeTHKH: croxenue (-), Bouutanue {(—), VMHOXeHHe (*) 1t 1e-
aeue (div). Tlocreanee MOMKHO 1aBaTh Uedslil pesynbTaT, ony-
CKAY BO3MOIKHBIH OCTATOK, TAK, UTO AAS JIOOBIX m K N

m—n < (mdivn) << m. {1.3)

Onepauds B3ATHA OCTATKA ONPEASAAETCH C NMOMOWILID AeSeHis
YpaBHeluteM
- L]
{mdiva) n -+ (mmodn) = m. {1.4)

Taknum obpasoM, mdiva - 370 UeJ0€ OT AEACHHA N1 Ma *,
a wmmod /it — OCTaTOK OT deJIEHUS,

Tun real o6o3nauaer ACAMHOMECTBO BEINECTBEHHBIX UMHCeJ.
B 70 BpeMd KaK apudmeTHvecKHe ALHCTBHA ¢ LEALIMH UHCAAMH
AAI0T TOYHBE Pe3yAbTarbl, AJA apHiMeTHYecKHX AefcTBHE cO
HAYEHNAME TANa real AONYCKACTCA HETOUHOCTh B Ipefcsax
OWHOBOK OKPYTACHHSA, TAK KaK B BBHUHCASHHSAX YYACTBYET KOHEU-
Hoe uncno NUGP, B 3TOM COCTOHT fBHOE Pa3nlidHe MEXAY TH-
namu infeger n real, cywectsywoluee B OOJMbIIWHCTBE A3ZLIKOB
NporpaMmMupoBaRN A,

Henenne BewiceTBeHULIX YHCEA, AAIOLIEE BELLECTBCHHLIA pe-
ayapTat, Mpl obozHauaeMm kocolt ueptofl {/), a Aenenne uesnnx
yucen — div.

JBa anauenns cragaapruora tana Boolean (Gysnesckoe) oGo-
3HAYAOTCH HAcHTHDUKaTopamu frue (UcTtHHA) R false (A0kb},



4. Crardaprase npocree Tunet 23

Tabanna 1.1, Bynesckye onepauns

r ¢ r¥ag phg -
eiie Triice triee triic Jalse
irue Jitlse e Julse Jalse

false triie e Jalse frue
false Julse false Jalse frie

Onepauny Hak OyJeBCKHMH  3HAUEHHAMH — TCQ  JIOTHYECKHE
KOMBIOHKUHA, AUIBIONKIAA W OTpHUANKe, 3NauCilis KOTOPMX
npupefesnl 8 Taba. 1.1, Jlornueckas KOWBIOHKRHR OCC3Hayaeres
cHMBOAOM A (uan and), nordayeckas AMIBIOHKUHS — CHMBOAOM
V/ (unn or), a OTPHUaHHe — CHMBOAOM 1 (Hau not}. 3ameTim,
YTO OuepaNHH CPABHEHNA HaloT pesyapTat Thma Boolean, Cae-
AOBaTeqbHO, PE3YALTAT CPABHEHHA MOMXKHO NPHUCBAHBATL KaKoH-
JAKBo 6yAeBeKON MepeMeHHOH MM HCNONB30BATHL B KauecTse ome-
pasja B GynepckHx BupaxennsX. Hanpumep, nycre auadu
GyJieBCKUe MEPEMEHHBE P W g W liebie NnepeMentsie X = 5, y =8,
z = 10, Toraa npucBanBaHHA

pi=x=y
gr={x <A WHK2)

AaT p = false u g = true.

CranaapTabill THN char BKAOUYAET MHOMKECTBO TNeuaTaeMbiX
cltMBONOB. K coxanenuw, He ¢yluecTByeT 00IIEro CTaHAapTHOTO
MUOECTBE CHMBOJOB, [IPHHATOIO B0 BCEX BHIIHCAHTENAbLHBIX <l-
cTemax. [103TOMY HCIOGAB30BAHHC ¢0BA «CTAHAAPTILIA> MOMKCT
3fech BBECTH B 3abaysaedne; ero ciaejyeT NOHHMATb B CMHCTE
XCTAHPAPTHHA  ASA ELUHCAHTENLHON  cHCTEMEI, HA  KOTOPOIl
AOJ¥HA BHIONHATECH NaHHAA NPOrpaMMa»,

[To-BuanMOMY, Haufojee WHPOKO HCNOJb3YETcs MHOMKECTBO
CHMBOJICB, oOnpeicdachioe Memaynapoauoil  oprannzanlied no
crayaaprhszauun (1SO}, u ocobenHo ero amMepHKaHCKas Bepcus
ASCII (aMepuxaHCKHIT cTaMAapPTHRIE kol ANa o0MeHa HHGOP-
matyeit). [Tostomy B npuaoxennd A pgana Tabanua cHMBOJIOB
ASCII. Ona exmouaer 95 neuyaraemoblx (epagrutecKkux) cHMBO-
A0B N 33 ynpapasIoOUIMX CIMBOAA; NOCAEIHHE HCIOAb3YIOTCA
B OCHOBHOM Al Mepeiauy RAHHBIX H AAf YNpaBJieHHs Mevartar-
MM yerTposficTROM. LIIHPOKO pacnpocTpaneHo MOAMHOMKECTBO H3
64 neuaTaeMBblX CHMBOJOR (TONBKG TPONHCHBIE GYKBHI), KOTOpOe
HaswiBaeTcs oepanuennsis Muoxcersom ASCIL

s Toro utolbt ONUCHBATL ANTOPHTMB, PaboTallde ¢ CHM-
BOMaMi, T. €. 3HAUEeHHAMH THNA char, HE3aBHCUMO OT B~
YHCAUTEALHON CHCTEMEl Mbl ONpefleluM HeKOTNpHEe CBOHCTBA
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MHD/{ECTBA CHMBOJIOB, ACAAIDHIHE eTO CBHIHBIM. DTO CABAYIOULHE
CBOHCTRA:

1. Tun char copepxur 26 nathhckux 6yxs, 10 apabekux yupp
H HeKOoTOpoe KONHYECTBO APYMHX rpaduuecKkux CHMBOJIOB Ta-
KHX, KAK 3HAKH MpedHHAHHA,

2. TloamnoxectBa GYKB U UHipp yroprOouensl u C8A3NBL, T, €,

(A <O A (K2 )=x — Gyxsa,
(V<) AKY)=x— mnppa.

3. Tun char coaepxnT HenevatTaemuiit, nycroit cumeoa (npobea),
KOTOPBIA MOMeET HCAOAB30BaTLCA Kak pasjendtens, (Ha
puc. 1.1 npobeanr 0603HAYATCA KAK .}

(1.5)

HAf wanucanus nPOTPAMM B M2IIHHHO-HEIABMCHMOM BiAe
OCOGEHHO BaMHO HafAH4YHe OQYHKUHA npeobpa3soBatHa MeKAy

THIS LIS LIAUTEXT

THISLNSU AU TEXT

Puc. 1.1. Tlpeacrasnenns tekcra.

ABYMA CTaHAAPTHRIMH THOAMH char o {nfeger. Mu HaspBaeM
5TH QYHKUHH Ord(C)— NOPAAKOBHA HOMCP CHMBOJIA € B MHOXKE-
cTBe char U chr{iy— i-ii cuMBON MuOMecTBa char. TakdM obpa-
30M, ¢fir — 3To 00patHaf dyHKIHA OoT ord u HaoBopoT, T, e,

ord(chriiY)y=1i (ecnu chri{i) oupenesena),

chriord(c) = c. (1.6)

OcoBoro BHUMAHHA 3aCAYKUBAIOT GYHKLIEY

f(cy==ord(e) — ord({"(}'} = nonoxeune ¢ cpegn uudp,
g (8} =chr{i -} ord('0"Y) =i-7 uudpa.

Hanpumep, f('3')=3, g(5)='56". Takum obGpasom, f-—obpar-
Had QYHKIHA OoT g ¥ HaoBopoT, T. e.
flgh=i (O<i<9),
gife=c¢ (U<Le<Y)
Ste GyHKUHE NpeolpazoBaHRA HCHOAB3YIOTCA A TMepesoaa
BHYTPEHHErO NPeACTABACHAS YHCEA B NOCACLOBATENALHOCTH UHDP

n HaoBopoT. OHH axTHYeCKH ¥ mpeicTaBASIOT coDoA Takof ne-
PEBOA Ha ApocTefiem ypoBHe — ANA oAHOH LHPHL,

(1.7)

(1.8)

|
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1.5. OFPAHMMEHHBIE THTIW

Yacro Goibaer, 4T0 nepeMenndsi IPHHUMAET 3HAYEHHA HEKo-
TOpOrQ THNZ TOJALKO B COpeReSJEHHOM HHTCPBAJE, STO MO HO
BLIPA3HTL, ONPENC]HE NEPEMEHHYI0 OrPARHYEHHOrD THNA, KOTO-
pHil OIHCHBAETCH TAK:

typeT =min ... max {1.9}

rAe min 4 max — rpanBisl HUTCpBaaa.

Hpunepor:
type zod = 1900 .. 1999
type 6ykea="A"..’Z’
type yugdpa=="0".."9
type oduuyep == sefirenanT . .e¢Nepaa

[TycTh Ranb NicpeMeHdbie:

vary: zod
var L: 6yxsa

TOrAa NpuCBauBaHuR == 1973 0 L:="'W’ paspewenn, a y:=
1= 1291 w L:="9" nc paspewens. Tpaucnarop Moxer mposc-
PATb 3aKOHHOCTb TAKHX TNPHCBAHBAHWA TOJALKO B TOM CJyyae,
€CAH NPUCBAHBACMOE 3HAYCHHE CYThb KOHCTAHTA WJH NDepeMeHHAan
TOro ke THRa. JonycrumocTs npucBausannil Bana

y:=i n L:i=¢

rie { — THNa integer, a ¢ — THIA char, MOXHO NPOBEPHTL TOABKO
BO BPEMA BLINCAHEHHA OporpaMMbl. (CHCTEMbl, BHIONHAICLLHE
TadKHe NPOBEPKH, OKA3aJHCh Ha NPAKTHKe UPe3BHIYAHHO [0Ne3-
HEMU AJa paspaborku nporpamum. McnoabsosaHue WMy H3GHITOY-
HOH HHGOPMalNHH AMA BHABJAEHHS BO3IMOMHBIX OWHOOK TakiKe
HBAAETCH OAHOH H3 OCHOBHBIX EPH4MH NPHMEHEHHA HA3HIKOB BHI-
COKOTQ YPOBHA.

1.6. MACCHEDI

Maccne — 310, 0O-BHANMOMY, HaH0OJee UIHPOKO H3BECTHAR
CTPYKTYPA NaHHBIX, TAK KaK BO MHOTHX sI3plkax, BAW4YaA AJ-
roa-60 4 ®opTpaH, 5T0 €AHHCTBEHHAA CTPYKTYP4, KOTGpas cyile-
CTBYeT B fIBHOM BHAe. MAaccHB—3T0 peeyifpran CTPYKTYpa:
BCe €ro KOMIOHeHTHI — QAHOFO THNA, Ha3bIBAEMOro Ga308biM
TunoM, MaccHB — TAKXKe CTPYKTYpa € Tak Ha3BIBAEMHM Cay-
walinem AOCTYNOM, BCC CTO KOMRCHEHTHI MOrYT BHOHDETbCR
MPOHSBOJbLRO H SBJAAIGTCH OAHHAKOBO JXOCTynNHbMM. Has obo-
3HaveAus OTAEALHOH KOMIMOHERTH K HMEHH BCEro MACCHBA
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HOOABJARLTCA TAK HA3KBAEMBIH uHOEKC, NO3BOJAAONINA BhGHATH
komnoHeHty. Hunexc momwes HWMeTh 3HaYelne THMA, ONpefeaeH-
HOTO KaX Tun uxdexcos maccnea, Onucalue peryaspHoro THIa
T 3ajaer, TAKHM 06pa3cM, He TOJIBKC Ga30BE THN To, HO H THT
Kuaexcos [

type T =array[/] of T, : (1.1

Mpuneper:

type Row = array[l .. 5] of real
type Card ~ array(l , . 80] of char
type aifa = array[l .. 10} of char
KouKpeTHOe 3HaueH e 1epeMeHHON
var x; Row

ecnu Kaxmas KOMIOHEHTa YAOBJETBOPAST paBeHCTRBY x; = 2-7,
MOWOT UMETh BRI, KAK HOKA3aHO Ha puHe. 1.2

Xy 05

Xz 0,26

X3 0,125
X4 0,0625
Xs | 003125

Puc. 1.2, Macens tena row,

CocTasHoe 3HAYeHHe ¥ THHA T O 3HAUYeHHAMH KOMIIOHenT
€y, ..., Cn MDMET 3320ABATLCA C MOMOMILIC KOKRCTRPYKTOpa ™ mac-
CHBa K OepaTopa NpHcBaHBarHA:

=Te, ..., &,) {1.11)

Onepauus, ofpatHas KOHCTPYKTODY, ~— cerekrop. OH TO3BO-
JASieT BEIGpaTbh M3 MACCIBA OTAENbHYI0 KOMAOHeHTY. Ecin B Ka-
NeCTBE MEepeMeHuofl X paccMaTpiBals MaccHB, TO CENeKTOp Mac-
cuBa 0603HadaeTcd ¢ HOMOUIBY HMeHH MACCHBA, TORCJIHEHHOCO
COOTBETCTBYIOUIUM HHISKCOM KOMIOHEHTHI §:

x[i] (1.12)

ITpu paBote ¢ MaccuBaMH, 0coBenHo GONBUINMY, OOHYHO BHI-
GOPOYHO HIMRHAMT OTACAbHLE KOMIIOHEHTH, 4 HE CTPOAT 3aHORO

*) B nauve [lackaib TaKHe KOHCIPYKTOPH OTCYTCTBYIOT. — ITpus. ped.
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B¢ COCTABHOC 3Ha4yeHue, HPH ITOM MepeMeHHAR-MACCHB pac-
CMAaTPHBAETCA KAK MacCHB COCTaBARKUINAX HepeMeHHuX H Aonyce-
KaeTcd NPDHCBAHRAHNE 3HadeHH§ OTASNbHE M KOMIOHEHTAM.

Tipunep:
cli}:=0.125

XOTH NpH BbiGOPOUHOM NIPUCBAHBAHHN MEHAETCH TOABKO 3HZ-
CHHC OTASABHOH KOMICHEHTb, ¢ TOYKK 3peHHR MOCTpOEHHA Koy-
HEALUMH CAeAYeT CUBTaTh, 4TO H3MEHHAOCK Bee COCTaBHOe 3hga-
ugyye,

To, 470 HHIEKCH MacchBa, T. e. “HMEHa» €ero KOMNOHEHT,
ROSAHHE OBITH CEpefeCcHHON0 {cxaaapnoro) THNA, HMEET BecbMa
Ba)cHule caeacTsuf, MHaexcw MOUYT BEIYHCASTBCA, BMCCTO Hi-
HEKCHOR KOHCTAHTH MOMHO HCNIOABIOBATL HHAEKCHOE 86PN e-
Hie. 3HaueHHe 3ITOFO BHIPANKEHHS BOIYHCAACTCH, K PE3yabTaT
onpeaeaser BHﬁHpaeM}’lODKOMHOH&HT}/. Takasn oGwHocTo naer
He TOALKO OZHO K3 BAKHEHRINX B MOULHBIX CpelcTs nporpaMmu-
POBAHHS, HO # TIPHBOAHT K OAHOA H3 camplx HacThiX ownboxy,
T2K KaK NONY49eHHOe 3NAYERNE BLIPAKEHHR MokKeT fle nokacty
B HHTEpBaJ, 3a1aHHABIA B KauecTre ﬂnanaaoﬁa O HINACKCOB
Aangoro maccnba. Mol Gyaem cuurats, uro B &iyuae Takoro owip-
Goultoro obpawmennn K NICCYWECTBYIOIER KOMITOHERTE Macchna
ANEKBATHAR BRIUHCANTEABHAR CHCTEMA Brjaer NpeaynpemneH e,

OGouiyne T WHIEKCOB N0J3en OBITh CKaJAPHbIM, T. €. Huy-
C‘rpyH’IYPHPOBaHHblM, THIIOM, Ha KUTODOM onpene.neuo OTHOLUEH| ¢
nopagka. Ecan 6aszobuili Tun waccuea T2KKe  ynopsaoenn,
TO HAa TAKOM DETYNAPHOM THOE HMeercs ECTECTBEHNOE OTHG-
miedue nopsaka. Has apyx maccusos YMopARoueHne olipene-
AAETCA € NOMOWbK CPABHEHKA KOMNOHeHT ¢ HAHMEHLIIUMH Hu-
Aekcamu. POpManLHO 3T0 MOKHO ONHCATS CIELYIMUEM ofpasoy:

Ecan uMewTcs apa MaceMsa x g 4, TO OTHOWeRHe X <
BLINOIHACTCA B TOM W TO/MBKO TOM chyuae, ecny cymecTsyer
HHZeKC £ Tawofl, 4To

c[R]<yfk} n xlij=yli] nmm BeAKoro i<’ & (1.13)

Hanpamep,
(2,3, 5.7, 91 <t2, 3, 5, 7, 11)
'"LABEL’ < ‘LIBEL’

Oanaxo obuigno cuuTaeTea, Y10 MaccHaw HHKAK He ynops-
ZOUEHMI.

KapauHansioe wicno coctassoro tung PABHO NIPOH3BeneHnI0
KapaAHHAaNbRHIX YHCET THIOD €ro KOMOOHeRT. [Tockoabky Bee Kom.
NONCHTEL perysApHOre Tula A LpdHHagiexar x OAROMY H TOMY
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#e 0asoBoMy THNY B, Mbl DOAyYHM ,
cardinality{(A) = (cardinality{B))" (1.14)

rae n == cardinality(/), a f — tun unzekcon maccHsa.

B creaywwem uefonwmom $parMente nporpaMmsl noKasalo
HCOMB30BAHWe celekTopa Aad maccuea, lleas atoit mporpam-
MBbl — HAATH HAHMEHBIUKH HHACKC [ KOMOOHEHTH CD 3HAUGHHEM .
HOHCK BbiHOAHAETCA € NMOMOUWbIO NOCALROBATE/bHOTO HPOCMDT}JB,
MaccHBa a4, OMUCAHHOTG KaK

var a: array[l..N] of T; {N > 0}

i:=0;

repeat =i luntil (a{]=x)V (i=N});
if ali] 5= x then <8 a ner raxo20 s31eMenTa®

{1.15)

B apyrom BapuanTe 31Ol NpPOrpaMMpl NPHMCHAETCH Pacnpo-
CTpaHEeHHMH NpHeM PUATUBNOZ0 3aeMenTa, uan Bapsepa, paclo-
JAOKEHHOro b KoHue Mmacchsa, MemosszoBanue Gapeepa nosso-
NACT YIIPOCTHTE VCOJIOBHE OKOHUAHHA HHKNA!

vara: array[{.N+ 1] of T;

(:=0; g{N+1]:=x;

repeat i:=i4} | until ali] =x;

if i > N then «8 a uer raxozo 3aeMenTA®

(1.16)

IMpucaausanne a [N + 1}:= x asaneTcn npumepom gsifopo-
HO20 UBMEHEHUA, T, . WIMEHEHHA OTAEAbLHOU KOMMOHEHTH ¢O-
ctaBdoi mepeMedHod. B obcux sepenax (1.15) w (1.16) ochos-
HblM  YCJOBHEM, BHIIOJABAWIIIHMCE BHZ 3IaBHCHMAGCTH OT TOCQ,
CKONBbKO pa3 BHOOJHACTCA omepaTop i:=={- |, ABafercA

aljl#sx ann j=1...i—1

HosToMy OHO HA3BIBAGTCA HASAHUAHTOM HUKAQ.

PasyMectcs, HOUCK MOKHO 3HAYHTEABHO YCKODHTDL, €CHU KOM-
ROHEHTH! YXKe YNOpRAOYEHEl {paccopTHpoBaun). B 3toMm cayyae
yatlle BCErd HPHMEHAECTCH MRTOR NOBTOPHOTO ACNEHHA Nomoaam
HIITEpPBANa, B KOTOPOM HINETCH WYmKHMA saemenT. Takol npuem
HA3LIBALTCA MeTo00M Oeserus nonoAasm NNk OURAPHLIM  nOuC-
£0M, OH NoKazad B nporpamme {1.17). Tlpn kawaom noeTopernn
npocMarpuBaeMblli HHETEPBAS MEH(y HHISRCAMH { U | AejHTCH
nononaM. [lostoMy makeumadsHoe wHcao Tpelytoliuxes cpae-
Henuii pagHo [logy{N}].

i:=1; fi:= N;

repeat K 1== ({4) div 2; ( 17')
ifx > afk] then{ == k+1elsej .= k—1 '

until (@fk]=3) V (i>f)
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{COOTBETCTRYIOULKM HHBAPHAKTHNM YC/JIOBHCM BHKOAA M3 UAKAA
ABAAeTeS

alhl <x nam =1 ...i—1

ath)|Z2x nna h=j+1t... N

ChcloBatedsibho, e/l NporpaMma sakaHdnbaerca npd afh] 5= x,
TO He cyllectsyeT a [Aj=x ara 1 LA N)

KomOoHenTil MAccHB4 MOCYT B CBOW ouepels OHTB COCTAB-
Hoimi, [lepeMedBan-MaccHB, KOMIOHEHTM KOTOPOE HABAAIOTCH
MaccliBaMH, HasmBacTen sarpuyed. Hanprsep,

M:array[l .. 10] of Row

— 3TO MAaCCHB, COCTOMILHE H3 JecAar!l KOMNOHeHT (CTPOK), Kax-
Raf B3 KOTOPLIX COCTORT M3 NATH KOMITOHEHT BEINECTBEHHOIG
THIIA. ITOT MACCHB HasuBaercs matphuei 10 X 5 ¢ semecrpen-
HHMH KOMOOHEHTaMH. CeJeKTOPbl MOTYT COOTBETCTBYIOIHUM O6-
Pa3oM CACAOBATE CAKHH 38 ,[lp)"l"HM. TaK YTO

M ¢ 1)

ofosiavaert f-i0 Komnodenty crpokk Mi], asasoueics -8 xom-
nokentoli M. O6uidHo 310 sanuebiBACTCS KOPOUE, KakK

Ml ]
I TOMHC TAK #e OIIECAHNE

M:array [l .. 10] ofarray[! .. 5] of reaf

MOKHO 3ANKCATHL NPOWIL, Kak
M:array[l .. 10, 1..5)of rea!

Ecan HywHO BLNONHHTE HEROTOPOE HEHCTRHE CO @CeMit KOM-
NOHEHTAMA MACCHMBA HJAH C PACHONONKEHHBIMH TIONPAA KOMIOHeH-
TAME KaKoH-TO 4acTH MaccHBa, 70 AAA 3TCro YAOGHO HCMOb30-
BATL ONEpaTop Uilkdia, KaK MOKA3aHO B CACAYIOWEM MpHMape,

[lyers apobe [ npeactapasferca ¢ NOMOLLLIO MAacchBa d, Tax,

UYTQ
A1

f=2 dix107"

=l

1. €, B AecaThHynoMm euAe ¢ R —1 uudppamu. Temeps nycre f
HYXKHO pasgenuts Ha 2. [1ad 3Tore o0LIYHYIO ONepaitio ASNCHHA
NPOM3ROIAT CO scemMu & — 1 urdpamu d., wauuar ¢ { = L. TIpu
3TOM BededHe Uundpel Ha 2 BLINOJKRFETCA C YYETOM BO3MOMKHUTO
REPEHOCa W3 HpeslAyMiefl DO3HUMH, # Ha CASAYIOWHH# wWar
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epelaeTcs BOAMOMHBE 0cTaTOK (cM. 1.18)

r 1= 10+r4-dii;
dli] := réiv2; (1.18)
r = r—2#dli)

2TOT Rpolecc HCmoab3yeTcs B nporpamme 1.1 anst noayweHus
Ta0MAUN OTPHUATEABHHX cTenened 2. OnepaTtop uMkAa yRO6HO
HCNONb30BATL TAKME M AJA ACJeHHA NONOJAM [PH BLIUHCAGHEH
2=t 272 ..., 27, ragkHMm oOpa3oM NOAYyUaeTCs BAGHEHHOCThH
ABYX ONEPATOPOR MHEAA.

program power (output);
[ecamuunoe npedcmassentie OMpuUyamenvrbl cineneliei 06olixi }
const # = 10;
type digit == 0.,.9;
var Lk,r: integer;
d: array [1 .. 1] of digit;
begin for k := 1 ton do
begin write(*.)}; ¥ 1= 0
fori:== 1tok—1do
begin » t== Wrtd[i]; dii] t=1r div 2;
rt== r—2xd{i}; write(chr(dfi}H-ord(‘0)))
end |
dik} :== 5; writeln(*6")
end
end .

Nporpanma 1.1 Bugkcnaenwe crenckel RpofiKkn,

Pesyavtar zna n = 10 nMeer BHL
5
25
128
0828
03125
015626
0078126
00390626
.001953125
009765625

1.7, JAMNMCH

Camnfi ofmnft MeTon MOAYYEHHA COCTABHHIX THIOB ~- 9TQ
ofbeluHeHHE KOMIOHEHT, NPHHAARENAUIHX K RPOHSBONLHHM,
BOSMOJKHO, TOXE COCTABHEIM THNAM, B OAHH COCTaBHOH THM. [Iph-
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MEphEl H3 MATEMATHKH — 3TO KOMIASKCHLI® 'MHCAA, COCTOAILHE 113
ABYX BelleCcTBeHHBX UYHCeNd, H KOOPAHHATH TOUYEK, COCTORUIHE M3
ABYX Han fofee BELIECTBEHHBIX HHCENA B 3ABHCUMOCTH OT pasMep-
HOCTH MIPOCTPAHCTBA, 3aLAHHOCO CHCTeMO# koopauHat. [pamep
3 o6paboTkn JAHUBIX — 3To ONHCahue JOZefl ¢ NOMOlBID He-
CKOJIbKHUX CYUIECTBEHHLIX XaPAKTEPHCTHK, TAKMX, KAK UMA W ¢a-
MUILHA, BaTa POMAEHHSA, [0 U ceMeliioe MoMoKeHue,

B umaremaTuge TAKOH cOCTaBHOH THN HA3bBAeTCE JeKuUPTO-
[1-14. ] npouaeede.tmem THHOD KOMDOOUEHT, 9T0 CBAAHO ¢ TeM, 4YTo
MHOMECTBO 3HAUCHHA TAKO[O COCTABHONO THIA COCTOHUT H3 BCeX
BOIMOKKHLIX KOMOHHALIH 3HAYEHHUH, BIATHIX 110 OAHOMY H3 Kaw-
BOTO THNA KOMIOHEHT. CAelOoBaTeNbHO, YMCAO Takux HaGOposn
H3 n ufces pABHO NPOHMIBCACHMIO HOJKUYCCTB 3ACMEHTOB BCEX
COCTABAAIDUNHY MHOMECTE, TAK 4YTO Kaplifianblioe YACAD COCTAB-
HOrQ THOA PAaBHO TIPOHAREACHHK) KapAHHAAbHHIX QHC2 1 BCEX TH-
OB KOMIOOHEHT.

B 06paboTke RaHHBX KOMOWHHPOBAHHBIE THNH, TakHe, Kai
OMHCaHHA JI0Aedl WK OOBEKTOB, UacTO BCTpeualoTes B daiinax
unu «baltkax [LaHEBX» M OpeAcTaBAgioT codoli aamicH cyme-
CTBEHHBIX XAPAKTEPHCTHK ueJoBexa uam ob6bekra. [lostomy
CA0BO «3zanach» {record) CTaso WHPOKO GPHHATHIM AR 0HO3HA-
yelua noAobHolt COBOKYRHOCTH AAHHBIX, I ML 6yaeM HCHOJb30-
BaTh 9TOT TEPMHH BMECTO TEPMHHA <«IeKapTOBO NPOU3IBeAeHIE,

B obuiem BHIe cocTaBHOA THM T ompefensieTca ClenyommM
ofipasoM:

type T — record 5, T;
KIS
(1.19)
L o
end '

Cardinality (I') = cardinality (7} « . . . » cardinality (T,;)

fTpunepot:

type Complex == vecord re: real;
im: real
end
type Date = record day: 1, . 31,
momth: 1,.12;

Jyeur; 1..2000
end
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type Person = record name: alfu;
' Sirstname: alfa;
birthdate: Date;
sex: (male, female);
marstatus: (single, married,
widowed, divorced)
end

3navenne THa T MOKHO CEPOMTH C TMOMOLUbIC KOHCTRYRTOpA
aanicy ™ W, CIeL0BaTeNbHO, RPHCBAHBATL €ro NepeMeHHol 3Tore
THNA:

x:=T(xy, %0, v, x,) (1.20}

Flle X; — 3Hayele THI@ KOMNOHEHTH T;.
ITycTh nakb AepeMeHHBle-3aMUCH:

2: Complex
d: Date
p: Person

MM MOTYT BPUCBAVBATLCH OTAeAbHHE 3HAYCHEH, HanNpRMep, cie-
AywowkM obpasom {cm. prc. 1.3}

z 1= Complex (1.0, — 1.0}

d:=Date(l, 4, 1973)

pi=Person { WIRTH',CHRIS’, Date(18, 1, 1966), male, single)

H.H.EHTH(!JHKEITOPH $4, .+ Sny, KOTOPBIE BROAATEA HPH ORpeAL-
HNCHHH KOMﬁHHH[}OBaHHOFO THIIA, ABAAIOTCA EMeHAMH OTREALHEX

Complex z Date d Person p
1.0 1 WIATH
—-10 4 CHRIS
1973 18] | 1966
male
single

Puc. 1.3, 3amncn tanos Complex, Date, Person.

KOMIIONEHT NepeMeHHBX TOTe THNA, OHH ynoTpebasioTcs & ce-
Aexropax ganucu, TAC HX ao0asjafloT K NepeMeHNol, oGozna-
yaouwiefi o 3anuck. Ecoin wMeeTcA nepeMenHas x: T, To ee

*} B snauke Tlackasbn 7aKkHe KOHCTPYKTOPH TaKxe OTCYFCTaYOT. — f1pus,
peo.
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i~s1 KOMNOHEHTA 00C3HaYaeTCa Kak
[ X5 ‘ {i.21)
Ecan 71anoli ¢eRCRTOp CTOMT B AeBofl YacTy Oneparopa npucBau-

Banuf, TO NPOHCXOAHT BLIGOPO'{HOG H3MeHeHHe X:

X8 1= X;

ra¢ X;-— JHa4YeHHe BEIPAMEHHA THINA Ti.
Ecan panm nepemennbe;

z: Complex
. d: Dafe
p: Person

TO WX MOMHO HCDOML3OBATL, HANPHMEP, €0 CACRYIOIMHMH cefex-
TOPAMH:

z.im (Tiina real)
d.month {tana {..12)
p.name (tana alfa)
p.birthdate (tuna Datle)

p.birthdate day (tuna 1..31)

Ha npamepe Thna Person Mbi BHAMM, YTO KOMOOHEHTH 3anHcH
MOTYT B CBOW Ouepefit GuiTh cocTaBHHMH. Takim ofpasow, ce-
AeKTOPE MOryT noBaBaarscs 0aWd K Apyromy. Kpome roro, pas-
HHWEe COCTABHWE THNH MOTYT KOMOHHHPOBATLCR DAZNHUHBIMH CMO-
coGamyu., HanpHmep, i-A KoMIOHeHTa MacCHBa &, KOTODEIt sa-
AAETCA KOMIOHERTOR 3aNHCH r, 0J03HANACTCH KAK

r.alf]

a4 KOMIOHEHTA € CeJeKTOPOM 5, BXOAAILAA B i-10 KOMHOHEHTY-
3A0UCE MACCHRa 3anuced a, ofoaavaeTea Kak

ali]s

Hexaproso NpoH3BeAeHHEe B NPAHUHRE COASPKHT 6¢¢ KOMOHHA-
HHH SHEI‘-IEHHEH{ THNOB KOMBROHEHT, O,ﬂ.HﬂKO CACAYET 3aMeTHTDb, YT
Ha npak’rm{e He BCe T4HKHe KOMﬁHHauHH MOryT fRTE «38KOH-
HBIMH®, 7. e. KMeTh cMbica, Hanpuivep, Tin Date, onpeferenuil
BUILlE, BKJIOYAET 3HAYEHAA

(31, 4, 1973) u (29, 2, 1815)

0TS AHelf ¢ TEZKHMH JaTaMM He cywecTByer. Taxkum ofpaaom,
ONpefeneHye ITOTO THMA He OTPaXKAaeT PEANBHOIC NMOJOXeHHS
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Beueil. Bce ke OHO A0CTATONHO GNH3KO K NPAKTHUYECKHM UEJSM,
# OTBETCTBEHHOCTD 32 TO, YTOOH DPH BEINIOJAHEHWN NPOTPaMMLl
He BO3HHKAAH HOAOOHDIE HecCMbICACHHBIE 3HAUEHNSA, BO3JAaraeTcs
Ha HEPOTPaMMucTa.

B caenyonmiem HeGORbILOM (HPATMEHTE NpOrpaMMbl HOKA3AHO
HCTOAb30BaHYe 3anicell, Ero 3agava — cOCUNTATh UNCHO «it0-
aefi» B MaccHBe €, KOTOPHle OAHOBPEMEHHO NPHAANNEKAT FKEH«
CKDMY noaY W CAHHOKY!

var a: array[L .. N] of Person;
count: integer;
count 1= 0; (1.22)
fori:= 1to Ndo
if (alil.sex = female) N (ali)marsiatus = single) then
count 1= count4-1-

HuBapnanT unkna zjeck

countf ==C (i)

rae C(i)— 4ucho OJHHOKHX MHEHUHE B NOAMHOMKECTBE a1, ..., di.
B npyrom BapuanTte 3anucH 3TOro omeparopa HCNOAB3YETCH
KOHCTPYKLHS, KOTOPAs HA3LIBAETCH ONEPATOPOM TNPHCOSAMHEHHA:

fori:= lioNdo

with afi] do (1.23)
if (sex = female) A\ (marsiatus = single) then '
cotint 1= countt1

Brpaxenne withrdos osnauaer, yro BHYTpPHW omepaTtopa s ce-
JEKTOpH NepeMeHHoN ¢ MOMXKHO MCTOAb30BaTh Oe3 npedHkca: cyu-
TAETCA, YT0 BCE OHH CCHIAIOTCA Ha nepeMenHywo r. Taxum ofpa-
30M, ONeparop NPHCOeIHHEHHA MO3BOAAET COKPATHTbL TEKCT Rpo-
rpaMMEl, a TAKMKe NPEAOTBpallaeT NOBTOPHOE DHUHCJIeHHE af-
peca HHAGKCHPOBAHHOI KOMIOHeHTH & [f].

B cheayiowem npHMepe MB GpeAnosaracM, 4TO HEROTOphe
rpyinel Afed B MaccuBe @ 9eM-T0 OObeAHHeHH (BOIMOXKHO,
ytoBBl HX MOKAC OBJI0 OBHICTpEC HAaxXOZMTh). CsAsywilaa uupop-
MallHa BBIPAZKAETCA JOMOJHHTENbHOH KOMINOHEHTOH 3afHCH
Person, HaspiBaeMoi link (CBA3h). ITH KOMOOREHTH COSAHHFAIOT
34NKCH B JAHHEHHBA CHOHCOK, TaK 4YTO AJA KaXMACGrO 4YeJ0BeKa
JEFKO MOMKHO HalTH NpeflliecTBYIONY®R I HOCASAYIOWYIo 3anHCH.
Harepeclo, 4To RPH TakOM METOJAC CBA3LIBAHEA MOXHNO JCTKO
NPOCMATPHBATL CIHCOK B OOOMX HANpPaBACHHAX, HCMONb3YS
TOABKO OAHO WHCHO, XpaHdiieecs B KamEof 3anAcH. 310 fg-
Jdaetcs cnedywoulnm cOpazom.
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[TpeanonoXuM, 4TO HHAEKCH TpEX M[OCHE/LOBATEIbHLIX 2Me-
MEHTOB CIIHCKA €CTh ie—i, ix, fer1. 3Hauenue link nas k-ro sse-
MeuTa Gepercs PaBHBIM (g4 — fe—1. [1PU DPOXOAE MO CHHCKY BrE-
PeA ipy; OTpEASHAETCA ABYMA TEKYULHMU MHIASKCHBIME NEpPEeMEH-
HEIME X == {;_| B § == [ IO QopMyae :

iy=x+aly)link

a npA NpOXoAe MO CTHCKY B OOPaTHOM HANPABJCHHH ik Onpe-
AENRETCA € NOMOLILIO X == g4y H § = Ip IO QOPMYyJIe

iy =x—alyllink

Tpumep o6beAWHEHHSA NPH NOMOMK [ink Beex AUl OAHOTO
noha nogasan B taba. 1.2,
*
Tabauua 1.2. MaccHp 21eMEHTOB THOA

Person
First Name Sex Link
b Carolyn F 2
2 Chris M 2
3 Tina F 5
4 Robert M 3
5 Jonaihan M 3
© Jennifer F 5
7 Raytheon M 5
8 Mary F 3
9 Anne F 1
10 Mathias M 3

3anmuck @ Maccla nMeloT obuiee CBOHCTBO: 06z ABJAAITCA
CTPYKTYPaMH €O «CAyualfubiM ROCTYNOM», 3anuch — fodee yHH-
BepCaabHass CTPYKTYPA, IIOCKOJbKY He rpebyercs, 4TOOB THOLI
BCEX €€ KOMNOoHeHT Oblay ozndakesdw. C Apyroff cTOPOHH, Mac-
ClIB MPeRoCTaBAgeT GONblUIHe BO3IMOKHOCTH, TAK KAK CENEKTCpHI
ETO HKOMMOOHEHT MOTYT BBIHHCGIATBCH (ecnu OHH DpPefCTABMCHL
BHP&}KEHHHMH), TOrAd KAl CNeKTOpbl KOMHNOBEHT IANHCH — 2TO
(PHKCHPOBAHHBIE HACHTHDHKATOPD, 3a18BAEMbIE B ONHCARUY THNA.

1.8, 3AAMCH C BAPMAHTAMMH

B npaxtuueckofi pafoTe 4acto KakeTcs YOOGHBIM H ecTe-
CTBEHHBIM PACCMAaTPHBAThL ABa THIA KaK 8@pHAHTLL OBHOTO H TOrO
»e tuna. Hanpuwmep, tun Coordinate, BBeneHRbIN B NpedplIyilem
pasiese, MOKNO PaccMaTpuBaTe Hak  ofbelinenise  ABYX

T
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BAPUAHTOB: JACKAPTUBBIX W NOJAPHHX KOOPAHHAT, KOMIOHEHTAMH
KOTOPHIX ABJAAIOTCA COOTBCTCTBCHHO {a) Ape daukwst H (b) Anuna
g yroa. Hdaa toro urobm onpenenuTh, KAKOM BapHaHT NPHHAT
B A2HHLIH MOMENT, BBOLHTCH TpeTksl KOMEOHeHTa, Oua na3n-
BAETCA JUCKPUMUNANRTOM TUNQ KIH NOAEM IPUSKAK.

type Coordinate =
recoxd case kind; {Cartesian, polar) of
Cartesian: (x,-y: real);
polar: {r: real; ¢: real)
¢nd

3pech WMA OOAR OpHInaka — kind, a AMeHa KOOPAHHAT — ARHO
£ H y B chydae suavennn Carfesian {nexkaproBu), Anbo r H @
B cry4yae 3naueHus polar (nonsapHule),
MHoxecTBO 3Hauennli THna Coordinate ecTe 0OLELIHHEHHE
ABYX THIOB:
Ti=1(x, y:real)
To=(rireal; g:real)

a erc KapIHHaJAbHOE YHCI0 PaBHO CYMMe KADPAHHAMBHBIX Yn-
cen Ty Ta.

Opnagko 4ame BCEro OPHXCAHTCA OOBCAHHATL e ABA 104-
HOCTLIO PA3NHUHBIY THIA, a B2 THII2 ¢ YACTHYHO COBNAAAOUIHMH
KOMUOHeHTaMHu, [las Takoif cHTyalUWH OpUMeHAeTCs TepPMHH
«3amHCk C BapuaHtamu». TipumMepom MoxeT chyuTs THD Person
ONpelcAeHHBIA B NpeAnlAyUleM pasfete, ecqH CyUleCTBeHHHIE
XapaKTePUCTHKH AONKHE 3aMBCEiBATLCA B Qaila B 3dBHCHMOCTH
oT noia. Hanpumep, Ana MyXK4HHB MOTYT CUNTATBCA B KaKoi-10
onpefeNeHKOl CHUTYAauUn CYUIECTBEHHAMH Takye RNPA3IHAKH, KaK
BeC H HajdHyHe GOPOLbl, a ZNA KEHWHHH MOKHO CYHTATb BaK-
HbIMy TPH ¢ OCHOBHBIX Pasmcpa (TOrAa Kak BeC OHa MOMKeT
xpannTe B Taine). Mcexops us aTMX ponylieHHid, mOsyunM cie-
Eyiollee OMHCAHWE THTIA:

type Persont =
record name, firstname: alfa;
birthdare: Date;
marstatus: (single, married, widowed, divorced);
case sex: (male, female) of
male: (weight: real;
bearded: Booleam,
female: (size: avray[l ., 3] of integer)
end
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OGaii any ONHCAHHA COCTABHOTO Typa C BapuaHTamy:

—_—
type T =

record s, : T, | SR S S
case 5, T of
0y (s,,,:Tl_l;...;.s,)n,:?",,n,;; (1.24)
Cpt (S o Tt Soyme s Tos )
end

3necs s; u §if — CeJCKTOPLL KOMDOHenT, OpUHAANE N AUINX K -
MaM KOMIOHEHT T, u Ty, a $p— uyg Pasimnaioero noss npy-
shaka tuna T, Tlepemennas x Tana T cocrour naz KOMMOHeHT

X8 X8 0oy XSy, N P T X.8g, ny
B TOM H TOMBKO TOM CHy4ae, Korga Tekyllee snavenme x.s, = ¢,
Komnonentu x.s,, ..., *:Sn COCTABAANT 0buyyio 4acre m pa-
PHAHTOR.

Taknm o6pasom, HCMOAB30BAH He CEAEKTOPA x.5p 4 (1 Z A =
S Mk} TIPA XSk 7 cp coedyer PaccMatpusaty kag Cepbesnyio
OBINGKY nporpaMMHpoBaHus. D1q MOXKET, HANpuMep, 03nauath
(a9 THRA Person, onpeﬂeneﬂﬂoao BhilMe, } NPOBEPRY, sBAReTCH
ANl HEKaw neiu Gopoaatolt, wan”(p cnyvae BuopouHorp npy-
CBAHBAHHA) NPUNHCLIBAHHE off 3Toro CBOHCTBA]

Hostomy npu nenoasoBanmuy SANHCCH ¢ BapuaHTamy Tpe-
Oyetcsi ocoBoe BuHMaNHe, Jyuure peery heficTBus, CBA3AHHbIe
€ KaWAbM U3 BAPHAHTOB, IPYMNHpoBaTH B BLIGupamulem ceqeg-
TODe, Tak rnasmBaeMoM oneparope 8apuanta; ero CTPYKTypa
OTPAXKAET CTPYKTYPY ONHCAHAA THNa 34NHUCH ¢ BapHauTamy:

case x.5, of

€238y (1.95)

Oncpatop S, sbilioansercs s Clyvae, xorga aaa x BIHpaeres
k-8 BapuauT, T. e, mouc pusHaka x5, IPIEHMAET 3Hauvenpe o,.
CaenoBatensko, a1a Toro 4TG0 iperotapaTuTh HeRpasuhnioe
HCNOMtb30BaAHHe CRIEKTOPOB, WY MHO CAeIHTL, YTOGH Kaxpni S,
COMEPHAN TOJNBRD CEACKTOPBI

XSy ooy X5,

H
L-Sp1r veay K8y n
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B cnenysoweM He6GogMblIOM dparMesTe mporpaMMbl BHMHCAAETCA
paccTosHUe MeXAy AByMS Toukamu A ¥ B, salaHHbIMH nepe-
MeHRHBIMH @ ® b THna Coordinate (3apnuck ¢ sapualiramu), Cno-
ol BHUHCAEHHA BblﬁHpaeTCH B 3ABUCHMOCTH OT ueTbipeX BO3-

b

L 1B i

Pue. L4, JexapTosd ® NOSAPHHE KOOPABHATH,

MOMHEIX KOMOHMHZUHE AeKapTOBLIX W TNOAAPHBIX KOOpIHHAT
(cm. puc. 1.4).
case a.kind of
Cartesian: case b.kind of
Cartesian: d := sqri(syr(a.x—b.x}+sqr{a.y—b.y));
Polar: d 1= sqre(sgria.x—b.r+cos(b.p)
|-sqria. y—b.r+sin(b.¢))
end;
Polar: case b.kind of
Cartesian: d 1= sqri(sqria.rxcos(a.g)—b.x}
+sqria.rtsin(a.g)—b.y));
Folar: d ;= sqri(sgra.r)y+sqrib.r)
~2+g.rkb.r+cos(a.g—b.p))
end
end

1.%. MHOMECTHO

Wpome MaccHBa M 3anlcH UMeeTes TpeThA PYyHAAMEHTAALHAA
CIPYKIYPa JdaHHBIX — mHoxcecTeo, CoOTBETCTBYIOMIHA Tun ond-
CLIBACTCA CACAYIOIAM ofpazom:

type T =setof T, (1.26)

3ravennsamy nepemennofi x THna 7 ABAAOTCA MHOMECTBA 3Je-
MEHTOB Thima o MHOWESTBO BeeX NOAMHOWECTB MHOMecTBa 7o
HashBaercs Muomecreom-crenensr Ty Tawum obpazom, THn
T — 370 MIOXECTBO-CTENEHb cBOero Gasogozo runa Tg.
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fIpumepot:

type infsef —= setof 0..30
type charset = set of char
type fapesiaius = set of excepfion

Bo propom dpumMepe 6a30BuIM THIOM ABAAETCA CTAHAAPTHOE NOA-
MHOKECTBO CHMBOJMOB — THIl char, B TpeTbeM MOpHMepe — THI
HCKAOUNTEIBHEIX COCTORHHMH MAPHHTHBEX JENlT, ONHCAHHLIE Kak
CKaZAPHbIR THN:

type exception = (unloaded, mantal, parity, skew)

3HAYSHHA KOTOPOrQe COOTBETCTBYHOT PAa3fHYHBIM @ COCTOHHUAM
yeTpoHceTBa ACHTONPOTAKER. ECAN AaHE NepeMeHHble:

is ¢ intset
cs ¢ charset
¢ array[l .. 6] of igpestatus

T0 (OPMHPOBATE H MPHCBAHBATL 3HAYECHHS REPEMEHHBIX-MHO-
WECTE MO¥HO, CKaWKeM, 1aK: ¥

is :=[1, 4,9, 16, 25]

CS := [‘+9’ i_!’ l‘.*!’ I{‘]
f13] 1= [manual]

i05) =[]

1[6] ;= [unloaded . . skew]

3peck 3HaueHMe, MpHCBAHBAEMOE t[3],— sT0 MuOMecTBO, COCTOHA-
iiee H3 OLKOro ademeHTa manual, {[D] npucBamBaeTtcs nycToe
MHOKECTBO, 4TO COOTBETCTBYeT paboyeMy cocTosinnioo 5 nedro-
OPOTSHKKH  (KAKHE-AH0O0 HCKAKMHTCALHLIC COCTOSHHA OTCYI-
cTBY®OT), a {[6] ppucBaMBaeTcs 3HaUeHHe MHOXeCTBa, BKIiiD-
YAKINEro BCE YEThIpe HCKIUHTRABHRIX COCTOAHII,
KapounanpHoe YHC/I0 MHOKeCTBA THNA T paBHO

cardinality (T) = 2tardinality (7o) (1.27)

3to cAefyeT H3 TOTO, YTO KaxKAblll M3 aqeMeHTos cardinality (Tp)
TIPEACTARAAETCAd B WMHOMKECTBE OAHHWM H3 ABYX 3HaueHW: «npw-
CYTCTBYET» HIH <OTCYTCTBYET», H 5TH IEMEHTH BXOLAT B MHO-
MECTBO He3aBHCHMO ApYT or apyra, OueBHnAHO, uTe AAd 3¢dek-
THBIOH 1 3KOUOMHOH peanu3aliin He TOALKO Ba3cBHH Tun

*1 B oranume OT NpHHATOE HOTalldn MBL MCIOAb3yeM AN MHOMECTBA He
turyvpHee, a Usaipatible ckofrl. B @MrypHele cKoBKH 3aKMIOUAINTCA KOMMCI-
TAPHH B NDOTrpaMMax,



410 1. PyndamenTasshve CTPYRTYPL Dannbx

MHOMKECTBA JNOJMeH ObHTh KOHRUHHM, HO M €T0 KapiAHHaJbHOe
JHCAC — AOCTATOUHO HeGOAbIIAM.

Ha Beex MHomMecTBax onpelesiedbl CACAVIOULHe SAeMeHTap-
HBlE onepannu:

*  NepeceucHue MHEOXKECTB
~+ O06BLeAlHEHHe MHOMXECTE

-  pasHOCTh MHOMECTR

in NpAHALNEMHOCTD MHOMKECTBY

INepeceyenne ¥ obbennHeHHe ABYX MHOMECTB UacTO Ha3bi-
BAOT COOTBETCTBEHHO HMHONEHUEM W CACHCEHUEM MHOXKECTR;
COOTRETCTBYIOLUNM 06pa3OM ONPeReSICRE NMPHOPHTETH ONepaluit:
onepalHi mepeceveHyusl UMeeT NPHOPHTET Depef onepaunsMu
oObedHHEHHS 1 PA3HOCTH, a OHH B CBOIO OYepelb HMeKT HpHOpH-
TeT Teped onepaunedi NPpHHaAIAeKHOCTH. Onepauds NPHHAAMEK-
HOCTH OTHOCHTCA K KJaccy oflepaund orHowednd, Hrxe nprse-
AeHEl MPHMEpH BhIpaXKeHHH ¢ MHOXKeCTBAMH H NOJHOCTLIO IKBH-
BAJICHTHHIC HM BHIPAXKEHHS CO CKOOKaMH:

rxg+¢={_{r+s}+1¢
r—ssf=r—(s*f
r—s+i=(r—s)+i
xins+f=xin{s+{)

Hail nepenit  npHMep HCRONBL3OBAHHT MHOMKECTB ~ [IPQ-
rpaMMa MpPOCTOrO cKaHepa B TpaHeaaTope. Ckavep — 3To mpo-
Heaypa, 3azana Koropofi — npeo6pazoBats MOCAEA0BATENBHOCT
CHMBOJOB B FOCNEACBATeABHOCTh TEKCTOBHIX €AHHUH TPaHCii-
PYEMOTO SI3bIKA, TAK HasbiBaeMuIX aexcesm. TIpH KamaoMm BI3oBe
CKiHeD CYUHTHIBAET HYMKHOEC YHC/IO BXOAHHX CHMBOJOS H BblAaerT
OAHY BHIXOAHYIO JekceMy. KoBKpeTHble npaBnia TPAHCASILAE Cae-
AyrouHe:

1. MmeloTea chegyoniie BHXOAHBE JEHCeMBl: uderruguxarop,
HUCAO, MENOUIE-DABHO, OO0AbLUL-PABHO, APUCEOUTH — VW  JeK-
CeMbl, COOTBETCTBYIOILHE COTASIbHBIM CHMBOQJAM, TAKHM, Kak
+,—, *HT A

2. JlekceMa uOenTugpuxarop BbLIaercA MO TMPOYTEHHH MNOCAEI0-

BATEALHOCTH OYKR U LHp, HAYHHAIOINEHCA ¢ GYKEREL

Jlekcema #tc40 BHAACTCA NO MPOUTEHHH TOCAEA0BATEBHOCTH

Ludp.

4, JlenceMb Menbliie-pagHo, Goabdte-pasHe H  NPURCSOUTs BEE-
J2WTCH 0 NMPOUTEHAH COOTBETCTBYIOULHX NMAD CHMBONOBR « ===,
=, =,

5. TpoGean 11 KOHUB CTPOK OTNYCKAKTCS.

)

B maweMm pacnopsmenHH HMeeTCs INPOCTaE  NpouNeAypa
read(x}, KOTOPAs YMTAET QUepelnofi CHMBOJA M3 BXORIOR moChe-
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JNOBATEJLHOCTH M mpHcBauBaeT ero mepemednofl x, [losyvennan
BHX0AHAN JeKCeMa DnprcBauBaeTcs T00aJabHOR  BepeMeHHON
sym. KpoMe Toro, uMmenoTca raofadbHble MepeMeHHble id o num,
HasHayeHue KOTOPHIX OyjeT BuAHO U3 nporpammu 1.2, a rtakxke
cht, copepiamas Tekyului# CHMBON BXOAHOH NOCNEAORATENBHOCT.
MaccnB JaekceM S 3asaer oTOGpaeHlle CHMBONOB B JEKCeMb,
ero MHIeKCh OrpaHH¥eHbl JHIIL TEMH CHMBOAAMH, KOTOpBle He
ABAATCH HH RRdpamu, uH Oyksamu. Kax mMbl BHAHM, HCAOJAL-
30B3AHUE MHOMNKECTB CUMBOROB NOIBAJIAST HpOI‘paMMHPOBaTb CKa-
Hep HE3ABHCHMO OT HX YTOPAROUEHHOCTH.

Bropoit npumep ucnonssoBaHHA MHOMXECTB — NpPOrpaMMa co-
CTABICHHR IIKOJALHOFO paciHeandd. [Tpeanososum, uTo KamIbii
H3 M yyeHHKOB BHOUpAeT A9 u3yueHHd KaKie-Aubo npexMern
W2 HX ofulero uucna N. Temepb HYKHO TaK [MOCTPOHTh PACHH-
canue, YTOOH MONHO OBUIO HEKOTOPBIE DPEAMETH YHTATH OAHD-
BPEMEHHO H TIPH 3TOM He BO3HHKaM0 On Kondanktos [l1.4].

B fpHHINNE HOCTpOoEeHNE paCHHCEHHﬂ—CJIO}KHaﬂ KombBuHA-
TopHas 3a1aua. [Ipy ee peUIeHNH EYKHO YUHTHLIBATE MHOLO pai-
AyHEX (paktopoB. HO B 3TOM npHMepe Mbl 3HATHTEALHO YOpPo-
CTHM 32739y H OTBJA€YEMCH OT peatibHOR CHTYyamHy, ANA KOoTOpof
COCTARMARTCA pacnHCAHHE,

[Tpexfie Bcero nnda TOro uTOBHl pellBTh, KakKHe npeaMerhl
MOMHO UHTATH B OJHO B TO ¥e BpeMS, HYKHO NPOaHAMHINPOBaATh
RHAMBHAYANDHBIE CNHCKH BHIOPAHHBIX PeIMETOB, COCTABACHHbLIE
YICHHKaMH. OTH CHHCKH TNPeAcTaBAAlT cobofl mepeydcneHis
l'[pe,ELMETOB, KOTOpHE #He/b3q YHTATh OHHOBpeME‘HHO. HOBTOM}’
BHEAYaJe Mbl DPOrPaMMHEpyes Tfpolect COKpalleHNda LaHHHX.
YuedukaM npiceausaioTes Homepa ot | mo M, a npeameram —
orl 1o N

type course = 1.. N,
student = 1.. M:
selection = set of cowrse:

¥Yar 5. course;

i student;

registration: array[student) of scloction;

conflict: array[coursel of selection; _
{Onpenenenne MHOXECTRA KYPCOB, BCTYNAIOWHX B KOHGIHKT,
MO CTIHACKAM KYPCOR, Bh‘le&l!ll‘le OTAETEHBIMU YYALMMUCA )
fors:= 1to N do conflict[s] :=[];
fori:=11t0 M do

fors:=1to N do

if s it registration[i] then

conflicils] 1= conflict[s} 4 registration]i]

(1.28)

(3ameTrM, yTO H3 3TOrC anropuTMa cneayet s in conflici[s].)
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var ch: char,
sym: symbol;
mum, indegers
id; record
ki O, maxk;
a: areay [L. . maxk) of char
end
procedure scanner;
var chl: char;
begin {nponyck npobenos)
while ¢t == ‘=’ do read(c/);
if chin ['A’, . ‘2] then
with id do
begin sym = identifier; k 1= 0;
repeat if &k << maxk then
begin &k 1= k-L1; a[k] 1= ch
end ;
reatd(ch)
wntil —(ck in [A’..°2 , ‘0", 9]
end else
if ¢h in ['0°.. 9] then
begin sy = number; num == 0]
repeat num :== 10snym--ord(ch)—ord('0’);

read(ch)
until —(c/r in ['Q°.. 9D
end else

I chin ['<’, 2, “>"] then
begin cil 1= coh; read(ch);
if ch = ‘=" then
begin
if chl = ‘<’ then sym :== Jog clse
if chl = &7 ther sym 1= geg else sym 1= becomes;
reqd(cly
end
else s1m 1= S[ehl)
end else
begin | BpYIHe CHMBORE]
sym 1= Seh); read(ch)
emd
end {scanner}
Dporpauma 1.2, Ckanuep,
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(OcHOBHAA TENepb 3a0ada — COCTaBHTL pacliiicanive, T. €. CHH-
COK YHTAEMBX TPeMETOB, TaK, YTOGbl OHU CNEJGBANN B HYMHHOM
NopstIKe N He NPOTHBROPEUHIH Apyr Apyry. M3 mmoxecTsa Brex
KYPCOB Mbl  BHIOHpaeM MOAMHOIKECTBA «HEKOHGIHKTYIOUHX»
npegMeron. lHoaMuoxecTsa BuLiOnpaoTca d3 nepeMerHol re-
maining, N0 Tex NOP NOKa MHOMECTBO OCTABMIHXCA NpeiMEeron
He CTAHET MYCThIM,

var k: integer;
remaining, session: selection;
timejable: arvay{l .. N1 of selection;
k = 0; remaining 1= [1., N}
- while remaining 3= [ ] do {1.29)
‘hegin session := caedyroigan ebibopxa;
remainting = remaining — 3essio;
k 1= k11, timetablelk] = session
end

Kax onpegeaserca «chefyioniad Buifopka»? Buauane Ge-
petcs A0OH H3 MHOXeCTBA OCTABIUHXCS NPEAMETOB. 3aTeM H3
3TOTO MHOKECTBA BHOMPAIOTCA Bee TaKHe IPEAMETH, KOTOpLie
«He KOHGJHKTYIOT» ¢ BRIGpaHHbIMH pance. HazoseM MMoxkecTRO
TAKHX NpeAmeTes frialsel, 3atem OyaeM WCCHeHOBATH KasKAuill
AECMEHT MROXecTBA {rialsef, BriioueHue Taxoro ashemcnTa
B $£ssion 3aBHCHT OT TOTO, MYCTO HJH HET MEpeceueHHe MHOME-
CTBA TPeAMETOB, yXe BKMIOYEHHBIX B $e5sioft, ¢ MHOMECTROM
npeaMeTos, KORGAHKTYIOUHX ¢ AaRubiM. Oneparop «session ;==
1= caefyoan svilbopra> NPUHUMaET BHL

Yar st course;
trialset: selection;
begia 5 1= 1;
while ~(s in remaining) do 5 1= 3+1;
session == [sl; trialset := remaining — conflict[s};
for t:= 110 N do (1.30)
if ¢ in triafset then
begin if conflict{t] * session == [ ] then
session .= session < [f]
end
end

KoHeuuo, Tako#t crocol Buifopa MapanjenpHO YUT4EMBIX Bpef-
METOB He NO3BOJAAET CTPONTh PACTHCAHHE ONTHMAJABHBEIM 06pa-
3oM. B HeyaawHBIX coiyuasnx MHOMKECTBO BHIGOPOK NapasenbHuix
KYPCOB MOMKET OKA3AaTheA CTOAb Xe BEAHKO, KAK M MHOKECTBO
BCeX KYPCOB, Jl4Xe eC/HH CYILECTBYIOT KYPCH, KOTOpHE MOMNHO
Gu110 6ol YHTATL NapannenbHo.
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1.10. NPEACTABNEHME MACCHBOB, SANMCEA W MHOMECTE

OCHOBHAA UeJb HCIONB30BaHWSA alCTPakuMili B nporpammp-
POBAKHN — 0BecIeuUHTbh pa3paboTKy, aHafiH3 # TPOBEPKY DPO«
FpaMMbl Ha OCHOBE 3aKOHOB, YNPaBARIOIHX STHMH adcTpak-
puamu, I'Ipn aToM HeT HeoOXOAHMOCTH 3HATL, KAKMMH crnocofamu
3TH AOCTPAKUEN PEANH3YIOTCA HAa KOHKPETHON BRIUHCAHTENHHN
MauinHe, OaHaK0 KBaAUGHLHPOBAHHOMY TPOTPAMMUCTY NOAE3HO
pasbupaTbca B Hanbodee HacTo NPHMEHAEMHX IpHeMax npes-
CTaBleHHsd OCHOBHHIX Aa6CTpPakuHH nporpaMMHPOBAHHA — TAKUX,
KaK QYHIAMEHTANbHHE CTPYRTYPH NAHHHX. DTH 3HAHUA MOryT
FOMOYEB APOrpaMMHCTY CTPOHTL MIPOrpAMMY H ONHCHIBATH JAHHLIE
¢ VUETOM He TOJNBKO aOCTPAKTHHIX CBOHCTB CTPYKTYDP, HO H HX
peanH3alHH Ha Koukperkolt SBM, npunumas Bo BHHAMaHne ce
CBOIICTBA H OPHCYUIHE €if CTpaHHYERHY.

Ipo6rema npencrapieHyis AaHHHX ecTb Npofaema otobpa-
MeHHA a0CTPAaKTHOM CTPYKTYDPBl B NMaMATE BBIYHCIHTENbHOH Ma-
meHel. B nepsom npubamKesHH 3Ta NaMAThL NpelcTaBjiser co-
foll MaccHB OTHRIbHBIX AUYCEK TAMSTH, Ha3HBaeMBX CJAOBAMH.
I/IH,ILQKCH 3THX CNOR HAa3WBAIOTCA #NpecamHu:

var Store: array|address) of word (1.31)

Kapannanthblie uncna THRoB address n word pasnruAsl AAf
PASHEIX BHIYHCARTENBHEX MaTAK. Ocofernag cnoMBOCTL 3aKITI0-
vaeTca B pasHoOBPa3MH KapAHHANLHBIX YHMcen And cjopa. Jlora-
pudV KapAHH2JIbHOTO YHCAA Ha3LIBAETCA PASMEPOM €406, NO-
CKONbKY OH paBeH KOANWYECTBY PA3paloB, M3 KOTOPHX COCTOMT
AueHKa MAMATH,

1.10.1. Npegcradnense MacCHEOD

IIpeactaBaenne MaccHBa — 910  OTOGpamenne (adcrpake-
HOTG) MaccHP2 KOMIIOHEHT THHA T B maMsTh, KOTOpas HpeicTan-
aget cobol MacCHB KOMAOHEHT THNA word.

MaccrB caeayeT oTo0pamaTh TAKHM ¢nOCOBOM, 4TOGLl MOKHO
GHI0 MAKCHMAJIBHO NPOCTO H NOTOMY 3PEGEKTHBHO BHYHCAATD
ajpeca ero KoMnoHedT. Aapec, W Hulexe namaTy, { j-it xomno-
HeHTH MACCHBA BBIYHCASETCS ¢ NOMOWBIO NWHEHHON (yYHRIHHA
oToOpakerHs

[==iy j=s {1.32)

Tie fy— aipec NepBOfi KOMIOHEHTEE, & §— YHCJAO CJOB, KOTO-
pHe «3aHEMaeT» KOMOOHeHTa, TAK Kak RO ONpeAe]eHH0 C/IOBO
ecTh MUHHMAJBLHAA JAOCTYNHAS @AHHHUA NAaMHTH, TO, NO-BHIH-
MOMY, XKeJdaTedbHo, 4ToOb § GRJIO LN M 4YHCJAOM; B NpocTeli-
meM cayyae s==1. Ecin s—He lUeAoe YHCAO CIOB NaMATH
(a Tax ObiBaeT AOBOJBLHO HACTC), TO § QGLIYHO OKPYFAAETCA A0



°f
oJondsieun)
BUML  OJONTO

] EHHRIMOHLO
Haunedsnn 2
HLIOHWOLY eH

- & . . X
(0 )piaG BLHIHOUWON 22¢ | -Hdu  uidadodyf LafgLoLAILD Y 10335 1§ NELIIWOH]Y
pu?
Q.H H.E_u..
1=1? HEOU MLHOH @ T
i
(Fripmo HH HWHHRHIERd -OUNOA WOH L
T 41Fg LEJow | -owkt 3 pdoLua D {(¥er » + 18] = 9) 54 g e prodax o4 TIHEE R
oy 7 HODINIT
BEHL CIOHTO -HH WIAWeELDHR
- Y o .
.:?8_.3.:?_.3_ WLHAHOUWOY 20 | -Au 3 'dOoLyauan Gg=0n 1w 1 10 [j1Aeaae 0 aH2DRW
wdmoewaon 2
KELHFHOUWGN o dalrxzrag FHAEIUUQ) PdALRACLY

OIr5HY SO0MSVEBHTARY

IHIRCUKOY MUHYL

nALrory

X¥HHEY MJAINAJID IFHALELIHAKETHAD "¢*§ ENHIgE]



46 1. PysGaMerTiabuse CTPYKTHPO Darnmy

Grumaniiuero Gogvilero ueIoro ynicaa [s]. B atoM cayiae kam-
A28 KOMNOGHENTA MAacCHBXR 3aHHMAeT [$] cqo0B, npuieM yacrs
enoBa  seavulnonn  [§]—s ocTaeTen HeHenmonbioBaHHOR (oM,
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Puc. 1.5, Otodpadetne MacCHEA B HAMATE.

pre. 1.5 n L6). Ogpyracuie udcna 3aHUMAeMbX OB 10 O.H-
KafllIero UeJAOro HasuiBaeics soipasuusanues, OTHOWEHNe pas-
Mepa NAaMATH, KOTOpaf OTBOAHTCA ATA ONUCANHA CTPYKTYpu

T—— HEHCNONBIYEMAT
NaMATE

Phe, LG, [lpeictasaenie saniee © BoPasRABAHUE M,

HALK, K pasMepy AelCTBHTENbHO 3aHATOR MaMATI HA3LIBASICA
KO(MPIIIIEHTOM HCMOILI0BANNA TAMATH:

5 5

= =5 f
7 5] (1.33}
C oaucil croposbl, paspaboTYHK CTPEMHTCA HOJNYUHTL KO3-

uuneHT Henoab3osanns mamary, Gamaxwmii k 1. Ho mockoasky,
¢ Apyroii CTOPOHE, AOCTYVIL K YACTAM CJ0BA ~— HEACHLI U mO-
BOJALHO  Hedp(eKTHBHBIA Hpouece, pas3padoTUNKy NPHXOAHTCH
HATH Ha HeKoTopbiH komnpomucc. TIpH 3TOM OH MOJMEH YYHTiE-
BaTh cAeIyiolHe 0GCTOATCAbCTRA:

1. BuipaBHHBaHNe NOHMKEET KOSPPHIHEHT HCTMONBIOBAHHA Na-
MATH.

2. OTias oT BLpaBHHBAHUA MOMKeT NPHBECTH K He3dPerTHBHOMY
obpauleHO K 4acTAM CT0BA.
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3. OCpawmenue K 4acTAM CJI0BAa MOXET YAJIMHHTL NpOTpaMmy
(OTTpanHcAMPOBAHKYI0) M 3THM CBECTH HA HET BHUrpwuI, Ho-
CTHTH}?THﬁ OTKA30M OT BLIDABHHBAHHA.

B nelicTBUTENBHOCTH NoJoXeHka 2 A 3 o0bYyHo OGosee BaKHBI,
¥ TPanCJANTOPbl BCErAa ABTOMATHYECKH NPHMEHNIOT BHPaBHHBA-
Hhe. 3amernM, 4re npH § > 0.5 kos@dHUHEHT dcnoNb3oBaHUA
naMari weerfa OGymer u > 0.5, Onnako, ecan s <g 0.5, aror

NN

Puc. 1.7. ¥nakoBKa wectH KOMNOHEHT B OLHO CRECBG.

KO3(IpHIHEHT MOXKHO 3HAYMTEALHO YBEAWYHTb, NOMEIlas B Kak-
Joe caoBo Gonee GAHOA KOMIoUeNTw Mmacchsa, JTOT NPHCM Ha-
sbiBaeTcA yrakogkod. Ecan B ¢10B0 YREKOBAHO 1 KOMIOHEHT, 10
K03 ULHEHT UETIONL3OBAHUA NAMATH paBeH (cM. pHe. 1.7)
-8
=TT {1.34)
Hocryn K -l KOMNOHeHTe YNAKOBAHHOIO MaccHBa Tpelyer
BHUKCACHHA j— aApeca c/ioBa, B KOTOPOM pacnoiomeda 3T1a
KOMTNOHEATa, & TAK¥Ke 2 — OTHOCHTENbHOro ajpeca pacnovioie-
HHA KOMIIOHEHTH BHYTpPH caoba:

j=idiva
k=imodpn=1i—jxn

{1.35)

BOnRWUHCTBO A3BIKOR NPOFPaMMIPOBAHHA HE 71aeT RPOrpam-
MECTY  BO3MOMKHOCTH YOP&BAAThL peaassanmdell  alCTpakTHHBIX
CTPYKTYP ZabHbix. OoHako NMORE3HO HMeTh BO3MOMMHOCTh yKa-
3LIBATL JKeNaTeNbHOCTE YAAKOBKIL X0TA OH B TeX cayvasx,
KOT/la B O/IHO CJOBO MOXKHO TOMecTHTb §0Mee OXHOW KOMRO-
HEHTbl, NOCKOJbKY MPH 3TOM IAOCTHTaeTcs 3KOHOMHA NAMATH B 2
1 Gojee pa3. Mpl BBOAUM cOTJalleRHE, Y10 KEJNATeJbHOCTH yMa-
KosKk Gvier oGosiauaTthes cnosoM packed nepexn cnopom array
(unu record).

fpusep:
type alfa = packed array[l..n] of char

9ta ocobernocTh Hanbodce ULEHHA A1 BLYHCAHTEABHHX MAatsHy
¢ AJHHHBIMH CACBAMH H CPABHUTENBHO YAOGHHIM AOCTYNOM K OT-
JenbHbiM wacTam ¢AoB. Bamunoe cBoficTBO 3TOrO mNpedurea ¢o-
CTOHT B TOM, YTO OH HE€ H3MEeHdeT 3HaueHde H HpaBHABHOCTDH
nporpaMMup. 3TO O03HAuaer, YTO MOXHO BHOHpaTL JAlboe i3
ANbTEPHATHBHBIX NpeAcTaBAeHBA ¢ YBepeHHOCTHIO, YI0 3TO HE
NOBJIHALT HA CMBICA NPOrPAMMEL
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OOBIYHO MOXKHO CYHWIECTBEHHO YMEHBLLUIHTHL 3aTPaThl HA AGCTYDR
K KOMIIGHEHTAM YNAKOBAHHOI'G MAaCCHBA, eCcid CPpasy PACTaKoBaTh
(naM ymaxoeaTk) Bech maccus UealixoM. Heno B ToMm, 4TC npw
3TOM BO3MO:KeH 3(hPerTUBABIA NocneoBaTedbHEE TpPOXOR GO
BCeMY MacCHBY W NMPONanaer HeCOXCHAUMOCTL BBIYHCAAThL CIONK-
HYl0 GYHROHIO OTGOPAMEHAA 048 KaxJaoft OTAedAbHoll KOMIo-
HeHTHL. T103TOMY MLI BBOJHM ABC CTanAapTHble NPONUCAYPH: pack
(ynakoBath) W unpack (pacnagosate). [lycth HmeroTes Depe-
MeHHble

w:arrayla. .d)of T

p:packed arraylh. .c]of T

TRe a@ <5 & < ¢ < d— oaHoro it Toro we ckaaapHoro thua, Torda
pack{un, i, p) (a<<iLb—~c+4d) {1.36)
SKBHBANACHTHO
plili=uli4i—8), i=b..c
unpack(p, 4, ) @<i<b~c+ad) (£.37)

SKBHBANEHTHO
ulj+i—bl:==pljl, j=b..c

1.10.2. Npepcrapnetue 3anMced

Jansicn otebpaxkaloTca B NaMATh (pasmellaioTca) Tak, yTO
RX KOMAOHEHTH PACTONAralOTes AOCNSA0BATEABHO, AApec KaKod-
Ali60 KOMIOHEHTB (00JH) #; OTHOCHTENbHO HAYaABHOFO ajfpeca
3allHCH £ Ha3blBaeTCA CMEU{eAuEM KOMIOHeHTs! #. OHO BuldHc-
ASCTCA CACAYIOUIHM 06pasom:

Ri=s;F s+ oov 5200 (1.38)

rie §; — pa3Mep B cAoBax j-i KomnoHeHTH. [lockoswbry y wMac-
CUBE BCE KOMMOHEHTH! GAHOTO THNA, TO

S1== Sy == ... =8,
H, CACAORATEALHO,

bi=s+ s+ .. s =lE—1) s

YHIBCPCAALHOCTD 3ANHCH HE RO3BOJISET BHUHCAATE OTHOCHTCAD-
Hble ajpeca €& KOMIOHEHT ¢ MOMOHIbIO TaKOH Ke IpocTof Ju-
Helinol QyHKUMHY, T03TOMY OYeHb noJesHo OTPAHHUHTL JocTyn
K e KCOMIIOHEHTAM H MHOJB30BATHCA JHIb (JHKCHPOBAHHBIM{I
iAcHTHHKaTOpaMu. DTO OrpaHHYeHHe NO3BOJACT Y3HATH OTIIO-
CUTCALHBE afipeca BG BPeMA TPAHCAALHH, 9TO HAMHOTO YBeAU-
YKBaeT 3PPEeKTHBHOCTD AQCTYIIA K NOJAM 3RMHCIL
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Ecnu HecKObKO KOMUOHEHT 3aNMCH YMELATCA B OAHOM
CORE MAMATH, TO MOXKET HATH pedb of ymaxoske (cwm. puc, 1.8).
Tax ke Kax AAR MaccHBA, KeAaTeAbHOCTh YNMAKOBKH MOXKHO
yKa3aTo B OMNHCAHHH € [OMOUbBI ¢ioBa packed nepea ciaosom
record. nOCKOJ]bI\'y CMEM2IHA  KOMROUCUT DBBIYHCAITCA OpH
TpaHC.ﬂHU,HH, CMEeUleHe KOMMOHeHTH BHYTpH <JIOBA TAKKEe MQ-

52 ISQW

9 BHIPABHABAHAS
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Puc. 1.8. TlpescrasneHue YnakoBawHoH 3aNHch.

HET OIPEeSLSATLCH TPAHCAATOPOM. ITO 3HAUNT, UTO LAA MHOCHX
MAWIHH Y[HaKOBKA 3amHCEH NPHBOAHT K 3IHAYHMTRABHO MeHbLIeH
norepe 3 PeKTHBHOCTH, YeM YNAKOBKA MAacCHBOD,

1.10.3. NpepacTasnenne MHOMECTR

MuoxecTBO § HauaydwuM oGpasoMm RApedcTaBaAfeTcs B ma-
MATH MAUIRHLL ¢ NOMOWLLI xapakTepucTudeckod dyncyquu C(s).
XapagrTepucTHYecKan (PYyHKUHA — 3TC M2CCHB JIOrMYeCKHX 3HA-
YeHHi, i-A KOMMOHEHTA KOTOPOTO 03HAYART HaAHUHE HJH OTCYT-
¢TBHe [-TO sHadeHun 0a30BOro THIA B MHOKecTBe s. Pasmep
3TOrG Maccida pasBell KapAHHaAbHOMY wwcay GasoBore Tiia
MHOM{2CTBA:

C(s)=(iing) (1.39)

Hanpuwvep, MHO®ecTB0 HSONLUTHX ULMHK YHCE
s=I[l, 4, 8, 9]

NPeACTABANETCH  NOCASAUBATENBHOCTBI)  JAOTHYECKHX  3Haueduii
F(false) n T{tcue)
C(&)=(FTFFTFFFTT

eciin Ga3oButil THO MHOMeECTBA 5— UeAble MHCAA, MpHHALIERE-
e geanaszody 0.9, B namATH MAHHE NOCCEOBATENALHOCTH
ROTHYSCKUX ZHAYSHHA 1306paNACTCA Tak Ha3LIBaeMol CTPoxod
paapadoes (cM. puc. 1.9).

ITpeacTaB.aete MHOM(ECTE HX K2paKTePHCTHYSCKON PyHKEHek
No3BOAART pPCANB3OBaTL Olepaudit oObeAHICHHA, NepeCceUCHNR
H Pa3HOCTH ABYX MHOMECTB C [IOMOUIBIO 3/IE€MEHTAPHBIX AOTHYe-
CKHX onepaudit. JLas J:000rG 3NCMeHTa I, RPHHAANeRAEre
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K 0asoBoMy THNY MHOMECTB X # Y, HMEIOT MeCTO caegiyioilne
9HBUBANCHTHOCTH MeXAy OnepauMsMH HajJ MHOMECTBAMH K JO-
THHECKHMH ONePalusiMu:

imGF)=Gmx} V (iny)
imGt) =(0inx) A Gin y (1.40)
i (x—y) = (Ginx) A i iny)

Takne JoTHUECKWe ONepualliH HMEIOTCSl Ha BeeX BLIUACHUTENHHBIX
MamgHax, Gonee TOrO, OWH BBINOJHAIOTCH OOHOEHEMENHO HaA
BceM#u sJieMeHTaMn (paspadamn) caosa, [lostomy naa Gonee

sfote0100011 1}
Dt 2. g
Puc. 1.9, Mpeacrapaenne MHOMecTBa B BHEE pa3zpalAcH CTPOKH,

sPerTUBHON peanu3aalMK OCHOBHHIX ODEpauHil Hag MHOXe-
CTBAMH JKeJaTelbHO, uTOOH MHOMECTBY COOTBETCTBOBAJO He-
Gonblice ¢GHKCHpOBaHHOE UHCAO C¢J0B, Hal KOTOPLIMH KpOME
OCIIOBNILIX JOTHUECHUX ONEpauufi MO¥HO OGN0 66l BHNOKHATH
TaKMe onepanuy c¢ABura. B 3ToM ciyuae mpoBepxa MpHHAJIEXK-
HOCTH BHIIOJAHSETCA ¢ NOMOHIbI0 CABHCa H TOcAeldyiolles mpo-
BEPKH 3HAKOBOTO paspaia. CleloBaTeNbHO, NPOBEPKY

xinfe), €o vsey Cal

MOIKHO peaJM30BaTh 3HAuUHTenbHo 3hOEEKTHBHEE, YeM npH MO-
MOIIH 3KEHBANEHTHOTO O¥JNEBCKOTO BHPAKEHHA

(c=e}Vix=0)} V...V{s=rcu)

[MosTomMy cCaeAyeT MHCOOMB3OBATH MHOMKECTBA TOAbLKG ¢ KHe-
Goaviiumy Gasoseimu Tunamu, HanGonbllee sHavenHe Kapan-
HaauHore yncaa Haszoporo THRA, TIPH KOTOPOM peaaHs3auad Ao-
c1aTonHo 5¢deKTHBHA, 34BUCHT OT AJIHHEL €J0BA COOTBETCTBYHO-
el BHUHCHITENLHON MAIKHE. Paszymeercs, B 3TOM OTHOWIEHHH
NPeANnOYTHTEALHE MAWAHL ¢ OGogbirolf annmoll caosa. Ecau
Pa3mMep CI0BA CPARBHTENLAO HCBEJWEK, MOMHO HCNOALIOBATL He-
CKORLKO CNOB.

1.11. NOCJNEROBATENbHWA MAAN

Ofitee CBOWCTBO CIPYKTYD RAHHBIX, KOTOpHle AO CHX H[OP
oOCYXKA&ANCh, @ WMEHHO MACCHBA, 34alHCH H MHOMECTBa, 3a-
¥II04AeTCA B TOM, UTO #& sxapdusaavnoe ucio sonewno. [lpea-
noJaraeTcs, YT0 KapAHNAJbMBeE UHCAA THAOB HX KOMNOHENT KO-
Heynb, TIO3TOMY OHE He CAHIIKOM TPYARH ARA pPeanusallyu; cCo-
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OTBeTCTBYIOLLEE NPEACTABJICHUE JETKO HAXOIHTCA JAd# Jioloi
BHIUHCAHTEALHOH MAWIHKEB.

BOJBIIRHCTBO TaK 1A3BIBAEMbBIX YCOIOAHEHHBX CTPYKTYDR. 00-
¢Jef0BaTeIbHOCTH, fepeebd, rpadia il 1. 4. -~ XapakTepH3yoTes
TeM, NTO 01X KapAHHAABHDIE YHINY (JeCKOHEYHH, IJTO OTRHUHE OT
Baz0BbLIX CTPYKTYP ¢ KOHEUHLIMH KAapAHHAJAPHEIMH 4YHeAaMH
QUEHb BAMHO M HMeéer CYWECTBEHHbLIE NMPAKTHYECKHE CAACTBHS.
Hanpumep, onpelenps #ocaedosaredbiyio CTPYETYPY CAEAYIO-
WHM 06pasom.

[Mocnesosateasiocts ¢ §a3oBumM THHOM Ty — 310 Jaubo myc-
Taa TOCASAOBATENBHOCTD, AHOO KOHKATeHalHs TNoCAeROBATEMb-
HOCTH {¢ Ba30BHM THNOM To) W 3HayeHHA THNa Ty,

Tun 7T, onpenelesHblfi Takum olpa3oM, cofepxAT Geckoned-
HOe vucae 3Haveruil. Kaixnoe oraenbHoe 3HadeHHE COCTOHT H3
KOHEUYHOro HMCia KOMIIOHEHT, HO 3TO YACAD He OFPaHHYeHo, T. €.
AAA KaKRoH maHHOH DOC/AEAQBATERLHOCTH MOKHO MOCTPOUTH GO~
Jiee LAHHHYO.

Ananoruisbpte paccyXACHNA DPHMCHHMBI KO BceM OpYTHM
YCAMKHEHHNM CTPYKTYPAM Jawdeix. M3 3toro npexiue Beero
caeayeT, yTo 06beM NAMATH, HeDOAOAHMBIA ANA pasMelledHd
CTPYKTYDPE YCNOMKHEHHOTG THAA, HOH3BECTEH BO BPEMsi TPaHCAA-
IHA H MOKET HIMEHATLCA BO BpeMd BLINOGEHUR TIPOTPAMME.
310 Tpebyer Ounamugeckozo pacnpedetenun RAMATEL, NPH KOTO-
pOM RAMATL 3AHAMAETCA, €CJH  COOTBETCTBYWIIME 3HAYeHHA
«PacTYT», i, BO3MOXKHO, 0CBODOMKAALTCA, KOTAA OHM «yObIBAOT>.
ITostoMy npofaema PEACTABACHHA Y(JAOMHEHNBIX CTPYKTYp --
Ype3ndafifio TOHKAA H CAOMKHAA, H €C PCOLRICHWE CYLIeCTBEHHO
gauser Ha 3PPekTHBHOCTD paboThl H IKOHOMHIO MaMATH, Jiaecs
MOMCHO [PHAHMATL PeLUeHAd TOJABKO ¢ Y4YeTOM TOr0, KakHe mpo-
creiine onepand H HACKOJALKO HACTO JOMKHH BBINOAHATHLEA
Ha aanuofl cTpykType. [lockoasky 3ra HHGOPMAIUIA lien3BECTILA
paspaboTUHKy #3bIKA H TPAHCJAATOPA, €My DPHXOAHTCA TICKAI-
UaTe VCJAOKKHEHHBIE CTPYKTYPH M3 #36lKA (yHUBEpCcansHoro),
Orclona Takxe ¢hedyeTl, YTO NPOrpaMMKCT AoJmeH Haberatre
HCTOAB30BARKE TAKHX CIPYKTYD, €CfiH 1(PH PEINSHHH 3ajaaqu
MOMKHO OrPaKHINTLCA QYHIAMEHTANBRLIMH CTPYKTYPAMH RAHHBIX,

B GoNblUHHCTEE A3LIKOB M TPAHCAATOPOBR YUHTHIBAETCA B HC-
noaw3yercsl TOT (PAKT, YTO BCE YCAOMKHEHHEIE CTPYKTYPLI COCTOAT
AUGO L3 HeCTPYKTYPHPOBAHHEIX 3JAeMeHTOB, Aubo U3 (yHAamed-
TaJALHLIX CTPYKTYP., 3TO RO3BONACT HCOOAL30OBATH NMpeimyllecTsa
YCNOMHEHHEX CTPYKTYP, He HMesa HHbopmaunn o6 HX BO3IMOK-
HOM npuHMeHeHHW. Ecau B fA3bIke UMCIOTCA CpeicTBa AR JHnA-
MHTeCKOr) pasMelleHHA KOMAOHEHT, MOJIA ﬂHHaMquCI{Oﬁ CBA3Y
KOMOOHEHT H CCHIVIKM KA HUX, TO B HEM MOIYT C0O31aBaTheA DPO-
H3BOJILHBIE CTPYKTYPH € NOMOLLBI ABHBIX ONEPALHi, onpelense-
MpIX mporpaMMHucToM. Crocobul co3faHud TakHX CTPYKTYp ® pa-
fOTH ¢ HEMH DPACCMATPHBAKWTCA B ML 4.
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OfnaKo cymecTBYeT CTPYKTYpa, KOTOpas ABAAETCA YCAOXK-
HEeHHOJi, NOCKOAbKY ee RKapAHHaAbHOe JHCAO He OTpaHHueno, Ho
KOTOPAA TAK WIHPOKO W YACTO HCMONBIYETCH, YTO €€ NPHXOAMTCA
BKJIOUKTE B UHCJO YHAAMEHTANBHEIX CTPYKTYD. ITO — nocae-
dosareasrocte. JInn ONUcaH¥n aGCTPAKTHOTG NOHATHA NOCJAEA0-
BATCALHOCTH Mbl BBOJEM CJCAYIONLYIO TePMHHOJAOTHIO H HOTARAIO:

1. ¢ » obo3zHavyaeT NYCTYIO AOCAEA0BATEABEOCTD.

2. {x¢) 0603HAUAET TIOCACAOBATENLHOCTh, COCTOALYK H3 EAHH-
CTBEHHOA KOMIOQHCHTH Xy, OHA HA3HBAacTCA EOUANYNHON TID-
CA€A0BATENREOCTHIO

3 Eennm x=¢x1, ..., Xmp W ¥y="C{y1, ..., Yay — BOCICLOBA-
TEALHOCTH, TO
K& Y=LKl vois Ko Y1s s+ 0y ) (1.41)
ECTh KOHKATEHALUA X Y 4.
4. Ecan x == {x1, ..., X9 — HENYCTaf NOCAEAOBATEABHDCTE, [0
first (x) = x; (1.42)
of03HanaeT neppui SAEMENT X.
5 Ecan x =<{x), ..., ¥a) — HERNYCTAHA NOCNEHOBATENBHOCTb, TO
rest (x)=={%q, .., X {1.43)

eCTh MOCASAGBATEALHOCTL k¥ Ge3 nepeoll KOMOooneHTh. Cje1o-
BATEAbHC, MW NOJYYaeM HHBAPHAHTHOE OTHOIIEHME

{firct (x)y & rest (xy==x (1.44)

BeegcAne 3THX 0003HAYEH:. 3 U¢ npeAnoaaraer, YTo onH Oyayr
ACTIONB3OBATHCA B KOHKPETHBLIX TiporpaMMaX H obpabaTeiBaThcd
peafibHBIMH BRIYHCIHTEALHBIMI MallHHavd. B pelicTBHTenbHOCTH
BeCbMa CYIMECTREHHO, UTO ONEPAUHA KOHKATEHAUHH N& HCNONb-
ayeTcs B obmeM BrIE H 0O6paGCTKa nocneaoBatebEOCTeH orpa-
HHYHBAETCH NPHMEHEHNHEeM THIATeJbHC OTOOPAHHOIO MHOMKECTBA
nlepaunfl, ApeANONAarciCiHX ONPeAcICHHbIA NOPAis: HCIOMb3O-
Banua, CaMH OnNeparcpu CNPEIeRAOTCA ¢ MOMOLIbO adcTpakT-
HRIX FOHATHE NOCASAOBATENBHOCTH H KOHKATeHaunn. Turarene-
12811 BLIJOP MHOMECTBa OnepatopoB, paloTawliHy ¢ ROCAeAOBA-
TEALHOCTAMH, N03BOJAST NPU PeafAH33AINAH HAXOAUTE vAoOHoe
H 3bdiekTEBHOE NPEeACTaBASHHE MOCACNDBATENBHOCTH Ha NIOGOM
AAHHOM 3a0OMHHAIOmMEM vyerpoiictse. B pesyabrate cooTBeT-
CTOYIOLIHA MeXAHH3M IWHAMEUSCKOTG pacnpeleneHis TaMati
MOmeT GoiTh AOCTATOUHO NROCCTHIM, Y4T0 NMO3IBOAACT NPOTPAMMHCTY
paﬁo'ra'rb, HE BHHKaA B €0 TOHKOCTH,

Ins toro uroeGpl OBIO ACHO, YTC MOCAEAOBETENBHOCTh, BRO-
RNMas B KauecTse Ga’joBoro THAA, JONYCKAaeT nPHMeHeHHe
TONBKO OPPAHHUCHHOTO MHOXKECTBA CHNEPATOPOR, OCHOBAHHBIX HA
CTPOro NOCAENOBATENLHOM JOCTYNE K KOMIOHEHTAM, 3Ta CTPYK-
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TYypa HaswBaercs nocaedosaredvuvbim Paliiiom Han TpocTo Pad-
aom. Tlo aHAnOrHH ¢ onpedencHHAMH THIIA [ MACCHROB H MHO-
AecTB HakaoBHIl THH ONpejeifeTes TaK:

type T = file of T, (1.45)

IT1o 3Haynt, 4To awbofi ¢aiin tHna T coctoMT u3 0 uau Gouee
KoMOoHenT Tuna Tg.

Hpusepeor:

type texi == file of char
type deck = file of card

CMHCN nocacdogaTesbHozo GoCTyna 3aKAIOUABTCA B TOM, YTO
B KAKAGH MOMEHT MOCTYMHA JAHIIS 04HA ONpeAeldeHHasi KOMIIo-
HEHTA NOCAEHOBATENBHOCTH. ITa KOMMOHEHTA ONpeleisAeTca Te-
xyweti nosuyued mexaguama noctyna. [losHuHA ¢ MOMOWEIG
(haitnoBRIX onepaunii MoXKeT MEHATbCA., onpedendsa JHOo cne-
OVIOULYIO KOMOOHEHTY (CM. gef), JIHOD NepBYLe KOMNOHEHTY Beeki
NocneAoBaTENBHOCTH {cM. resel}. PopmaNbHO Mbl OOpPELEAHM
nmozuuno ¢aina, cuytan. uro gadfic cocTOHUT M3 ABYX vacTel:
YacTH Xp CAeBa OT TeKVIWLeH [O3HIHM M YacTy Xg CHpara OT Ilee.
OyeBHAHO, UTO BCETHA CNPasBeAJHBO paBedcTs0 (HHBapHanuT)

y=uxy & xp (1.46}

Bropoe, Oosee BaXHOE CABACTBHE NOCASAOBATENEHOro AO-
CTYiia 3AKMIOYASTCS B TOM, YTO NpoUecch QOPMUPOBAHKA H RPO-
CMOTP2 MOCACLODATEALHOCTH HE MOTYT MPOH3BOIBHO Yepero-
patheA. Takum obpasom, ¢afii BHAYARE CTPOMTCA [PH NOMOLILH
AOCAEACBATEABHOTO A0GaRAEHHA KOMMOHEHT (B KOHeLl), a 3ateM
MOZKET MOCNCA0BATEAbHD ITPOCMATPHEATECH OT Ha4YaAda A0 KOHOA.
HoszTomy nRpHHATO cyHTaTh, YTo $afa HAXOANTCA B OfAHOM A3
ABYX cocToAuNi: anbo dopMiiposanus (3anHcH), guEbo npo-
cMmorpa (uTenns). :

[TperMyInecTBn CTHOrO MOCAeN0BATeALHOTO AOCTYNIA ocObeRI0
QULYTHMQ, ecnu draiiapl pa3mMellalmtes Ha BCIOMOTATeNbHbIX 3a-
NMOMHHAKINHUX YCTROIieTBAX, T. € CCAH NPOHCXOAHT OBMEeN Mex1y
yerpoficteamy, TlocdenopateabHblfi DOCTYN — eONHCTBRHHBI Me-
TOMA, NO3BOJAAWILHA YCReUIHO CKPbIBATL OT MNATPAMMHCTA CA0MK-
HOCTB MEeXaHH3MOB TaKoro ofMeHa. B uacTHOCTH, OH joOyCKaeT
npuMeHenne GydrepH3alny — NPOCTOro lIpHeMa, KOTOpHH ofec-
neyupaeT ONTHMANLEOC WCMOJL3GBAlIE PECYPCOB CAONKHOA BHI-
YHCAHTENBHON CHCTEMBI,

HekoToprie sanmoMuHaiilHe ycTpoiictBa HA camoM Aede j0-
AYCKAIOT TOJBLKO OOCJASAQBATENbHHA AOCTYN K HaXOAsUleHCA Ha
Hux HHpOpMalUHH. QUeBHAHD, YTO K TAKHM YCTPOHCTBAM OTHO-
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cqaTCA Bee Bk JeHT. Ho naxe Ha marduTabx GapaGadax 11 Auc-
Kax Kaxpas OTAeNbHEA NOPOXKKA npcacTasnser coboit sanomu-
HaloUlee YCTpOHCTBO ¢ MOC/JefoBateabHRM Acctynom. Crporo no-
CAefGBATEABANN  AOCTYN — OCHOBHOE (BOHCTBO BCeX yeTpoRiers
¢ MeXaHMYeCKHM MepeMeIUeHHEM, A TAKIKe HEeKOTOPHIX APYIUX.

1.11.1. DnemenTaprpe onepalmMH Hag DaHnaMK

Tenept Mbl HOMNbBITaeMCst CPOPMYIIPOBATL aGCTPAKTHOE NOHSA-
THE TOCAEAOBATRABHOTO AOCTYA C MOMOUIbIO HEKOTOPOro MHO-
ECTBA  JACMENTAPHbIY onepayull nad patiiamy, KOTOpHe
HMEWTCl B pacnopsiykeHKK mporpasmmucra. OHH oupejeasiored
B TepMHHAX HOHATHEH AOCAe JOBATEALHOCTY H KOHKATEHALLHH, C}’-
wecTByeT ONEpalds, HEHUHAAH3IpYIOWas npouecc GopMHpOBa-
HEA Gabfga, onepauRrsa, HHHUHANMIUPYVIOWAS NPOCMOTDP, onepa-
1uus, BofaBaAcliAs KOMIOHEHTY B KoHel NOCACAOBATeALHOCTH,
H OHmepaunsi, NO3ECAANIONIAA NPH NPOCMOTPE TEPEXOAHThH K cne-
Myiouedi komnonenrte. Jlge nocaenHre 3leck ONpeReNdioTesA
B Gopme, OpeAnoJaraioileil Haglupe SEBHOA BCHOMOraTelbHON
nepeMedHoil, xoTOpas npeacrasaner cofoil Gydep. Mu cuntaew,
qro Takoil Oydep apTOMATHYECKH CBR3pBaeTed ¢ Kamaoll dai-
JAoBoW nepemeHROf x, n ofoanavaem ero wepea xt. fcHo, uTo
ecan x-—THNa T, To x! npunannewsTt ero GazoBomy THIY T,

1. TMocTpoenrue nycroit nocnenosatensHocTh. Onepauun
recrife(x) (1.47)

03HawaeT NpHCRAHBAHUE
vi={ )

STa onepalllis HCMOML3YETCS AN9 YHHYTOKEHHA TEKYNIero 3Ha-

UEeHHR % M MHHIHALMY TIPOUECcA MOCTPOHHS HOBOH MOCAERn-

| BATEADHOCTH, OHA COOTBETCTBYRT DPAIMETKE JeHTH.
/2. YeenHuedne nocieloBaTenpHocTH. Onepanua

put (x) {1.48)
03HaqaeT HPHCBAHBAHNE
xi=x&i{xt)

KOTOpoe (aKTHUeCKH Robaraser suavenme xf K mocnenopa-
TENLHOCTH X.
3. Munnuauyna npocmorpa. Onepaiun

resef (x) (1.49)

03HaYaeT OAHOBPEMEHHAEIE NPHCBANBAHAA

xp={ )
Xpi=
x ) == first (x)
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Jta onepanmusn HECNOAL3YETCA JAA HHHULKRALHKE NTPoHEcca TTe-
HHA NOC/IEA0BATEAbHOCTH,
4. Tlepexoa x caeaywoued koMnonenve, Onepauus

get (x) (1.50)
03HAYAET OAHOBPEMEHHLE NPHCBAHBAHHA
xp = xy &{first (xgh
xpi==resi{xg)
x § =T[irst (resi (xg))

3ameTuM, uro first(3) onpeleneHo TOABKO Npu s 5= ),

Onepanny rewrite W resef He 3aBHCAT OT NO3UUHH Bydepa
daikna mepea ux shnofHeHuwem. B mio0om chiyyae oHu Bo3Bpa-
LlaloT ero K Havaay gaiina,

[Ipr RpocMOTpe NOCNEAOBATENALHOCTY HEOUKOANMO UMETh BO3-
MOMXKHOCTb PACciO3HABATD €€ KOHel, MOCKOJIbRY Npd JOCTHXEHHM
KOHLA NOCNeL0BATENLHOCTH DIepaluHs

xt i=first(xp)

cranoBHTea Heompepenednolt, locTHikeHue wouua dafina, ode-
BH/IHO, PABHO3HAUHO TOMY, UTO MPaBad 4acTh X NycTa. [lostomy
MBl BBOJINM DpeauKkar

gof(x):xkz—.,( 3 {1.51)

KOTODBIH ©O3HAYAET, YT0 AOCTHrHYT koHew dafina {end of file).
CnegoBaTenpHo, omepanin gef (x) MOMeT BHNOAHATECR TOABKO
npu eof (x) = false.

B npusuwne Bce nelicTBus ¢ (afinzMBn MOXHO BHPA3HTH
C NOMOLIBID 4YeThIPeX QCHOBHMX (haliaosmx onepausid. Ha mpax-
THKE K€ 4YacTo OnBAET eCcTeCTBEHHO oGbeAWHATb onepalHH npo-
ApHyeHHda no dafay (gef wau pul} ¢ ofpamenuem K Gydeprod
nepemenHoii. IToaTOMY MB BBeaeM elle IBe npOHeNYyPH, KOTOpbIE
MOIKHO BHIPa3uTb B TEPMHHAX OCHOBHHX onepaumil. Ilyets v—
nepeMednas, a € -~ Bhlpaxenie Gasosoro THna Ty afina. Toraa

read (x, v} SKBHBAMEHTHO
vi=x1; gel(x)

wrife (x, ¢) KBHBANEHTHO
11 i=e¢; put(x)

[TpeuMyiectso Henoap3oBadna read W wrife BMecTo gef u pul
CBS3AHO He TOJbLKO ¢ KPATKOCTBIO, HO H C TPOCTOTOR KOHIEMN-
HH, TOCKOABKY TeNeph MOMKHO HIHODHPOBATh CYLIECTBOBAHIE
6ydepHOil mepeMeHHOM X1, 3HaueHHe KOTOPOH MOMNET OHTb H He-
onpejenenusiM, Onraxo Gydeprasn nepeMeduan OuBaeT Mo/e3HA
ENS «3aFAAALIBAHHA BREPE>.
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I8 BolOAHEHHA FTHX ABYY NPOUSAYD HEOOXOAMMBL CACAYIO-
LlHe YCAOBHA:
—eof(x) aman read (x, )
eof (x) aan write(x, &)

Tlpu urennn Qailaa npeluxar eof (¥} cTaHOBHTCHA HCTHHHBIM, Kak
TOAKKO OpOUNTAHa NMocaesuss Komnodenta ¢raiiia x. Ha astom
OCHROBAKDL ABE CXeMbl Npozpams ANS NOCAEAOBATENBHOTO $Op-
mipopanua 4 obpaborkn ¢rafina x. JLONOIHHTCALHLME Napamer-
paMu B 3THX CXeMaX ABAfIOTCA omepatophl R H § H mpeiukar p.

3anuch dadina x:

rewrite(x);

while p do
begin R(v); write(x,v)
end

{1.52)

UYrenne daina x:
resel{a};
while —eof(x) do
begin read{(x,v}: S{v) {1.53)

end

1.11.2. DainLi cO CNOMHON CTPYKTYPOH

[Ipn pewseduH MHOTHX NPHKNAAHBIX 3aJay HEOOXOAHMO
8 fonbuiue dainbl BBECTH HEKOTOPYIO NOACTPyKTYpy. Hanpuwmep,
KHNIA, XOTA H MOXET paccMaTplBaThCd Kak eAHHAs NocjaefoBa-
TEABHOCTL DYKB, TOApazAciaeTcd Ha raasol H abzanu. Hasna-
YeHHe NOACTPYKTYPH — 3aflaHHe HEKHX SBHLIX TOYEeK oT¢Hera,
HEKOTOPBIX KOOPANHAT, KOTOPLIE [O3BOMAT JMeTue OPHEeHTHpo-
BaThCA B AJUHHON NOCNENOBATENbHOCTH WhbopMauuu. Cyme-
CTRYIOLLE 3aNOMEBHAOUING VCTPOHCTBA YacTo LAOT OOpeleneH-
Hble cPeACTBa A7 NMPeACTaBACHUA TaKHX TOYCK oTcuera (Hanpwu-
MEp, MapPKepPbl MATENTHOH JeHTH) H MOIBOASKT HAXOAHTL HX CO
CKOPOCTbIO Goabilel, yeM CKOpocTh npocMotpa HHbopvanpi
MCIEAY DTHMH TOUKAMH,

B paMkax nMpHHATOH HaMH CHcTeMbi 0003HAUCHRHI ecTecTBeH-
HHl cnocof BBeCTH BEPBbLill YPOBEHL NOACTPYKTYPH — 3T0 pac-
cMaTpHBaTh TMOAOGHLIH (ala Kax NOCACLOBATENBHOCTD SJEMEH-
TOB, ](OTopb]e B CBOW OGuEpelb ABAAKTCA NOCAeROBaTEJbHOCTAMH,
T. . XaK Gahin $akiaos. [1peaAnonoxnM, 4To KOHEYHLIE HCMEHTH
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HAH eAHHHLB RnpuHamitexat K tany U, Tordaa nogperpyxryps
6yxyt Tina

T’ = file of U
a peck aitn — THRA

T ==file of T’

CueBuaHO, Y10 TaKum o6PazoM MOKIG CTPOHTh ©alianl ¢ A06HM
ypoBHeM BJaOXKeHHocTH. B obmem Buae THRE T, MOXHO ompe-
HEeNHTEh ¢ TOMOMIBIO PEKVPCHBHOTO COOTHOIHEHKA

Ty=tileotT,_,, i=1..n

H Th=U. Taxue ¢afisbn 4YaCTO HAILIBAOT MHOZOYPOSHESLIMIL
$adiramu, a xoMooHeHTy THna T; HazblBalT ceemeHIOM *) {-TD
ypoBHa. Tipumepom MHOroypoeHeroro taiiia ABjAfeTCA KHHCa,
B KOTOPOR YPOBHAM CerMenTalMH COOTBETCTBYWOT IVIABbl, pas-
genw, ab3auwl H cTpokH. Ho HauGonee obuwmli cayvait — 3ro
(paiin ¢ ogHEM YpPOBHEM cerMeHTalHy.

Taxoii ¢ailn, CeFMEHTHPOBAHHLIA HAa OAHOM YDOBHE, HHKCGHM
o0pa3oM He HAeHTHueH MaccuBy ohalnos. [Ipexae Bcero umcno
cermMeHTOB (afaa MoweT MeHATLes, H daiin Mo-npewHeMy MOXKeT
YBeJHYHBATLCA TOJNLKO ¢ KOHUA. B paMkax BBeleHHEIX BHIUe
oGo3HaueHHl ¥ NpH onpefeiieHnn daliia Kak

x: file of file of U

xt 6yaer ofo3nawaTh AOCTYNMHBH B TEKYMIHIT MOMEHT CCrMeHT,
a x4{— JocTynHyi0 B TeKYHIHH MOMEHT eAHHHUHYW KOMMO-
Henty. CootpetctBensio puf(x1) u gef(x}) cchnawTtces Ha enpe-
HHYHYI0 KOMIOHeNTY, a pul(x} u gef(x) o03HayawT onepaunu
NoGABJEHHA OYEPCAHOTO CeTMEHTa H NepeXoia Ha OYepedHoil
CeTMEHT.

CerMeHTHpOBaKHbe Qafabl YAOBASTEOPHTEABHO PeAIU3YIOTCA
FpaKTHYeCKH Ha BCeX 3ANOMHHAKILHX YCTPOHCTBAX ¢ TOCAeA0-
BaTEAbHEM JOCTYNOM, BKIIOYad AcHTB. CermenTallil He Me-
HET HA BamHeiero CBOHCTBA — NOCAEI0BATEALHONG JOCTYRA
Aufo K oTAedeHBIM  KOMIOHEHTaM, AHOO (BOSMOMKO, (IPH 0O-
MoK  Hodee OLICTPOTO MEXAHH3Ma [pONYCKa) K CETMEeHTaM.
Hpyrie 3anoMuHaUWHe YCTPOHCTBA, a HMeHUNO MarHwTiwe Ga-
pabanet W Oucku, OOBIMHO COAEPIKAT HEKOTOPOE KOJNMYECTBO AO-
pO}KeI{, Kaxjad H3 KOTOPBIX NipeicTaBlqaeT coboi 3AaNoMHAA -
wee YCTPONCTBO ¢ MOCACAOBATENBHBIM AOCTYNOM, HO KOTOpOe
OBLIYHO CJAHITKOM Mad0, 4ToOn BMecTHTs uenwtit dafin. Takuwm
obpasom, wa Iuckax (ainsl ofbYHO pacPeRreTRIOTCH HA He-
CKOJILKO AOPOKEK M COASDKAT COOTBETCTBYIONLYIO GHONHOTEUHYIO
HubopManio, CBASHBAKINYIO 3TH Aopoxkd. OueBHAHO, YTO

*) CroBO «gerMeHT» BCTpeusercd, Nomadyh, TOMeKO B 5TOR  KHHre, —
Mpux. ped.



68 1. PyrdaxenTobRbE CTPYRTYHOE CAHRDIX

yKasaTeJb Hauana KamAol AOPOMKKH CAYANT ECTECTBERHEIM Map-
KEPOM CerMeHTa, ¥, BO3MOIKHO, o6pallieHne K HeMy jerde u He-
NOCPCACTBEHICE, YeM K MAPHKEPaM lla KakoM-aHO0 TocaeioBa-
TenbHOM YycrpolicTBe. [lasi ajpecailMH AOPOMKEK, € KOTOPHIX
HaUYHHAWTCA CEerMEeHTH, 13 ob03Havedun 'rexymefi JNHHE CerMed-
TOB MOMET HCOOJIb30BATbCSA, HANPHMEp, HHAEKCHPOBaHHas Tal-
Auild B ocHoBHOH namArH (pue. 1.10).

3T0 NPHBOAHT HAC K TAK HA3HIBACMBIM WHMOZKCUPOBIHHYIM
afisan {(MHOTIA TakXe HA3BIBACMBIM (hadramt ¢ npameis Go-
crynom). B Hactoallee BpeMa SapadaHn H IHCKH OPraHH30BaHLI

— ; - Tabnuua wHmEKCOD

-—8 '
= I
[rei— P

¥
[ 1 S IO 2 A O O

Puc. 1.10. HuneKkedpopaHHB® Gafin ¢ MATHIO CErMEHTAMH.

TakuM 00pasoM, YTO Ka)aaa AOPOIKKA COAEPXHT MHOTC ¢H3H-
YECKHX METOK, C KOTODBIX MOMCT HAYHHATLCA UYTenHe WIH 3aNHCh,
Tlosromy Her HcoBXOAMMOCTH, UTOOL KaMMAHHA cerMenT 3aHEMAan
ee LURAHKOM, NOCKCABKY 3TO MOMET BPHBECTH K He3KOHOMHOMY
pacxolIoBaHHK) MAMATH, €CAH COTMEHTH KODOTKH NG CPaBHEHHIO
¢ AnuHO# popokkk. O6JacTs NamMATH MeKAy ABYMs MeTKamd
HA3BIBARTCA PUIUYECKUM CE2MEHTOM WIH CeKTOPOM B OTIHUYHE
AT AQ2ULECKO20 CEEMEHTA, KOTOpHﬁ ABJAASTCA [IOHATHEM, OTHO-
CAMMMCS K CTPYKTYpe AaHHBIX mporpaMmbl. Pasymeercs, Kax-
ARl H3UYecKHH CerMeNT COASPKHT caMoe Qodlbliee OAHH NOTY-
yeCKHE cerMenT, 4 KaXAbtH AOTHUSCKHWH CerMeHT {(marke mycrTod)
3aHnMaer no MenblicH Mepe oanu dH3IyecKii cerment, Caenyer
HMeTh B BHAY, YTO, XOT® pedb M HAeT o afinax «c NpaMbiM
LOCTYNOM», CpPegHee BpeMa HAXOMIEHHA CerMeNTd, Tak HAa3H-
BAeMOE AAYeHTHROE EBPEeMA, PaBHO NCJIOBHHe BPEMEHH [OJIHOTO
ofiopoTa AHCKa.

¥V HidekcHPOBAHHBIX ¢afioB COXPAHACTC TAKAE TO OCHOBHOE
CBOﬁCTBO, YT 3anHdch TPOU3IBOANTCA NOCJAENORATEJBHD B HX
KoHeil. [TosTomy oHM ocofeHHO TIOME3Hbl B CAyYasX, KOrAa H3Me-
HCHMA INPOHCXOAAT CPABHUTENLHO peako. Mamenenns mpownsso-
AfTcA AuGo NpH MOMOWM yBeauded tHafaa, anGo npy ITOMOLIH
KOTIHPOBAHAA M OOHOBAeHiR Bcero dhaiina. [IpocMoTp MoxeT
OCYULECTBIATLCA HAMHOPG BHICTPEe, ecoTH HCNONbAYIOTCA HHISKS-
Hble yrazarend, 3TO THIHYHASA CHTYALMA AAA T4K HA3bIBAEMBLX
6anKkos JannbLs.
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CacTembl, KOTOpble AONYCKAT BHOOPOUHOE H3MeReHne dpat-
MeHTOB B cepenrne Galna, 66b14HG CA0MKHE H ROAL3OBATHLCH UM
PHCKOBAHHO, MOCKOALKY HOBHE NOPUHH HHPODMALHH AOJMHN
ObITE TOTO Ke pasMepa, YIO H cTdpHe, Had MeCTO KOTODHIX OHH
aanHceBaioTen. Kpome Toro, npu obpaborke Goavuloro ofnema
LAaHHLIX He PEKOMEHAYETCA BHISOPOUHGE H3MEHEeHUe, NOCKOALRY
npu A06ol Heyfave — yem OBl OHA HP OBLAZ BHI3BAHA: OWHGKOM
nporpammbl HAH cOoeM OGOpPYAOBEHHA — [0 NpaBHJAaAM AVTKHD
CYUlECTBOBATh HEKOTOPCE COCTOAHHE, K KOTOPGMY chefyer Bep-
HYTbcdA, € Tem 4T00b BO3OGHOBHTL M [OBTOPHTL TPEpPBaHIYID
paboty. llosToMy oOOROBAEGHHE OOBIYHO NPOMUCKOAMT (EJHKOM:
cTapbiii $ain 3aMendercs HOBOH, NH3MeHEHHOHA KollKell TONbKO
noche TOro, Kak ROCNeAOBaTes/bHAA MNPOBEPKA YCTAHOBHT npa-
BHALLOCTE HOBOTO aitna. Has ofvosacHAs nocdefoBaTesbnan
opranpszallia sapaserca Hawbodee sajexuoli. Ee caeayer npea-
novecTs Oonee CA0XKHBM crocofaM OPrasHM3allMl AaHHBIX 60Jb-
worg ofibeMa. It chocalbhl MOTYT ObiTh shdexTHBHEE, HO OHH
yacTo NMPHUBOAAT K DOAHON NoTepe JdHHbx npH cboe 0Bopyto-
BaHHA.

1.11.3. Texcrnt

Dafjan, COCTORNUIWE H3 KOMUOHENT THRA char (CHMBOALHOID),
urparoT ocofo BaMKHYIO pOAb B BhIYHCIEHHAX W 0BpaBoTKe
AAHHBIX; OHH olecHeulBalOT B3aHMOJEHCTBHe MeXAY BHIYHCAR-
TeNBHLIME CHCTEMAMH ¥ nodb3opaTensimk. Jurgemsti exed, op-
FaHH3yeMbIi NPOTPaMMACTOM, TaK XKe Kak 4uTdexbli 861X00, CO-
Lepauinfi pesyabTaThl BbMKHCAECHWH, NpeAcTapnfAlor cofoid no-
CARLOBATC/MBHOCTH cHMBOAOB. [losToMy TakAM THOaM AaHHBIX
NpHCBAHBAETCA CTARAAPTHOE HMA:

type text — file of char

B kodeuHoM cuere B3aHMOIEHCTBUE MEMKNY BHIUMCANTENBHBIM
NpOoHeccoM H 4eN0BEKOM MOKHOQ NpeAcTaBHTL ABYMA TEKCTOBbIMY
dafaamn. OAHH H3 HHX COIASpPKHT BXOAHYIC HHQOPMALHIO
(irtpuf) NNA BLIUHCARTENBHOTO NpoLecca, APYrofl — pesynbTaThl
BRHIYHCAEHHR, HashipaeMbe BHIXOAHOH WHDopmannei {(ocuipul).
C 37T0r0 MOMEHTA MB OYLeM CHHTATL, 9TO KaxKAas Dporpamma
COAEPNT ONHCEHUA 3TRX ABYX drailnos, HMelULHC CACAYIOULNE
BHA:

var fuput, outpul: lext

YupTniBas, utoe 3TH  afinbl  COOTBETCTBYIOT CTAHZADTHBIM
€peACTBAM BBOAA # BHIBOAZ BLIUMCJAHTENLHOH cHCTeMbl (TaKuw,
K2K yCTPOHCTBO YTeHUR ¢ nepdPokapT ¢ yCTPOUCTBO BHIBOAA HA
neyatb), Mu OyleM cuuTaTth, ure ¢afia inpul MOKHO TOABKO
YHTaTh, a B Pafist ouiput MOKHO TOJIBKO MHCATS.

{lockonbky 2T [BA cTasdapTHHX ¢afiaa HCNOABIYIOTCR
OoyeHo UaCTO, MBI OnNpeleNdM, 4TO ecAH MepBulll NapaMerp



60 I, Pyrdamentarsroie CTPYRTYPoL JARAHY

poneayp read v write 4e ARéazerca HanNOBOH nepeMednol, TO No
YMOJIUAHE [IPEANOAETANTCH  COOTBRTCTBRHHO daiabl {npuf H
outpui. Kpome TOro, Mb NO3BOJHM 3THM JABYM €Ta@HAAPTHEIM
MpOUELYPAM HMEThH MPOHIBOJABHOE YHENO apryMeHToB. CyMMi-
pyeM BBEICHHBIC Bbllle 05O3HAYEHHA:

read(xl, ..., xn) oanauacr read(input, xk, ..., xr)
write(xl, ..., xn} oanavaer write{ouiput, x1, ..., xa)
read(f, x1, ..., xn} o3navaer

begin read(f, x1); ...; reud(f, xn)end
writeif, xl, ..., x1t) o3HauaeT

beginwrite(x, x1}; ...; write(f, xn)end

TekeTsl ABAAOTCR THOHUHBIM NPHMEPOM NOCAEAOBATERbLHO-
CTell, B KOTOPRX OOGHapyXUBAeTCH NOACTpYKTYpa. [lpunatue
CAHUYULL 9TOH MOACTPYKTYpPbl — 3TO IMiaBe, af3albl K CTPUKH.
OObuAbf cnocol H3oBPaKeHHs MOACTRYKTYPh TEKCTA — HCMOAb-
30RAMHE CNeUMaNbHBEIX DPasienHTeNnbibix chHMBoaos., Hauboaee
H3BECTHLIA NplMep — cuMBon npobena, HO M0A0CHBIE CHMBOMLI
MOTYT HCIOMb30BATRCA H AIA YKA3&GHHA KOHLUOB CTpOk, afsaues
¥ raap. Hanpumep, WHPOKO pacnpocTpaHCHHOE MHOMKOCTBO CHM-
Bonos IS0, Brawouas ero amepukancwyio pepeuio ASCII, comep-
HHT HECKOABKO TAKUX INEMEHTOB, Ha3bIBAEMBIX YNPABNALGCIIHMA
CHMBOJAMH {CM. upHIoHeHHe A},

B s70f kHMre mbi He GyleM MCOMIB30OBAThH CTeUHAbHBEIEC Pii-
JefdTeJbHBEE CHMBOJB 1l 3aZaBaTbh Kakoit-mnfo cnocod npea-
CTaBAEHHA MOACTPYKTYPB. BMeCTo 3T0r0 Mbi PAaCCMOTPHM TEKCT
Kak pais, COeTOAMMEA U3 CHMBOJALHEX NOCIEI0BATEIbHOCTLI,
NPeACTABAAWILEX OTAeAbHBE CTPOKH. Kpome TOre, Msl GipaHil-
dIMCH OBHHM YPOBHEM NOACTPYKTYPH, a HMcHHO cTpokoi. Oa-
HaKO BMECTO TOrQ, YTOOLI CNpPeReaKTh TeKCTH KaK (aijiel gasi-
JOB NeuaTAeMBIX CHMBOJIOB, Mbl paccMaTpHB3eM HMX Kax (ailin
CHMBOJIOB W BBOAWM JONOJIHHT@IbHBIE ONEPalHH U NPEAHKATHI
AAA yOpaBAeAus, T. €. ANA OTMETKH ¥ pacnosHasanus cTpok. Hx
CMDIC/T JIeT4e [OHSITh, ecAll HpeAN0domirTs, HTO CTPORH pasile-
AgoTed  (THNOTETHYSCKHMH) PAa3LeaHTeNeHbIMH CI'MBOAAMH {He
npuHaasexalinMeg K THUNY Cchar), a 3alaya >THX ONepauuii
H OpeiHKaTOR — NOKCK H PAacNO3HaBaHHe Takiix CHMBOJOB-pas-
dedintenci, Jonosuytcabible onepauHy CACAYIGLLHC:

writeir(f) — nobaButTh npuaHAK KoHua cTpoxd x daftay .
readin{f) — npouyctuth cumposint daiaz f po cumpoaa, xo-
TOPHHA HEMOCPLACTBEHHO CAEZYET 34 QUEPCIHLIM
CHMBOJAOM KOUIEA CTPOKH.
eotn {f) — 6ynesckan dyuxunsa. Hernaua, ecan nosuins Gadaa
YK43bIBAET HA NPH3HAK KOHLA CTPOKH, HHaUe JIOKNA.
Hpegnosaraercs, 4To ecsy eoin(f} WcThHHA, TO
f1 =npobeun. :
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Teneph MBI MOHKEM  NPHBECTI fBe {XEeMbl fAporpaMM 4
3anHcy H YTeHHd TEKCTOoD, noaobuo  CxXxeMmam ANA «3aMHCH»
H «uTeHus> Apyrux ¢ataor [em. (1.52) u (1.53}]. B atHx exe-
MAaX y4acTRYeT TEeKCTOBHIA (afin f B yNenseTes a0JKHOE BHHMA-
HHE (OPMHPOBAHHID W PDUCUOSHUBAHHIO CTPOYHOH CTPYKTYPHI.
[ycte R{x)—Onepatop, npuHCBanBaOLMii Mepemesnod x (Tuna
char) nekoropoe 3Hauenue, B nem Takie oupelensioTCA yeaOBHA
P R @, O3HANAUNE «53T0 Obla AOCA&AHHE cHMBOS CTPOKHS H «3T0
Ol nocaennnd cumeoa (adna». [pu urenun ¢afina B Hauane
KaXaoi CTPOKA BHITIOAHACTCH ofepartop {/, a And KaxOooro cHM-
poJa X Bhmoasercs omepaTtop S{x), B koule kammoli cTporn
BHOoAEseTca onepartop V.

3anuce TekcTa

rewrite(fY;
while —g do
begin
while —p do
begin R(x); wrire( f,x) (1.54)
emd ;
writeln{ )
end

Urenne Texcra f:

resel( [}
| while —eof () do
begin U;
vhile —ecln( /) do
begin read(f,x); S(x)
end
V; readin(f)
ond

(1.55)

BrpatdoT chHyuak, Korta MOCTPOUHAN CTPYKTYPA TeKCTA He
CONCPUT HUKAKOK cyilecTBeHHoH uudopmauun. Hame coraa-
meldke 0 3HAaYeHHH OY(QPEPHOA REPEMEHHON NPH NOABASHHH NPH-
3naKa KoHua cTpokH [cM. onpenencuie eoln (f)] nmospoager s Ta-
KHX Cnydasx HCMOJb30BATH NPOCTYIO cxeMmy. 3aMeTHM, UTo B €O-
OTBETCTBHH ¢ ONpeleseHHeM 20in KamJAbH KOHel CTPOKH Aaer
AoGaBouHbill CHMBOA npofeja.

while —eof () do

begin read(f,x); S(x) {1.56)
end
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B 6oAbulMHCTBE SN3LIKOB NPOFPAMMEPOBANNS NPHHATO RZONYy-
CKATh AJ5l NPOieAYP YTEHHR M 3aNHCH apTyMeHTH TUMA integer
wan reaf. Taxkoe oGobilende G6blao 6 CTPOrHM, €CAN On! THOB
integer W real NPCACTABAAVINCE KAK MAcCHBLI CHMBOJIOB, KOMIO-
HEHTH KOTOPHIX 0003HAUAIOT OTIEeNbHLle LHPH uncaa. Hswke,
OpPHEHTHPOBAHHLIE TOABKO Ha KOMMepueckHe TPHIOMKeHHusn, Rell-
CTBHTENLIO YAOBAETBOPAKT TAKOMY OlpELesIeHH0; onl TpebyioT
NPeACTABNACHAA 4HCQ] B JAECATHUHHX uvdpax H B AeCATHUHOH
cuereme cuueaenna. Ho neepenne Tunos integer W real B raxe-
¢TBe (PYHAAMEHTANBHEX 001a02eT BAKHEIM IPEUMYRISCTHEOM:
MOXHO ORYCTHTL MNoA0BHbEe feTanbHue cnemMtukauud, [Ipn
3TOM B CHCTeMe MOXHQ HCNOJ530BaTe TaKHe MNpPeAcTaBACHHA
ypcen, koTOpEle Goapuie eif cootseTcTBY©T. B AclicTBUTEAbHOCTH
B CUCTEMAX, OPHEHTHPOBAHHBLIX HA HayuHHE pacueTsl, Bceraa
BHOHPAIOT ABOKYHOE NpelcTaBieHHe, TAK KAaK OHO NOYTH BO BCeX
OTHOIWIEHHAX 1MEET NPEEMYUIECTBA NEPEA AECHTHUHBIM,

Ho Ha 37oro ciefyer, uto NporpaMMBcT AOKKEH TOHHMATS,
YTQ HCBO3MOIKHO YHTATL YHCAA HJAH 3anHCHBATEL HX B Qafiaw 6c3
COOTBETCTBYIOLLHX Onepaluil npeobpasceandn. O6nuno 3TH one-
paNHN HEeABHO COAePXATCS B ONMEpaunax read W wrife ¢ apry-
MEHTAMY YHCNOBBIX THNOB, OAHAX0 NPOdeCcCHOHANBHEIN Mporpam-
MUCT CO3HAeT, ¥TO TakHe onepauuH (Tak Ha3bBaembie //C-one-
payuu) cocToNT B3 ABYX Pa3AHYHLIX ReitcTBMi: 0OMCHA AaHNBIMH
MEWAY pPazMHUIHEIMM 3AaNMOMHHAIOWHME VeTpoficTRAMA d 1peob-
Pa30BAaHUA TpelcTareHH AanubX. [Tocneanee geficTede MOKCT
OblTh AOBOJBHO CAQOMHBM H 3AHAMATh MHOTO BDeMEHH,

B nocnenyolunx paBax 3TOH KHHIH OOCPauUHH yTeUHA A 3a-
NECH € MACJOBHMHA APryMeHTaMd $y4yT HCNoAb3OBaTLCA B COOT-
BeTCTBHN ¢ TMPARHAAMH 93BIKA NPOrpaMMupoanua Ilackann. I
npasuna AONYCKAKT HeKoTopue crnenHpuraunn topmarta A3
ynpasjewust npoueccom npeofpasobanns. Cneundnkaunn op-
MaTa YKa3blBAlOT YRCAQ MCeAATENbRHIX UHOP NpH onepamuH
s3anucH. 310 4ACI0 CHMBONOB, HA3HIBAEMOC TaKiKe «LHPHHOH
HOARAY, 2ANHCLIBZETCH Cpasy NOCAe APrYMEHTd ChelyioWmuM of-
paszom:

writelf, x: n)

ApryMent x ZOMKeR 2anucHBaTHCR B $aita [ ero snauvedue npe-
obpa3yerca B NOCAeLOBATeABHOCTE M3 (N0 Kpalineit mepe) n
cuMBoios. Ecan HeoOxonuMo, hudpam IpefecTBYET 3HAK H €O+
OTBETCTBYIOILEE THCNO NPOGCJIOD.

a1 Toro urebGel MOHATE NPRMEPH IPOTpamMM, TPHREOIHMLIE
Eajnee B 5TOfi KHHTe, AAdbHelinlde NOApOOHOCTH He HyXHbl. Of-
HAKo MH BKAOYWAH CHOLa ABe MOAmporpammet (mporpammsr 1.3
i 1.4}, npeofpasyowie npencraBaesns 9nced, 9To0H NOKasaTh,
RBaCKOALKO CA02CHb6! NMOADGHUE ACHCTBHA, NESABHO npepnoJaraic-
WHeca B OIEpaTOpax aanucu. ITH NpouexypH npeobpasyior Be-



Jrocedure readreal (var f: fext; var x: real);
{vmenue seutecmeennozo witcaa x uz Paiisa f)
(Qance udyrm xoucmanmu, ceazannsie ¢ ondesbHoO
BHIUUCAUTMEADHON CUCTIEMOTT)
const 48 = 2814749767100656; {= 2vx48}
limit = 5629499534213};  {= 148 div 5}
z=27;  {= ord(0) }
lim1 = 322; { MaKcumansrotit HopsOoK]
lim?2 = —292; {munumasosotli nopsdox)
: type posint = 0..323;
¥ar cfr: char; ¥ real, aiel integer;
35,55 boolean; {3HaKH )
function fen(e: posint): real; { = 10s%e, 0<<e<322 },
var i: integer; ! real; '
Chegin { 1= 0; ¢ := 1.0;
 repeat if odd(e) then

case | of
0: f:= f* 1.OE];
1: 1= ¢+ 1LOE2;
2: 1=t * 10E4;
3:¢:= ¢ % 1OES;
4: =t x 1.0EIG;
511 =t % 1OE3Z;
6: t:= ¢t » 1.0EH4;
7: 1= ¢ 1LOE128;
8: r:= ¢ * LOE236
end ;
= ¢ fiv 2; i 1= i+l
until e =0,
tenn 1== ¢
end ;
- begin

{ nponyck HavaALHBIX NPOGeaoe)
while f1=""do ger(f);
chi= f};
it ¢h = = then
begin 5 :== frue; gat(f); ch 1= St
end else
begin s := false;
if ¢h = '+’ then
begin get(f); ch 1= [}
end '
end ;
I =(ch in ['0",,'9]) then



begin message (- DIGIT EXPECTEDY); hall:
end ;
a:=0; e:= 0, :
repeat if g < limit then a ;= 10+a -+ ord{ch)~z else ¢ := e-+1}
get(f); ch = 1
until —f{ck in ['0'..'9'P;
i ch = "' then
begin {ymenue Opobroii yacmu} get(f); ch 1= f1;
while ¢/ in ['0'..'9'} do
begin if @ << limit then
begin @ := 10*a + ordich)-z; ¢ := e—1
end ;
get(f); ch 1= f1
end
end ;
if ch = 'E" then
begin {umenue nopadxal  get(f); ch ;= f1;
i= @
if ¢t = '—' then
begin ss := true; get(f); ch i= [}
end else
begin 55 1= false; if ch = '+' then
begin ger(f); ch ;= S}
end
end ;
while ¢k in [0 .. 9] do
begin if i<<limit then begin § ;== 10« -+ ord(ch)—2z end;
get(f); ch 1= f{
end ;
if 55 them ¢ ;= e—i else e }= e}
end ;
il ¢ << lim2 then
begin g := 0; e := 0
end else
if ¢ > lim 1 then
begin message(’ NUMBER TOO LARGE °); Half end;
{0 < g < 2¢x49 ) )
if @ > 148 then y ;= ({a+1} div 2} » 2.0 else y 1= a;
H s then y := —};
if-e < 0 then x :~ pften(—e) else
if ¢ 5= 0 then x := y*fen(e) else x := y;
white ( £1 ="*YA(—eof () do get(f);
esd {readreal)

Iporpamma 1.3, Yrenue BelleCTBEHROND YNCAS,



procedure writereal (vax f. text; x: real; n: integer); -
{ nevarms sewecmBentoe0 ¥UCAa X ¢ 11 CUMBOAEMU @ JeCAIMYUNOM elide
¢ RAagarOwel 3anamoii } )
{ credyrouue KoHCmGHmbt 306HCAN OM UCHOAB3 yeuoeo npeacmamenux
GEUJECTNBERHBIX YHCeA ¢ HAABTIOWEN 3anamont}
const 148 = 281474976710656; (= 2 «» 48; 43-pasmep manmucce?)
z = 27; { ord('0") }
type posing = 0..323;  [Quana3on 48 decAMUNNO20 HOPAGKA)
var ¢,d,e,60,el,e2: integer;
function ten(e: posint): real;  { 10%%¢, 0<<e<322 }

yar i: infeger; 1: real,
begin i ;== 0; ¢ := 1.0;

repeat if odd(e) then
case j of
0: ¢ ==t * 1.OEL;
1: ¢ = t* LOEZ;
2: 7=t * 1.0E4;
3:¢:=t + 1.0ES,
4; t ==t « 1.0E1G;
5:1:=1» 1.0E32;
6: 1=t % ]1.0E64;
Trt- 1 % 10B128;
8:¢:= 1+ 1.0E256
end ;
e = ¢ div2; =ikl

wntil ¢ = 0;

fen ;=1

end { zen };
begin (mpebyiomes no xpaiineis mepe 10 cumeonos:b+9,9E-+999 }
if x = O then
begin repeat write(f,' ) n 1= n—1
until n << 1;
write(f, 0N
el else
begin
if 2 =10 then » :== 3 else n (= n—7T;
yepeat write(f, ' 1); n 1= n—1
mtil # = 13; .
{1 < n << 15, wucno nesamaempix yugp)
begin { npogepxa snaKa, onpedenenue HOPAOKa}
if x << 0 then

begin write(f, —j, = —X



end else write (f, ' ');
e 1= expo (x); {e = entier(log2abs(x)))
§f ¢ > 0 then
hegin ¢ ;= 77 div 256 -1, x == xjren{e);
if x > 1.0 then
begin x :— x/100; ¢ ;= &4}
end
end else
begin e :~= (e D77 div 256; x := fen(—e)¥x;
if x << 0.1 them
begin x 1= 10.0%x; ¢ ;= ¢—1
end
end ;
[0l <x <10}
case 11 0 {oxpyenenue)

2: x 1= x+0.5E-2;
3 x = x+0.5E-3;
4: x := x+0.5E~4;
S50 x = x+0.5E-35;
6: x.;= x-F0.5E—6;
7. x 1= x+0SE-T;
8: x = x{05E-8;
9: x 1= x+0.5E—9;
10: x i= x-+0.5E—~10;
11: x 1= x4-0.5E—11;
i2: x ;= x4+0.5E--12;
13: x 1= x}0,5E—-13;
14: x := x{-0.58—14;
15: x 1= x+0.5E-135
end ;

if ¥ = 10 then
begin x := x * 0.1; e 1= e+1;
end ;
¢ 1= trunc{x,48); {== trune(x+(2++48))}
¢ = 10%¢; d ;== ¢ div 148;
write( f, chr(d+z), '.");
fori:=2tondo
begin ¢ 1= (¢ — d*148) » 10; 4 ;= ¢ div 148;
write(f, chr{d+z))
end ;
write(f, 'E; e 1= e—1;
if ¢ < 0 then
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begin wrire(f, '—"); e == —g

end else write(f, '+
el ;== ¢ » 705 div 2048; &2 += ¢ — 10sel}
€0 1= el * 205 div 2048; el == el — 104¢0;.
write(f, chr(eQ--z), chi{eltz), chr(e2+2))

end
end {writereal}

Mporpasma L[4 Tlewars aewectBedBoOro ukcaa.

HleCTBEHHBLe YMCAa W3 JECATHYKOrO B MPOHIBOALHOE «BHYTPeH-
Hee» NpelcTaBIeHHe H Ha06opoT. {KOHCTAHTH B 3arQit0BKAX CRA-
3apm ¢ ocobenBocraMB dopMaTa yHces ¢ nJjabaloed 3anaTORN
B payncanteauEod Mawune CDC 6000: 1 -paspanubiii ABORYHMI
nopajow B 48-paspannas Mawthcca, @yrxuas expo{x) ozHa-
yaeT nOPAAOK ).

1.11.4. Mporpamia pelaKTMPOBAHMA ainos

B kauecTee npHMepa mpUMEHEHHA NOCASIOBATEAbHGH CTPYK-
TYPH Mbl TPHBEAEM CACOYICUIYIO 3a1a%y, KOTOPAA ORHOBPEMEHIID
NPOACMOBCTPHDYET METOAKKY paspaGoTKH M NOACHEHWA Npo-
rpaMM. ITOT METOR HA3BIBAETCA METOOOM NOITGRNOZG HTOYHERUR
11.4, 1.6}, Mp ByaeM HCIOAL30BaTbL €rC B 5TOH KHHTe IpH pas-
fGope MHOTHX alrOpATMOR.

3afa¥a COCTOHT B TOM, ¥TOOMW paspaloTaib HpOrpamMmy, Ko-
TOpaf peRaKTHPYeT TeKCT x, IIpeBpaulas ero b TCKCT y. Penan-
'r_nponanne 03HaAvaeT HCRNWOUeHNe HAIH 3aMeHy OHPQAEJ'IQHHI:JX
CTPOK HJH BHJAKYEHHE HOBHIX CTPOK. PeXanTupoOBaHHeM yNpas-
AfeT NOCTeA0BATEALHOCTE KOMAHO pedakruposaxus, TPeACTaB-
NeRHBEY  CTAHAAPTHBIM TERCTOM {npuf. ITH KOMaHAHW HMEWOT
TaKo# BHIL:

[, n Berapra B TeKeT nocde m-if CTPOKA.

D, m, n. Hcrmouenne cTpok oT M Q0 #.

R, m, n. 3amena crTpok oT m X0 n.
OroHvaHue pesakTHPORAHHS.

Kamlaa KOManaa 3aAMMaeT OJHY CTPOKY B cTaraapinoM dadae
input, KOTOPHMH Mbl HaswiBaeM alaoM KOMaBh, Mm H 1 — Aced-
THYHBE llOMEpEj CTPOK, a BCTABRAEMBEIE TCRCTH ACNHE HENo~
CPenCTROHRO CNeaoBaTh 38 wkoMaHnamk 1 u R, Odn saranvu-
BalOTCH NYCTOH CTPOKOHK.

Mnt Tpebyem, 4TOGb HOMepa CTPOK B KOMaNRax PeAaKTHpe-
BAHHA I1UAH B CTPOrO BO3PACTAIOLICM NOPsAAKE. IJTO NPABUAO
ofecrienigaer CTPOro nAocaedosaresbtye 06paborTky BXOAHOIO
TekcTa x. QueBlAHO, YT6 COCTOARHE paGoThl onpeieaseTcs TeKy-
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el nosHuueft x, T. €. HOMEPOM CTPOKH, KOTOPAA paccMaipH-
BAETCA B TAHHBIHA MOMENT.

[TpennosioxuM, 4TD OPOrpamMma DERAKTHPOBAHHA paboTaer
B HHTEPAKTHBHOM PEMHME H 4TO, CJef0BaTednbHo, Paln xoMadx
npeacrasaser ¢o0o#l, HANPHMep, AaHHBIE, BBOAHMBIE ¢ TEPMH-
Hana. B TakoM peXHMe paGoTel BecbMa XKemaTefbHO, YTOOHl
[oJib30BaTeAbL HMeN HEeKOTOPYH o6paTHylo cBask. [loaxomsulax
B none3xas QopMa oOpaTHOA CBA3M — 3T0 pacnevyaTka To#
CTPOKH, HA KOTOPYIO NPOABUHYACA NPOULCE PEAAKTHPOBAHNA NOCAS
BEIMOAHEHHA nocneatell kOManRAH. Mu HazoBeM 3Ty CTPOKY rexy-
wei crpoxod. Beaencteue HoBoro tpeGosatud, urTofbl IOCne
BHIOJHEHHA KaxI0H KOMaHIH TERYWAA CTPOKA BHBCOLMJACH Ha
NeYaTh, HyHHO HMETh ABHYI0 NepeMeHHYI0, B KOTOpo# 3Ta CTpoka
6yneT XPaRHTHCA OC/S YTCHHA H3 X H NEped 3aNHCHIO B y. ITOT
EpieM Ha3HEBaeTen <«3arSARBAKHeM Bnepefl». Tenepb MOKHO
EPEACTABHTh NPOTPAMMY PEJAKTHPOBAHHA CARAYIOULHM 00pa30oM:

program editor {x, y, input, output);
var [no: integer; [ Homep mexyueid cmpoku}

el 1 line; [ mexyuan cmpoxa)
X,y text;
begin read instruction; (157)

repeat interpret instruction;
write line;
read instruction
~ until instruction = 'F
end.

MonpoGyem Temepp Godce MOAPOOHO ONPEACAHTL HEKOTOpHE
onepaTophl, YTOYHAA «YHTATE KOMAHOY» W €BLINOARUTGL KOMAMN-
dyg», mu ofpaviaeM BHHMAHME, YTO KOMAHAA OGLIYHO COCTOUT U3
Tpex dacreil: KoIa KOMAaHAR H AByX napamerpoe. [Iostomy mul
BBOAHM TPH NepeMeHHbe: code, m H fn— ANd Oo0MEHa MEeXay
9THMH BYMA ONEPATOPAMH.

var code,ch: char;
mn; integer
YuraTh KOMaHAY:
read{code,ch);

if ck = ‘) then read(m.ch) else m = Ino} {1.58)
if ch == ‘)" then read(n) else n = m;
Sta dopMynKpoPKa JomycKaeT xomangu ¢ 0, 1 uam 2 napamer-

paMu, ‘Tak Kar A «MPOMYIRISNHBIN» choeundHkandi noicrap-
AAKICA 3HAYEHHA KO yMOJAYAHHIO,



111, [Tocagdosareasnad dhada - 69

BrillogHHTs KOMAHAY:

copy;
if code = ‘I’ then
begin putiine;
insert;
end else
if code = ‘D’ then skip else (1.59)
if code = 'R’ then
begin insert;
skip
end else
if code =.'E’ then copyrest else Error

Ha cheayiouleM 3Tane YTOYHEHHA Mbl BBIPA3HM OMepaTOpbl
copy (wonupoBaTth), inserf (BCTaBHTB) M S$kip (NPONYCTHTBL),
AcnoAL30Batuble 8 (1.59), ¢ mOMOLGID ONEpPANHN ¢ OTACNEHBAMY
crpokaMu getline w putline. Vlx o6llHM CBOHCTROM asimeTCH
HHKJAMYHOCTh CTPYKTYPH. Copy CAYKHAT JAAA DEepenucH CTPOK
M3 X B y, HauHHaA Cc TexywWel H KoHYas m-fl cTpokoi. Skip 4u-
TaeT CTPOKH H3 x A0 f- CTPOKH, He NepelMChiBafi HX B 4,

Copy:  whilelno < m do
begin putline;
getline
end

Skip: while /no < n do getline

Insert:  readline;
‘while n?emf do . (1.60)
begin putline: readline
emd;
getline;
Copyrest: while —eof(x) do
begin putiine; getline
end;
putline

Ha tpeTbem, mocieddeM 3Tale yTOURSHHA MH BHIpAYKACM
onvpalkn gefline, putline, readline w writeline ¢ NOMOMbLIO one-
paiii ¢ OTASALHHMH CHMBONAMH. Mbl BHIHM, 4TO 10 CHX TP
BCe MeficTBHA KacanHeh HCKMIOUHTENLHO MeJbIX CTPOK M He fieJa-
NOCh HHKAKHX CREIHAJLHMX TIPEANONOKeH I O NeTalbHOR CTPYK-
TYpe CTPoKM. Mp 3HaeM, YTO CTPOKH ABAAITCA NOCAEAOBATIb-
HOCTAMH CHMBOAOB. Bbiio §H 3aMaHYHBO ONHCATH NEPEeMEHHYIO
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cl {(cofepmaulylo TeKYWY CTPOKY} Kak NOCAef0BATENbHOCTE
var ol file of char

OAHAKO BCMOMHEM cOBeT HHKOTZA 1€ HCNOALIOBATH CTPYKTYPY
¢ GeCKOHEYHHIM KapAKHAALHBIM YHCAOM, ©CAH HMEETCA PKBHBA-
JNeHTHAR $YBAAMEHTANLHAA CTPYKTYpa {TaKkas, Kar MAcCHB),
JeitcTnTebHO, B 3TOM Ccaydae pexKOMEHAYETCA HCNOAb3OBaTb
MaccHB. JTO BOSMOJKHO, €CAH Mbl OrPAHHYKM AAHHY CTPOKH, Ha-
npumep, 80 cumBonamu, Urak, Mb onpedeiim

var ¢l: array{l..80) of char

Chenyoule YeThpe MNOANPOrpaMMbl  HCAOAL3IYT € STHM
MACCHBOM BHAEKCHYIO MepeMeRnyw i DakTHUECKn ke 3Ta nepe-
MEHHAR MCTIONbIYETCHS NOKAALHO H MOMET B KAXACH Dpoleaype
ONMCHIBATRCA KAK JoKadbHad. Kpome Toro, Tenepk Hy®HO eue
BBECTH I100aAbHYi0 NepEeMERKYI0 L aas 0003HAYEHHA AJKBH 1€~
Kylllelt CTPOKH.

Getline:  §:=0; Ino := Ino 4- 1;
while —eoin(x) do .
begin i 1= i+1; read (x, cl[i])
end ;
L == i; readin(x)
Puiline:  i:= 0
while i << I do
begin 7 1= i+1;write (p, cl[i])
end ;
writeln(y) (1.61)
Readline: §i:1= §;
while —eoln(input) do
in i := i-}-1; read(cifi])
end ;
L= i; readln
Writeline: i 1= 0; write {ino);
while i < L do
begin i ;= i-+1; write(ci[i])
end ;
Writeln
Yenosue noend B Bporpamme inserf Tenepb JerKe MOXKHO Bhipa-

3UTh KaK
L0

Ha sTom pa3palorka DpoIpaMMul PeflakTHPOBAHHA (aiaoB 3a-
BEPACTCH,



Yapaxuenus I {

1.

1.2,

1.7
1.5,

1.9

1.10.

¥YNIPAXKHEHHWSA

{lyctn KapaHNaAbRLe wACHa CTAHAAPTHLMX TAHOR Inleger, real n char obo-
INAYEHH wepes ¢r, £z ¥ co. KakOmbl KApXMHANBHGIE YHCAA CAEXYIOWAX TH-
0B NAHHHX, ONpegefeHHuX B 3Tofi rAaBe B KAUECTHE NPHMEpOB: hoa,
Boolean, dens, Gyxoa, yuppa, oduyep, row, alfa, date, complex, person,
coordingle, charse!, lapestafus?

Kax Ot bt OpeAcTapA/IN MEPEMEHHHE THNOB, MepeduHcAesunix & yap. f.1a

-{a) B DAMATH BBRIYHC/HTENbHOR MAWURW, KOTOPOX BH TONb3Yetech?

1.1

112

b} nma doprpame?
¢) Ha APEAMOYHTACMOM BAME A3WKE OPOCPaMMHpODAHNAT

Karkosa nocaefosatessHoCTs KOMAHE {xa sauted 2BM) qan:

(a) omepanul pasmelieHnA § TAMATH KOMMOHEHT YHAKOBAWHWX sanHced
H MacCHBOB W oﬁpamelma K HHM?

(b) onepalHA HAR MHOMECTBAMH, GHJONAA MPOBEPKY CPNHANALKHOCTAP

MOMHO AH B0 SPEMSA BHNOJHEHRHA APOTPAMME: KOHTPOMHDORATL MPABHAL-
NOCTh METOAL3IOBARNE 3amdced ¢ sapHadTaMu? A 80 BpeMA TpauCAALHR?

[To Kaxawm TpHYHAaW HEKOTOPHE COBOKYIHOCTH AAMHHX OMPEN/IAIOT XakK
100,7e10BATEALNLE PARNE, 3 HE HAK MacCHRY?

[peasonomwam, 4To RaM KYKEO npeliéTapHTh mociemosareanHule dafiam,
onpeacaennute B paan. 111, ma 2BM ¢ ovens Gonbwofi onepatusiofi na-
MATbie. Bam paspemsaercs BBeCTH OTpaHHYeHHe, 4TO AANHA $adna nu-
KorAa Be OpeBLIIAeT OnNpefesednyo seanywny L. CaeaopatensHo, pu Mo-

- jigTe npeACTasHTh {Dﬂﬁ.'lb[ C MOMOLEL) MAcCHBOR,

Onupire BOIMGEHYD DEASHIALHL, BANTas pufpanyoe npeycran-
JieHye SARHBX # TIpOUSKYPH ATA sAeMeHTapRelX aitnosnx onepaurnidi gef,
put, resef w rewrile, XOTODHE ONPERNEHNE ¢  MOMOWBI AKCHOM n
paax. L1,

Butnoasunte yop. §.6 ana cermentHpoBaHHuEx dadaon.

HmeeTes HenesnoaopoXHoe DACOMCAEHE, COAEPMALMEE CTHCOK eXeLRes-
HuX peflcoB MOe3H0B WA HeCHOALKMX JHHHAX Medexsod goportt. Hafiaute
TAKO: MpeAcTanscltHe THX ABHHHX ¢ NOMOWbIC MACCHBOD, 3ANACEH HAH
dadion, KoTopoe Go10 6B YARGHO ANT AUACKA BPeMeHH TIpHOMTHA K OT-
MpaBJeyHA NOeanA B (IYKHOM HANPARMNEHIHM INA ONPelefeRHON CTaHLMK,

Hau 1exer 7 8 ouze dafina n HeSoaomofl CANCOK CAOB B BUAE ABYX Mag-
eneon A B B. ITpeanodoxum, 4T0 cN0Bd — 5T0 HeSoAbUIME MACCHBBI CHM-
BOJOR, MAKCHWAALIAR JAHHA KOTOPHX GHKCHPOBaHa,

Hauwnrgre nporpammy, Kotopas npeoSpasyer Teketr T B Terer S,
JaMeddf KaMALE pas cnaoBo A: COOTBETCTBYIOIIAM cnoBoM Bi

Kaxne naMeHeHus {nepeompelefleHne KONCTANT W T. M.} HeofXOANMH, 4TO-
65 mepefieRaTh ApLIPAMMYL 1.3 1 1.4 ana mtciomedcR ¥ Bac BRINCAHTERb-
ol MALHHR?

Hamuuwnte nporpamyy, moxoSuywo nporpame 1.4, ¢ 3aroroBKOM

orocedure writereal({var f: fexf; x:real; n, mu infeger)

Tpedyerea npeofipaloBaTe aHAUeHHe ¥ B KOCTSAOBATRIEHGCTH, COCTOAUYH
ap kpafuelf Mepe M3 o caMBOTOB (HX HaXo foGasuTh B daha f), mpes-
CTABNAIOINY ¥ B QeCATHUYHOM BHAE ¢ OHECHDOBANHOH 3anATOH ¢ m und-
paMy qocne sanstodl. Ecom HeoOX0mHMO, MHCAY “MOMKET OPeRIECTBORATH
COQTEETCTBYIOILEE KOAHYELTRO ADOGEINR MtNH 383K,

MepemrwnTe TeRcTOBLA pedawTop H3 pasf. [[[4 B pHie 3aBeplienHoft
OpOFPAMME,



72 1. byndamexrasvusie cTpYKTYPE Gunnsie

1.13. Cpapunte TPH cACAYKOWHE BepCHH GWHapHoro RoMcka ¢ (1.17}. Kakue Ha
3THX TPeX nporpamM npapureHu? Kawde Gonee sdpdexTusnn? Mo npes-
RONaraed, 970 BMEIOTCA caedyiollie NepeMennue H Komcranta N > 0

' var i, j k. integer, '
a:array[l . . Nl of T;
x:T
Pporpammna A:

i=1,ji1= N;
repeat & 1= (i) div 2;
okl < xtheni:= kelsej:=k
until (afk]l=x) V¥ {i=2))
Nporpamma B:
o Pi= 157 0= N;
repeat k == (i) div 2;
iy = alk]thenf == k—1;
Jfalk] < xtheni:= k
watil j > §

Oporpanma C:
i:=1; ji= N;
repeat k 1= () div2;

ifx < alklthenj:= Kelsei:= k41
wmtil § >

Yxazanue. Bee NporpaMubl AOMKHB 3awanunBateca npu alk] = »,
CCAH TORAM HOMIIOHEHTA cymecTayer, WK mph a [k] 2 X, ecan reT Kom-
AONENTHE CO FHAUCHUCM .

1.14. Heraropas kCMnanud APOBOAKT ONpoc, YTCOW BLIACTHTL COPOC Ha CBOW
npoRykwito. E¢ rponviwsa — 3To MAaCTHAK® B MarnHTodonHHe JACHTL
€ NCCHAMM: CaMble NONYAApHEE NecHd HVIYT nepemaru no papno. Onpa-
LiBaeMoe RavejlelHe SENHTCA Ha YeThipe KaTErOPHH COrlacHO Nty B BO3-
pacTy (cxasem, monome 20 n crapwe 20). Kan Bl onpawnRgemati 40a-
HMOH HA3BATL MATE MOGHMBX neced. TlecHAM cTaBATeR B8 COOTBETCTBUE
skeda or ! pa N {wanpumep, nycrs N = 30}. PeayaeraTtel onpoca mpen-
CTARNCHH B Dafine poll vakoro Tuna

type it = 1, . N;
sex = {male, female);

response =
record name, firstnawme: alfa;
£1 56%;
aget inteper;
choice: array 1., 5] of hit
end ;

3
var poll: Ble of response

Wrax, wamandt snement ¢aina npeacTapaser onpalidBAEMOro W copeps
AT ero HMA, GaMAAHID, TTOA, BOIPACT K NATh AOGNIMLIX TEcEH B AONARKY
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npeanoyTeRHA. 3TOT qrafin AaNGETCH BYONHLIM IAA MPOCpaMMBL, HOTODAHA -
AOAAA TOAYUHTL CABHYIGUIHE DEIYARTATHL

I. Coucok neces s nopnaake wx nonyaspHocrd. Kamawd ssemedar atore
CHCKA COAEPIKHT HOMEp MecHH ¥ EHeNo YMoMuHadni npu onpoce. Macnw,
KOTOPLE HH Paly Ité YIOMHAAJHCH, HCKAWVIAOTER HI CAMCKA.

2. Hernpe OTACABHBIX CAHCKE € HMEeHaM# H (aMHAAAMK BCEX OTBeuaa-
HX, KOTOPHIE 1A3BANH HA RePBOM MECTe OAHY W3 TpeX meced, naHfoace
TONYAAPKbIX 8 HX WATerOpHM.

BeeM nATH <mackiM NOAMHH npenclecTBORATL COOTBETCTHYIOUH® 3ArGIOBKH,

FHTEPATYPA

Iy
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2
COPTUPOBKA

2.1, BBEAEHME

OcHOBHAA U€Ab 3TOW TAABbl— MOKA3aTh Hd MHOMKECTBE lpH-
MEPOB, KaK HCNOAL3YIOTCH CTPYKTYPH daHHblX, OHCaHHbIE B Npe-
Apayuiell raape, W GPOAEMOHCTPHPOBATL BJAHAHKE BWGPaHHOMN
CTPYKTYDB AAHHHIX HA aJATODHTMbI, BHIOJHSIOULHe HEKOTOpOE
3ajanue. Kpome TOro, COPTHPOBKA CAYXKUT XODOIHM TIpAMEPOM
TOTQ, YTO OJHA M Ta M€ USJIb MOXKET AOCTHTATbCA ¢ HOMOILLIO
pa3JHuUHLIX BATOPUTMOB, NPHUEM KaxAuf N3 HHX HMeeT CBOH
onpeneACHKLIC TMPeHMYUIECTBA H HEAOCTATKH, KOTOPHC HYRHO
OUEHHTb ¢ TOUKM 3PeHHA KOHKPETHON CHTyallli.

Tloa copruposxod O6LIUHO MONHMAT fIPOULCC AEPECTaAHOBKW
06BEKTOR A2HHOIO MHOMXECTBA B OlipefenerHoM ropadie. Uenn
COPTHPOBKE — GONErYHTL NOCACAYICUING NOMCK 3AEMEHTOB B OT-
COPTHPOBAHHOM MHOMecTBe. B 3TOM CMHCJE 3M1eMeHTH COPTH-
POBHEH NPUCYTCTBYIOT MOMTH BO BCeX 3ajlavax. Ymopsiouenfdwe
00DbEKTH colepaTes B TeneOHHEIX KHHraX, B BEJOMOCTHX nO-
ROXQAHBIX HA/AOIOB, B OIJapfeHnAX, B (HOAHOTEKAX, B CAOBApPAX,
Jla ¢KkA8pax, A4 W MOYTH BCIOAY, TAe HX BYHHO pPasuiCKHBATS.
Jaxe ManeHbKHX JeTell BPHYYAIOT NPUBOAHTL Bellln «B HOpH-
JOK», B OHH CTAJKHBAKTCA C HEKOTOPHIM BHAGM COPTHPOBKH
3a0AT0 A0 TOro, KaK Y3Haor uto-2kbo 00 apudmernke,

CaeIcBaTeNbHO, METOAB COPTHPOBKH QUCHB BaMHY, ocobeHHo
npu obpaborke AaHHHX. Kaszajaock Onl, uTG Jerue paceopTupo-
paTh, ueM Halop Aaznuix? OARAKO € COPTHPOBKOH CBSA3ANL
MHorHe (pyHIaMEHRTAAbHLIE NPUeMBl NOCTPOEHUA AATOPHTMOB, KO-
TOpHEe H OyRYT Hac MHTEpecoBaTh B nepByio ouepeflp. [Tourn sce
TaKBE TIpHEMLt BCTPEYAIOTCA B CB5I3N ¢ SATOPHTMAaMH COPTH-
poBKH. B uyacTHOCTH, COPTHPOBKA ABAACTCA HICANBHLIM NpHMe-
POM OTPOMHOTO pa3Ho00pa3ns aATOPHTMOB, BHIIIOABAKMILAX ORAY
¥ Ty e 3aaavy, MHOHE H3 KOTOPHX B HEKOTOPOM CMbICAe
ABARIOTCA ONTHUMAJAbLHBIMKH, 4 OBOJLUTHHCTBO HMEET KakHe-nnbo
NPEeHMYHISCTBA N0 CPABHEHHIC ¢ ocTancHuMH. [losToMy Ha npn-
Mepe COPTHPOBKH Mbl YO@KAaeMCA B HEOOXOAHMOCTH CPABHUTEN b=
HOTO aHanH3a ajArOpHTMOB. Kpome TOro, siece MH YBUIHM, KaK
NP HOMOLIM YCJIOMHECHHS aJTOPHTMOB MOMHO NOBHTLCA SHAYH-
TCABROMO yBenHuelna >(PeKTUDHOCTH T CpaBHeHH0 ¢ Boaee
NPOCTHMHA H OYeBHAHBEIMH METOAAMH.

3anucHMocTh RHOOpA ANTOPHTMOB OT CTPYKTVPH AZHHBIX —
ABACHHE AUBOJbHO YaCToe, B B CNY4Y4aS COPTHPOBKH OHA HACTOIILKO
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CHABHA, YTO METOMB COPTHPOBKHN OOLITHO PA3KEAAIOT Ha Abe Ka-
TErOPHH: COPTUPOBKA MACCHBOE M COPTUPOBKE (NOCASAOBATEN:-
HHX) Padips. DTH ABA K/acCa 4aCTO HA3WBAIOT GHYTPeHHel
H OHetunedl COPTHPOBKOH, TaK KAK MACCHBHL PacloAaraiTcs Bo
«BHyTperned» (onepatusnof) namate 3BM; zaa stoit namaru
xapaktepen OHCTPEE NPOH3ISONBHBL ACCTYN, a Gallnbt XpaHATCA
B 0ojiee MelseHHOH, HO Oo/iee BMeCTHTENbHOH <«BHEWHEA» na-
MATH, T. € HA 3aNOMHHAIOWHX YCTPOACTBAX ¢ MEXAHHYECKHM

Puc. 2.1. CopTupoBka maccuea,

NCpeARHACHHCH (}J.HCK&X H .J']CHT&X). STO C}’I.LI.CCTBCHI[OC paanw
yHe MOXKHO HAFMAAAHO NOKA3ATh HA NPHMepe COPTHPOBKH NPOHY-
MepOBAHHHX Kaprodeg. [Ipenctamfaesue kapTouex B BHIE MAac-
CHBA COOTBETCTBYET TOMY, YTC BCE OHH paclojaraiorcs nepej
COPTHPYIQLIMM TaK, YTO KAM/AaA KapToyKa BHAHZ K NOCTYRHA
(cM. pHe, 2.1). Ilpencrapaense gaprtouexk B Buge dadaa npen-
noiaraer, Y70 BHAEA TONBKQ BEPXHAA K&PTOUKA M3 KAKAOH
cTonku (cM. pre. 2.2). OueBHIHO, YTO Takoe OrpaHU4YeHHe NpPH-
BeleT K CYUECTBEHHOMY H3MEHCHHIO MeTOA0B COPTHPOBEH, HO
OHO HeHIBEKHO, eCJH KAPTOUEK TAK MHOFO, YTO HX UHMCIAO HA
CTOME He yMeHLUIAETCs.

Mpexe 8cero Mbl BBeeM HEKOTOPYIO TEPMUHOJOTHID H CH-
cteMy ofiosHayeHHil, KoTopue GyAeM HCNoab30BaTh B ITOH faase.
Ham aaHw saeneHTO

dy, Uy v e vy Qi

Copmponaa 03HagaeT NePeCTAHORKY 3THX 3NeMeHTOB R TaKOM
HODAIKS.
Qs Apyr vver Ty

470 NpH 3aAaHHON yakyquy ynopadowenus | cnpaseAnnBo OTHO-

HISHHS
() SF(@am) < - < {00,)- 2.0
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OOHUEO GYHKUMA YROPAJGYEHHS He BHUHCAAETCH NO KAKOMY-TO
COCUMANBLHOMY INpaBRAY, a CONEPHHTCA B KaM(AOM 2JeMeHTe
B BYAE SABHOM: KoMnoHenTw (mojs). Ee 3naucHue HazpiBaeTcR
Kaowom snementa: CaelOBaTeNbHO, AXA NPEACTABREHHS 3Je-
Menra &; OCO0EHHO XOpOIlo MOAXOAHT CTpYKTypa 3anucu. [Mo-
3TOMY Mbl onpeiengeMm THN flem (9nemeHT), KOTOpHil Oyler

Pac. 2.2, Copruponxa tafina.

HCNOAL30BATECE B NOC/CAYIOUWIHX ANFOPHTMAX COPTHPOBKH Cag-
AyoHnM o6pasoM:

type item - record Key: integer;
{onucanue Ipyeux xomnomerim) (2.2)
end

«I"Iputme KOMIICHEHTBI? —3TQ BCE CYILECTBEHHLIe AAHHBbIE of
SNEMERTE; TIONE Rey — K404 CAYHKHT JAWb OMA HACHTRHKIONH
sacmeiTos. ORlaKo, Korga Mbl FOBOpHM 00 2JTOPHTMAX COPTH-
POBEH, KJAKY LJd4 Hac — ¢AHACTECHHAA CYILeCTRCEHAR KOMINO-
HerTa, W HeT HeoDXOAMMOCTH KaK-TO ONPeAeNfiTh OCTAJdbHbI2,
BHGUD B KayelThe THIA KJAWOYA 1eJ0To THIZ AOCTATOYRO [pOus-
BOJIEH; ACHO, HTO TOYHO TAK e MOMHO HCNOAB3IOBaTE M J0boil
TIHA, HA KOTOPOM 3aRai0 OTHCWICHHE BeeobIlere nNopaRka.

Metoa cOpTapOBKH Ha3BIBAETCH HCTOduUBHIM, €CIH OTHOCH-
TCIbHER nopaaok IMNEMEATOR € OXHHRAKOBEHMH KAHMAMH He Me-
HHETCH NPH COPFHPOBKE, ¥ CTONUNBOCTE COPTHPOBKH YacTo ObBaeT
MENATEAbHA, €CAN 3ICMEHTH YNODAAOUCHH (pAaCccOpTHPOBANSI)
N0 K4KHM-TO BTOPHYHLIM KJI0UaM, T. €. IO CBGiicIBaM, He oTpa-
GWUHHBEM B HepBHiHQM KTIOHE, )



2.2. Coprupoaxa maccusos 17

He crneayeT cunTaTh, UTO AAHHASA TAABA NPEICTABARET cobofl
ACYepNHBAIOMHA 0630p MeTOXOB COPTHPOBKH. 3lech ML 0CO-
OenHo moApofHo pa3buparoTcs HeKOTOpHe W3bpaHHHe MeTolw,
3apHTepecoBAHHOIO HHTaTeRd, JKeAalollero NOoAYYHTh NoJHoe
HpeACTaBJAeHHE 0 COPTHPOBKE, Mbl OTCHMAaeM k Oaecrsitedl o Bee-
obvemaiowteit padore 1. Kuyra [2.7] {em. Takxe [2.10]).

2.1. COPTHUPOBKA MACCHEOB

OcHoproe TpeGoBanHe K MeTORAM COPTHPOBKH MacCHBOB —
AROHOMHOE HCTIOAB3CBAHMe MaMATH. DTO 03IHAUAET, UTO Nepeyno-
pAAoyYCHHE 3AEMEHTOB HYXHO BHNOJHATE in Sifu (na ToM Ke
MecTe) ® MTO MeTORb, KOTOpLIe MEPecHNAlOT 3MeMeHTH H3 Mac-
-CHBA @ B M2cCCWB b, He NMpeACTaBAAIOT AASA Hac ueTepeca. TakuM
-0fpa3oM, BROHPAT METOA COPTHPOBKY, PYKOBOACTBYACH KPHTE-
pHeM HKOHOMHH NaMATH, KMaccH(GHKARHIO aJropHTMOB MBI NPo-
BOZUM B COOTBETCTBHH ¢ HX (DhEKTHBHOCTLIO, T. €. SKOHOMHeH
BpeMeHn WJH OpcTpoleficTBieM. YN0OWAS Mepa agekrusnorTu
noAydaeTca NpH molcuetre wHoaa € — HeoGXOANMBIX cpasienitl
xawmdeil w M — nepecotaox saemenTos. BTH ydcia OIPEREIRIOTCS
HEKOTOPLIME GYHKIHAMA OT YHCAZ n COPTHPYEMEIX 3JE€MEHTOB.
Xots xopoume AaAropHTMH COPTHpPOBXKHM TpebyloT nopadka
n-log n cpapneruil, MM cHavana OOCYINM HECKOMBKO HECHOX-
HEIX W O4EBWAHHX CNoco00B CODTHPOBKM, HASBIBAGMBIX npo-
cromy  serodamu, Koropue TpeGyOT mWopAIKa nf cpaBHeHHA
Kiouell. Ml pellnn paccMOTPETh NPOCTHE METOAH Npexje, uem
nepeliTH K Goxee OGHICTPHIM ANTOPATMAM, N0 CACAYIOIMHM TpeM
BaKHHM [IPHUNHAM!

J. TIpocTeie MeTOZH OCOGEBHO XOpOWIO MOSXOAAT ANH Paszbsic-

" HeHHA ¢BoOfiCTB GOMBIMHCTEBA TIPHHUNTOR COPTHPOBKA,

2. TlporpamMMHE, OCHOBaHHEIE HA STHX METORAX, JETHH ANA NOHH-
MEHHA M KOPOTHH. Caelyer NMOMHHTb, YTo NPOrpaMMB TaKXe
3AHUMAT NamMaTh!

3. XoT® caoxnble MeTOnb TpeSYIOT MeHbUIere yucaa omepanuf,
3t onepauny GoJee CNOMHBI, MO3TOMY TPH AOCTATOUHO Ma-
JAHX 1 NPOCTHE METOAW paboTaloT GHCTpee, HO HX HE ciefiyer
HCMOb30BATL NPH GONBIUHX n.

MeToZH, COPTHPVIOIHE 3NEMEHTH {n Sifu, MOMHG pa3bHTh
Ha TpH OCHOBHHIX KJRAacca B 3aBHCHMOCTH OT JEMAIEro B HX
OCHOBE TIpueéMa;

1. CopTHpOBKA BKJAIOWEHHAMH.
2. CoprupoBKa BROOpOM.
3. Coptupopxa olmeHOM.

Tenepr MB DaccMOTPUM H cpaBHmM 3TH Tpu nprdnuna. Tpo-
rpaMMil  paloTaioT € HepeMeHROI-MacCHBOM @, KOMUIOHEHTH
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KOTOPOH HYXHO PpaccOpTHPOBAaTL int sifu. B 3TUX nporpammax
HCOOAL3YIOTCA THOH AauMbiX ifem (2.2) n index, onpenencHHue
TaK:

meiﬂaex =00-";

var o array(l .. »} of item {2.3)

2.2.1. CopTHMpOBKa NPOCTHIMM BHIOUSHWAMM.

ITOT METoH OOHYHCG HCHOAb3YIOT KCPOKH B KAPThl, JNeMEHTH
{KapTol) YCNOBHO pasfcAAOTCA Ha rOTOBYI0 NOCAEAOBATRILHOCTDL
ay, ..., G-y K BXOAHYIO NOCAELOBATeIbHOCT &4, ..., &g Ha
KajkAOM LIare, HAuHHAg ¢ (=2 W yBeJHYMBAA ( Ha CAHHHULY,
GepyT [-# 3neMeHT BXOAHON [OCJHENOBATE/JBHOCTH M Iepeflalor
B COTOBY; NOCJHRAOBATENBHOCTh, GCTASAAA €r0 Ha NOAXCAALICS
MECTO.

TaGasua 2.1. TTpasep cOPTHPOBKM NPOCTHMYE BKNOHSEHNAMY

Havamswbe erovy 44 55 12 42 94 18 06 &7
i=2 u 5 2 % 18 06 &
1=3 1 4458 9 18 06 67
74 12 2 4 55 9% 18 06 67
7§ 12 42 44 55 54 18 06 67
i=6 12 i8 42 a4 55 94 06 7
f=7 86 127 18 4 4 55 94
i=8 o6 12 18 42 44 55 & o

Tipouecc cOpTHPOBKH BRAKUEHHAMH NOKA3AH Ha IpHMEpe
BOCHMY CHYYAHHO B3fTHX uncen (cum. taba. 2.1). Aaropurm €op-
THPOBKH [POCTHIMH BKAIYEHHAMH BEITJIALMT ClelyOoWwuM o=
pasoM:

fori:=2tondo
begin x:=a[i];
«BCTZBHTD X HA NOAXORALISE MECTO B dp ..M ap»
end

[Mpu noucke MOAXOAAUERO M2CTa YAGGHO YepeaOBaTh CPAaBHEH!A
¥ MepechIIKH, T. €. KaK OBt «pOCEHBATby» X, CPABHHBAA €ro c oyve-
PEAHBIM 2NEMEHTOM @; ¥ JHOO BCTaBAAA X, ANOO NepecHNan 4y
HaNPaBo H MPOABHrafick Hajnes0, 3aMETHM, UTO «NPOCEHBAHHE»
MOMKET 3AKOHUHTLCH NMPU ABYX PA3THYHLIX YCNORHAX!

1. Hajfigen sjgeMeHT @; ¢ KAKYOM MEHBIIHM, HeM KJI0Y X.
2, Hocturayt neBeil KOHEH TOTOBOH MOC/ACAOBATENLHOCTH.

D707 TUNHYHLIA NpHEMEp URKAA ¢ ABYMS YCAOBHAMH OKOHUAHHA
JAaeT HAM BOIMOMEOCTL PACCMOTPETL XOPOIIO HIBECTHHIH NpHeM
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uxTuBHOrO saementa («Gapoepar). Ero momno serko npuwme-
HYTL B STOM CAyuae, yCTaHOSUB 6apbep ag= ¥. {3amernm, w10
/1A 3TOTO HYXKHO PacIiMPHTL AHAaNa3oH HHACKCOB P ONRCAHHM o
no 0, ..., n) OKkoHuaTeabHHN aAroOpHTM NOpPEACTABAEH B BHAC
lporpamMuu 2.1,

procedure siraightinsertion;
var i,j: index; x: item;
begin
fori:= 2tondo
begin x ;= ofi}; of0) ;= x; J 1= i—1}
while x key << alj] .key do
begin af j+1] 1= a[j): j 1= Jj—1;
end ;
alj+1] = x
end
end
Nporpamma 2.). COpTHPOBKA MPOCTHIM# BEIOUCHUAMH.

Anasus coprupogxu npocteirg exoderuamu. Uncno C; cpas-
HeHHA KA0Yell 1pA {-M FPOCEHBAHHH COCTABAAET caMmoe Golbluee
i— |, camoe MeHbllice 1 M, €CAN DPeANOAOKHTL, YTO BCe nepe-
CTAHOBKH 7 KJAWYell PpaBHOBepOSTHW, B cpepneM pasno if2.
Uucno M; nepectinok (npuceanBaHuuil) paBHo C; 4 2 (yuntmpas
Gapoep). TlosToMy ofulee 9HCAO CpaBHeHHIT W NEPECHIIOK ecTb

Cop=n—1 Mpin=2{n —1)
Cop. =5 +n—2) My =t(@+9—10) (2.4
Cmax=';'(n2+n)_l Mm,=%(n2—|—3n—-4)

HauMenbilige gucha NOABASIOTCS, €CNH JEMEHTEE ¢ CAMOTO
Hauajla YNopsAAOYEeHH, a4 HAMXYMIUHI cfiyyall BeTpedaercs, ecaH
91eMEHTH PACAOOKeHH B o0paTHoM nopsaixe. B stoM cMmblcae
COPTHPOBKA BKJAKYEHUAMH LEMOHCTPHPYET BIIOJIHE eCcTECTHeHNOE
nogedenue. SlcHO TaKKe, uTO JIAHHLIN &NCOPHTM ONHCHIBAET
YCTOUHUBYIO COPTHPOBKY: OH OCTABAAET HEH3MCHULIM NOPRACK
9/1eMeHTOB ¢ OLHHAKOBBIMH KNIOUaMH.

ANrOpuTM CODTHPOBKH MPOCTHMH BKIIOUEHHRMH IETKO MOMKHO
YAYUKIMTh, DOAL3YACh TEM, 4TO TIQTOBAR DOCAELOBATENBHOCTH
ap, ...y Gicy, B HOTOPYIO HYHKBO BKIIOUHTB HOBHIH 3MIEMEHT, yXKe
ynopajoueHa. [TosroMy MecTo BRJAIOUEHHA MOXHO HAHTH 3HAYH-
TeabHo Ouictpee. OZeBHANO, YTO 3ECH MOMHO NPHMEHUTL GUHap-
Hbifi BOHUCK, KOTOPBIH HCCAGAYET CPefiKHf 3NIEMENT FOTOBOH nocde-
JOBATEABHOCTH H NPOAQAKAET JeneHHe nononaM, noka He 6y.:13T
HaHACHO MECTO BRAYeNus. MoAnPprUHPOBaNHHA AATOPUTM COP- |
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THPOBKH HA3BIBAGTCA COPTUPOSKOH CUMAPHOIME BRKAIOUEHUIMY,
OH noxasad B nporpamme 2.2,
procedure binaryinsertion}
var i jlirme index; xt item;
begin
fori:== 2tondo
begin x 1= afi]; 1= 1; ¥ 1= i—17
while ] < r do
begin m = (I{-r) div 2;
if x key < alm] key thenr 1= m—~—1 else | :== m-1
end ;
forj 1= z——l downto ! do ofj+1] = o[/];
all] :=
end
end
IMporpamva 2.2, CopTupokxa GHHADHEIMH BKRIOUCHHAMY.

AROAU3 COPTUPOBKY TURAPHELKY BRAOYERUAMU. MecTo BKIW-
ueHud Halineno, ecad arkey < x.key < a-key, TakuMm 00pasom,
HHTECPBAA TIOHCKA B KOHILE lIlO.I'I}KEH 6HTb paBEH 1 3ITO O3HauvaeT,
4yTOo HHTepBaJI H3 { KIoueh ,ILEJIHTCH OMoAaM [logga] pas. I/l-rasc,

C== Z [loga 1.

il

Mbl annpoKCHMHUPYeM 3TY CYMMY C NOMOLLBIO HHTETpana
0

Slog xdx=x(logx—c)|f=n(logn—c)+c, {2.5)

}
tae ¢ = loge = 1/In2 = 1.44269.... KonKuyecTso CpaBHeMndt He
34BHCHT OT HCXOAHOTO [OpAJKa 3aemenToB, [lo H3-3a OKpyrae-
HHA 11pH ACJEHHH HHTEPBAJa NOHCKA Nonojam ,ﬂ.e}"'lCTBl‘]Te.fIbHOG
YUHCHO CpaBHeHHH MaA { 3AeMeHTeB MOwueT Obrth Ha 1 Godblie
OAHIACMOCro. HPHPO,H,B 3ITOrD «nepeKO{:a» TaKOBa, 4UTO B pt"
3yAbTaTe MecTd BKJIOUPHHS B HHMKHEH YacTH HAXOAATCA B Cpel-
Hem HecKOSIbKO ObICTpee, ueM B BepXHell yacTH. IDTo naeT npe-
HMYUIECTBO B TEX CAYUaAX, KOTAZ JeMeHTH H3HAYaJBHO JaJeKn
ot npaBuabHoro mopsiaka. Ha camom e fnene MuHHMAaNbHOE
YHCJIO cpaBHeunit TpeGyeTcH, ec/u 3JeMeHTh BHAaYaJje pacnono-
HeHnl B OﬁpaTHOM MopAnKe, a MAKCHMANBHOC — €CJAH OHH Y¥e
ynopsaaouens, CAcA0BaTe/IbHO, 3TO CAY4all HeecTecT8eHHo2q no-
8eoeHis anTOPHTMA COPTHPOBKH;

C=n(logn-—loge+ 0.5).

K coxaneHuo, yiydileHne, KOTOpoe MH TNOJydaeM, HCHOAB3YS
METOJ OHHAPHOTD MOHCKA, KAcacTes TOJLKO 4uCc/aa cpaBHEHHH,
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a He yHCna HeoOXOJAUMBLIX nepeckiok, B aeficTBuTe bHOCTH no-
CKO/IbKY AEPEeCH/iKa SMEMeHTOR, T. €. KJYeH H conyTcTByIomed
dacopmaliy, obbto Tpedyer 3nauHTeaLHo 6Goavlue BpeMernH,
ugM cpaBHEHHe 1BYX K/AMOUel, TO 3TO y/yyllieHue HuU B KOel Mepe
He abjfelca PeillaloWHM: BaXHBIH nokasarels M no-npexsemy
ocraerca uopaaka n% KM B camom jene, nepecopTHpoBKa ye.
PacCcoOpTHPOBAHHOTC MacCHBA 3aHHMaeT GOJLUIE BpeMeHH, ueM.
OpH COpPpTHPOBKE NPOCTHIMH BEAIGHEHHAMH € NOCAQEOBATEAbHLIM -
nouckoM! IJTOT NPHMEpP NOKAILIBALT, YTC <OMEBHAHDE yAyYlie--
Hiey HACTO CKA3LIBAETCR HAMHOIO MeHee CYLISCTBEHHLIM, uem
Ka®ercsd BHAYane, H B HeKOTOPHX cAy4aax (koTopue dedcrau-
TeAbHO BCTPEYAOTCR) MOKCT HA CAMOM Jefie OKasatbed yXyil-
meHneM. B KOHGUHOM cueTe COPTHPOBKZ BKAWYCHHAMU OKa3ul-
BAESTCH HEe OYe¢Hp MONOARIEHM MeTOLoM AR quJpoﬁblx BRIYHC-
JUTeABHLIX MAUHE! BKAKYEHKHE 3AeMEeHTa ¢ NOCASLYIOUM CABY-
roM BCero pdagja 3JeMeHTOB Ha QIHY MO3HUHI HEIKOHOMER, «H}“l-
IIHX pPe3Y/AbTAaTOB MOMNIOG QOXHAATL OT MeTOAa, NPH KOTOPOM
DepechlKY 3AEMEHTOR BHIIOJAHATCA TOJLKO AR OTASMbHLIX
3NeMeHTOR H Ha Oosblilde paccTostaiA. ITa MbICAs [PHBOAHT
K COPTHPOBKE BbIGODOM.

2,2.2, CoprHposka NpocThim BhiGOpom

270T METOA OCHOBaH Ha cleayueM jipaseae;

1. BriGnpaercs 3J€eMEHT ¢ HAHMEHBUIHM KJIOUOM.
2. OH MCHAECTCA MECTaMH ¢ MEPBHIM IEMCHTOM 1.

OTH omepatiii 3aTeM TOBTOPSIIOTCH ¢ ocTaBiumies #— 1 3ne-
MeHTaMy, 3aTeM C n—2 FMEMEHTAMH, NOKa He OCTAHETOH TOVTRRO
OfUH 3MeMeHT — HAHBONLINHA. IT0T METON TMPOAEMOHCTPHUDORAH
Ha TeX XKe BOCLMH Kiwuax B Tabn. 2.2

Tabanua 2.2, TIpumep copTHposkn MpoctuiM BHbGOpOM

Haqlasabeg WA

44 55 12 42 94 18 06 67
05 55 12 42 94 18 44 67
08 12 55 42 94 18 44 67
06 12 18 42 94 55 a4 67
08 12 i8 42 04 55 43 87
03 12 18 42 44 55 o4 67
05 12 . 432 a4 55 o4 67
06 12 18 82 a4 55 87 %

[lporpamMmy MOMHO mpeAcTaBHTL CASAYioUIUM oGpasoM:

fori:=1 to n—1 do
bezin <npucsonTts £ HHAeKe HAHMeRblIeTo 3aAeMenTa H3aff. ..
.. alalr;
KNOMEHHNTD MECTAMH a; B Gg»
end
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DT0T MeTO/, HAILIBAEMBI LOPTUPOBKOL NPOCTHIM sbibOpOM, B He~
KOTOPOM CMHIC/IE NPOTHBOROJONKEH COPTHPOBKE NPOCTHMHE BKJO-
4EHRSAMH; NPH COPTHPOBKE NPOCTHIMH BEJIOUEHHAMH HA KZKIOM
laFe PaccMaTpHBAETCA TOMBKO OCuK OUEPEeRHON 3AeMERT 6x07-
HOL NOCAEG08ATEALROCTY H 6C€ 3EMEHTH 20708020 MACCUBA AAA
HaXORASHHA MeCTa BRNIOYEHHS, NIPH COPTHPOBKE MPOCTHM BHGO-
POM DPACCMATPEBAKTCA BCE 3INEMeHTH 4XO00HO20 Maccusa AaA
HaXCKAEHAT 32J€MEHTa ¢ HaUMEHbWIHM RJIUOM, H STOT QJun
OuePENHOfi 2NEMEHT OTHPRBAACTCH B 207060 NocAedosarens-
nocTh. Becs anropHTM cOprTHpOBKE npocThiM Bubopom npea-
CTaBAeH B PHIE NPOTPaAMME 2.3,

proceduce siraightselection;
yar i,jk; index; x: item;
begin for i := 1 to n—1 do
begink = #; x := 4fi};
forj i= i+1 to n do
if alj] Jey < x .Key then
begin k 1= j; x := a[J]
end ;
afk] := 4dlf]; ali] := x;
end
end

Oporpamma 2.3. Coprapooks mpocTHM BHGOPOM,

Anasuz copruposku npoctuim eubopos. OUeBHAHO, YT0 YHCAO
C cpaBHeHRH KAOUell He 3aBHCHT OT HAUAALAOIO NOPAAKA KAKO-
yeli, B 9TOM ¢MBIC/ie MO:KHO CKasaTb, YTO COPTHPOBKA NPOCThIM
peiGopom BedeT ceba MeHEe eCTECTBEHHO, UeM COPTHPOBKA Hpo-
CTHIME BRAIOUCREAMU. Mbl nomyunaem

C=%(n2~—n).

MuHiManbioe YHCHO BEPECHJICOK PaBHO
i Mmin =3 (n - ]} (2‘6)

B CAY4AC HIHAYARLIO YNOPAAOYECHHEX KAOMEH ¥ NpHHHMAeT Hau-
G0ablI1ee 3HAUCHNE!

M. = trunc (-’%f-) +3in—1),

ecni BHauaJje KAiO4H pacnoioxedn B ofpaTHoM nopsake. Cpen.
Hee M, TPYAHO ONpeaesiHTh, HECMOTPSA Ha MPOCTOTY AATOPHIMA,
QHO 3aBHCHT OT TOrQ, CKOJABLKO Pa3 QHPEAENAeTCs), YTO & MeHplue
BeeX MPeAllecTRYIONENX BeAWUHH Ry, ..., k) TIpH TPOCMOTDE
NOCICTOBATENLHOCTH YbCed Ky, ..., Ra DTO 3HAUERHE, B3IATOE



2.2. Copruposxa Maccusos 83

B cpedieM Al BeeX MEPECTAHOBOK f1 KAOYEH, YHCNO KOTOpHK
paBHo sl ecrb

Hy,—1,
rae Hy-—-n-e CAPMOHUNECKOE UCA0 .
-
Hi=ld4ghgto. vy @0

Aem. O, Kuyt, 1. 1),
Yucno H, MOXKHO BHPA3ATh KAK

1 1 |
Hy=Innt+y+gp—q=s+..., {2.8)

rae y=0.577216...— shaepopa kouctaura. Jlus pocratoydo
GONIBUINX A MLl MOXEM ONYCTHTH APOGHMC cAaracMbie H, TAKHUM
o0pa3oM, anApOKCHMHPOBATL cpedHee 4HUCAO RpHcBaAHBAKHH Ha
{-M 1poxoze chAefyounm obpasom:

Fi=lni+y+1.

Toraa cpeasee qucao nepecHNOk Moy, NPH COPTHPOBKE BHIBODOM
€CTb CymMMa F;, Tje { NPNHAMAeT 3HadeHns oT 1 po n:

Mcp_=§ Fi=nly+ 1)+‘§‘,| ln i

ANNpoKCAMEPYA Hanee CYMMY OTAGABHBIX C1araeMblX ¢ MOMOLBIO
HHTerpana
"
"
Slnxd‘x=x(lnx— l)ll =nlan—n-+1,
i

noayyaeM BpHOJTNMKeHHOe 3HAUeHHe
Mep. =nitnr 4+ y). {29

Myl mMoXeM cAeNaTe BHBOX, YTO OOHYHO AAMOPHUTM COPTUPOBKH
OPOCTBIM BHMOOPOM MpEeRNOYTHTENbHEH AJrOPHIMA COPTHPOBKH
NPOCTHIMY BKIIOYERHSIMH, XOTA B CY4ae, KODAR KNIOUH 3apanee
PACCOPTHPOBAHY WAH NOYTH PACCOPTHPOBAHL, COPTUPOBKA TpoO-
CTBIMH BKJIIOUeHMAMS Bce e paGoTaeT HeCKOMsKO GuicTpee,

2.1.3. CopTHpoBKa NPOCTLiM obBMEHOM

KnacendHxalHa MeTOR0B COPTHPOBKH He BCETAA YETKO Onpe-
Aeqepa. O0a TNpeicTaBASHHLIX paHee METOAA MOMKHO pACCMAT-
PHBATL K4aK COPTHPOBKY ofmenonm. OAHAKO B 3TOM pasjene MH
OCTAHOBUMCS HA METOIe, B KOTOPOM OOMeH ABYX 3/eMeHToB sp-
NAETC  OCHOBHON XapakTepHeTHKOA npouecca. [lpuBepennbii
Hi3e aaropuTM  COPTHPOBKH MPOCTLIM OOMEHOM OCHOBAH MNa
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MPUHIANE CPABHERHA # OOMEHa Maphl COCERANX SNEMEHTOB AL TeX
NOp, NNOKa He GYAYT paccOPTHPOBAKEL BCE SJCMEHTLL '
Kag 9 B BpeAsayinx MeTolax npoctoro BubGapa, Mu cobep-
I1aeM MOBTOPHLIE NPOXOALI MO MACCHBY, KAXKAWR pa3 mpoceHBan
HAHMEHBINHA 3MeMeHT OCTaBIIErocs MHOKECTBa, IBUTafsch K ne-
BOMY KOHUy MaccuBa., Ecau, nas paskooOpasns, mul GydeM pac-
CMATPHUBATL MAccHB, PACTONONMEHHLIL BEPTHKAJLHO, 4 He FOpH-
30HTANBHO M — NPH NOMOUN HEKOTOPOTO BOOOPaMeHud — npel-
cTaBUM cefe INEMEHTH NY3HPLKAMH B Pe3epByape ¢ BOAOH, 00-
JAaAaoLHMKI «BECaMH», COOTBETCTBYIOIIMMH MX KAKYAM, TO KaxK-
AB TMPoXoJ NG MACCHBY BPHBOAHT K «BCA/BIBAHUIO» Ny3bIpbKa
Ha COOTBRTCTBYIOILUY ero Becy ypopens {¢M. Tagn. 2.3). IroT Me-

TaGawua 2.3, TIpuMep COPTHPOBKH MEeTONOM RY3HDbKA

™ “ ~ w © [ 0o
Havasensie | a " u ] I "
KITROGHFE — -— . 4 —

4 06 06 06 06 06 08 06
55 | 44 12 12 12 12 12 12
12 | 88 Mjm 18 18 18 18

42 } 12-) 55 | 44 a2 a2 42 a2
94 | 42 ~18~ 55 | 44—w24 44 44
18| 94 { 42 42— 85 855—55 55
06—’ 18— 94 67 67 67 6767
67 67 67— 94 94 94 94 94

TOA IIRPOKO H3BECTEH Kak copruposka merodom nyseipvra. Ero
npoCcTeHUING BApHAKT NpUBeieH B mporpamMme 2.4.

procedure bubblesort;
var i,j: index; Xx: ifem;

begin for i :== 2 to n do

begin for j := n downto i do

if a[j—1] .key > a[j] key then

begin x := a[j—1}; afj—1} = ofj}; aljl 1= X
end

end
end {bubblesort}

IporpaMma 2.4, CopTHPOBKA METOACM Ny3plPhka.

, 3ToT aNropUTM Jjerko onTEMH3npopath, IlpuMep B Tabn. 2.3
NOKa3biBaer, 4TQ TPH MOCAEAHHA BPOX0Ra HHKAK He BARAT Ha
NOPsAOK 3AEMEHTOB, TOCKOABKY Te yiKe paccopTnposanbl. Oue-
BHAHLI{I cOcOG YAVYINHTL TAHHLIA aAPOPHTM — 3TO 3aN0OMHHATH,
HPOM3BOAKACS NI H3 HAaHHOM TpoxOAe Kakofi-nuGo obmen. Ecau
HET, TO 3TO O3HA4Yaer, YTO AJCOPHTM MOMKET 3aKOH4YHTb padory.
JTOT NpoLece YAYIINEHYS MOXIO RPOMONKHTDL, €CIH 3aNOMIIHATh
He ToALKO caMm $dakT oOMeHa, HO H MeCTo (HHAEKC) nocaefiHero
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o0mMeHa. Beab sAcHo, 4To BCe Napsl COCEAHHX SJAEMEHTOE ¢ HHAEK-
caMi, MEHbIUKMH ITOrO MHAEKCE k, Y€ PACNONOMCHL B HYK-
HOM Nopfake. [IO3TOMY cAaefywulHe TPOXOAL MOKHO 3aKaHYH-
B4Tb HA& STOM HHAEHCE, BMECTO TOro YTOObH ABHraThCH A0 yCTA-
HOBJACHHOHK 3apanee HMKHEH rpanuiubt i OLHAaKO BHHMATEAbHWI
NPOrpaMMHiCT 3aMeTHT 34eCh CTPAHHYI0 ACHMMETpHIO: OAHH He-
NPaBUABEO PACNONCKEHHHN «IYIHIPEK> B «TRKEIOM» KOHUER
PaccopTHPOBARHOTO MACCHBA BCAMLBET HA MECTO 32 -GIHH TIpo-
X0, @4 HeNpaBHAbHO PacnNoONOKEHHBIH 3JeMeHT B <«JACTKOM»
KoHUe GyAET ONyCKaThed Ha OPABHALHOE MECTO TOALKO HAa ONUH
Wwar 5a kaxaoM npoxoiae. Hanpumep, Maceun '

12 18 42 44 55 67 99 06

6ylder PACCOPTHPOBAH APH NOMOWEH METOAA NY3HPbka 3a ONKH
NPOXOJ, a COPTHPOBKA MACCHBA

94 (06 12 18 42 44 55 67

norpefyer CceMH NPOXOAOB. IJTAa HEECTECTBEHHASN ACHMMETPHd
NOACKA3HBAET TPEThe YAYYHICHHE: MeHATb HampaBJieHHe Cielyio-
H{HX OXMH 33 APYrHM TPOXOLOE. Mbl HA30BEM MOJYYEHHBIH B pe-
BYALTATE AJATOPHIM tiedren-copruposkoi. Ero pabora nokasana
B TadJ. 2.4 Ha Tex e BOCHLMI KJAIOYAX, KOTOPEIE HMCIQAL30BAMIHCE
B Tabn. 2.3.

Taberua 2.4, TIpuMep WeAKEp-cOPTHROBKY
2 3 3 4

4

r=8 8 7 7 4
L ¥ 4 i 4
a4 06 06 06 06
55 A4 44 12 12
12 55 12 Idd 18
42 12 | 42 18 l 42
04 42 55 l 42 a4
18 94 18 55 55
08— 18 l 67 67 g7
67 67 04 04 o4

AHaaus CopruposKku MeTOO0M RYIBIPLKA U tHedren-copTi-
posxu. Yucdo cpaBHeHHA B aAropurme npoctoro obmeHa pasHo

C==—(n* —n), , (2.10)

7
MHHMMAJABHOE, CPeXHEe H MaKCHMAJbHOE KOJARUECTBA Nepechi-
7K (NpHCBAHBAMUI 3JIEMENTOB) PABHR

Mun=0, M, = —;{.'13 — ), My,= -; (n — nj (2.11).
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procedure shakersort;
var j i Br: index; x: item;
begin | 1= 2; ¢ 1=s n; Ki= n;
repeat
for / := r downto ! do
if a[j—1] .key > a[j] JKey then
begin x := alj—1]; o[j—1] := off); eli]l := x;
Kki=j
end ;
I:= k41,
for j:= I to r do
if alj—1} Jkey > alj} ey them
begin x .= a[j-—1}; a[j—1] := &alj); alj} 1= x;
ki=j _—
end ;
ri= k—I;
waiil / > r
end {shakersors}

Mporpamma 2.5. Hlefxep-topTHponKa.

Auanu3 yAyYIIEHHbIX METONOB, OCOGEHHO MeToAa MefiKep-copTHe
POBKH, HOBONBHC C/0XeH, HaHmensllee 4Hc/I0 CpaBHEHHH eCTb
Coin = n-—1. Ias ycoBepuleECTBOBAHHOrD METOAA MY3bIPbKA
KHyT noaydHd, 49TO cpellee YHCJO NPOXOAOB NPOHOPLHOHA/bHO

n—~k a/n H cpeiHee UNCMO  cpaBHEeHHH  TPOHOPHUOHANBHO
{
?W - nt{k; + lnn)]. Ho Mbl 3aMeudeM, 4TO BCE NpefNoKeHHBe

BHIIe YCOBEDWEHCTBOBARHA HHKOMUM 08pa3oM He BAUAIOT HA
yyeao OOMEHOB; OHM JMIIL YMEHbILAIT YACAD HAOGHTOYHHLIX NO-
BTOPHHX TfpoBepok. K coxanedHw, oOMeH RBYX 3A¢MEHTOB —
obuldH0 HAaMHOTro fojee NOPOTOCTOAWAA ONEpauHA, UYeM CpaBHe-
HES KJN0ouei! 1o3TOMy BCe HAUIH YCCBEPINEHCTBOBAHHA ZAIOT 3Ha-
YUTeNbHO MeHLIIHA 3@PerT, veM MOKHO OLIO Obl OKHIATS.

Ananu3 NOKA3LIBALT, YTO COPTHPOBKE OOMEHOM H €& HedoJhs
LIHe YAYYIHeHHR Xy®e, UCM COPTHPOBKA BKAXYCHHAMH K BbiGO-
poM, H AeHCTBHTEJbHO, COPTHPOBKA MOTOLOM My3biDhKa BPRA JAH
HMEET KAKHEe-TO HPEHMYHIECTB&, I{I)OME! CROETO Jerkg 3anmomi-
NAIOUEroCA HA3IBAHUA. ANTOPUTM 1UEKeP-COPTHPOBKH BBHIMOIHO
MCTIONB3OBATL B TEX CAYUAAX, KOrAa H3IBECTHO, UTO 3JeMeHT
yiKe NMOUTH YNOopAAcueHb — pefkufl cayvail ua npaxTHke.

Mo U0 noka3aTh, YTO CpeHee PACCTOAHHE, HA KOTOPOE AOJN-
KeH TepeMecTHThCH KAMARHR M3 A SJCMEHTOR B0 RDPEMA COPTH.
pOBKH, — 3T0 n/3 MecT. JT0 YHCAO AdeT KAQU K TOHCKY YCos
BEPITEHCTBOBANHLIX, T. €. OoAce 3GheKTHOHRX, METOAOB COPTIL-
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posku. Bce npocThie METOIM B NPHHLHIE NEPEMEULAOT KaXKAbif
9AeMeNT Ha OAHY NO3IHLHI0 Ha KaX¥{AOM 3ACMEHTAPHOM WIare,
[Mosromy onn tpebyior nopsaaka a® taxux waros. Jloboe ynyu-
LieHHe AOJHHO OCHOBHBATLCK HA NPUHLHIE NEPeChiJKH 3AeMcH-
TOB 32 OANH HHKA Ha Joablilee paccroanue.

Hanee mu ofcyauM TPH YCOBEPLICHCTBOBAHHEIX MeTOAA — No
ONHOMY IS KaMAOrQ OCHOBHOTQ METOAA COPTHPORKH: BKAKOUe-
HUs, BHOOpa H ofiMena.

2.2.4, CoptmpoBHa BRMOYEHHAMM ¢ YGuipalouywm npupamenes

HekoTopoe  ycoBepileHCTBOBAHHE  COPTHPOBKE  NPOCTHIMH
pAWYeHHAME Gbino npeanoxeno . J1, Meanom B 1959 r. 3ror
METOL Mb OOBACHHM M MPOREMOHCTPHDYEM Ha HaLICM CTaHAAPT-
HOM NpHMEpe N3 BOCbMH 37eMeHToB (cM. Tadn. 2.5). Ha meppom

Tabanya 2.5, CopTRpoBKa BRAWMENEAMH € YORBIIOMHM
LUPHPEILEHAEN

44 55 12 42 94 18 )ﬁ?

A-GOpTHPORKA S

44 18 06 42 24 55 12 67

S S AAAANL S

L. copTHporKag

06 18 12 42 44 65 94 67

1- copmiponka;
06 12 18 42 44 ES 67 94

npoxoje OTRENbHO MPYNIUPYIOTCA H COPTUPYIOTCA ECe 3AEMEHTH),
OTCTOAIEKE APYT OT APYra Ha 4eTHpe NO3HUHM, DTOT INpouecc
RasuiBaeTcy 4-coptepoBkell. B Hallem npumepe M3 BOCBMH 3Me-
MEHTOB K&XJAAas FPYNNa COAEPXHT pOBHO ABRa 3nemedTa, [locne
3TOrO 3AE€MEHTH BHOBL OOBEAHHRIOTCA B TPYNIL C 3JEMEHTaMB,.
OTCTOHIAMH IPYT OT LPYTa Ha ABe NO3WLKHH, H COPTHPYIOTCHA
3a@HOBO. JTOT Npouece HasuBaetca 2-coprupoBkoil. Hakonen, na
TpeTheM MpOXOAe BCce 3AEMeHTH COPTHPY1cs obbuEoH CcOpTH-
POBKO#H, WIH |-COPTHPOBKOR.

CHavana MOMET NOKAZATLCH, YTO HEOOXOAUMOCTE HECKOJIBKHX
RPOXOAQB COPTHPOBKH, B KaXAOM H3 KOTOPHX YYACTBYIOT BCe
aaemMcHTL, Goaplwe paGoTH norpebyer, wem caxkonomut. OusHaxo



8 . 2. Coprupoaxa

Ha KaKAOM MHIaCe cOPTHPOBKH AHOGO0 YUACTBYET CPAaBHUTRALHO
MAA0 AEMEHTOB, MHGO OHH YIKe LOBOJBHO XOPOLIQ YNOPAAOUYEHH
H TpeByIOT OTIOCHTE/ILHG MaJo MepecTaioBOK.

Quepupao, 4TO 3TOT METOR B peayabrare A2CT YNOPAAOUSH- -
HUH MACCHB, H TAKMXE COBEpPHISHHO FCHO, UTO KAMAWH HMpoxon
OyAeT HCOGAB3OBATh PE3yJALTATH NpPeAbAYIUEEro Npoxomd, no-
CKOVIBKY - KAMAan {-CODTHPORKA ofibefHHRALT O8e CPYNOL, pac-’
copTHpOBAHHBE Mpeanaylied 2i-coptHpopkofl. Takme fAcHO, u4TO
npiemaeMa Jgiobad NocIeAOBATNLHOCTE NPHPALMeHH, Ahwb 6ol
rocneaHee Oui0o paBHo 1, Tak Kak B Xylllem cayyae BCA padora
GvaeT BBOOJIHATHECE Ha NOcAegHem mpoxoje. OaHako MeHee oue-
BIJHC, HTC MCTOA YOLBAIOILETro NPHPAIUCHHA AACT Jame 2y4iiue
PeavLTATE, KOTAa MNPHpaUleHHA He RBAALNTCA CTEASHAMHA
NBOHKH. :

Takum 006paszoM, NporpaMmMma paspasaThiBaeTCq BHE CBA3M
¢ KOHKPETHOfl TMOCHENOBATERLHOCTH) Opupallenndl, Bee ¢ npu-
patucnii obosiayamnTea vyeped

by, By, ..., Ay
C YCAOBHAMH

hy==1, hy, <Hh. (2.12)

Kawaaa f-cOPTHPOBKA NPOrpaMMupyeTcd Kak COPTHPOBKA TDO-
CTBIMH BEAWOMEHHAMH, TIPA 3TOM, AJAA TOrO YTOOGH YCAOBHE OKOH-
YaHUs NOHCKA MecTa BKJAYeUHA OBLIO TPOCTHIM, HCAOABL3YCTCA
Gapnep.

fleno, uTo KamAaq fI-COPTHPOBKA Tpebyer COGCTBeHHOTD
Gapbepa H YTO. NPOrpaMMa JAOJKH2 OAPeReddATh ero MecTo Kak
moHo mpoule. [losToMy MaccHB @ HYKHO IONOJNHHTb HE OAHOH
KOMIOHSETOR ¢ 0], a /| KOMITOHEHTAMHY, TAK HTC¢ Tenephb OH ONH-
CHIBACTCH KAK '

a:array[— k) . .njofifem

DT0T AAropHTM NPCACTABACH B BHAC NPCHEAYPL, HA3BAHHON
Shellsort [2.11] («copruponxa Llensnas) B nporpamme 2.6
ang = 4.

Anaaus copruposku Heara. Tlpu anaamse 370r0 aAropaTMa
BOZHHKHIOT HEKOTOPHIE OHCHE CMOKHBIE MaTCMaTHYSCKHE 3aa4H,
MUOTHE H3 KOTOpWX ewle Ne pewcibl. B wacTHOCTH, HEW3BECTHO,
KAK&A [OCARL0BATENBHOCTL TPHPAUIEHH AaeT JydlHe pesyhn-
ratel. OOHAKO BLIABAEH YIHBHTeJbHBA (AKT, UTO OHM He
NoAXHN GoiThb KpaTHSE APYT APYLY. 3TO NO3BOAAET H3IGEKATH
AsJeHHd, KOTOpOe BHAHO B OPHBEACHHOM Bbllle OpHMEpe, A
KAMABIF OPOX04 COPTHPOBKH oGBbelHIACT ADe LUCMOYKH, KOTOpbie
paHee HHKaK He B3aumofeficTroBank. B neficrautenvuocty wena-
TeAbHO, YTOOH B3ZHMOREACTBHE WMEWAY PDAasHBIMA HENOYKAMMK
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procedure shellsort;
const { = 4; :
var ijk,s: index; x:item; m:1..1;
h: array [1..1] of integer; :
begin M1} := 9; A2] := 5; h[3] t== 3; Ad] = 1;
form'ﬂltoido
begin k := Am]; 5 1= —k; {mecmo b‘apbepa}
for i := k4-1 to n do
begin x == g[i}; j = i—k;
if =0 then s 1= —k; 5:-= s-+1; als)} := x3
while x Jkey < afj] key do
begin alj+k] := aljl; j := j—k
end ;
alj+k] i=x
end
end
end
Tiporpamma 2.6. CoprupopKa H]c.*:na.

NPOHCXOARAO KaK MOxHO uanle. Moxno cr,hopmynupoaan eae-
AYIOMLYIO TeopeMy:

Ecan k-paccopTHpoBaHKas nNoCA€ROBATEABHOCTh {-COPTHPYETCH,
TO OH& OCTAETCA #-PACCOPTHPOBAHHOM.

Knyr |2.8] ykasmipaeT, 4To pasyMusM BHOOPOM MOMKeET GuTh
TAaKasdg NOCAENOBATENBHOCTE NpUpallendit (3amucannas B obpar-
HOM TOPAAKE):

5 1, 4, 13, 40, 121, ...,

rae by =3+ 1, hi=1 1 f=[logsn]— 1. On pexomenayer
TaKe NocaeloBaTebHOCTE

1, 3,7, 15, 31, ...,

rae Apa =2+ 1, hr=1 u = flog,n] — 1. HaabHeiuni
aHaNu3 NMOKa3biBaeT, YT B NOCAEIHeM cJydae 3aTpaTh, KOTophie
TpeOYIOTCH AN COPTHPOBKK £ 2JEMEHTOB ¢ NOMOLIBIO aJTOPRTMA
copripoeky llleana, npormopuHonanuHu #. XoTa 3T0 — JHauH-
TeALHOE YAYSWEHHE N0 CPABHEHMO ¢ A%, MH He 6YyAeM B Halb-
HelfweM oBpaulaThCs ¥ 3TOMY METORY, MOCKOJAbKY H3BECTRH aJro-
pUTMBL, paboTalowme enle Jyylle,

12.2.5. CopTHRPOBKA € NOMOMLIO AepPeBa

MeTon COPTHPOBKH IPOCTHIM BHIGOPOM OCHOBAH HA AOBTOPHOM
w6ope HAUMEHBIIeTO KJAKUA CPelH n 3JeMeHTOB, 3aTeM CpeRH
— 1 aaeMmeHtos B T. £ IToHSTHO, 470 DOHCK HaHMMEHBLINErQ
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KAKUA W3 1 3eMeHToB Tpebyer n-— | cpaBHeHR#l, a NOHck efo
cpein n—1 asneMmenton tpebyer n—2 cpasHenudt. Mrak, Kak
MOMHO YAYYIWHUTH 3TY COPTHPOBKY BHOOPOMP 3TO MOKHO Cle-
JiaTh TOAbKO B TOM CJy4ae, eCjiH MOAYUATh OT KAamEOTO NpoXoga
6oabuie HAhOPMALHH, YeM NPOCTO YKa3aHHe HA OAHH, HAHMEHb-
wui 3nemedt. Hanpumep, ¢ nomowsio n/2 cpasHeHnli MOMHO
Onpele/HTE HAaHMeHbWHA KI0OY H3 KAMHOH NAPH, OPH MOMOLAM

12/“\
NN\
VAN ANVANVAN

65 12 42 18 06

Puc. 2.3. Uakaugecknl smbop 13 gayx gaoveit.

cleAyIOUIMX A/4 cpaBHeHHH MOXHO BHIOPaTb HAHMEHBWIHA W3
Kaxaoll napu TAaKHX HAHMEHBUINX KAtoyelt W 1. A Haxkoweu, npu
noMollly Beero n1— | cpaBHeHWd MB MOXeM INOCTPOHTL Aepero
puif0pa, Kak MGKA33HO Ha pHe. 2.3, W ONpefequTs KOPeHb Kak
HauMeHblHE Kaoy [2.2].

OJ
12/
N\ S

/\ /\ /N /N
55 94 18] 67

Pue. 2.4 BuSop HanmeHbilern shioga.

Ha sTopom mare mut ¢coyckaeMmca No OyTH, YKa3aHHOMY Hak-
MEHBIIHM K/JIOUOM, H HCKAIOYAEM €ro, MocJef0BATeNbHO 3aMeHdad
Au60 HA <ABPY» (HAK KAKRY oo), AHOO HA INEMESHT, HAXOLH-
WHACH Ha TPOTHBONOJONHON BETBH [MPOMEXYTOYHOTO Y34
{cm. puc, 2.4 B 2.5). 3neMeHT, OKa3aBWAHBCA B KOopHe JepeBa,
BHOBb HMEeT HAHMEHLUINH KAOY (CPedH OCTABLUIHXCA) H MOMKCT
ObITb HCKAKUEH, l'loc.ne n TAKHX Waroe ACpeBd CTAHOBUTCA NIy
TEIM (T. 8. COCTOHT H3 «ILIP»), W NMpolece COPTRPORKH 32KOHULIL
OTMETHM, YT0 KaXKAM H3 n warop Tpefyer ABWE logs st cpas-
wenni. [Tosromy Besi copTHpoBka Tpefyer /vy, TOpPAIKA
a-togy n sneMeHTAPHBIX OHepairnl, He CYHTAR A WAroB, KOTOPLE
HeOBXOZHMB ANA NOCTPORHHA AePeBa. JTO — 3HAUUTENLHOE yayu-



2.2, Coprupoexa maccueos 91

HleHke NG CPABHEHHIO € TIPOCTHM METOAOM, TPeGyiolHM a2 Lwaros
3 Aaxe No cpabHenuio ¢ coprupobkoli Wenna, kotopan Tpebyer
nl2 warom.

KoHeuyno, npH copTHPOBKE ¢ NMOMOILLIO AepeBa 3aAaua XpaHe-
HHA AHQOPMALHH CTANA CJIOKHEE H TO3TOMY YBENHUHAACH CIOMK-
HOCTh OTHE/JbHHIX ILIATOB; B KOHEYUHOM CueTe IS XpaHeHHs BO3-
pocliero o6beMa HHPOPMALHH, NONYIAEMOH Ha HA4a/JbHOM NPO-
XOje, HYKHO CTPOHTb HEKYI0 APEBOBRANYIO cTpykTypy. Halwa
ouepeHan 3aAaua — HalTH caocobu sgdexkTHBHON opravHsanuy

STOH HHGOpMaUKN.
12/ \13
7\ /N
N S AN
44/ \55 12/ \}2 @ w7

Pue. 2.5. 3anoxuenve «zsip».

12

Pasymeercs, Gutao 66 BecbMa ejaTeibpo #30aBHTLCA OT He-
O06XOAHMOCTR B RuIpax (—oc), KOTOpHE B KOHUE 3aMOJNHAIT BCE
AepeBo H NPHBOART K GOALMIOMY KOAMYECTBY HEHYKHLIX CPaBHe-
nui, KpoMe TOro, HyXHO HaliTH cnocod APeAcTaBHTL AeperR0 Ha
ri 371eMEHTOB B 1 €AHHHUAX NaMATH BMECTO 27— | eldilHHU, KA
NOKA3aHo Bhlle. 3T0 ReRCTBHTENbHO MOXKHC CACNATE ¢ HOMOUILIO
MeToRa, KoTophil ero naofperarens k. Yuneame {2.14] nasnan
nupamudanrsHoti copruposkell. SICHO, UTo 3TOT METO1 Laer cy-
LLeCTBCHHOE YNYYIIEHHE NO CpaBHeHHio ¢ 0oace RpUBHIYHEIMY
cnoceGaMn COPTHPOBKH 110 QeDeBy.

fTupanuda onpexenseTcs Rak NOCHEAOBATENLHOCTL KIIOued

by, Bygys ooey By
FaKas, 4710
hiéh‘zh
hlghziﬂ
Ana BeAkoro i==1I ..., r/2. EcAu RBOWYHOE AepeBo NpPeACTan-

JIEHO B BHAE MAacCHBa, KaK Noka3ado Ha puc. 2.6, to, caegosa-
TeALHO, AEPEBbA COPTHPOBKM Ha puc. 2.7 n 2.8 asasgwres nupa-

(2.13)

 MBAAMH, B, B UACTHOCTH, ajeMenT Hy ONHPAMHIAE ABRAETCH e

HAUMERLOWILM STIEMEHTOM
By = min (b, ... k).

Tenepb MApeAmoAOKHM, 9TO JaHa TNHPAMHAZ ¢ SACMCHTaMA
Ritl; ov-, A, B8 HEKOTOPHIX 3HAUEHHH [ 1 ¥ H ByXHo 506ADBHTL
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HOBBI 3JeMeHT X AAA Toro, 4Toful cHOPMHPOBATE PACITHPEHHY IO
nupamuay he, ..., k. BozsMeM, HanpuMcp, HCXOAHYIO MHPAMHNY
hi, ..., By, DOKaszaHHY© Ha puc. 2.7, ¥ pacuIHpHM 37Ty DHpaMuay
«BJIEBOD, AOGABHB 3neMeHT iy = 44. HoBwil sneMedT x ¢Havana
rOMeaeTes B BEPINRY AepeBd, d 3ateM <IIPOCEHBAETCA® 1O
BYTH, 111 KOTOpPOM HAXOAATCA MEHLIUME [0 CPABHEHHIO C HHM
JJAeMeHTH, KOTOpPLe OZHOBPEMEHHO MOZHHMANTCA BBEpX; TAKHM

hy

/\h3
/\ N,
/\ 7\ YAV AN

s P hy iz hig s hig

Pue. 26, Maccur A, paconodennsit & pHge GRHAPROrD Aepena,

b

T~
RN N

65 94 18 12

Puc. 27, lNMapamnia w3 cesi saementoR.

/

65

Pac, 2.8. Fpocersaitde Kmosa 44 depes nupamuay,

ofpasom dopMHpyercsi soBas nupamuga, B pausom npuaMepe
3HaueHH2 44 cHauana mensercs mecravu ¢ 06, satem ¢ 12, v 1aK
(popMHpYeTCs AepeBo, NoKAazasnoe Ha puc, 2.8. Jlanee My npo-
gece NpoceHBanua OyleMm (opMyaHpoBaTh caedy0lINM 05pa3oM:
{, j— napa HuZekcos, O0B603HAUAOWIRX 3INEMEHTbE, KOTGDLIE
HYXHO MEHATb MECTaMH Ha KaxAOM Iware npocensanua. Ml
NpeACCTABAAEM UHTATENO BO3ZMONKHOCTb CAMOMY YO@NUTHCH, 4TO
Apefn0oXeHHA ciloco8 NpoceHBAHHA AeliCTBHTENbHO NO3BOAALT
coXpanute yesiosHsa (2.13), onpensensiomine nupaMuny.

Hasmuuift cnocod HOCTPoeHHA THPAMHAW in sifu Ooj npens
noxerd P. ¥. Diofinom. B HeM HCmoab3yerca <ACAYIOLLAS APOs
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ueaypa npocedpandsn (mporpamma 2.7), Han maccus 4, ..., Aa;.
AICHO, 4TO 3N1eMeHTH Hns4t ... fin yiKe 0OPasyloT DHpamuIy, no-
CKONLKY HE CYIeCTRYET JIBYX HHAEKCOB i, j, TAKHX, 4TO j==2
(wnn j=2i+1). DTH 3JeMeHTH COCTABJAOT ROCJICHDBATEND-
HOCTb, KOTOPYI0 MOXHO PacCMaTPHBATh KaK HHAKHHA pAd c00T-
BETCTBYIOULCEO ABOHYUHOrO fepeda (c¢M. pHc. 2.6), rae He Tpe-

procedure sift(/,r: index):
label 13;
var ij: index; x: ifem!
begin § 1= 1; j:= 2%i; x := i},
while j < » do
begin if j < r then
if a[j] key > a[j+1} key then § := j|1;
if x key < afj] .key them goto 13;
alil := aljl; i 1= j; j 1= 2+i {5ife}
end;
13: dff] t==
emd
[Tporpamma 2.7. ITpocennadne.

Gyercss HHKaKOro ynopsaoueHud. Teneph nHpaMHAa pacllipaerca
BASBO: HA KAWJAOM uIare goGabBasieTcsl HOBHIR 3JIEMEHT H TNipH
HOMOMIK HAPOCEHBAKMA [OMEUIA€TCA Ha COOTBETCTBYIOUEE MECTO.

Tatamua 2.6, [locTpoehne nupamuin

a4 55 12 42J 94 18 06 67
a4 55 12 42 94 18 06 67
44 55 05 42 94 18 12 67
44 42 06 56 aq 18 12 67
Iop 42 12 55 %4 18 a4 e

IT1oT mpolecc HAMIOCTpUpYeTcAa Taba, 2.6 H MPHMBOAHT X NHpa-
mMune, nokaszansofi Ha pHc. 2.6. CrezoBaTelbHO, HPOLECC mMo-
CcTPOCHHA NMHPAMHAH H3 K 3NEMEHTOR in Sify MOKHKO ONHCATb
caegyoluM ofpasoM:

Ii=(ndivd) + I;

while / > 1 do
begin I := /—1; sift(i,n)
end .
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Hasa Toro wiobbi paccoprTHpoOBaThH SMEMENTH, HaA0 BHINQJHHTL
# WIAros NPOCCHBANHA! MOCAS KAMAOFO WAra OUepPernol SNeMenT
bepetcd © BepllAHK NupaMiiel. BRosh BCT2eT Bompoc, KyRa
ROMEILATE SAEMEHTH ¢ BEPINHHLI B BO3MOKHA JAH COPTHPOBKA
in situ. Da, Takoe peillesye cyuiecTByetr! Ha wamaom iware us
NUpaMUAL BLIOHpAETes ROCAEAHAR KOMMNOHEHTa (CKakeM, xj,
BEPXIHN 3JeMenT AHPaMHAH NMoMeludeTcf HA 0CBOCOMHBIIEECH
MEETO ¥, 4 X NPOCEHBAETCA Ha CBOe MecTo. B sTOM Ciydae HeoG-
XOJHMCG COBEpPUNTL A-— 1 WAroB, YTO NOKa3aHo Ha npaMepe

Tabauuna 2.7, TIpuMep RupaMiLanbreil COPTHDORKR

06 42 12 55 04 18 43 67
1
‘IE 42 ‘% 65 94 B*':' 43 06
18 42 44 55 94 867 12 08
I |
42 55 44 67 94 18 12 06
) y) ' +
44 65 94 67 42 18 12 06
5;5 6}7 84 44 42 18 12 06
67 94 ] 55 a4 42 18 12 06
94 &7 55 44 42 18 12 08

NHpaMUAb, TUpREeAcHHol B Tala, 2.7, 2roT npouece onMcsi-
BACTCA € NOMOWBIC NpoucAypw siff (mporpamma 2.7) caenpyio-
iy obpaaom:
ri=n;
while r > 1 do
begin x :=: a[l}; afl] := g[r); arl i= x;
ri=r—1; sife(ln)
end

Ha rata. 2.7 BHABO, 4TO HA CAMOM JeNe B pesyabTale Mbl Noay-
yacm nocleloBatenphocTe B obpaTHom nopsaake. Ho aro nerxo
MOHIO HCNPAaBUTL, H3MEHHWEB HENPaBJeHHE OTHOWEHUA NOpPAAKA
np npouedype siff. B pesyabrate MH noayyaeM NpoREAYpY
Heapsort, nokasaHryio 8 nporpamume 2.8,

Anaauz nupamudarsrold copriuposku. C NepBOro B3rjasaa
HecYeBHARO, YTO ITOT METONL COPTHPOBKM AAET XCPOIHe Pesyfb-
taThk, Beab sneMentw ¢ GONbIZMMA KNIOMaMH BHAuaje npoceu-
BAIOTCA BACBO, NPEMAC YeM, HaKoHel, OKaxyTes capapa. Hed-
CTBHTENLHO, 5Ta NpPOUEAYPA HE PEKOMeHAyeTCs ANA TaKOro He-
60LHIONO UKCAa INEMEeHTOB, KaK, cKaxkeM, B HalleM npumepe.
Oanako AR GOABlEMX £ NMHPaMUAAALHAA COPTUPOBRA OQKasbl-
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procedure heapsort;
var Letoindex; Xx: item;
procedure sift;
Iabel 13;
var 1,j: index;
begin i := I; f:= 2%i; x 1= a[il;
while j < ¢ do
‘begin if j < r then
it aff] key < a[j+1] key then j 1= j413
if x key = dlj] key then goto 13
ali] 1= dfj]; i 1= j; j 1= 24
end ;
132 ali] 1= x
end ;
begin / = (n div 2) -} 1; r := n;
while / > 1 do
begin { 1= [—1; sif
end ;
while r > 1 do
begin x 1= afl]; a{l] 1= alr]; alr] := x;
= r—1; sift
end
end {heapsort}

Mporpamma 2.8. Mupamuganpian cCOpTAPOBXA,

BaeTcH ouerb spdexTunuofl, n uem Soanlie n, Tem oHa ddexk-
THBHEE ~ fakKe N0 CPaBHEeHHIO ¢ coprHpoBkof [Henna.

B xyamem cay4yae HCOOXOLHMUL f1/2 HWIAr0B, KOTOPhie fpoces-
BaioT aaeMeHTh depes log(n/2), login/2—1}), ..., log{n—1}
nosHHA  (30ece Gepercd Ueaad vacTe Jorapidva Mo OcHOBI-
Hu 2), CAenoBaTebHo, Ha (PA3e COPTHPOBKH NPOHUCXOAHT 1 — |
npocenBanuil ¢ camoe Goxbiee log({n—1}, log{n—2), ..., |
nepeceiakami. Kpome Toro, tpefywren n— 1 nepecsitox aau
1oro, 4108p OTJIOHHTE LPOCESTHHHIA ageMedT BUpako. Orcioxa
BHAHO, YTO OHPAMHAANBHAA cOpTHpPOBKA Tpebyer n-log(a) wma-
roB pa¥e & xyQuiem caywae. Takne OTAHYHBlE XAPAKTEPUCTHKM
AAA XYAWEro CAYYas — OAHO H3 CAMDIX BHICOANBIX KaiecTd FHPA-
MHAAABHOA COPTHPOBKH.

He coBcem AcHO, B KAKHX CHY4adX MOXHO OMHIATE HalVer -
welk (uau uanbonpiuelr) sddexTHBHOCTH., HO B npHHIKRE anu
NHpaMuIaABHON COPTHDOBKH, BHAHMO, GOJBIIE BCETD MOAXOLAT
¢aydaH, Korja 3JeMenTHl G07ee WIH MeHEe PACCOPTHPOBAIM
B O0paTHOM MOpHAKE, T, €. AJsl Hee XapAKTEPHO HEECTeCTBEHHOR
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nceesende. QuepHano, YTo npH obpaTHOM Hopakke ¢asa no-
cTpoeua nupaMiian He Tpebyer dHKakux nepecsaok. Has
BOCbMH 3ACMCHTOB H3 HAIUEro NMpHMEpPa MBHHMAJbHOE H MaKcH-
MAJbHOE KOAHUYECTBA TEpecHJOK 130T CAeayvillde HCXOIHHe
nocae f0Ba TeMbHOCTH:

Muin=13 Raa nocnenoaa'rénbﬂncm
94 67 44 55 12 42 18 6

Mua == 24 ang AOCACLOBATENLHOCTH
18 42 12 44 6 55_ 67 94

CpellHee UMCAO NEPECHITOK PABHO NPHOANSUTENLHO -1 -logn
¥ OTHJOHERHS OT STOFO 3HAYEHWA CPABHHTENbHC Manm.

2.2.6. Copruposka ¢ paienchmem

Hocre Toro Kak MH OO6CYAHAN ABa YCOBEPIICHCTBOBAHHBIX
MeTOJa COPTHPOBKH, OCHOBAHHHX H3 MOPHHOHNAX BKAOYEHAS
H BLIGOPA, ML BREleM TPETHH, VAYYIEHHH METOR, OCHOBAHHLIH
Ky hpuhudne ofiMena, YYuTHBAaA, YTQ COPTHPOBKZ METOROM I1y-
anpbKa B CperHem Omaa HauMeHnee 5(PdeKTHBHOR H3 Tpex anro-
PHTMOB NPOCTON COPTHPODBKH, MH AOAMHL TPeGOBATHL SHAYNTONL-
Horo yayumrends. OAHako HeOXHOAHHO OKA3BIBAETCR, YTO YCO-
BepUIEHCTROBAHNE COPTHPOBKY, OCHOBAHHON HA OGMEHe, KQTOpoe
Mbl 3aeck Oyaem ofcymAary, AaeT BooOuUle JNyWIHA H3 H3BeCT-
RBIX JO Cero BpeMeHH MCTOA COPTHPOBKH MaccHBos. O ofna-
AdaeT CTOJb 6J]ECTHI.IJ,HMH XapakTepHCTHKAMH, UTO €ro H306DET3~
Teab K. Xoop okpecTrA ero Osictpoid copruposroti [2.5, 2.6].

BuicTpan copTHpoBKa ocHOBaHa Ra ToM (hakTe, YTo A4a
AOCTHMeHHAa Hanboabwell addeKTHBHOCTH KeJdTeJbHO Npon3-
BOENTL OOMCHM 2JeMenTOB Ha GoaplUHx paceroannsx. Hpeano-
JOAUM, HTO HAIM H3EB A 9ACMCHTOB ¢ KAWOUaMU, pacilooMel-
HLMA B 06paTHOM mopsake. Vix MOXHO paccopTHPOBATh, BHNGK-
HIiB Bcero n/2 oOMenoB, €cAH CHAYana HOMEHATE MECTaMH caMbiil
SneBLil H caMRit NpaBHif NEMENTH! M TaK DOCTENEHHO NPOASBH-
rathesl ¢ ABYX KOHUOB K cepeiure. PasyMeercd, 370 BOIMOXKHG,
TONBEO €CAH MLt 3HA€M, UTO 3JeMEeHTH pacnceioXeHsl cTporo
B ctipatuoM mopalke. Ho Bce ke 3T0T npHMED HABOAUT HA HEKO-
TOpble MBICAH,

INonpobyem paceMOTpeTs chaefyloWwuil aarcputm: Bhifepem
cayuaitHeiM oBpa3oM HakoH-TO saeMedT {HazopeM e€ro xj), npo-
CMOTPHM MACCHB, [ABHTafch CNeBa HANpPaBo, NOKAa He HaileM
3JCMEHT &; > X, @ 3aTeM NPOCMOTPHUM €l'0 CNpaBa HajleBo, NIOKA
He RHalpem aneMert @ <7 x. Teneps noMetsneM MecTaMi 5TH ABa
9JEMEeHTa H DPOANIIKHM HPOLLCC <IPOCMOTPa ¢ oO6MeHoM», NOKA
JABa TMpOCMOTpa He BCTPETATCA TFHe-TO B cepelHie MaCcHBA.
B pesyabrare MaccnB pasmesuTCs HA ABe HACTH: AEBYi0 — C Kalo-
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4aMK MEHbUIHME, YeM X, H RPaBYI0O — ¢ KN0YAMH OOAbiIHMY .
Tenepb sanniieM -9TOT ANTOPHTM pasie]eHHS B BHe npouenypu
B nporpamMMe 2.9, 3aMeTHM, YTO OTHOWEHUS > H < 3aMeHEHH
Ha Zz # =, OTPHLAHHA KOTOPHIX B OflepaTope LHKiAa ¢ fpea-
yeJA0BHEM — 370 < U >, IIpH Takolt saMeHe X HelcTBYeT Kak
Gapwep 493 ¢O0HX APOCMOTPOB.

procedure pariition;
var W,x! ifem;
begin i 1= 1; j 1= n}
8oI00p CAVUATHOZO IAEMERNE X}
Yepeat
while ofilkey < x key do § 1= i+1;
while xv.hey << off] key do j 1= j—1;
il i < J then
begin w 1= afi]; dli) 1= alf]; olj] 1= w}
ii= 141 ji= j—1
end
until § > j
end

TMporpamua 2.9. Pasnenenne,

Ecnu, RanphiMep, B KauecThe x BuGpaTh CPeABN KAW', pasHbil
42, »3 Maccnea Kaovel

44 55 12 42 94 06 18 67,

10 BAH TOFO, 4TOOB pa3iegHTs MacCHB, NoTpedyloTca Aba oO6MeHa

v ¥ R
18 06 12 [42) 94 55 44 &7,

ROHeyHble 3HaueHHs HBAekcos (=5 n j=3. Kmoun ay, ...
v-v, @ic] MEHBIUE MAH PABHE KAOWY x = 42, KIOYH 341, ...
voo, O, Oodibie HAM paBiH X, CACAOBATENLHO, MH ROAYYHJME
ABa NOJMACCHBA

mykeyssx.key gas k=1, ..., i—1,

a.key = x.key pan k=j4+\, ..., n

(2.14)

B, CNeA0BaTeNbHO,
aykey=x.key k=}+4+1, ..., i—1.

DTOT anTOPHTM OYeHb MPOCT N (pPEKTHREH, TAK KAK OCHOBHbIE
BeAHUHHE, YYACTBYIOULHE B CpabBWeRHMHX: {, j H X, MOMHO B
BpeMA IIPOCMOTPA XpaHuTb Ha OweTpuix pernctpax. Ho o
TaKME MOMKeT OHTE BECbMA HEyRJI0MHM, KAK BHAHC HI NpHMepa
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C 71 OQMHAKOBBIMH KJIOUaMH, B KOTOPOM BHIIOJHSETCA 11/2 00Me~
HOB, DTH HEHY:KHble 0OMeHH MOMHO J€TKO YCTPAHHTD, 3aMelitiB
OMepaTopL MPOCMOTPA Ha

while a[f] key < x key do § 1= i+1:
while x key < alj] key do j ;== j—1;

Ho rforaa Bub6pasHbil A CPaBHEHHA 3jeMeHT X, KOIOpbIf Ha-
XOIHTCA B MACCHBe, NEepPeCTaHeT CAYMHTb B KauecTse Gapbepa
At ABYX PAIHOHANPABASHHBIX TPOCMOTPOB, B caywae xoraa
B MacclBe BCe KIIOYH OJHHAKOBH, NBPOCMOTPH BHIFIYT 3a ero
[PAHHLH, €CJAH He HCIOAB30BETH OOMNEe CJAOMHBE YCAOBHS GKOH-
uanust, [Ipoctora ycnoswii B nporpamme 2.9 onpasabiaer H3-
JHIIHKe OOMEHLI, KOTOpble B CPeAHeM IJA «tAyyafiHulx» MadtcH-
BOB NPONCXOAAT HOBOABHO pelko, HeGonbllylo 3KOHOMHW
MOXKHO, OZHAKO, NOJYUYHTh, 3AMEHHB YCJOBHE, YApaBAsiomiee of-
MEHOM, Ha
P< i

pMmecte | < j. He Tarywo sameny Heabsa pacnpoctpanuTh HA 06a
onepartopa

i=i4+1;, ji=j—1

KOTOPBIC M03TOMY TPeSYIOT HCMONL30OBAHHA PA3NHUHBIX YCOBHIL
Heo6x0uMOCTs YCAOBHA [ =5 | MOMKHO TPOHATIOCTPHPORATH C/e-
LYIOILHM TTPHMEpOM TpH X = 2:

1112111

Iepsuiit npocMoTp U 06MeH JAIOT
1111112

npuueM (=95, j=0. BTopofi NpoOCMOTp He H3MeHFeT MaccuB
H 3aganuHpaeTcs ¢ i=7 W j==6. Ecay 61 cOMeH He noavu-
HAACH VOIOBHWO (=X, TO npousomien ©ul owHbousnft ofmen
s 0 dj.

B npaBHNGHOCTH ANTOPHTMA pA3leNeHHA MOMHO YOeauThC#
Ha OCHOBAHMH TOTO, 4T0 0Ga yrBepxkacHna (2.14) sasaswoTCA
BapHaiTaMH OonepaTopa ULKAA ¢ ROCTYCJAOBHEM. BH&‘]&J’[G, TipH
i==1 ¥ j==p, OHH, OUEBHIHO, HCTHHHL, a NPH BLIXOAE ¢ { >> f
OHH NpernCNaraloT, 4To NOJYUeH HYXHuH pe3vsLTar.

. Tenepp HaM M0opa BCNOMHATB, YTO Halla Ledb — HE TOJILKO
pa3iennTn HC,\'O,I[H]:IH MACCHB 3JeMEeHTOB Ha OOJbliHe K MeHbUIE,
HO Tax)e paccopTHpesaTh ero. OAHAKO OT pasienelHs 10 cop-
TIUPOBKH BCero JHLWbL OANH HeJonnLLIoN LIar: pasfefNHs MAaccHB,
HYKHO ¢lefaTh TO Ke caMoe ¢ ofeHMH HOaYUeHHBLIMH YacTAMU,
3a7eM € 9aCTAMHM 3THX YacTéfi W T, A.. MOK2 KaxNAHX 4acTh HA
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Gyaer coAepXKaTb TOJABKO ORIH ZAE€MEHT. 3TOT METoh [peActab-
aen nporpammoii 2.10.

Npoueaypa sorf pexypcnsHo BhI3bIBAeT caMma cebsa, Takoe
NCNONB3OBAHIE PEKYPCHH B AArOPHTMAX — OYeHb MOLLHOE CpeR-
cTB0, Mnl ofcyauM ero mosxe B 1, 3, B HenoTOopmx fA3biKax
nporpaMMHpoOBanuA cTaporo o6pasila PEeKypcHA NQ HEKOTOPHM
TeXHPYecKHM npiuiHaM sanpemena. Cefilgac Mb TOKaXeM, Kak

procedure guicksort;
procedure sort (1r; index);
yar i,j: index; x,w; item;
begin i 1= I; ji= 1,
X = al(t4) div 21;
repeat
while afi] key < x Jey do ¢ ;= i+1:
while x key < off] Jey do j 1= j—1;
if | < J then
begin w 1= afi}; «fi] 1= a[f]; o[f] t= w;
Pi= i1 ji= j—1
end
until i > J;
it 1 << j then sort(l, /)
if § < 7 then sori(i,r)
end ;
begin sort(17/)
end {quicksort}

[porpemma 2.10. Buctpas copTHpoBEa.

MO#HO BHPa3uTh TOT e afTOPHTM B BHAE HePEKYPCHBHOH mpo-
ueAYpe. OUYeBHIHO, 4TC NpU 3TOM peRKYpPCHA [pelcTaBafieTcH
XaK HTepalliis, Npuyey HeoOXOAUMbl HEKOTQphIE AQNOIHATE/BHbE
oficpallHy 144 XpatieHna HRPopMalnHh.

Ccenosa HTEP3aTHBHOIO pelleHdnA — BCAEHHE CIICKAa SaHpOCOB
Ha pa3AcaeHiin, KOTCpble eilie NpelcTolT BHNOAHKTD. Tlocne Kaxk-
ACro Iara HYMHO IMPOR3ECCTH [iBa OYEPCAHLIX pasiciacHHn,
H JHWL GAHO H3 HHX MOIKIOQ BLIDOMHHTbh HCHOCPEICTBCHHO [PH
cIcAylollell HTepadnlk, 3anpoc Ha APYroe 3aHOCHTCA B CHOHCOK.
BaxHo, pasyMeercd, YTo 3anpocsl M3 CITHCKAE BLIMTOAHAKTCH
B 00paTHOA NMOCACAOBATENBHOCTH, JTO DPEANOJaraer, yro nep-
BHi#t 3aHeceHHHH B CIHCOK 34nNpo¢ BHINONUACTCA HOCACAHHK
H Ha0B0pOT; CNHCOK BejeT ¢elst Kak NyJbchpylownii crex. B che-
Ayiollell AepeKYPCHBHOW Bepeuy BLICTPOA COPTHPOBKH KaRMILIl
3aNpOC ApeACTaBJieH NPOCTO NEBbIM H NPaBeiM HHACKCAMIL, oNpe-
ACAFIOLIMMH  Tpafdilbl “aCTH, KOTOPYH BIOCACACTBHH HYXHO
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Ovier pasfenurb, Hrtax, Mol BBOUHM NepeMEHHYIO-MACCHB, #i-
ALIBACMYI0 ST@CR, H WHACKS §, YKE3BBAOIMNA HA CaAMYKD MOCted~
HIOIO 3anuch 8 3ToM cTeke {cM. mporpammy 2.11), Kagum gou-

proceduare guicksort 1;
comst m = [2;
var ij,lr: index;
X,W dtem:
s: 0..0m;
stack: array [L..m] of
record Lr: index end;
begin 5 := 1; seack[l] .[ := 1; stackil] .r := n;
repeat [eorfop 3anpoca U3 GEPLILHbL CINEKA )
I 1= stack{s] A; r := stackls] .r; s := s—1;
repeat {sphir aft] ... afr]}
Po=1; ji= r; x 1= a[({+r) div 2);
repeat
while afi] key < x key do i = if1;
while x .key < o[j] Key do j:= j—1;
if i << j then
begin w 1= dli]; ali] i = dlj]; a[j} := w;
fi=i+l; fi=j—1
end
wntil i > j;
if ¢ << r then
begin {3anuce & comex 3qRpOCE HA COPIMUPOGKY
npaeoit yacmu}
s = 541 stack[s] 1 := i; stack(s] 7 :=r
end ;
ri=j,
wtil ! > r
until s = 0
end {quicksort 1}

Mporpamma 2.11.HepexypcHpHaa Bepeas GuICTPOH COpTHROBERA.

JeH ObITh pasMep cTera M, MBl 06CYIUM NPH aHaMH3e GHCTPOH
COPTHPOBKH.

Anaauz Svicrpod copruposku. Aaa 1oro 4tofu npoaHannsy-
pomaTe CBOfICTBA OBICTDON COPTHPOBKH, MBI JOJNIKEE CHAYan
AIYNITh TOBeAeHRe mnpouecca pasbuenud. Ilocse Bwopa rpa-
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HULK ¥ npoueccy pasfHeHnA NOABEpTaeTcA Bech MaccHB, Takum
00pa30M, BLIMOJRAETCR POBHO 1 cpasHenud, Yucno ofmeHon
MOHO QUEHHTh NPH NOMOLWHK C/AeRYIOWEro BepoATHOCTHOIG pac-
CyA{JeHHA.

[IpeAnoaoAHM, YTO MHOKECTBO JAHHBIX, KOTOPHIE HYXKHO pas-
NeTHTh, COCTOHT H3 A Kiwvyell 1, ..., n, H MK BHOpadH x B Ka-
yecTBe rpalHiul. Ilocsae paszefenus x GyAeT 3aHMMATL B Mac-
CHBe NO3WDHIY X. Uucno TpEG)’!OIlLHXCSl ofMaloB paBHO 4HCNy
3AeMEeHTOB B JeBOH 4acTh X — |, YMHOeHHOMY Ha BepOATHOCTb
TOCO, YTO KJKY RYRHO oOMedaTh. Kawu obmeHHBaerca, ecaH o
He Membe yem £, BepoaTHocTs sroro paeHa (n—x+1}/n.
Omxngaemoe yucaAo 06MeHOB BRIUKCAASTCH NPH MOMOULH CYMMHPO-
BaHNA BCeX BO3MOMHLIX BAPHAaHTOB BLIOOpA rpaldlsl B dedeHud
ATOR CYMMBI Ha Ai:

t
1 -1 i
M==% 2o n—x+ =5—4. 2.15)

k=]

CRejl0BaTRbHO, OMujaeMOe uueno oOMeAoB paBHO NpHONHAM-
TeALHO n/6.

Ecau HpEﬂ,IIO.."IO}KHTb, YTO HaM O4eHb Be3eT H ME BCerfa
BuiOHpaeM B KayecTBe IpaHHLE MeAHaHY ™, TO KawAge pasie-
JeHne pa3bUBaeT MacCHB Ha ABe PaBHBIC YAaCTH H YHCAO NIPOXO-
108, HEOGXOANMEIX AR COPTHPOBKH, paBho logn. Torna obwgze
YHCAG CPABHEHHH cOCTaBHT a-logn, a obwee qHcao oOMEHOB —-
(n/6)-logn. PasyMmeercs, Heab3A 0XHYAaTh, YTQ MBI BCE BpeMA
GyvaeM nonajaTh Ha wezdady, IHa caMoM JAene, BepoATHOCTH
3TOTO papHa Bcero JHWb 1/n. Ho x ynusnenmio, ecam rpaxnua
BHIGIpaeTca cayyaiirbly obpasom, 3dgderTiBdocTs SuicTpoil cop-
THPOBRKH B cpefHeM XyXe OfTHManabHoR NHMbL B 2-In2 pas.

Oanaxo GmeTpas COpPrHpOBKa BCe Ke MMeeT CBOR «MOABOZ-
Hele KaMHR». [lpexae Beero npu HCOOALUIMK 3HAYSHHAX 1 2€
3 PeKTHBHOCTh HEBEJHKA, KAK H Y BCEX YCOBepPIUeHCTBOBAHHBIX
MeToA0B. Ee ApPeMMyLIECTBO MO CPABHEHHIO ¢ APYTHMH YCOBEp-
lWEeHCTBOBAHHBIME METOAAMH 3ak/louaeTca B TOM, 4To AA8 cop-
THPOBKH YMe PA3ICAEHHBX HebGoABLIHX TOJMACCHBOB JECKO
MOXKHO NPHEMEHHTE Kakoit-mubo mpoctoit Merol. 3To ocofeHHO
HEHRO, €CIH TGBOPHTS ¢ PEKYDCHBHOA BepCcHH HPOTpaMMbl,

Tem He MeHee ocTaercs npoﬁnema HAadXyJWEro cJayyas. Kax
Torla BepeT cefd Omicrpasm coprupoeka? OTBeT, K coOXaneHRI,
pasouaponuiBaeT. 3aechk NMposBAAeTCs cnabocTs OHICTPOH copTH-
poBKH (KOTOpasi B TAKHX CAVYAsX CTAHOBHUTCA «MEAJEHHOH cop-
THPOBKOH» ). PaccMOTpHM, Hanpumep, HeGnaronpuaTHblit caydai,

*) Cu. coeayowni pasaen — fMpam, nepee.
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KOFRa KaXAbH pas B KauecTBe x BHOHpaerca nanbodcllee
3HaueHue B nojimaccupe. Torfa xaxini mar pasGHpaer cerMeHt
K3 A 5J€MEHTOB Ba JieByI0 4acTb M3 11— | 2/71eMeHTOB W NpaByly
YacTp, COCTOALLYIO A3 OAHOTO 3ssnemeHTa. B pesynbrate BMecTo
logn meobxoanmo n pazbnedHil, H cKopocTh padoTHl B HAHXYX-
WeM cayyae OKa3biBaeTCa NOpAiKa #l.

OueBHEHO, YTe 3O QeKTHBHOCTL AJArOpHTMa OGolcTPOR COPTH-
POBKH OlIpeleasiercd BLIGOPOM ajeMmedHTa x. B vallem npHmepe
Hporpamma BLIOHPAST B KAYECTBE X 3IAEMEHT, DACNOJCNKEHHMIH
nocepenHue. 3aMeTHM, UTO MOYTH € TEM XKe yCIeXoM MOoMHO BEIC
61 BubpaTh Anbo mepsslfl, Nub0 nocheHHE aeMeHT: @ |{] Han
alr]., Ho npu takom Boifope HAMXYMUKE BAPUAWT BCTPETUTCA,
KOI'Za MacchB yike [IPe2BapHTEIbEQ paccopTaposaH; OuicTpan cop-
THPOBKA B 3TOM cyyae NPOABJAET OOPOASACHHYIO «HCNPHA3HHL»>
K TpHBHANeHON pabaoTe H NpexnouMtaer OecnopafcuHble Mac-
cuenl. IIpu BHOOpe cpenHero 3NeMeHTa B KauecTBe T'PaHHUE 5TQ
CTpaHHOe CBOHCTBO OLICTOCOR COPTHPOBKH MQHEE 3aMeTHO, Td
K4K yXC PacCOPTHPOBAHHEIA MAaccHB CTAHOBHTCA ONTHMAJLHEIM
cayyaem! HeficTBHTeABHO, CPeAHAA CKOpOCTh pafoTH 3mech OKa-
3LIBAeTCH HEeCKOJbLKO BHIUe, €JTA BHIOHpAeTCH CpeAHnil 3JeMeHT.
Xoop cuMraer, 4T0 BbifOp X ACGMEEH ObiTh «cayqalHbIM», HJH
B KAYECTBE X HYXHO BHOHPATL MelHaHy H3 HeOONBUIOTO 4HCSHA
Karoueh (craxes, 1z 3-ex) [2.12, 2.13]. Takoit ocMoTpuTeabHEL!
BLIGOp TOUTH He BANAET HA CPEAHIOI CKOPOCTE OGuicTpoll copTi-
POBKH, HO 3HAYMTEAbHO YAYYIlaeT CKOPOCTE B XYIulem Ciydyae.
Kak mwm Bugnm, GuicTpas COPTHPOBKE HANOMHHAET a3apTHYN
HIpY, PAE caefyeT 2apalce PacCUHTaTh, CKOABKO MOJKHO NO3BO-
ANnTH cele NpoHrpaTh B CAYYAE HEBE3EHHA.

M3 3T0T0 HYEHO ClefaTh BAMHBIR BEIBOA, Ha XOTOpeMA fpo-
IpaMMHCT ZoaiseH 06paTHIb ocofoe BHuManne, K wemy npupo-
AUT HAHXyaulmf cayyali, pasofpaHHLIA BeIle B CBASH €0 CKO-
POCTbIO BUIMONHeHHA fAporpsMmer 2.117 Mw Buoum, y10 npu
KANCIOM paszBHeHHu NPpaBan YacTh NOAMACCHBA COCTOUT H3I ORHOTO
JAEeMEHTA; 34npoC HA COPTHPOBKY 3TOH YACTH 3aHOCHTCH B CTeK
Aaf nocdedyrllero sumoadenlia, CAeIoBaTeNEHO, MAKCHMAALHOE
YNCA0 3aNpPOCOB K NOITOMY HeoOXuAMMBIHA 00U pasMep cTexa
0KA3LIBAKOTCA PAaBUBIMU 7. KOHEYHO e, »To a6COAIOTHO Henpuem-
AeMe. {3aMeTHM, Y4T0 ¢ PEKYPCHBHON Bepcheh Leao olCTONT He
Ay4lle, 2 Ha CaMOM Jlede Aaike XyXe, NOCKOIbLKY ¢HCTeMa, A0-
NycEAIOULAN PEKVPCHBHEA BLIZOB UPOUSHAYP, ROJZKHA ABTOMATH-
uecky COXpadaTh SHAUSHHA AOKAMBHBIX NepesMaeHHbXY H mapamer-
OB IPH  Boex BLIZOBAX UpOUEAYD, H 4JaA 370it unena ona
HCNONb3YyeT HEABHBIA CTeK.) DTO MOMKHO HCIPapHTh, eCJAH Xpa-
fiHTh 3 CTEKE 3anpoc Ha copTHpoBKy Oosec n.aniHoH 9acTw H
C{pasy NPONOJIKATEL Aanblefilee pasgesicHue KOPOTKHAX uacTed.
B 3tom caydae pasMep ©TeKAa MOKHO OrpaWidHTL A0 1=
== ]ng I,
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tieofxoanMoe H3MeHeHHe mporpamMmml 2.11 Kacaetcsa JHUIL
yacty, QHKCUPYIOWEH noBbie sanpocul. OHa Teucpb HmeeT BHA

i j—1 << r—i then
begin if i << r then
begin {3anucu sanpoca ne copmuposxy npasol WM!H]
3= 5+1; stack[s] = i, stack[s] v 1= r
end;
ri=j [(npodoaxenue copmuposKu A€eok 4aemi )
end else
begin if / < f then
begin {32nuce e cmex 2anpoca Ha copmuposxy Aesvll vacmu}
s == s} 1; stack{s] I := K stack[s] .r == j
end;
{ 1= i {npodonxenue copmupoeru npaeoli yacmu)
end

(2.16)
2.2.7. Mouck mepmaHp

Meanauol nocsIcAOBATCIBHOCTH H3 7 3JEMCHTOB HA3HBACTCH
/AEMEHT, 3HAYEeHHEe KOTOPOTO MeHblie (HJAH PaBHO) MOJGBHEM
n 31eMEHTOB W Goakite (AW pasHo) Apyroit noaosuew. Haupu-

Mep, MeAHaHa
i6 12 99 95 18 87 10

ectb 18.

3afgauy NOMCKA MeAUAHH NPHHATO CBA3IHBATE C COPTHPOBKOH,
TAaK KAk MeINaHy Beerla MOMHO HafTH CAeAyWLINM cHocoBoM!
pPaccOopTHPOBaTL A 3JIEMEHTOBR H 3aTeM BHOpaTh cpegHuil 3ae-
menT. Ho pasaeacinre, koropoe BbDOMHAET Nporpamma 2.9, nos-
BONAET MOTEHUHANLHO HAlTH MEIMaHy 3HayuTeNbHO OHCTpee.
PaccmarpuBaeMblit 3fech MeTDI JAAET BO3IMOMHOCTH pelaTh
H Bosee O0WLYI0 23444y HOHMCKA %4eMEHTa C R-M N0 BelHYHHe
3HAueHHeM K3 7t 3AeMeHTOB. [IoHCK MedHaHB! ABAAETCA YACTHRIM
cayuacM Aan k= n/2.

AnropntM, uzofperenumfi K. Xoopom [2.4], paboraer che-
Ay:outnM odpasom. [lpeatze Beero NMpUMeHAETCsl OmepauHs pas-
AefeHns, Hcponbsyemas opH OplcTpofi cOpTHpPOBKe, ¢ [==1,
r==1n W ¢ al[k], BLIOpAHHbIM B KAYCCTBE pa3dedsiolero 3Hade-
uun {rpandue) x. TloayiawoTeda 3HaueHHUA HHILEKCOB { W f, Ta-
KIe, 4To

1} alf) =K x aad Becex A <T|,
2y alh]Zzx  nas Bcex A >, (2.17)
Hixj.
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Bo3mMOX BB TPW BapHaHTa:

I. Pasmensiollee 3HaveHHe x OblIO CAHMIKOM M4J0; B pesyab-
TaTe FpaHHua MEKAY ABYMA YACTAMH HIXe HCKOMOrQ 3Hade-
HHs k. Tlponecc pasfWenHs caelyeT NOBTOPHTL AJSA SJeMeH-

ToB ali], ..., alr} {cm. puc. 2.9).
| > ]
Yoo 4 ¥
! i k r

Buc. 2.9. Tpanuua canuixor HHIKO.

2. Bubpannasa rpanuna x Obna caniikom Beadxa, Onepauiio
pasbHenns caeayer TOBTOPHTH Ha noamaccuse a{ly, ..., afj)
{cMm. puc. 2.10).

| EN
f = IT 7
! k P r

Pa¢. 2.10. I'pannua caAHWKOM BHCOKO.

3. 3nauenue & newuT B uHATepBane j< k< it dneMedT 4|k}
pasAensieT MAcCHB B 32LaHHOA [IPONOPHRNM H, CJel0BaTeAbHO,

ABJSEeTCA HCKOMBIM (cM. pue. 2.11). -
L < . }
T 1T ¥
4 Fki r

Pnc. 211, [pansua npoeeaeHa DPaBHABLHO,

Ipouece pa3GHEHHA TOBTOPSETCs N0 NOABACRHA cuaydan 3.
JT0H UTEPALME COOTBETCTBYET CASAYIOWKA GparseHT nporpamm e

l:i= 1; Fi=p,
while /| < » do
begin x := qafk];
partition(all) . .. alr]); (2.18)
Hj<kthen !;=;;
it k < { then ri=
end

8a dopManbHEM ACKE3aTGALCTBOM KOPPEKTHOCTH 3TOTO &MAT0-
pHTMa MB OTCHIIA€M THTATeJA K cTathe Xoopa, Teneps MH Mo-
MeM HEARKOM HanmHcath B Nporpamwmy Find.
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procedure find (k; integer);
var Lnij,wxt infeger:
begin [ e 15 r 1= g
while I < 7 do
begin % 1= alkl; { 1= [; j 1= p;
repeat [splif}
while ofi] < x do i ;= i+1;

¥

while x < alj] do j := j—1;

if i < j then
begm w = afi]; 0[!] = af]; alf] 1=
= i1 ji= j-
end

until 7 > jf;
if j < Kk then ! := 1;
if & <2 i then r =
end
end { find)

Mporpamma 212, {loker k-ro snementa.

Ecnu npefnofoxuTs, 9To B cpedHeM Kawaoe pasbHeHHe yMeHs-
waer BABOS PasMep NMOAMACCHBA, B KOTOPOM COOBPHUTCH HCKO-
Mulfl 3JeMCHT, TO YHCAO HCOOXOAHMEBIX CpaBHEeHHIT paBHO

nt g+ g4+ 1=2n (2.19)

T. &, DOPALKZ K. DTHM OGBACHAETCH 3QPEKTHBHOCTE NPOrPaM M b
Find npu naxoAeHAN MeadaH M APYTHX KBAHTIEN H ee Mpe-
HMYIIECTBO N0 CPABHEHMI0 ¢ NPUXOAALLHM BHATajle B TOJAOBY
METO/LOM COPTHPOBKH BCOrO MHOIKECTBA 3AeMEHTOB ARA Bubopa
k-ro no BeAHYHHE (TakoA METOA B JyillleM caydae RaeT DOPRAOK
n-togn). Oauako B xyfllem cayvae Kasaufl war paszbuenus
YMCHLINACT Pa3Mep MHOMKCCTBA, B KOTOPOM HUICTCA HYN(HBIA
31eMCHT, TOAbKO Ha 1, i mo3ToMy Tpebyerca ROPAAOK 4% cpaBHe-
uifl, CrHefosaTensHO, 3TOT AJTOPHTM TOKe BPAL JH CTOHT
IICHGAB30BATE AAA  HefOJBINOTC  YHeAa  3AeMEATOB  {cKawew,
meHbire 10).

2.2.8. CpaBHEHME METOAOR COPTHPOBKM MACIUBOB

B sasepmeHHe Hallero oh30pa MeTOLOB COPTHPOBKH MBl NGi-
nuitaemcsa cpaBhiTy KX 3ddextusHocTh. [IyeTs n no-npekHemy
00603HaUaeT YHCNO COPTHpPYeMHX 3aemedtoB, 4 C n M —coor-
BETCTBEHHO KOJMHYECTBO HeOOXOMIMLIX CPaBHEHHO KJIOUeR u
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NepecHJOK AeMEHTOB. Jlaa BCex Tpex MPOCTHX METOAQE COPiil-
POBKH MOXKHO [aTh 3aMKHYThle aHajuTHYeekHe Gopmyasl. Oun
npuseers B Taba. 2.8. 3avonosxy cronbuos Min, Max, Cpeni.
OnpeensioT COOTBETCTBERHO MHHHMYMbl, MAKCHMYMbl H OXHAac-
Mhi€ CPeAHHNE 3HAUCHUA ANA BCEX n! MEPecTaHOBOK r HIEMEHTOR.

Tabanua 2,8, CpapHenne NPOCTHIX METOUOB COPTHPOBKH

Min Cpean Max
[TpocThe: Ce=n—1 (nt-n— 204 (n* — a)j2 — |
BKJYERHA M=2{an—1}) {n?— 9a — 10)/4 {n? -} 3n — 432
Mpoeroi C = (n? — n}f2 (nt— n)f2 {nt — n)/2
srGop M=3{n— 1} #{ln a4 057) a3 =1
TpocTof C e (1?2 — )2 (n* — n)/2 (7 — n)/9
oGMen M= {rn? — 1) + 0,75 (7P —nm) = 1,5
({MeTO L,
Hyau pbKa)

Jina yCOBepPMIEHCTEOBARYHX METOAOCB HET AOCTATOMED NPo«
croix H ToMMHX dopmya. Bee, uTO MOMXKHO CKazaTb, — 3T0 YTQ
CTOUMOCTb BLIUHCACHUR paBHa ¢i-nl? B cayvyae COPTHPOBKH
Hleana u ¢;-n-Jogn B cAyuanx nupaMuasneHod H Gxerpofl cop-
THPOBOK.

374 DopMyAR AT JHWb NPHOTUSHTENBHYID OUeHKY 3ddek-
THBHOCTH KAK (YHKUHH OT #; OHH HONYCHAWT KJIACCHPHRALU
4NFOPHTMOB COPTHPOBKM Ha TpocThe (n?}) B YCOBEPIICHCTBO-
B3HBHE, WIH «JoraputmMuueckier (rn-logn). Onnaxo AAA npak-
THYECKHX LEICH NOJNE3HO HMETh HEKOTOPLIE 3KCHEPHMEHTAMLHDIE
RAHHEE, KOTOPHIE MOIYT NPOJINThL ¢BRT Ha XovypdbuuneHTtst ¢
HO3BOAAIDIIHE NPOBOAKTL AAJBHEHINYH OLEHKY PA3NHYHBLIX METO-
Aob. Kpome TOFo, B 5THX ¢ODMYyJdaX He YYHTHIBRIOTCA 3aTparh
Fa ApYrue ONEePAlHH, OTJHHYHBE OT cpaBheuH#t niwodel it nepes
ChIJACK 2AeMeHTOR, TAKHE, KdK YRpAaBJE€HHe LHHEKAAMH H T. O Pa-
IyMeeTes, 3TH PaKTOpH B KaKoH-TO CTeNeHH 3aBHCAT 4T KOHKper-
HHX CHCTEM, HO TeM He MeHee HeKOTOPHH TpHMep SKCHepuMeHs
TaNABHD NOAYYEHHKX  AAHHMX  ABAAETCA  HHQOPMATHBHBIM,
B T1atGa. 2.9 npnpeacno Bpems (B MHAJAHCEKYHAAX), KoTopoe 3a-
Tpatuaa cdcrema [lackanbh Ha  BHIYHCAHTCALHOA  Mawnde
CDC 6400 Ba BHMOIHEHYE COPTHPOBKH ONHCAHHBIMH 32CCH METO-
nami, B rpex cronbuax yKa3aHo Bpems, nOTpeGOBaBileecs A%
COPTHPOBKH YK€ PACCOPTHPOBARHOIO Maccksa, cayuyafnol mepe-
CTAHOBKK K MaccuBa ¢ OOpPATHHIM NOpARKOM 3JcMeHTOB, Jlesoe
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Tadmuna 2.9. Bpesma sunofHeHds nporpamm COPTAPOBKY

¥noparoueanh
Vet | RS o onbetiow nobaswe
IIpocToe BRAKMEHHE 12 23 386 1444 704 2835
BuHapHoe BrAKrenAe 56 125 373 1327 6682 2490
TNpocroli BuGop 489 1907 509 1956 695 2673
MeTon nyaupuka 540 2165 1026 4054 1452 5931
MeToa ny3awmpska
C GrpaHHYeHHeM 5 8 1104 4270 1645 6543
Wedinep- copTHpoBRa b 9 961 3642 1619 6520
Copmiposka Uleana 58 11§ 127 349 157 492
IMupaMuaansuan
COPTHPOBKA 16 253 110 241 104 998
Bucrtpas coprHponka 31 69 80 146 7 7
CopTipoBKa ClHAHHEW®) 99 234 102 242 39 232

" Cw, pazg. 231

YHCI0 B KaMAOM KOJMOHKe AaHO AAA MaccHBa W3 256 anementos,
a npagoe — AMA 512 sdementoB, 3TH NaHHbIE ACMOHCTPHPYIOT
ABKOE OTAHuHe meroloe n? oT MetomoB n-logn, IlpHMevaTenbHn
CJELYIOUe MOMEHRTH:

1. [MperMyliecTRO COPTUPOBKH GHHADHBIMH BKAIOYGHHAMU no
CPABHEHHUI> C COPTHPOBKON NPOCTHIMH BKAIOYEHHAMH AeflcTBH-
TeJbHO HUYTOKHO, 4 B C/Iyuae yiKe HMEIOIIErocs MOpAAKa Bo-
obllle OTCYTCTRYET.

2. CopTHpOBKA METOJOM NY3BphKA ONpefefeHHO ABAACTCH HaH-
XYAWed CPeAd BeeX CpaBHHBAEMbix MeTofoB. Ee ynyumennan
BepcHA — WIEAKEP-COPTHPOBKA BCe-TAKH XYM€, UYeM COpTH-
POBKA NDOCTHIMH BKIYCHHAMHE H MPOCTLIM Betbopom (Kpome
NaTOIOTHYECKOTO ¢Jydas COPTHPOBKH YiKe PacCOpTHPOBAH-
HOrO MaCCHBA).

3. BoicTpas COPTHPOBKA NPEBOCXOAMT NHPAMHAAJBHYI) COpPTH-
poBKY B otHOmeHEH 2 K 3. OHA COPTHpPYET Maccup ¢ sjacMeH-
TAMH, DACTOJOKEHHBIMH B O0pATHOM NOPAAKE NPAKTHUECKH
TaK sKe, KaK ye PaccOpPTHPOBANHBI,

Caenyet A0GABHTD, YTO 3TH Aanhbie OLIIN WOAYYCHbI IPH COP~
THPOBKE ME€MEHTOB, COCTOAIINX TOABKO M3 KAOHA Ges cONnyT-
¢TByOLlefi HHPOpMAUHU. ITO — He CAUIIKOM PeayCTHUHOE A=
nyvuiende; B tadn, 2.10 NMOKa3aHO, KAaK BARAST YBeAHYEHHE pa3-
MEPA JAEMEHTOB HA CKOPOCTb paboTh nporpamm. B suGpannoM
NPUMEpEe COMYTCTBYIOUHE IAHNHLlE 3aHNMaT B 7 pa3 foapime
NAMATH, yeM Kaod. Jleroe unciao B KaxAoi KOJOHRE NMOKasbBaer
BpeMsl, HYXHOe [Jsi COPTHPOBKH 3anHceit 0e3 CONYTCTBYIOLEHX
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Tabsuua 2.i0. Bpema punonueuyia nporpaMs CopTHRODKY
(Eamoun ¢ conyreroywomed nrgropManied)

. o Y¥nopsiogesunh
Vuopazcueush | Cosalush s oghamon nopasre
ITpocTee BRIWOYEHEHT 12 46 366 1129 704 2150
bBusspupie BKIOULRHR 56 76 73 1105 662 2070
IMpoctoil BuGop 48% 547 509 607 695 1430
MeTol nyaphHa b40 610 1026 3212 432 Bh9%
Mevon nyawmpba ¢ .
orpaHiycHReM & 5 04 3237 1645 5762
1Hedlkep- cOpTHROBRS E 8 961 3071 1619 5757
Coprupoeka Hlenza 58 186 127 373 137 4%
IMupaMupanenan
COPTHPOBKA 16 264 110 246 104 227
Brerpas copTipoika 3t GBS 60 137 37 75
CopTrpoBka cIMsAReM? 99 196 102 195 o9 187

*, Cm. pa3n. 241,

AAHHEX, NPABOC— OTPaMACT COPTHPOBKY € CONVICTBYHOUIHMH
NavubIMK; 72 == 256. O6parnTe BHUMaHHe Ha CAeAyVIDlile AeTAJH:

1. CopTHpPOBKA TNPOCTEM BHOOPOM AAeT CYLICCTBEHHBIN ByINr-
PBIU 1l OKA3BIBAETCA JYMIMKEM H3 NPOCTHIX METQA08.

2. CopTHpOBKA METUIOM RYSBipbKa HO-TIpeiiHeMYy #BJHETCH Hai-
AVAUIHM MeTGAOoM (OHa eille Gonelle CAAAE CBOH HO3KUHH!),
" JAHIDL €€ «YCOBEepLIEHCTBOBAHHE», HAa3nipaeMoe Llefikep-
COPTIPOBKON, ellle UVTh XyXXe B CAYYAE MACCHBA ¢ 0OPATHBLIM
NOPAIKOM. .

3. Dulcrpas copTHpoBKa Aame YKpenHJIa CBOw NO3NNG B Kaue-
CTAC CaMoOrg OBICTPOrO MeTola M 0Kaaajach ACHCTBHTEALUO
JAVYUIHM 2AFOPHTMOM COPTHPOBKH.

2.3. COPTUPOBKA TTOCNERCBATENLHBIX ®ARACE
2.3.1. Npocroe chuAuMe

K coalednio, aaropliTMb  COPTHPOBKH, PacCMOlpeHHDIE
B Mpeabixylleil TiaBe, HEMPHMEHRME, CCAH COPTHPYeMBIe ZaHHbLIe
Be 71OMCUlal0Tes B OACpATHBUOH NaMaATH, a, HaOpuMep, pacio-
NOMENE Ha BHEIUHeM 3aNOMHHAIILEM YCTPOHCTBE ¢ IOCReLoBa-
TeNLHBIM AOCTYTIOM, TAKOM, KaK MATHHTHAA JeHTa. B 3toM cay-
YAE Mb! ONHCLIBZEM AaHHBE KAk (nocnepoBaTeabHbii) aia, xo-
T0PHA XaPAKTePH3YCTCR TeM, UTC B KaXAWH MOMCHT HMeeTcsd
HeNOCPEICTBERHBI AOCTYN K OJHOMY H TOJABKO GAHOMY 3JeMeHTY.
3TO — CTPOTOE OTPAHUMEHHE N0 CPABHEHNKY © BO3IMOKHOCTAME,
HOTOPKIE A8€T MACCHB, H NCGITOMY 3AeCh NPHXOAMTCH NPHAMEHATD
ApyYrie mMeTcin cOpmiposki. OCcHOBHOR MeTOZ — 3T0 COPTHPOBKA
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caugnden. CHOUAHHE O3HaYaeT oObealicHie ABYX (HAH Oonec)

YNOPAAOUEHHBX TOCREAOBATENBHOCTEH B 0AHY YAOPALOYEHHYIO

NOCAeLOBATEALHOCTD NPH MOMOWH WWKJIHYECKOTO BHIGOpa .fe-

MEHTOB, AO0CTYNHEIX B JdaHHBIA MOMEHT. ChausgHHe — HaMHOTO GO-

Jiee npocrtas oUepalHf, YeM COPTHPOBKA; OHA HCOOAb3YETCA

B KAYCCTBE BCHOMOraTeAnpHoH B Goaec CNOKHOM Npolecce mo-

cleAopaTenbHol  COPTHPOBKH., OIue N3 MeTOMN0B COPTHPOBHH

CAaiden HA3HBAeTCH ARPOCTHM CLAHAHRNEM W COCTONT B CAe-

LY¥IOLLEM:

1. NMocaenosatens! 3¢Th ¢ pazbUBaercs Ha LBe MOAOBMHE b W C.

¢ HocaenoparenuitoCTH b W ¢ cnyBapTes NpH NOMOULH obbeaH-
HeHHR OTAeNbHLIX 3JeMEHTOR B YNODALOUSHHBIE NapHL.

& TloavuenHol nNocNel0BATENRHOCTI NOPHCBAHBASTCA HMA &,
i nosTopAcTCA warn | w2, Ha 2TOT pa3 yNopAdoNeHibe
apsl CALBAKITCH B )-'HOpF[ﬂO‘IE.‘HHb]E HETBE]JKH. .

4 T[lpexmtavine 1IATH MNOBTORA:OTCA: UYETBEPKH ClLBamwTeAd B
BOCbMEpili, B BeCh NMPOLece NpoLoNXKaeTcs L0 TeX MNop, Ioxd
pe OyAeT YOOPAAQHCIA BCA NOCACIOBATCABLHOCTL, BEAb NAIHIA
CNHBAeMblX MOCNEALBATENLHOCTEH KAXKALIA Pa3 yABAUBRAIOTCA.

B kavecTse npnMepa pACCMOTPHM NOCAEJORATENRHOCTL
44 55 12 42 94 18 06 67

Ha nEepBEOM WAre ]3336}‘1(‘11510 AdeT NOCJACANBATEALIHOCTH

44 55 12 42
94 18 06 67

Cansiniie OTACNbHBIX KOMNOHGHT (KOTOpPHC ABAAIOTCA YAOPALO-
TeHHBIMHA NOCAEZOBATEIBHOCTAMI JAUHE L} B ynopsaoueHHsie
napkl 1aet

44 94 " 18 55 7 06 12 7 42 67

lloeoe pasduenne MONGAaM H CNIHAHKHE YNOPAACUEHHLIX Nap 60T
06 12 44 94 ’ 18 42 B5 67

Tpetwe pasbleRne d CNHAHHE NPHBOAAT, HAKOHEN, K HYMRHOMY
peayabrary:
06 12 18 42 44 35 67 94

Onepaluns, KoTopasx OAHOKPaTHO oOpalaThiBAST BCC MUOMe-
CTBCG AZHHBIX, HasbBaeTcs ¢asod, a HauMeHbLUHN NOARpouecc,
KOTOpWN, NoBTOpaAdck, ofpa3yer mnpolecc COPTHPOBKH, Na3bi-
Ba¢TCH -"I,DO.YO@OM, HAH sranom. B ﬂpliBEﬂEHHOM Bhlille npHaMepe
COPTHPOBKA NPOH3BOANTCH 33 TPH NPOXOAE, KaAAblH npoxol co-
crontT A3 $ase pasGuexns v dasm cananua. Jas sBomonucHua
COPTHPOBKH TPEGYIOTCA TPH MATHHTHLIC JEHTH, NO3TOMY RPOUECC
1a3HBACTCH TPLXACHTOURUM CAURHULH.
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CobBcTBerHO roéopﬂ, (a3m pa3bHeHUA He OTHOCATCA K CupTU-
pOBKke, NOCKOJIbKY OHH HYKAZK HE MepecTaB/asloT JA€MEHTH; B Ka- .
KOM-TO CMBICAE OHH HENPOAYKTHBHBI, XOTA H COCTABAAIOT fioan-
BUHY Bcex omepauuii pepentcu. Mx moxno ynanuts, oSbveanuus
dasul pasGuedus u cAuABHA. BMecTo Toro yTofnl CNKBATL 3a8-
MeHTH B OAHY NOCeA0BATENBHOCTb, PE3YADTAT CJAHAHHA €pazy
pacipelensioT #a ABe JEHTH, KOTOPHIE Ha CNEAYIOLEM DPOXONS
6yayT pxoaHuimiu. B oTaxune o1 AByX(A3HOrO CJAHSAHHA 3TOT Me-
TOA HA3MBACTCA OJHOPA3HELY HIAH COQAAHCUPOSAMRGLM CAUA-
nuerm. OHO HMeeT AIBHME NPEHMYLIECTBA, TAK KaK Tpefyer BaABue
MEHblUe ofepauil HepenmncH, HO 3TO JAOCTHIAeTCA UEHOH HCMOJbL-
30BANUA HYCTBPTOH NEHTH.

. BXOOHOH MaccHB BRIXOAHOHN Maccnp
[ | 1 11 1 1]
] T ¥ J
i i k J
q--...—.-.—._-/ D
CNUABHE pazGuenune

Prc. 2.12. CopTHpoBKa ABYX MACCHBOB METOL0M TNPOCTArD CAUANUA.

PazGepem mporpaMmy cOHSHEA NOAPOOHO, NPEANONOMHM
cHAYana, yra JaHHble PACTIONOXKEHB! B BHAE MacCHBA, KOTOPHIM,
ORHAKO, MOMKHO IPOCMATPHUBATE TOALKO LTPO2O NOCAEAOBATEbHA.
Hpyrast Bepclif COPTHPOBKH CAHAHHeM OyaeT ocHoBaHa na (rail-
JIOBOH CTPYKTYpe, 3T0 HO3BCAHT CPABHHUTL STH BPOTPAMMEL H [0~
Ka3aTh CTPOrYO 32BHCHMOCTE HOPMSE NPOrPAMMEL OT NpeRcTaB-
JICHHS €e LaHHBIX.

Bsmecio aByx hafi/ioB MOXHO NefKO HCNONAB30BaTh OJHH
Macclp, ecAl pPacCMaTPHBaThE €ro Kak N0C/JI1eA0BaTeAbHOCTL
¢ ABYMA ROHUaMIL BuMecTo TOro uTOOLL C€AMBATH INEMENTU U3
IBYX HCXOAHBIX ¢ablaoe, Mpt MoxeM BpaTe HX € ABYX KOHUOB
maccupa. Taxkum ob6pasos. oO0WHH BHA 00BeAHHEHHON (ask
CNUAHHA-PA3OUCHAA  MOMHO H300pasHTh, KaK TOKA3aHO HA
puc. 2,12, HampasneHue nepechliKH CAKBACMBX 3INEMCHTOB Me-
HAeTcH (TeneximyaeTca) nocle Kamaofi yNopsaoueHHOW maphl
HA MePBCM 1POXofe, NocAe KaK10d ynopaaoqYeHHol YeTBepKH Ha
BTOPOM TNPOX0OAe H T. A.; Takkum 00pasoM pasuoMepHo 3anosn-
HIOTCA JBe BBHIXOAHBIE MOCAEIOBATEJNDHOCTH, MpeXCTaBASHHBI®
ABVMA KOHMIAMH 0QHOrO MaccuBa (BuXoauoro). [locne kamnaoro
NpOX0AA ABA MACCHBA MEHAWOTCA POJAMH: BXOJHON CTaHOBHTCA
BWMXOQAHEIM H HaOﬁOpOT,

TporpasMy MOXHO elle Goaslle YIPOCTHTL, O0BEAHHUB NBa
KOHURNTYAALHO DPA3IUTHBIX MACCHBA B OJHH MAaccHB ABOAHOH
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aaunn. WTak, Nanebe OyAyT IHPeiCTaBJeRW CAeAyOUINM Of-
pasoM:
a: arrayfl..2 s n) of item {2.20)

HycTb HHaekchl [ H j YKA3BIBAlOT ABa MCXOAHBIX 27 vekTa, Toria
kKaK & B { 0803HAYANT ABA MECTa nepechikn (¢, pue. 2.12).
HCXOI[HI:]E JAHHBE — 3TO, pasymeeTcg, ANeMeHT ay, ..., a:,.
OueBUIHO, UTO HYKHA Gy/ieBCKasA NepeMeHuUan up Aa8 YK434HHA
BanpaBAeCHHA TNepPecbiAkH OAHHDIX; up = frue OyIeT 03Ha4yarTs,

YTO HA TERYWEM HPOXOLEe KOMIGHEHTH d), ..., &: OVAYT Depe-
CHATLCH «BBepX» — B NepeMeHHBe @aiy, ..., (2., TOMHA Kay
up = [alse Gyier yKa3blBaTb, YTQ duy1, ..., d2a AOJIKHEI Hepe-
NHCLIBATBCA «BHH3» — B @), ..., Qp SHAUYEGHHE Up CTPOre depe-

AYETCSl MEeMAY ABYMSA HOCAeAOBATEAbILIMH mpoxodamh. M nakc-
¥ell, BBOANTCS MepeMeHHAd p ANA OOG02HAYEHHR ANMHEL CAHBae-
MBIX TOAfocaAeoBaTeabHoCTel (p-HabopoB). Ee vavanwuoe 3HAa-
uekivie paBno f, B OHO yJABaHBaercs Nepel KaALM CUepeIHBbIM
npoxoaoM, as npoctorl M OyAeM CUHTaTh, YTO 7% — Beeria
¢TemeHs aBoikK. WTax, neppas BepcHf NPOTPAMMBL TipOCTOrO
CAMAHHA HMeeT Takpli BRA!

procedure mergesort;
var §jk [l index;
up: Boolean; p: integer}
begin up 1= irie; p i=1;
yepeat {unuyuayUa UHOEKCOB}

if up then
begin i := 1;ji=n; k1= ntl; li=2en
end else (2.21)
begin k i=x I} 1= n; i:1= ntl; ji= 2sn
end; :

«CIHAnME p-Habopod TocneaoBarenbHOcTel § K f
B TIOCNENOBATENBHOCT & 1 In;
up 1= —up; p i= 2p
mtll p = n
end

Ha cneaywowenm stane Mo yTouHsem AeficTBHE, ONHCaHHOE Ha
€CTeCTBeHHOM saLike (BHYTpH kaBumiuek). ScHo, uto sTOT Nmpoxog,
o6pabarnBamiil 7 9a€MeHTOB, COCTOHT H3 TMOCJe10BATENbHBIX
canAHnil p-HaGopos, Tloche Kaigoro OTAENBHOMO cJIHARHA HE-
npapaesHe TICPECLIKH NCPEKJAIOYACTCA H3 HWKHErc B BEDXHHA
KOHEel, BHIXOAKOro MaccHBa HAH Haofoper, utobu ofecnmeyMTn
OLHHAKOBOe pacripeienenue B 000Lx HanpaeieHusx. EcaH can-
BAEMbI® 3JeMEHTH NOCHJATCA B HHMHHA KOHel MACCHBA, TO
HHAEKCOM NEPeCHIIKH CAYKHT & # & YBeJHuUHBAeTCA Ha | nocte
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KaKIOA Repeculaki 3eMeHta. Ecal e oHH mNepecHAAICA
B BEPXHMH KOKell MACCHB2, TO HHIEKCOM NepeChliKM ABASIeTCA [
H [ nocile Kamaol nepechAKH yMeHbmaercs Ha 1, Urofu ynpo-
CTHTR ONepanmHid CJAHAHHA, MBIl GyJeM CUHTaTh, UTO MECTO Nepe-
CHUTKH Beerna ofoaHauaeTess dyepez &, H GyfieM MERATL MECcTaMit
3HayeHHs &k ¥ [ Mocae CAHSHHA Ka)<aoro p-Hagopa, a npupaue-
Hie HHBeKca ofo3HauHM wepes k, rae h papao audo 1, anbo —I.
YTouHHB TakHM 06pa3om «KOHCTPYKLHIO», MU NOAYYaeM
iz 1 omoi= n; {m-HOMEPR cANSAEMbIX IAEMENmOE |
repeat ¢ 1= p: ri= p; m = m—2p;
«CTEAHHE ¢ TEMENTOB U3 { H I ITEMEHTOB H3 j,
HEZKC JACHINKH €CTH & ¢ MpHpatueHueM h»; (2.22)
him —hy
obmer ynavenusmu k 1 /
wmtil m = 0

Ha cnefywolleM 3rane yTOUHeHHS HYXHO CHOPMyAHDOBATSH
caMy OMepALKI> CAHAHHA. 3Jgech cleflyeT yuecTs, 4TO OCTATOK
NOANOC/EACBATeABHOCTH, KOTOPAA OCTAETCA HeNycToil nocne chun-
HAA, A00aBAAETCA K BHIXOXHON HOCASI0BATRALHOCTH NP NOMOULH
MPOCIONO KOMNPOBAHNA.

while (720) A (r=£0) do
begin (oviGop aaesenma u3 1 uau ]
if ali] key < afj] Key then
begin «mepeceTRA >nemenTa M3 i B K,
YBeJIRYEHHE {1 A | g 1= q—I1
end else 5
begin «IepecHIIRA WIEMEHTA B3 /B K, (2.23)
yBennuenue fH kn § v o r—1
end :
end;
KKOTHPOBAHIE OCTATHA NOCNEIOBATERBRACTIT {23
KKONMPOBAHME OCTATRA MOC/ICROBATCABHOCTHL /7

[MTucae YTOuMHEHHA ONepalHi KOMIIPOBAHHA OCTATKOB #PO-
rpasya Gyder Acia po Beex geraanx. llepea tem xaxk samiucate
ee MNOJAHOCTbE), MBEl XOTHM YCTPAHHTE OrFpaHHYyeHne, B COOTBeT-
CTBHII ¢ KOTOPBIM /2 10JKHO ObIThL cTemeHbl0 ABOHKH. Ha kakylo
q4CTh AArOPHTMA 3TO NoBauzner? Jlerxo yfeautbea 8 TOM, 4TO
B Goaee obulelr CITYaunH AYYIIe BCETD HCNOMAL30BATH NPEKHHI
METOT A0 TeX WOp, NOKA 3TO BO3MOKHO, B nanmos cnyuae 310
o3Hayaer, 4TO MBL BPORG.IIKACM CNHAHUE p-HabopoB, NOKa AAHHA
OCTATKOR BXOAHLIX NOC/eROBATEAbHOCTEl e CTAHET MeHblue 2
ITo BJMAET TOJMIBKC HA TY 4AaCTh, e ONPENeIATCR 3Hadelna
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§ W r— [SIAB T0CACA0BATE/IBHOCTE, KOTOPBE NPEACTOUT CANHTS.
Bumecto Tpex omeparopos

qgi=p; r.=p = —2%p

HCMONB3YIOTCE CAAYIOULIZ YeTHpPe ONepaTopa, H, KAK MOXKeT
yOeRUTHLCA YHTATENb, 3MeCt SPHECKTUBHO NPUMEHACTC OMHCAHNAR
BHLIE CTPATeTHsd; 3aMeTHM, 4yT0 m ofo3Havaer obuiee gUCAO Fie-
MCHTOB B ABYX BXOAHBIX TOCACAOSATE/NLHOCTAK, KOTOpHE OCTa-
J0Ch CAHTH:

if mz=p then g . ==p else g:=m;, m:=m—q;
ifm>zp then ri=p else ri=m; mi=m-—r;

H wuaxowew, 41000 oOCCMEdHTs OKOH4YAHME pabOTLl Mpo-
FPAMMBI, HYHHO 3AMEHUTL YCAOBWE p == i, YOPASAMOHICe BHEUI-
HHM OHKJAOM, Ha p 2= n. [locae sTtax MOAHDHKALMA MBI MOMNeEM
ONBITATLCA CHNCAYTD BECb ANTOPHTM B BHAE 3AKOHUEHHOH Bpo-
rpammsl {cM. nporpammy 2.13).

Anaaus copruposku cauansues. [TOCKOALKY NAa KaXAOM RpoO-
XQle P YyABAUBACTCA 1i COPTUPOBKA IAKAHUHBACTCA, KAK TONLKO
p == #, oua tpebyer [logyn]| npoxoaos. [lo onpeacienuio npu
KaHA0M RPOXOAE BCE MHOKECTBO M3 n 3/1EMEHTOB KORHpYyeTcs
poBHo oqun pa3. CaenosatebHo, obiee YHCAO NePeCHJIOK PABHO

M=n[logyn] {2.24)

Uuene € cpaBHenuii mo xawuy eule medbiie, yem M, Tak Kak
npe KONHPOBAHHH OCTATKA NOCARKOBATENBHOCTH CpABHEHHA e
npon3poaATca. Ho, MoCKOabKY COPTHPOBKA cAHAHHEM OGLIHHIO
npuMenseTcd npi paloTe ¢ BHELIHHMH 3ANOMUHAIOUIHMH YCTpOii-
CTBAMH, CTOHMOCTb OMepawWdil nepecuIKM 4acTo #a HECKOALKO
ROPAAKOB NPeBbMAeT cTOHMOCTE cpaBmeHud, Iloatomy noapo6-
HElll 2HAOH3 4BCAA CPABHEHIT He [PEACTABAAET 0COGOrO npax-
THYECKOTO HHTEpeCa.

AAropurm COPTHPOBKH CHAHAHHEM BBIACPKIIBALT CPABHEHIIC
AaAe ¢ YCQRRPLUICHCTBOBAHHLIMA METOAAMH COPTHPOBKH, KOTOpEC
obcyxaaice B npeasaviiem. pasgene, Ho saTpars na ynpasan-
HHe [HAEKCaM!! AOBOJBHO BLICOKK, KPOME TOr0, CyLIBCTBOMHIM
HEAOCTATKOM ABMASTCA MCMOMb3OBAHNE NaMATH pasMepod 2a
saeMeTos *. [loatoMy COPTHPODKA CAHAHIEEM PeAKO HpHMC-
HReTCA Opi paboTe ¢ MIACCUBAMH, T. e. AAHUHLIMH, PacrofomKeit-
HeIMIt B onepaTiBHoft nasati Hudpw, xapakrepuaymwuine G-
cIporeficTBie COPTHDOBLI CAHAHHEM 8 PeXKHME peanbioro Bpe-
MEHM, COACPHaTCH B Nouie ux crporax 1abn, 2.9 w 2,10, 3y
noKasarednst Aydide, €M ¥ BLHPAMUIANLUOL COPTHPOLKI, HO XYuKe,
4eM Yy GHICTPOIl COPTUPOBKD.

*) Hanosiun, 970 8 HTePATABIOM BAPHAKTE AJAr0puTMa HLCTPOR COprTH-
POBKil TpeclyeTesl CTEK PAssepa fi, @ B PeRYPONRHOM SADHANTE 3210005 HOMATY
3nayaTedsnD Coante, — I, pod,
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procedure mergesori;
yar Lkt Index;
ham,p,q,r: integer; up: boolean;
{a umeent undexcw 1, . . , , 2*n}
Yegin wp ;= true;, po="T;
" repeat A= 1; m.= n;

if up then

begin i ;= 1; ji=n; & ;= n+i; 1 1= 2+n
end else

begim k 1= 1; Ii= pn; i i= n+1;j = 2¢n
end ;

xepeat {caunrue cepuli uz i j B k)
g — Onune cepuu u3 i, r — dauna cepuu u3 ]

I m > p then q 1= p else ¢ i= My M 1= M~q;
itm = pthenri= pelse ri= m; mi= m—r;

while (g20) A (r=0) do
begin (caunnie)
if ali) key < alj] .key them

begin a[k) i= ali); k 1= k+-h; d = itd; g = gL

ed else

begin alk] == a[j]; k1= k+h; ji= -1 ri=r—1

end
end

 {xonuposariue ocmamxa cepul uz j)
white r 5= 0 do

begin afk] := a[j}; & 1= k+h; j 1= j—13 ri=r—1

end
{konuposanue ocmamxa ceptiit 12 §)
while g == 0 do

begin afk) 1= ofi}; k 1= Kob-h; §om 415 g 2o R

end
hiem =kt =k k=1 d e #
il m = 0}
up 1= —p; p 1= 2¢p
motil p = n;
if —up then

jor i := 1tondo i} := afi+n]
end {mergesort}

Mporpamume 2.13. COpTRPOBHA NPOCTHM CAHSHHEM,
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2.3.2. ECTeCTREHHOR CNMABME

B cayyae npocToro cAMAHNA MBIl HHYETO HE BBHFPLIBASM, &CAH
AaHHble yXe YaCcTHYHO paccopTuposansl. Ha k- npoxoie anuna
BCeX CNHBAEMNY [0AfIOCAA0RATeAbHOCTEH MeHbIIe WAH paBHA 2%
0es y4era Toro, 4TG OoJee ATHHHBIE HOANOCAEAOBATEILHOCTH ¥iKe
MOTYT OBITH YIOPAJZOYEHH H HX MOXHO Ob1o Om canBare. Pak-
THHECKH MO0 ObiA0 OBl cpa3y cJAHBATh KaKHe-Aubo ynopafouen-
HBle MOANOCA2A0BATENLHOCTH ANHHON M H n B OJHY NOChenoBA-
TEeJALHOCTL H3 M+ 11 3AeMeHTOB. MeTon COpPTHPOBKH, NIPH KOTO«
pOM KaxAb{ pa3l CAHBAKTCA [ABE CaMble OGAHHHBIE BO3IMOMHbIS
NOANOCAeA0BATEILHOCTH, HAILIBARTCA ECTECTECHMBIM CAUAHUEM.

YROpAIOYeHHYIO MOANOC/AEN0BATSIBHOCTh YaCTO HA3HIBANT
yenowxod. Ho, NOCKOABKY CAOBO <«I@AOYKA» Uallie HCAGMSIYETCR
ana  o0o3HAYSHHA TIOCAEZOBATEALHOCTH CHMBOJIOB, MEt Oyaem
HCMIOJAB3OBATE CAOBO Cepun, XOria peyb UNST O0 YNOPALOHESHHOH
NOANOCA2A0BATEALHOCTH, MB HAZLBASM NOAMOCASAOBATEALHOCTE
@, ..., @; TAKYW, UTO

g S e AR R={, ..., f—1,
Gr_p >y, (2.25)
@ > Apet

MAKCUMANONOE cepueld UM, Kopoue, cepuelt. WTak, copTHpoBKa
eCTEeCTBEHABIM CAHAHHEM CAHBAeT HE MOCAeROBATEALHOCTH (pHi-
CHpOBauno#l, 3apaHee 3agaHHoH ANHHB, a (MaKCHMaJbHbIE)
cepan, Cepad HMCIOT TO CBOHCTBO, YTO NPH CINAHHH ABYX ROCAC-
AOBATENLHOCTEH, KA#AAs U3 KOTOPhIX CONepKHT # cepuil, BO3-
HHKABT OZHA TIOCAENOBATENLHOCTh, COAEPHAHIAA PORHO /1 CepH.
Takum 00pasonM, HA KamKEOM [Poxode Oo6ILee UHCAQ CepAl YMeHD-
tHaeTc BIABOE, H UHCAO HCODXOANMBIX MNEePeCBUIOK 3JEMEHTOS
B XyaleM cayuae pasHo n-[log:a], a B o6biuHoM cayuae aaxe
MeHble, QKU TeMOC BHCAO CPABHEHHH, 0IHAKO, HAMHOTG 60blie,
TaK KaK KpoMe cpaBHeHuifl, HeoOXOIHMbIX [ANA YNOPAACUEHHA
1eMENTOB, TpebYIOTCA eufe CPABHEHHA COCEAHHX IJICMEHTOO
KaXKAOTO hafina 1AA ONPLACTISHHA KONIIOD CepHIlL.

Chemyouiisr HamuM yupaxHeduem Gyaer paapaborxa aaro-
pHTMA eCTeCTBeHANT) CAUAHHA Ten Me MO3TANHHM METOAOM, KO-
TOPLI  HCOOMB3OBLIACH LPH OOBACHEHHH a/rOpHTMA [APOCTONY
caauus. Bumecro Macciea od ofpabartuBact NMOca¢A0BATEALHEIA
¢afin 1 npeactapager cofofi HecOAMAHCHPOBANHY IO ABYXPAIHYE
TPeXJeHT®UHYID COPTHPOBKY canusiHueM. [lyeThb nexniddast nocde-
AOBATEJIbRGCTL IAEMEHTOB 3axdada B BHAe (rafina ¢, KOTOpPHIT
B KoHUe paboTel RO/DKEH COJAepXaTb pe3y.JbTa¥ COPTHPOBKN.
(Pasymeercs, B peaapHbix npoueccax ofpadoril HUCXOJHEE AaH-
HElE % COXPAHHOCTH CHAYAJIA NEPSNHCBIBAIOTCH C JEHTH B pa-
Gounit daik1 ¢.) Hcooas3ywTcs ABe BCNOMOraTesbHble JICHTH &
u b, Kamasi npoxod ¢OCTORT 03 $aszpl pacnpeiefeHln, KOTopan
pacmpedenser CepUH MOPoBIY M3 ¢ 8 a4 u b, 4 asnl CAHAHHR,
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KOTOpas CAHBAET cepid ®3 @ ¥ b B ¢, JTOT npollecc noKasan
Ha puc. 2.13.

a i
% ) | c : c
b b
: e

2
b
Y = —- $aza IRIHHA

T daza pacnpencneHnn
" AN 4 L'_ﬁ’_“)
. . -~
1-i mposon 2-H npoxon n-A NpoKor

Paue. 2,13, @530 COPTHPOBKN W NPOX0AL COPTHPOBRMN.

. B kauectse mpumepa B Tabn. 2.11 nokasan ¢aiin ¢ B Hexon-
HOM COCTORHNR (cTPOKa 1} ¥ moche HAMACro Rpoxoaa {cTpOKH

Tabawna 2.11, TlpeMep COPTHPOBHH €CTeCTBEHHDM CANAHHEM

AT 31 5 5913 41 43 67 11 23 29 47 3 7T 7 2 19 5P 37 6L
517 31 5911 13 23 29 41 43 47 67 2 3 T 19 57 71 37 ¢l
51113 17 23 29 31 41 43 47 59 67 2 3 T 19 37 5T 6L Tl
273 5 711 13 17 19 23 29 31 37 41 43 47 57 59 61 67 Tl

2—4). B ecTecTResHOM caHARER yuacTBywor 20 wHcen, 3ameTnu,
yto TpedyoTes TonbKo Tpu npoxofa. COpPTHPOBHA 3aKaHUH-
paeTcs, KaK TONLKO uHeao cepuli B ¢ 6yaer pasuo 1. ([Ipemno-
JaraeTcs, YTo B HCHOAHOM (alne nMeeTca XoTa Om OAHA Hemy-
cran cepua.) HMrtak, nycrp nepemennan / Mcnoandyeres AN non-
cyeTa YHCAA CepHil, canpBaeMbXx B ¢. Ecan MM onpeneanm rmn-
GaanHHe 06LENTH

type rape = file offfem; (226)
YAT (. fape |

TO TIPOFPAMMY MOKHO HAllCaTh CIeAylomuM obpasom:
procedure naturaimerge,
var [ integer;

ab; fape;
begin
repeat rewrite(a); rewrite(b): reset(c); (2.97
distribute; 27)

reset{a); reset(b); rewrite(c);
!:= 0; merge
mtil 7 = 1
end



2.3. Copruposra nocaedoaaretsnoiy thatisos 1?7

¥icHo, uTO ABe da3nl BEIPAXAIOTCA ABYMA OTACAbHEIMH OTiepa-
TopaMi. Tenepn IIx HAalo YTOYHHTL, T, €. ONHKCATL Oojaee mo-
apobuo. loapoSuble oulicaniis MOMHD JKDO HEMOCPEICTBEHHO
BCTaBHTL B TEKCT, AHS0 MpeACTABHTL B BHAC MPOULAYP, H TOTAa
COKpalleHHO 3aAMICAHHBIE Onepatopel Caeldyet paccMaTpHBAaTb
Kak BHI30BH npoleayp. Ha sror pas mel H3bepem nocaensnd
cnocol B onpetennm

procedure distyibute; {uzce au b)
begin
repeat copyrun(c,a); 298
if —ecof () then coprruvic,b: (228)
until cof (¢)
end

proceduare nicrge;
begin [uzaqubdec)
repeat mergerwir; o= 1--1
fmtil eof (B); (2.29)
it —cof (@) then
begin copyrum{ac); 1= 141
end
end

TMpeanoaaraetcda, 470 nNpH  TakoMm cnocode pacnpelenenils
B dafirax a B b okaszwBaerca aAnfo pasioe UHCID Cephil, ARGO
dain @ COLCPEMT HAa oKy cephio Goavuwe, uem b. Tlockoabky
COOTBETCTRYIOLHE Taptt cepHil canBaloTcA, B (ailie g MOMeT
OKA3aThCA JHIUBAH CEPHA, KOTOPYIO CAEIVET NPOCTG HEPENHCATh.
[poueaypu terge u distribuie $opmyaAUPpYOTCE € MOMOLIBH
MOAYUHEHHBIX MPOUEAVD mergerun N cOopyrun, 3alavi KOTOPLIX
nonatTus. Teneps omimem 3TH npouedyprt Goaee nogpolHO; OHH
TpebyloT BBeleHHA TrI00ANBHON  OYyJeRCKON  NepeMennoi eor
{end ol lhe run}, 3HaueHne KOTOPOH NoOKAasbiB4ET, AOCTHTHYT Sl
KOHEL CepHH.

procedure copyrun(vax x,y: tape);

begin [ nepenice 00HOH cepuu U3 X 6 ¥} (2.30)
repeat copy(x,y) until eor '

end
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procedure mergerun;
begin fcaunnue cepuii uz a u b g c}
repeat if af.key << b} .key then
begin copy{a,c);
if eor them copyrun(b,c)
end efse (2.31)
begin copy(b,c);
if eor then copyrun{a,c)
end
until eor
end

[Tponecc cpapienta u BeIGOpA N0 KAKYY NPH CTUAHHH CepHi
3aBepHaeTcs, Kak TOBbKO OyAeT ucueprana olHa H3 ABYX cepHil.
Hocae 310r0 0CTaTOK APYrofi cepHH, KOTOPHIN €lle He reyeprnan,
HYHO NePec/aaTh B BbIXOAHYIO CEPHIO C [OMOLLbLI NPOCTOTO KO-
HHpOBaHMA. JTO OCYWIECTBJARETCA BbI3OBOM NPOUERAYPHl COPYrun,

Obe 5TH NpoUeAYPH ONpEACTEHbLE C TOMONIBIO MOAUHHCHHOH
LpOLEAYPHl €OPY, KOTOpAas NepechNaeT aneMeHtr u3 daiina v
B dalia g H onpesesnsier, AOCTHTHYT JH KoHell cepHu. Ee gerko
HARKCATL, HCNOAB3YR onepaTopwl read n wrife. Haa Toro urtobwl
HallTH KOHCU CCPHH, HYKHO COXPAHATH KAIOU MOCAERHEro Apouu-
TAHBOrO (NepenHcaHHOro) 3.eMeHTa AR CPABHEHHA CO CJAeAYio-
WAM. ITO «3arNadbiBaHAe Bneped» AOCTHIAETCA HCHONbIOBAHHEM
Gypepuoii mepemennofi Qakna xf.

procedure copy(var x,): fape);
var buf: ifem;
begin read(x, buf); write(y, buf); (2.32)
if eof (x) then eor == true else eor := bufkey > xtker
end
Ha 3TOM nocTpoeHHe NpoUeNyphl COPTHPOBKH €CTECTBEHHLIM
canandeM 3akoHuedo. K comaneHno, Kak MOMKeT 3aMeTATh BHH-
MAaTENbHEIH 4YATATEADb, 3T4 NPOrpaMma HeKOPPEKTH&E, NOCKOMbKY
B HCKOTOPHX CJYYafX OHA HEMpaBHALHO NPOM3BOAWT COPTH-
posxy. PaccMOTpuM, HKanmpHMep, Taky® NOCTEAOBATENLHOCTD
BXOAHBIX BAHHBIX: |

3251171319 17 23 31 29 37 43 4 47 59 57 61 71 &7
Pacnpepenns mnocaejosaresibiible CepHH MNooYepeRHo B dalau
a A b, Mu1 IOJAYYHM
=3 '713197293743°576171"
b==25 11" 17 23 31 " 41 47 B9 ’ 67

ITH NOCHeJ0BATENbHOCTH JIETKO CNUBAWTCS B OIRY CEpHIo, acae
Yero COpPpTHPOBKA 32KAHYHBAGTCA. XoTa 3TOT MpuMep H He TpH-
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BOJAUT K OIIKDOYHOMY NOBEIeHHIC NMDPOFPAMMBL, OH TNOKAa3HEBaeT,
YT0 TPOCTOC pacipefedqcHHe cepHH B HECKOJNbKO (alaoB MoxeT
LaTh B Pe3ynbTaTe MeHbllee HHCIAO BHINOAHBIX cepHit, ¥eM BXOA-
HBIX. IJTO MPOHCXOAHT MOTOMY, uTo fepBulil sxement (i -+ 2)-R
cepiil MoxeT 6rITL Sonblie, 4eM mocnedHull sneMeHT i-fi cepum,
uTO fIpHBENeT K ABRTOMATHUECKOMY CJMAHAIC ABYX CEpHA B OAHY.

Xota n upeanoaaraetca, uro npoueaypa disfribute nocwiraer
cepuy nopoeny B 0ba daitna, AefCTBHTeNBHLIE KOMHWYECTBA Bbl-
XOAULIX CepHil B @ 11 & MOFYT 3HAUHTEJNbHO pasnhuaThes. ONHaKoO
Haula nponejiyvpa OyAeT TONbKO CAHBATL fMAPH CePHA H 3aKaHYH-
BATHCH, KAK TOABKO Byier npoudtan dafia b, Tepan NpH TOM
OCTaTOK 0AHOro H3 ¢alinos. PaccMoTpnM Takne HeXoAHbE Aad-
HEl¢, KOTOpble COPTHPYWTCA (H yceKaloTca) 3a ABa MOCNSN0Ba-
TeALHBIX MPOXOIA:

Tadanua 2,12, HerpabBHibHulll pe3yabTat pafoTh RpoTpaMMul
COPTHDOBKN  CAHAHHEM

17 19 13 57 23 2% 11 59 31 37 7 61 41 43 5 67 47 71 2 3
13 17 19 23 29 31 37 41 43 47 57 71 11 59
11 13 17 19 23 25 31 37 41 43 47 57 59

I1a ownbKa THOHYHA ANA MHOCHX cnTyvauuii. OHA Bol3BANA TeM,

YTQ YAYCKAETCR H3 BHAY OAHO W3 BO3MO,iibIX FOCACACTBHHA, Ka-

3aroch Obl, npocroll omepauwnn. Ora TarMe THNHYHA B TOM

CMBICNIC, YTO CYLIECTBYET HECKOJLKO ¢HocoGoR ee HCMpaBielms

B HY)KHC BHOPATh OAHH M3 (HX, HacTo UMeTCq ABe BO3IMOMKHO-

CTH, P43AHUHE Me¥AY KOTOPHMH HOCHT MPUHUHDAAABHHN Xa-

pakTep:

l. Mpt BRAHM, yTO omepalliid pacnpeiencHif HaNHcaHa HCKOpP-
pPEKTHO M HE VAOBAeTBOpReT TpeboBaniio, YyTobbl YHCAO cepH
Ha JABYX JeHTax Obli0 OAHHAKOBBIM (MMl pasaxdanoch He Go-
nee uem Ha 1), IlpuaepxupacmMest mpUHATON paHce CXeMH
B COOTBETCTRYyOIINM OCpas3om icnpasaseM  HelMPaBUALHYIO
ApOLLeAYDY.

2. Mbl BHIHM, YTO HCNPABAEHHE HENPARHALHO HANMCAHHOH YacTH
1pedyer ceppesHnix MOAHPUKAUHI, B HilleM ¢NoCco0B HIMEHHTD
ApYTHe YacTH aaroparMa, uralul MOBAHATE Ka paloTy HeKop-
PeKTHOI 4acTH.

Boodule roBopsA, nepebiil cnocol BHICAAINT G0Aee NOHATHHM
H HajexmibiM, 8 TaK€de f0.1ee HeCTHHMM, OH B ﬂUC‘I‘ﬂTO‘{HGﬁ Mepe
CBOGOLCH OT HeNpedycMOTPEHNBX NOCACACTBIN H CAOMKHLIX TO-
foudblx  3dgexToB. CnelopatespHO, 2TO TOT MYTh, KOTOPHI
OOBIUHO DeKOMEHVETCS,

OnHaxo Haao YKasarb, 410 OWBAIOT CJIY4dd, KOrAa He cae-
Ayer npeneBperate Bropofi BoamomkuocTbo. [losToMy Hike MH
MOKaXeM La 3TOM NPHMepe, KAK MOMHC HCMPABUTL OILHOKY,



program mergesort (fnput, ouipur)?
{3-nenmounas, 2-Painan cOPMUPOBKG cCNECCIRIEHHBIM CAUIIUECM }
type itemn = vecord key: infeger
{npoyue noan)
end ;
tape = file of item;
var c: tape; n: integer; buf: item;
procedure /ist (var £ tape);
var x: item;
begin reset{f};
while —eof (f) do
begin read(f,x); write(output, x.kex)
end
writein
end {{isf} ;
procedure nafuralinerge;
var I: integer) {[wucao cangaembix cepili}
eor: boolean; [unduxamop xonge cepiit}
ab: tape;
procedure copy(var X.3': tape);
var buf: item;
begin read(x, buf}; write(y,buf);
if eaf (x) them eor 12 frue else eor t== bufkev = x%key
end ;
procedure copyrun (var x,y: fape);
begin [nepenice 0duoii cepiut 43 X 6 ¥}
repeat copy(x,r) until cor
end ;
procedure disiribuic;
begin (uz ceaub)
repeat copyrun (c,a);
if —eo f(c) then copyrim (c,b)
ntii ¢o f{¢)
end
procedure micrgerun,
begin (v2au b ec)
repeat
if atkey <2 bikep then
begia copy (a,0)3
if eor then copyrun (4,0)
-end eise )
begin copy (b,0);
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if cor then copyrin (a,c)
end
until eor
end ;
procedure micrge;
hegin fuz g 1t b 8 c)
while —eof (a) /\ —eof (b) de
begin wrergerun; §o= -1
cnd;
while —20f{a) do
begin copyrun (a,0); 1= 1001
end;
while —cof(b) do
begin copyrun (b,e); 1= I-1
end ;
fist (¢}
end ;
begin
repeat rewrite(a); rewrite(b}; resetic);
distribute;
resel{a); resei{d); rewrite(c);
[ = 0; merge;
untit J = 1
tod
begin {0cHOGHAA NPOCPAMME; HIMEHUE GXOONOI
nocaedosamenvtocmit ¢ 0 8 xonye)
rewrite(¢); read(bul kev);
repeat write{c.buf }; read(bufkey)
wntil bif ker == 0
fist (¢3;
naturaimerge
lisHc)
end .

Tporpassa 214, Cdpr:-xponua eCTeCTREHIILIM CAHSHHEM.

HIMEHHB NPOLLAYDPY CAUAHHSA, 2 HE OBOLCAYDY pacnpelelenHa,
KOTOpas H3HAYAABHO ABARETCS OHGOYHOR.

ITO 3HRUNT, HTO CXEMY pacnpeae/iedds Mbl OCTABAAECM HETPO-
HYTOH, a OTE&3biBaemcA oT TpefoBaxus, UTOOGH CepHM pacupe.
JAeAsnkch NOPOBHY Ha B¢ JeHTH, B pesyapraTe mporpamma
MOKET paforarh HeonTHMAIbHLIM ofpasom. Opxake B XyArieM
napnalie OHA COXPALAST 1€ JHe XAPAKTEPHCTHKY, HDOME TOro,
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cAydali CcyLICCTBeHHO HepasHOMePHOFO paclpefeleHis craTHeTd-
YCCKH Kpaiile Maiccceposren. lloztomy coofpaxenns sddex-
THBHOCTH He RBJAAIOTCA Cepbe3HbIM APTYMEHTOM IIPOTHB 3ITOTO
penieHns.

Ecan TpeGopanne © pacnpefeneHHH cepHi NOPOBHY OTMe-
HEHO, TO NPCUEAYPY CIHAHWA CJeAYeT M3MEHHTh TAaKHM 00pa3oMm,
yTofnl mocse RoCTHMeHHA KoNLa ognoro H3 daltnoB KonHpoBadica
gect OCTATOK Apyroro <rafia, 4 HE TONDLKO DAHA CEpPHA.

31‘0—-HE‘.C.‘10}KHO€ H3MeHdeHHe, OHO HAMHQCID npoule, Hem
Kakoe-jubo usMeHeHue cxeMbl pacapedeneHua. (Mu npeanaraem
YHTATeAKY CAMOMY YOCAHTBCH B NPAaBOTE 3TOTO YTBePKICHMSL )
MepecmoTpenkasn pepcus aAropATMa CAHAHAA BKJAIONEHA B OKOI-
daTensnyo nporpammy 2,14,

2.3.3. C6anancMpoBaHHOE MHOTONYTEBOE CNMSAHME

~ 3atpaTHl Ha [OC/EAOBATENbHYK COPTHPOBKY IPONOPLHO-
HaJbHB UHCIY NPOXQMOB, TAK KAK NG ONPEALAeHlii0 HAa KAXAOM
npoxofie NPOHUCKOANT Mepentct BeeTO MHOMECTBA AaHHBIX. OINH
H3 CNOCOGOB YMEHBIIMTL 3TO YUCJAO — PACTIPEleJATe CepHH HA
fonec ucMm Ape JcuTh, CaliaHHe r cephil, KOTODHIC MOROBIY
pacnpefiesiessl Ha N JeHTax, AaeT B pe3yiabTarTe NOCNeA0BaTeTh
HOocTh M3 r/N cepufi, Bropoh npoxol ymenpltaeT 570 ypeao
xo r/N? a tperut — o r/N® M 10cAe £ NPOXULOB OLTaETCA
r/N¥® otpeskos. Hrak, ofitiee yuciI0 MpOXOIOB NPU COPTHPORKE 1
sneMenTos N-nyrecum cauanuesm k= [logyn]. Ilockoabky wva
KAXKAOM NPOXOAe WPOUIBOAKTCHE n ONepauuil fepenucy, ofusec
THC0 onepanuil mepentcH B XyEuem caydae Gyaer

M=n-llogynl].

B «kauecTBe cleAyIOILero YHPAKHEHNA MBl NQCTPOHM I[po-
rpaMMy COPTHPOBKH, OCHOBAHHON HA MHOTOMOYTEBOM CABSHUH.
Urofbl [OAYEPKHYTE pa3JuyYHe MeXAy 3TOH mporpaMMOA H ofn-
caHHOfi BBILE MPpOUeTYPOH €CTECTBEHHOTO ABYXPA3IHOrO CAHAHHA,
Mbi ONpeAS/HM MHOTOTYTeBO CAHAHHe Kak ognodasnyw chaxan-
ClIPOBaHHYI® COPTHPOBKY cAuAHHeM. 3TO 03HA4aeT, UYTO Ha
KAMAOM OPOXOAE NMEeTCst PaBHOe UHCAo BXOAHBIX H BEIXOTHBIX
(pafinios, B KOTOpHIC NOOYEpPeJHO DACHpPefleNHIOTCa CASAVIOUHE
onHa 3a Apyroi cepun. [Ips ucnonbsosawun N dafinos anro-
puTM Oyaer ocuopaH ua N/2-uyTeBoM CHAHSHAM, eCAM CYUTATEH,
yro N uerno. Chnelys NPUHATOR paHee CTPATErHH, Mul He OyIeM
3a60THTBCA O TOM, YUTOOL! MPEAOTBPATUTL ABTOMATHUYECKOE CJHHA-
HHe ABYX COCENHHX cepHii, MONaBLIHX Ha ogHy JaenTy. Cleposa-
TEALHD, HAM NPHXOAKWTCHA paspaﬁarbma-'rb OpoTpaMMy CJHHAIHII
Ge3 TpefoBanid, UTOOHM HA BAOAHBLIX EHTAX COLEPIKANOCE CTPOro
OLHHAKOBOE YHCJIO CepHit.
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B 3Toh nporpamme Mbl BNepBuE BCTPeuaeM eCcTECTBEHHOE
HCOOAb30DAaHNe CTPYKTYPW [IAHHLIX, HpeACTaBARWMeNd colof
maccup dafinos. B camom fene, vAHBH1EAHO, HACKOJLKO BEJHKO
OTANYHe 3TOH ApOTpammul OT npelplAyHlell B pesynpTaTe mepe-
X043 OT ABYXNMYTEBOrc K MHOSONYTEBOMY CAHAHHAIO. ITO ODOMC-
XOAHT MperAe BCEro HOTOMY, 4TO TeNepb Lpollece CAUSHHS e
MOYKET NOPOCTO 3aBepllarhed [OCAe Tore, Kak OyAeT ucaepnad
OJAHE U3 BXOAHHX (afnor, Bamecro 3TOoro HyXHO BECTH CNHCOK
BXOAHBIX (afinoB, KOTOphIe NIOKa AKTHBHLL, T. €. He HCHEpIaHH,
Jpyroe ycnoxkHeHHe BOIHHKAET H3-332 HeQOXOAMMOCTH Meperio-
YaTh Ipynnbl BXOAHBX H  BLIXOAHBIX JI€AT 1OChAEe  KAXKAOFO
NpoxoAs.

BHasase, B AONMOJHEHHEe K ABYM SHAKOMBM HaM THOaM ifem
R {gpe, ONpeAeNAM THI HOMEDA AEHTHL

tapeno=1..N (2.33)

CueBHAHO, YTO HOMEPA JIEHT HYMHEL, AAA TOT0 YTOOW HHIEKCH-
poBath maccup ¢aiinos. Byaem cuntate, 4ro Hexoasas nocaeav-
BATEAbHOCTD MEMCHTOB 321aHa NepeMennoi

JO: tape (2.34)

W 8 COPTUPOBKH Mbl HMeeM B pacmopseHHn N Jaenr, rie
N deTHO:
{: arrayltepeno] of tape {2.35)

Jduan pellieHMs DpoGaembl [1ePeKTIOUEHNS JIEHT PeKOMEHRYETCH
HCAOAB30BATE KAPTY JIEHTOUHBX HHASKcOB. BMecTo Toro 4Tofkl
06paliaThes K JEHTe HENMOCPeACTBEHHO ¢ ROMOLIbIO HHEEKCE
K Hell aApecyloTcs Yepes KapTy f, T. e. BMECTO

f U] mut muuem f [ f] ],

rie KapTa onpeleNeHa Kax
iz arrayliapenc| of tapeno - (2.36)

Ecan nepepowavaneso {[i] =i asn meboro i, 10 nepexaioyeine
NPGHIBOAHTCA MPOCTO TPl ROMOUIM O6Mela Hap KOMIOHEHT
HAPTH

(1] <> tinh + 1]

t[2) <> [nh 4 2)

i{nht <> t[n),

rae nh == n/2. Cre1CBATeFbHO, MBl BCEIAA MOMKEM CUNTAThH

FULi, ..., flelnhli

BXOAHBMH JEHTEMHE, 2

Fleinh 4 h oeey TR
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BLIXOAHRIMH JeHTaMH. (B jpajpmneiinieM Mbl OyfeM HassBath
flt1j}] npocro eaentoit j».) Tenepb B Repsov ApHGAMMEHUM
AnropHTM MOXKHO 3aMCaTh CAeIVIOIHM 0Gpa3oM:

procedure tapeinergesort;
yar f,j fapeino;
I integer; [wncao pacnipeQeidespix cepidi}
?: array [fapeno] of fapeno,
begin [ pacnpedeseniie pauatoroly cepuii ve € [11. .. ¢ [nA]}
Jrie=mhy o= O
repeat if j - uft shem ji= j+1 else j:= 1;
«nepenuch 00Ho20 ompeska ¢ £ O na aeumy jin;
[oz= -1
until cof (1 0);
for i := 1 to n do [{] 1= §;
repeat fcaugnue uat 1] .. i [nhlet (nh + 1) ...t [n]) (2.37)
CYCIMAHOBKA BXOOHDIX ACHIT;
Pi=0;
J == nh-1; {j-HOeKC 8bIX00HOH Aenmbl}
repeat [ ;= [11;
KCAUSHHE cepui @ ¢ 8XOOHBIX AeHm Ha { [f]»
if j << » them j 1= ji-1 else j 1= nh41
until «6Ce BXEOHBIE ACHMbI HCHEPRAHOI §
CHEPERAIOHEHIE ACHINED)
until /] = 1;
{omcopmupoeannsiil fialia naxooumes na aenme t i1}
end

[Tpexae Bcero YTOUHHM ONepaLBio KOMAPOBAHHA, KOTOpas
MCIIOAL3YETCA PH HAYANBHOM pacipefellenly cepHil; BHOBb BBe-
AeM BCIOMOTATENbHYIO MEpeMeHHyI0 LIl Oydepusaluu uocrel-
HErQ CYHTAHHOrO 3AeMeHTa

buf: item

¥ 3aMEeHHM <«TEpeNuch OAHoro orpeska ¢ fO Ha Jenty j» onepa«
TOPOM

repeat read(f0, buf); .
write( fj}, buf) (2.38)
wtil (bufkey > fOT.key) V eof (f0)

[lepenuck cepniw 3axkaHuHBaeTes, JHO0 KOrAa BeTpevaercs
NepBLIl 3AeMenT caeldyiolledl cepun (buf.key > fOt.key), nubo
KOTRA [OCTHr4eTCss KOHer Bcerg sxoasoero ¢aiina (eof(f0)).
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Tenepb B AATOPHTME COPTHROBKH OCTAAHCL OHEPATOPLI

1) YCTaHOBKA BXOAHLIX JEHT;
2} cousiude cepHN ¢ BXOLHLIX JieHT Ha JeHty {[f];
3} nepeknawUSHRE JEHTH

U fpepHKarT
4] once BXOANKLIC NEHTL HCHChnaKe,

KOTOPBE HYHHC onpelenuts Oosee noapobuo. Bo-mepseix, mut
DOKHB @KKYDATHO BeCTH y4eT TeKYIUHX BXOXHbIX (alifnos. 3a-
METHM, 4TO KOJAHUECTBD <«aKTHBHHX» BXOZHHX ¢aflnop moxer
OniTo MembLIe wem N/2, deficTBHTeNIBHO, MaKCHMAJAbHOE YHCAC
BXOAHBX (afinop MoMeT OuiTh paBHG YMCAY cepUl; COPTHPOBKA
3aK4HYHBARTCA B TOM cJydde, KO[AA OCTACTCRA TOABKG OXHH
dadia, [Ipnuem MoMeT oKasaTbefl, UTO KOJAHUYECTBO cepHit B HA-
Hyaje MOCMeBHEre npoxoda COPTHpOBRH MeHbine uem nh. [lo-
9TOMY MBl BBOIHM MepeMeHHYo £ nag o003HaUeHHA YHCIA
TeKYUIHX BXOAHMX (paitaoB. Hlununaumio k1 mu Briaounm B one-
patop (1) caemyroutum o6pasom:

if ] < nh then L1 := [ else k{ :== nh;
for i := 1 te k1 do reser(f[t{i1]);

TMosaTHo, uto oflepaTop {2) MOMKEH YMeHbIATh 3HayeHue A,
KaX TOJMbKO HCHEPHLiBAaeTCH Kako#-nubGo sxomuoi dain, Caeao-
BaTeNbHO, Tpeankatr (4) NeTKO MOMHO:BHIPA3NTH OTHOLICHHEM

2l=10

Ounepartop (2) yTOUHHTL TpPyZHee; OH COASPMHT UHKAHURCKHU
BblﬁOp HAEMECHBINETO KAKYA H3 TEeKYyUIHX BXOAHLIX AaHHBIX; Bbl-
OpanHbift TakuMm 00pA3OM 3INEMCHT, NOCHNACTCA B BHIXOAHON
ain, 1. e, HA TEKVULY0 BEIXQAHYI JIEHTY. DTOT MPOLECT OCA0K-
HASTCA ellle TeM, YTO HYIKHO HCKATL KoHel Kamaoh cepuu, Kouwey
CepHH  CHHTAETCA JAOCTHTHYTHM, ecan (1} ouepeaHolt Kaod
MEHBIE TeRYUISre, UAR (2) OOCTHLHYT KOHEeW BXoAuoro ¢afina.
B nocaeanem cayuae JeHTa HCKMouaercid H3 paloThl IyTeM
yMeHbuseHna &1, B AepBOM cCJydae OTPE3OK 32KPLiBAETCH, T. €,
(haita nepecraer ywacTBoBaTb B AajbHeifimeM BriGope 3AECMEHTOB,
HO TOMBKO A0 TeX NOP, HOKa He OKONUMTCS (POPMEPOBAHHE TeKY-
el BuxemHoll cepiin. Orcloga scno, uro HeofXxognaMa BTOpas
nepemernas k2 ans ofo3HAYeHNA UMCTA BAOZHBIX JIEHT, KOTOpbie
B TeKYWHH MGMEHT HCUOABL3YIOTCA AJR BeOODA CACAYIOLKETO
3femMenTa. IJr0o 3HAYEHNE BHauaae 110JaraeTcs  pPaBHBM Ry
U yMEHbLMASTCA, KOTJAA Kakaa-niufo cepHs 3akpuHpBaercd Mo yc-
nopue (1),

K coxa/eHHI0, HEAOCTATONHO BBECTH NEePeMEHHYI0 R2: Mano
3HATh YHCIO JGHT -— HYHKHO 3HATH TOYHO, KAKHE HMEHHO NEHTH



yrogram balancedmerge (outpur);
{ COQAaNCUPOBAHNAR N-PYMEEAn COPIMUPOGKA CAUANUEM )}
comst ¢ = 6; nh = 3; {vucao nenm)
type ifem = yecord
key: infeger

end ;
tape — file of itens;
tapeno = 1, .n;
-¥ar leng, rand: integer; {ucnoasayromen o8 opmuposanun Peiina)
eot: boolean; { xoney nenmot)

“buf item;
10; tape; (O — oxodnan denma co cAYURIHEIMY wuCAGMU )
J: array [1, . u] of lape;
procedure kist{var f: iape; ni tapenoy;
var z: integer;
begin writeln('TAPE’, n:2); z 1= 0;
while —eof (/) do
begin read(f, duf); write{output, bufkey: 5); z := z+1;

iz = 25 then
begin writeln{output); z 1= 0
end
eM .
if z i 0 then wrireln (outpur) reser{ f}
e {liss} ;

procedure {apemergesort;
var ijmx,ix: lapeno;
k1,k2,1; integer;
X, min; integer;
1, ta; array [tapeno] of tapene;
begin (pacnpedenenue navasvrorx ceputi na til . . . #[nh])
for i ;= 1 to nk do rewrite(flil};
Fi=nh; 1:=0;
repeat if j << nh then j 1= j41 else f 1==
{nepenuca ooneil cepuit ¢ 0 na ﬁenmy J )
="I1+1;
repeat read(f0, bufy; write(f1j}, buf)
wntit (buf ey > fO} key) V eof (fO)
wntit eof'(10); .
for i = ltendoifi] :=
repeat (caunnue c 11, .. tnh) wa ilnk + 11 .. 4 21N}
if [ < nk then k1 ;== ! else ki := nh,
{k1 -uuca0 8x00MBIX fNenm Ha 3ol Pase)
for i 1= 1to kl do
begin reset{ felil); Hsr(FUGR, o1D; tali) t= i}
end ;



1:=0; (l-uucao eaugmemnry cepuit)
Ji= nh4-1;  {f-undekc evixodnol AeHnst)
repeat {cavanue ceprit ¢ (1] . . . tik1] ne 1)
k2 1= K1y { == [+1; {k2-wucao exo0usix Aeum,
JRACMBYIOMUX. 8 CANINRL]
repeat (epiGop HapMeHbLLE20 dIeMEHME |
o 13 e v 15 mtin o= flta{l]]].keys
while § << k3 do
begin [ 1= i+1; x 1= fltali]]t key;
if x_ <= min then
begin min 1= x; mx 1~ |
eni
end ;

{Haumenvuiwit anemenm na talmxl, nepecoiaxd e2o Ha t{j])
read( f{talmx]], buf); eot 1= eof (f{ralmx]));
write(fItLjT], buf);
if eot then
begin rewrite( f{talmxl); (uexmouenue aeumsr)
talmx] 1= talk2]; talk2] @ = tofk1];
kl = kl—1; k2 := k21
end else
It buf key > firalmx]}t key then
begin tx := talmx]: tafmx] := talk2]; to[k2] 1= tx}
k2 = k21
end
vemtil k2 —= 0
i << nthem ji= jI1 else j tee nh+1
wiil k1 = 0;
for [ ;= 1tonhdo
begin 1x = {[i]; [i] 1o {it+-nk]; fidnh} 1= pe
end
wtil 7 = 1;
reset(F{AAND; FHst(AIAN], ([1D): Comecopmuposannsiii aiia
Haxodumes na [1])
end {tgpemergesors} 3

begin {Popmuposanse cayyaiinozo gaiira f0}
‘leng 1= 200; rand .= T789; rewrite( f0):
repeat rand (== (13107 1#rgnd) mod 2147483647;
buf key 1= rand div 2147484; write(f0, buf); leng 1= leng — 1
antit Jeng = 0; '
reset(f0); list(f0, 1):
fapemergesort
end . '

Tiporpamma 2.15. CopTnpoBKa c6anaicupOBAHHMM CAKAHAGM,
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eule yuacTRylT B hrpe. OueBHAHEI npHeM — HCNCAL3OBATH Mac-
cHB OYREeBCKHX TNepeMEeBHHX, OTPAaMAILAX AKTHBHOCTL AEHT.
QnHako MK OpeanCYHTaeM APYIGH METOA, NPH KoTopom Honee
spdenTnsne paboTaeT npouneaypa BHOOpaA, SABAAIOWARCAE B KO-
HEMHOM cueTe HaWGonee uUacTo MOBTOpAOIeIicA uazTLl0 aJro-
putma. BmecTo OyJeBCKOTO MaccHBA BBOAMTCA BTOpas KapTa
JEAT (@, DTa Kapra HCAONb3IyeTCH BMecTo { Tak, vto fa[l] ...
... talk2}— unpekcu jaenr, yvacveyiownx B paborte. Hrax,
onepatop (2) MOMHO 38NMHCATL CAEAYIOWLEM OGPA3oM:

k2 ;= kl;
Yepeat «GoIGOD MURNMAALHOZO KANY], HYCHID
talmx} — nosmep eco aennmom;

read(fTralmx]), buf); (2.39)
write(f {1, buf); '
if eof (fTtelmx])) then «uckaouenue neuntol» else:
if bufkey = fltalmx]]].key them «3aikpbinb cepuion
util k2 = 0

[locKORbLEY KOMUYECTBO  YCTPOHCTB-HOCHTeA€H MarHHTHREX
JEHT, AOCTYNMHEIX B BHIYHCAHTENbHOR cHeTeéMe, OOLIYHO AOBOJLHO
MaA0, AJTOPATM BHEOPA, KOTOPEI BYMHO YTOUHATL Ha CHEAYIO-
LeM 3Tane, MOMET Tak#e NPEACTaBAAThH COGOM TPOCTGR JHHER-
Hbtit ouck. OnepaTtop «HCKTIOUEHUE NeHTH? NPLANOAAr AT YMEHb"
menne k! u &2, a TarMe H3MEHEHNE 3HAUECHHI HHIEKCOB B KapTe
fa. OnepaTop «3aKPHTh CEPHIO» NPOCTO YMeRbAeT k2 H A0MK-
HHM 00pa3oM HepeynopsalounBaeT HoMIoHentw fa. TlompoGHo
910 NMOKa3aHo B nporpaMMe 2,15, koTopaAa ABJASETCA OKOBYATE b -
HuiM  yTouHeHmeM (2.37) npn nomowmyn (2.39). 3ameram, uro
JNEHTH 0CcBo0OXAAI0TCA NPOIEAYPON rewrife, KaKk TONLKO NPOuH-
TaHa nocJelknan cepus, OnepatTop «nepekaIOYEHHe JEHTH® pPa3-
paboTan B COOTBETCTBHN ¢ AaHHBIMH paiee NOACHENNAMH.

2.3.4. MuiorothasHas cOpTHPOBKa

Tenepp Mbl 3naeM HEOOXOIZHMHE NpPHEMB N NGETOTOBJAEHE
K TOMY, 4T00p padpaoTath ¥ 3aHPOTPpaMMHPOBATL APYroH anro-
PHTM COpTHpPOBKH, paboTawali 6onee sbpheKTHBHO, YeM aiaro-
pHTME ¢GanaHCHPOBAHHON COPTHPOBKH. Mpl BHIENH, UTO nOpR
¢0aaaHCHPOBAHHOM CAHSHHA YCTPAHAIOTCH ONEpaulid mpocrToro
KOMHPOBAHHA, NOCKOJLKY pacnpeaeaenne M cauanne odbend-
HeHbl B oany $asy. BoanHkaeT BoDpoc: MOMKO JH eule Jiyyile
HCNOABL3OBATE HMEoMKeca NeHTH? Jla, 910 AEHCTBATENLHO RO3-
MOMHO; OUEPEeAHOe VCOBEPIIEHCTBOBANHE 3aKAWYAETCH B TOM,
yTolH OTKA3ATLCA OT CTPOTOTC NOHATHA RAPOXCAA, T. €, HCOOJh-
90BaTh AEHTH H0Jee XUTPHIM enocoBOoM, HeM TOT, KOTAA CYHTAIOT,
uwro BeerAa HMeerca N/2 BNOAHHX NEHT B CTOAbKO JKeé BBIXCGA-
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HLIX, H MEHfIOT pOJAAMR BXOLNLIE W BLIXOAHHE JenTsl nNocae
KaXJ0ro oTleNbHoTo npoxona. [lpy 3ToM nondtHe mpoxoaa cra-
HOBHTCA HeueTKHM. IToT MeTon OmA u3obperen P..J1. Fuacragom
[2.3} v nazsan muoz2odraznoll copTUpOaKol.

Bravaae nponmocTpHpyes ero Ha npiMepe paldoTH ¢ TpeMms
aentamii. B Ka:kablli MOMEHT 2JIeMeHTHl CAHEBAITCA ¢ ABYX Nenr
Ha TpeTblo. Kak TOJAbKO 0AHa H3 BXOAMHX JEHT OKaXeTcd HCUep-
NaHHof, OHAa CPa3y CTAHOBUTCS BRIXOAHONR AEHTOH AN CIHRHHSY
C TOH J€HTH, KOTOpas CUEE He HCYEPRANa, i ¢ TOH, xoTOpasd A0
3TOro 601,12 BLIXGAHOH.

11 2 3
13 8
| | Tax 1 2 3 14 5 8
B ] 8 16 15 14 12 3
L ] 1 ] H | i
Y
0 5 3 8 7 6 4 ] 8 -
| J i | I i |
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3 2 0 4 3 2 [H 4 4
l | | | t ] |
1
1 0 2 2 1 0 2 2 2
l J | | i l i
¥
4] 1 1 1 1 1 1 1
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o
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0 n 0 o 0

Puc. 2.14. Mncorogasnancop-  Fuc, 2.15. Murorodasnan coptupooka caus-
THPOBKA CHAHAILYEM € TPeMs  HHEM ¢ LIECTLMr MEHTAMU, COACPHAALINMH
AeHTaMK, cogepmattimn 21 65 cepuil.

CEPHIO.

Ilockoasky Mb 3HaeM, YTO 7 CepHit Ha, KAKAOR BXOAHOH
JeHTe nupeBpallaEca B 7 CePHA HA BEIXOAHOW JeHTe, Ham
HYHKHC TOJABKO BCCTH CHHCOK YHCAA CEPHEA HA KaMAON JeHTe
(BMECTO TOTO, HTOOH ONPEAeaATH ACHCTBHTENBbHBE KMcin), Ha
puc. 2.14 npeanoaaraercs, MTO BHauyade ABe BXOTLLIC Nentol fl
1 f2 coaepxar coorBercTBeHHO 3 w8 cepnil, Tawpm obpasom,
Ha nepeomM «npoxofer 8 cepnir canBalotes ¢ 1 u J2 wa 3, na
BTOPOM <«RpPOXOJEe» OCTaBUINeCR & Cepuil caupawTtes ¢ f3 B fl
Ha f2 v 1. & B xonne paboTw ta acirre fl coAepmnTes oTcop-
THpOBannpi Gaiia,

Bropoii npaMep  ReMOHCTPHPYET  MHOTOMAsHLIA  METOL
¢ 6 nenramu. Tlycts BHavaac umcioren 16 cepufl na f1, 15 — ya
f2, 14— pa [3, 12—na j4 ¥ 8 —Ha [5;, Ha NepBOM YaCTHYHOM
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npoxoge 8 cepuit camnepaiotca Ha [6; 3 xoHUe paboTh Ha seHTe
{2 comepmuTca OTCOPTHUPOBAHHOR MHOMECTBO 31eMEHTOB (CM.
puc. 2.15).

Muorogasuan copruposka Ooaee sddextusua, yem cbanad-
CHpPOBAIIHAA COPTHPOBKA, TIOCKOAbKY, eciH danut N JIEHT, OHa
BCerna mMeer fgao ¢ (N — 1)-nyTeBrim causHHem Becto N/2-
nyreBore chuaHud. [TocKOJBKY YHC/IO TPeSYOLWHXCA OpoXoaon
IpHOAK3HTEABHO PaBHO J0Zy 1T, TAE N — YHCAOQ COPTHPYEMBIX 3Je-
MCHTOB, a N — unego BXOAHLIX JCHT AMAA CHHAIHA, M[IOFOCIJ&J-
HBIl MeTon obellaer AAThL 3HAUHTEIsHOR YAydllleHHe NO CpPABHE-
HHIO €0 ¢OANAHCHPOBAHHBIM CITHSHHEM.

Paiymeercs, B ODHBEAEHHMIX IPHMEpaX ObLTO TILATENBHO
ntonoGpanHo pacnpeaeacine HadaauHbx cepHit. Jaa toro yrodw
Y3HATh, KAKHe HCXOJHBIE pacipelefeHHs cepHii TpebyroTcA A1
NpaRUNLHOA PaboTEL ANrOPUTMA, MBI NOHAeM OOPATHBIM NyTeM,
HAYHHAS € OKOHWATEJBHOTO paciipejencHun (NOCAENHAS CTPOKa
na puc. 2.15). Tlepenucmpaa 7adnuunl ANA 2THX ABYX NPAMEpPO
H MOBOpauYuBaf KamAbH pAjd HA OZHY NOJHUHIO MO OTHOIICHHIG
K mpeAvAyllemy psaly, Mb Tmoayuaem Taba. 213 w 214 ana
IUECTH DPOXOA0B H AJMA TPeX H MIECTH JeHT COOTReTCTBEHHO,

Tatauua 2.18. MacanpHoe pacapeaeaenpe
ceprit Ha ABYX NeHTaX

1 a{]l} aiﬂ E a‘(ﬂ
0 1 0 1
1 1 1 2
2 2 1 3
3 3 2 5
4 5 3 B
5 8 5 13
6 13 8 21

Tadanua 2.14. Hacanrnoe pacnpenesedHe cepiii Ha naATe JAeHTAX

i aih Py af aP al? 3 o
0 1 0 0 0 0 1
1 i 1 i 1 1 3
2 2 p P 2 1 9
3 4 4 4 3 2 17
4 8 g 7 6 4 i3
5 16 i 14 12 8 63

Hsz 1aca, 2.13 MOKHO BHBECTH COOTHOLEHHA
a‘;*‘" = a{:.!}’

ail'i'l}zafih +ab A >0 (2.40)
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na®=1, a?=0. Iloaaras af={, Mp nomyvaem

fram=F—+fi—y, 2ng izl
i=1 (2.41)
fo=0.

3TO — pCKYPCHBHBE TMpaBHAa (HAH peKyppPEHTHBIE COOTHOLLe-
HHA), onpelgifiollie TaK HashHBaeMble wucia Dubonasuu:

0, 1,1,2 305, 8 13, 21, 34,55, ....

Kaxpoe uneno ®Pubonayun npeacrasaneT cobofi CyMMY ABYX
npeawecreywmux yucen. Hrax, ana toro, utobur muorodasHblit
MeTOMl c TPpeMA NeHTaMH paboTasy NPABHMLHO, YHCRA HAYAJBHELX
CepHik Ha ABYX BXOAHBIX AEHTAX AOMKHbI OHTh ABYyM#R COCEKHHMH
B pagy Pulonayun. A WTO MOMKHO CKa3aTh OTHOCHTEALHO BTOPOTO

npuMepa (Taba. 2.14) c mwecthio AcuraMu? [lpaBuna nocTpoenns
ylicen Merko 3amucaTh B TAKOM BHAE!

agﬂj == a{{f}’

At =alt 4 o = o + att- b,

A+ = alp -} oD = a4 o=V 4 o -3,

ot = all) - et = a4 ot~V  alf -2 - glt-9),

alth = alft - g =P + a1 4 aU-2 } gff 3 . gli-8),

(2.42)

TloacTanosxka f; BMecTo @} naer

ft+1=fl+f£-l+.fi—2+fi—3+fi—-q. s izz4,
fa=1, (2.43)
fi=0 nmaa <4

ITH YyHCAA ABAAIOTCS TAK HA3HBAeMBIMH YHCAAMH PHGOKaYun
nopsaka 4. B obwem BHAe wucia Pubonaxvu nopadxka p onpe-
AenaoTea cAeAYonLEM o0pasom:

fi,g}_|.=f£’m+fi‘p_j|+"‘+ﬂ;@p Add i;p:
fa=1, (2.44)
firr=0 pna O<i<p.

3ameTM, uTO OfblYHBIE yucra PHOOHAYYH MMEIOT MOPAACK I.
Teneph Mbl yOelndiicb, 4TQ HCXOAHBHIE YHcJAa CepRE ana
HAcaabHod wmHOrogasHoR COPTHPOBKM ¢ 7 JEHTAMN  JOAMCHLI
6ulTe cyMMamu n—1, n—2, ..., 1 (cum. Taba. 2.15) noeneno-
BaTeAbHbIX uMcen @uboHarid nopsaka n-—2. M3 sToro cae-
AYET, U4TG aNTOPHTM MHOTOGMA3HOTO CAHAHHA NPHMEHHM TOJbKO
K TAKHM BXOAHBIM JAHHBIM, B KOUOPLIX YHCJO CEpHA €CTb CYMMa
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Tadanna 2,15, KonuuecTss cepHit, pH HOTODHX BOIMONHO
ROSAMbHOE PacTpesieN] eHHe

4
L)

4 5 & 7 8
1 2 3 4 5 6 : 7
2 3 5 7 9 11 13
3 5 9 13 17 21 25
4 3 17 25 33 41 49
5 13 31 49 635 ]| 97
[ 21 57 94 129 164 193
7 31 105 131 253 321 385
) 55 193 349 497 636 769
9 29 355 673 972 1261 1531

10 144 633 1297 192] 2501 3049

11 233 zn 2500 k¥ ril 4961 6073

12 k¥ 2209 4819 7425 9841 12097

13 610 4063 9289 14597 19521 24097

14 987 7473 17%05 28697 38721 48001

15 1597 13745 34513 56417 76806 95617

1o 2584 25281 66526 110513 152351 190463

17 4181 46499 128233 218049 302208 379399

18 6765 85515 24N7Y 428673 599441 755749

i9 10946 157303 476449 842749 1189041 1505425

20 17711 289329 98385 1656801 2358561 2998753

n—1 taxux cymm ®ufoHawuyu. Hrak, soswwkaer pamuwmift Bo-
npoc: YTO AeJaTh, €CAll UACT0 HayanbpHblX CEphH He ABAAETCH
Takol HaeanbROR cymMmodl? OTper npocT (M THAHMEH AAA ROA0D-
HEIX CHTYalnHii): mH npepncfiaraeMm cyLLECTBOBaHHe THOOTETHY:-
CKMX DyCThIX cepkf, TAKHX, YTO CYMMa peanbHbIX W CHAOTETH-
yeckdx cepuit afeT HaeaabHy cymmy. Ilyctole cepHu Hasul-
BAIOTCR uxTucRuMU ceptfmu. Ho 3TOT OTBEET Ha caMoM Aeae
HeyNOBJESTBOPHTEICH, TAK KaK CPa3y Bul3bBaeT caegyrolufd, 6o-
Nee TPYAHBIH BONPOC: KAK Pacno3namTesl GMKTHBHBLIE CEPHH NpH
canadnn? Ilepesx TeM Kak OTBCTHTHL HA HEl'o, Mbl BepHEMCH
K YHOMAHYTOR Bhliie mpobaeMe pachipefieelHsl AeACTBHTEABHLIX
A puiTHBUbLIX cepifi Ma n— 1 JenrTax.

Oznako, Aas TOrTO 4rofw HailTH NMOAXOAdAUlee [PABILAO pac-
npesefeHNsd, MW DO/KHB  3maTh, KAK CJHBAKTCA HACTOALLEE
W (urTHEABE cepHR. Fcko, uTO Boifop GUKTHBHOK cepun ¢ i
NeHTH O3HauyaeT, 4To {-f JIeHTa He VYaCTBYET B CAHAHHH, B pe-
3yapTaTe CJAHSHHE NMPOHCKOAUT C MeHee ueM n — | senT. CrudHne
$RKTUBABIX cepuil co Beex 1 — 1 BXOAHMX JIENT ite npeAnogaraer
HHKAKON DeficTBHTEALHOH Onepaldy CJIMHAMA, 3 03HAYEET TPOCTG
3auuch (PHKTABHON CepUY HA BHXORHYIC JNeuty. H3 s10r0 MOKHO
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ClLeidTh BbIBOA, UTO PUKTHBHbIE CEPDHH HYHHO pacnpese/arh Ha
n— 1 JeHT KaK MO¥HO 00J1Ce paBHOMCPHO, TaK KaK Mbl 3aMif-
TepeCOpaHBl B AKTHBHOM CJAWAHHH ¢ HaHﬁOJ[bIHEI‘O BO3IMOIZKHOIQ
UHCIa GXOAHLIX JEeHT,

3abyaeM Hda HEKOTOPOE BPpems O (UKTUBHBIX CepHAX H pac-
CMOTPHM 3afady pPaclpelcieHHAl HeH3GCCTHOCO HHCAA CepHil wa
n— | aenr. Hedo, uto B mpouecce pacnpelgiedHs MOXHO MOAY-
yaty uucna PrboHAyUd MOpALKA n— 2, ONpelealOUiHe Kend-
TefAbHlie KOUUecTBa cepHil Ha Kawao# nenre. [lpennonoxnas,
HanpuMep, 410 7t == G, 1 cchaafch Ha Tadn. 2.14, Mu HauHHaeM
¢ pacApededenHs CcepHi, YKa3aHHLIX B CTPOKE ¢ lLIOMepoM
I=1{1, 1, 1, 1, |); ecnn umeioTca ellle cepHH, Ml NEPEXOAHM KO
rTOpoit crpoke (2, 2, 2, 2, 1); ecAM RXOOHGLIE AaHHHE el ne
HCUEPUAHB, pacnpejeseHHe [IPOU3BOAHTCH B COOTBETCTBHH CO
caeavicwel crpokoft (4, 4, 4, 3, 2) u 1. 8. Homen cTpokn mu
OvAsM HA3WBATL ppoesesm, QueBHAHO, uTo uem Goablle 4YHCAQ
cepufi, TeM Boime GyAeT ypoBeHb unces DHBOHAUYM, KOTOPHIH
B AAlHOM CAyyae paBeH KONHUeCTBY NPOXOMLOB, HIH [EPEK/Iue-
HA{ ACHT, HEeoOXOOAMBIX Mg AOCJA€IYIOMEH COPTHPOBKH.

AAropHTM pacupeIcAeHdn Teneps,, B NEpEOM NPUG/HKCHHH,
MO HO COPMYNINPOBATE CASAYIOUIAM 06pa3oM:

1. Mlycts nepedl HAMM CTOHT LEeAb— yicaa PHOOHAYYH MOPAAKE
n— 2, yposHa 1.

2. PacnpegenseMm cepuH COTACcHO NOCTARNEHRON LENH.

3. Ecan uens JOCTHTHYTA, BHIYHCJAASM CJEAYIONIMA  YPOBEHb
yucea OuboHayyH; PA3HOCTe MEXKAY UYUCTAMH 3TOTC YDOBHA
B UACAAMY Dpeaniiyllero YpoBHA NpeicTaBisAer coboll HOBYH0
pens pacnpedenenus, Bosppawaemen x wary 2. Ecan neau
HeAb3g JOCTHYL, [DIOTOMY UTO BXOJAMHE JaHHbBE HCYEPaHH,
pacnpeﬂe’.ﬂerme 3dKaHY4YHBALTCH.

[TpaBuna BHUNCReHEA CAEAYIOULETO yPOBHA ukcen Puboraqsd
coicpkaTes © HX onpedetedan (2.44). Hrak, Mb Momem co-
CpeJoTOUNTS, BHUMANHe HA Ware 2, rae NpH 3afaHHON ueau
NOC1eIOBATENbHEIE CEDHA AOMKHE DACTPEALASTLEA NOOYLPeNilo
Ha n— 1 nent. FIMeHHO 3eCh B HALUNX PACCYRICHEAX HOMIKNLL
BHOBb TOABITLCS PUKTHBHLIC CEPHU.

ITpeanoaoxcum, 4T0, NOBHUWIGA YPOBeHb, MH 3ANHCHIBILM
CACAYIOULYID Ueab € NOMOULbIe pasHocTell 4; ana i = 1, ...

., n—1, rjae d: o00o3Hau3eT YHCIO CepUi, KOTOPEE HA AaHHOM
LAre HYMKHO OTOPAaBHTbL Ha JeHTY i, Tenepb MOMHO CUHTATD,
4TO MUl Cpaly noMewtaeM d; GLKTHBHLIX CCPHA Ha JieuTy ¢ M pac-
CMarTpHBacM HOCJIG,ELYIOLLLQQ patnopeneyicHHe KAaK 3dMeHy @HKTHB-
HblX CepHit feficTaHTENbHBIMH TIOK, UTo TPH KaMA0H 3amene o
yMenblraetca 1a 1. Tawim clpaszon, d; OyAeT yKa3nBaTh 4KCIA0
GURTUBHLIX cepHt & JACHTE [, KOTZa BXOIHWE AaHHble OyAyT
HCYepTailL,
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Heussectho, Kakol aRTOPHTM Aaet ONTHMANbHOE pachpeae-
JeHHe, RC CJeAYIOMHN, npeanaraeMulii HaMH METOR 0Ka3ajca
oueHb XopowHM. OH Ha3nIBAETCH 20pUICHTAIbRLIN  pacnpede-
senyem (oM, [2.7], 1. 3, crp. 322); 57OT TEPMHH CTAHOBHTCA TO-
HATHEIM, €CJH Hpeﬂ,CTaBHTb cefe Cepnu CAoMeHHEIMH B BHAE
MApaMUAK, KAK TNOKA3aHO Wa puc. 2.16 pag n =6 ypoBHa 5
(cM. Tabn. 2.14).

Anst tore urebu noaywdts paploMeplloe pacnpeicaeHue
OCTaBIIHXCA (PUKTHBHBIX cepyfl KAK MOXHO Honee SuicTpHM cho-
coBOM, NpH 3aMeHe HX Ha AelCTBHTENbHBIE YMeHLLIAETE] BLICOTA
NHPAMAAL: (QHKTHBHEE cepHr OepyTca ¢ IOPHIOHTANbHBIX YPOB-
Hell caesa Hanpapo. [Ipu Takom cnocofe cephy pacnperedsior-
A N3 JCHTL B NOCREA0BATENBLHOCTY, YKa3aHHOH YMC/IaMH HA
puc. 2.16.

3 3

A

T A 7]

I IO PR

A [T s [ [T

ol 18 18 | 20 | 2 | 22
3 35 % T

W2 28736 [ 5]

Pue. 2.16. «TopusonTalbioe pacmpenenendes cepuit.

Tenepop Mbl MOMEM ONKCATbL AJTOPHTM B BHAE NPOLELYPH,
nasnpBaeMolt  selecfape, koTopaa BM3HBaeTCA RKaXAMA pas,
HOTAA Nepenkcana Kakas-nabo cepua H HYXKHO BHGpaTh JeHTy,
¢ kotopoli GepeTca owepeiMad cepHa. Ml npeancaaraeM, YTo
cylluecTeyeT nepeMedHas j, o003HaVAl0MIaA HHAEKC Tekyuteil Bh-
xoanol mento. [lepemennsie a; n d; 000IHavaICT YHCAa BACAAL-
HOTC Y PUKTHBHOrO PACHPefCARHUR IAA NCHTH {:

i tapeno;
a,d; array [tapeno] of index; (2.45)
level: integer

BTH NepeMeHHNe HAHUMEPYIOTCH CAEAVIOUHMHE 3HAYEHHAMH;
a=1, d=1 ppa i=1...n-1,
a,=0, d,=0 (pHKTHRHHE),

o 1,

level == 1.

OTMmeTnmM uto selectlape RONMNG BLMHCAATE CAEAYIOLLYIO CTPOKY
Taba, 2.14, T, e. anavenns af’, ..., alf) |, xkaxARi pas Apy yse-
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JHYEHHY YPOBHA. B 3To e BpeMs BHUHCAAETCA TaKkKe «ouepes-
Haf 1edb», T. €. pasHocTd d,=a{? — ¥~ V. Tlpusenewunlii aaro-
PHTM OCHOBAH Ha TOM, 4T0 PesynbTHPYIOillee 3HAYEHHE d; yMeHb-
WALTCA IPH YECAHYEHHE HOMEPA CTPOKH {BEeAyiiHe BN3 CTYNCHH
Ha puc, 2.16). (OrTMeTHM, UTO HCK/UYEHHEM AB/AETCK Nepexof
¢ ypopua 0 Ha ypopemn I; c/1ef0oBaTespHO, 3TOT afNrOPUTM A0J-
MEH HCNONbLIORATHLCH, HAYWHAA ¢ YpobHa 1.} Selectiape 3axan-
qHBaer padoTy, ymeHbwas d; Ha i; 3TO COOTBETCTBYET 3aMEHA
(HKTUBHON cepHH Ha JeHTe | ACHCTBHTENBHGH cepuei

procedure selectiape;
. var [: tapeno 1: integer,
begin
if d[j} < d[j+1] then j 1= j+1 else
begin if 4[j] = 0 then
begin Jeve! == level + 1, z 1= oll];
for i ;== lton—1 do
begin d{i] := z4-ali+1]-ali]; aff) := z+alid-1]
end .
‘end
Ji=1
end ;
dlj] := dij] ~1
end
[lpeanonaras, 4to y HAC ¢Ctb NpOUSAYpa OARA MEPLTHCH co-
puu ¢ JO ua f[f], Mbl Moxem 3amucaTh HauanbHylo ¢asy pac-
npelenedns caenylollimM obpasoM (kak oOBIMHO, CYHTAeM, 4TO
Ha BXOIe HMeeTca no KpafiHeli Mepe O1Na cepHA):

repeat selectiape, copyrun
until eof(f0)

Ho spech MM AOAKHBI OCTAHOBHTHLCA H BCOOMHHTDH 3¢hdekT, Koto-
puiit nadnwaanes npH pacnpeieenuu cepuil B paccMOTPENOM
pAHEe ANrOPHTME ECTECTBEHHOTO CAHAHMS: HM3-32 TOrO, 4TO HBe
CEepHH, T0CAefOBATebHO 3aNHCAHHBIE HA OXHY JeHTY, MOTYyT
00Pa30BATL OAHY CEPUID, PLAABHOE KOJAHYECTBO CepHii Ha JeHTax
MOXKET HO COBIACThL ¢ OKHAAeMblM. Korza aiaropHTM cOpTHPOBKH
paspafaTbiBancs TaxkuM obpasom, 4To ero paboTa He 3aBHcena
OT KOJHYECTRA cepHil, %T0T noBounblit 3hGEeKT MOWHO Huio
cnoxofigso uruophposats. Ho npu mHorodasnofi coprHpoBke Mbl
occOeHHO 3af00THMEA O TOM, uTOOB 3HATh TOUNLIC KOMHUECTBA
cepuil Ha kax ol nedre, CneAoBaTeNbHO, HAM TPHXOLHTCA YUH-
THIBATh BO3IMOMHOCTD TAKOD CAVYARHOTO CAHSIHHS.

ITosromy Hedbss H30emATbh HOBOIO YCAOK(HEHHA aaropdrma
pacnpeseienns. Oxasppaercs HeoOXOAHMBIM COXPaHATL KJLOY

(2.46)

(2.47)
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nocaeAHero sneMeHTa nocneaHel CepHH KaKAOH nenth. Jas
STOr0 Mol BRBOANM NEePeMEHBYK)

lasi: arrayitapenc) of integer

Tenepy aJATOPHTM PACIPEICACHHA MOMHO NpPeLCTaBHTh CJae-
Ayowuy obpasoMm:

repeat selecifape;
if lasi{j] < fO1 .key then
A NPEOOANCHIC NPEXCREll CODLLD; {2.48)
copyrun; lasi{j] := fO key
wtil eaf (f0)

3p€Chb COAEPIKHTCA OYEBHAHAA OWMOKA: Mbl 330HAH © ToM,
wto lasi[f] noayyaer (ompeAgdenHoe) 3HAUEHME TOJAbKO MNOCae
AepenkcK neppoil cepun! [lpaBuibKoe pelleHHe ¢OCTOHT B TOM,
yTO BHAuade PacnpefenfieTcd NO OAHON CEPHH Ha KAaXKAYIO H3
n—1 nent Ges obpamenun K last[j]. Ocrapwneca cepuu pac-
npeensioTes cornacho (2.49):

while —eaf{f0) do
begin selecttape;
il Tast[j] << 01 key then
begin (npodosncenue npexcrieii cepuu)
copyrun; (2.49)

if eof (f0) then d[j} := d[j] + 1 else copyrun

else copyrun

Tlpeancaaraercs, 4To NpUCBAUBAHME 3HAUCKWit [asi[j} Bxrio-
weHo B NPOHEAYPY copyrun,

Tenepb Mul, HaKOHEW, FOTOBB BAIATLCA 38 OCHOBHON aArOPHTM
mHuorodasnol coprtHpoBRM cauaHnem., Ero npununndaabuas
CTPYKTYPa wWOAOO6HA OCHOBHCH UAaCTH NPOrpaMMbl A-NyTEBOro
CAHBHKA. HMEETCH BHEWHHA UHKA, B Teje KOTOPOro cAHBAOTCA
CePHH, NOKa He GYAYT HCUePNaHb BCE BXOAHLIC AAHHLIEC, BHYTPEit-
IR UHKA, B TEAC ROTOPOrO CARBACTCR MO OANOH CCPHH © KAMROH
BXOZHOH NEHTH, B caMBlH BHYTPENHHI UHKA, B TEAe KOTOPOro
BHIOHpASTCA HAYANLHLIA KJHOU K 3NeMeHT NepPeiaercl B BHIXOI-
HO#t Qraid. TIpHHUNTIHATbHLE OTJAHYHA CACTYIOINHE:

1. Ha xaxiiom mpoxoae HMeeTCA TOALKO QAHA BHIXOAHAR JNEHTA
BMecTo n/2.

2. Bmecto neperswueAna nf2 BXOIHLIX H n/2 BHXOAHEIX JCHAT
110CJ1e KaMAOro NPOX0Aa JeHTH epedyroTca. DTO AOCTHraeTca
€ HOMOWILIO KapTH JEHTOYHMX HHACKCOB {1,
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3. Uncno BXOAHLIX AGHT MEHASTCA OT CEPHH K CepHHM; B Hauaae
KaXA0i CepHH OKO OonpeieaseTcd Mo cueTunkKam d; UKTHB-
Hulx cepuil. Ecan o >0 pin seex 4, 10 n— 1 GUKTHBHBIX
cepnit CAHBAIOTCA & OAHY (MHKTHBAYIO Cepko MPH NOMOUIL
MPOCTOr YBEAHYCHIHA c4eTunKa dn BbXOANOE JjenTol. B mpo-
THEHOM CAyuae €O BCeX JIEHT, ¥ KkOTOPwX & == 0, cnusaetch
N0 OLHOH CePHH, 4 MIA BCeX OCTATBHBLIX ABHT d; yMeHblIAeTCH,
YTO O3HAYAET HCKAIOHYEHHC OIROA OMKTHBHOK cepun. Yucno
BXOANMX JIEHT, YUYACTBYWIINX B CHHAHHH, M 0003Havaem
yepes &.

4. HeBO3IMOXKHQO YCTAHOBHTL OKOHWAHHE $Aa3pl GPH TMOMOIA ¢O-

© CcTOIHHA KoHna dakna (n— 1)-f AeHTH, BOCKOABKY MOLYT
NoHAZOGHTBCA JadpHefllHe CAHAHHA, 3 KOTOPBLIX Y4acTByloT
(HUKTABHLIC CePHU ¢ 3ToH AenTul. BMCCTO 3TOro TeopeTHYCeCK:
HeoGxoaumoe dueno cepuil onpesnsercs no Kos(pPHuIHEHTaM
a;. Koshtnsentsr a; OnWAy BuIYHCAEHBl Ha (a3e pacopefe-
JAEHHA; TellePb HX MOMHO LEIYHCAITE B <O0DATHOM MOPRAKE»,

Tenepdb, coraacKo 3THM OpaBuAam, CcHOPMYIHPYEM OCHOBHYIO
YACTL AIFOPHTMA MIOFOGA3Nol COPTHPOBKH, npednofiaras, HTo
Bce 1 — | fAeHT € HAUAABHBIMHE CePUAMH NMepeMOTAHB HA HAUAAD
H }’CT&HOBHE’.HH HAYAAhHBIE 3HAUEHHA B KapTE JEHTOUYHBX AHACK-
COB f; == {:
xepeat {cauanue ¢ t{i} ... tln — 1] ne 1[n])
z = aln—1]; dn] :== 0; rewrite(f[[n]));
repeat &k = 0; {cauaque oonol cepuu
{onpedenenue wicaa kK 6XOOHBIX e, YHacmEYIGUIUX @ cauaniil,
for i := lton—1do
if dli] > Othen dfi] := d[i] —1 else
begin &k (= k+1; talk] ;= ]
end ;
if £ = 0 then d[n] := d[n] 4 1 clse
«CAARNEE 00RO Oelicmeumentrob cepuut ¢ 1] ., LflK]»
= z—1
mtil z = 0;
reset(fTnl));
«nRepexAIoNeie AeHm 6 Kapme I; esiucaenue alf] dar cagdyioute2o
YPOGHAN,
rewrite(FlenID); fevel 1= level — 1
until level = 0;
{omcopmuposannsiti paiin vaxooumes Ha (1]} 250
(2.50)

Onepauua  JeficTBHTRALHNOrS CJAHAHUKA TOUTH HASHTHUHA
¢ HIPOTPAMMOIT 2-NYTEROH COPTHPOBKH CAHAHHEM, EAHHCTRENHAR



yrogram polysort {ouipui);
{muozodasnan copmuposka ¢ B Aenmamu}
const n = 6; {wicao nenm}
type item = record
key: integer
end ;
fape == file of item;
tapenoe = §..n;
yar leng, rand: integer; {ucnoavayiomes 048 Popmitposanun Baiiaa}
eol; boolean;
buf: item;
J0: tape; {10 -exo0nan aenma co caysaitnvimu wuciamu)
J: array [1..n] of tape;
procedure list (var f: tape; n: tapeno);
var z: inleger;
begin z ;= 0;
writeln (TAPE', n: 2);
while —eof (/) do
Yegin read(f, buf); write(output, bufkey: 5); z 1= z+41;
if z = 25then
begin writeln {outptif); z 1= 0
end
end ;
i z 5= O then writeln. (outpur); reset(f)
end {/is} 3 :
procedure polyphasesor!,
var i, jmx.mn. tapeno;
k, level: integer;
a, d: array [tapeno) of integer;
{al/)-uceannvroe wucao cepuli na Aenme J)
{d{1-uticao duxmusnbix cepuii Ha Aenme j )
dn,xX,min,z: integer,;
lJast: array [tapeno] of integer;
{ fastj]-xrou xQreyHoll cepun Ha.aenme j)
1ia: array [tapenol of tapeno;
{kapni: HoMepos denm)

procedure seleciiape;
var ii lqpeno; z: integer;
begin
if dj} < d[j+1] then j = j+1 else
begin if J[;] = Othen
begin level := level + 1; 2 1= a[l};



for i:= 1ton—1do
begin dfi] = z -+ ali-1] — offl; afi] 1= 2 4- ali-1)

end ;
dijl i=dj] ~1
end ;
procedure copyrun;
begin { nepentce cono¥i cepuu c /O na senmy j3
repeat read(f0, buf); write(f(l, buf);
wntil eof (fO) V (buf key > O} key);
lasdj} 1= buf key’
emd ;
begin {pacnpedesenue navanbrolx cepuii}
for { := 1ton—1do I
begin afi] := 1; dfi] ;= 1: . rewrite(fT)
end ;
level ;== 1; j:="1; a[n] := 0; d[n] := 03
repeat selectiape; copyrun
until eaf (f0) V (j=n—1);
while "eof (/) do
begin seleciiape;
i lasj} << 701 .key then
begin {npodonacenue npexcheii cepuu)
copyrun;
if eof (f0) then dj] :== d[;] + 1 else copyrun
end
else copyrun
end ;
for § := 1 to n—1 do reset(f[i1);
for i ;= ltondo{fi] :=1i;
xepest {causnue c ({1 ... "1{n — 1) na tn}}
z ;= gln—1}; dln) := O; rewrite( f{dnl));
repeat k := 0;  {cauanue odroi cepuu}
for {:= 1 ton—1do '
if 4[] > O then 4] := dfi]l—1 else.
begin & := k-+1; talk] := 4[]
e ;
i€ & = O then dfn] ;= din] 4+ 1 else
begin {caunnue 00r020 delicmeumeivho2o ompesxa
¢fll. ., 1k}
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yepeat § = 1; mx 1= 1;
min ;= fla(ll]l} .key;
while § < k do
begin i 1= i+1; x := fliaif}} key;
if x < min then
begin min 1= x mx = 1
end
end
talmx) codepacum HauMeNvLLE IAEMeH, NEPECOIARG
e20 na ([N}
read(fltalmx]l, buf); eot = eof (fTtalrmxl]);
write( flt[n]l, buf);
if (buf key > FltalmxlITkey) V eot then
begin { c6poc Imoii Aerimer)
tafmx) 1 — oK) ki k-1
end
wmtil £ = O
end ;
zi=z—1
wmt]l z = 0; .
reset( f[r[n]]), Hst(fltln]), 1IrD); {mepexmrouenite nenmur}
in=fn]; dn := dln]; z 1= afn—1];
for i := n downto 2 do
begin (7] := fi—1]; d[i] := dli—1]; ali] := ali-1] — 2
end ; ,
A1) = m; d[1} 1= dn; d]l] :=z;
fomcopmuposaunbm gaiia naxodunu‘.s e 2l
lise( UL, A1D); level := Tevel — 1
wntil fevel = 0;
end { polyphasesort] ;
begin {fopmuposanue caysaunoeo gaiiiga)
feng 1= 200; rand :— 778%;
repeat rand 1= (131071*rand) mod 2147483647
buf key := rand div 2147484 ; write(f0, buf); leng om leng ~ 1
wmtil leng = 0;
resef(f0); list(f0, 1);
polyphasesort
end

Mlporpamma 2.16. Muorodasues coprrpobke,
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pasHEIA 3aKIIOYALTCA B TOM, NTO ANFOPAUTM KCKAWUEHMS JeHTH
HECKOALKO Apomle. Kak NPoHSBORHTCA NOBOPOT KAPTH JeHTOY-
HEIX HHIIEKCOB W COOTBeTCTBYIOWLUX cyeTyMKOB o (1 mepeBnylc-
JeHne KO3IGPHUHEHTOB Q; UPH Mlepexoie Ha HH3MINER ypOBeHb)—-
OYEBHAHO, 3TO MOMKHO NOAPoOHO BHAers B nporpamme 2.16, xo-
Topafs MNOAHOCTLEY OMHCHBACT ANCOPHTM MHOrohaIHoH copri-
PORKH.

2.3.5. PacnpepenerHe HauanbHbix cepui

Mbn npHILAN K CAOKHEIM NPOTPAMMaM [OCAEIOBATAALHON
COPTHPOBKH, TOCKONLKY (0J€e NpOCTHE MeTOmn, paboranlitie
¢ Maccusamiy, TpedyloT HaNWuM% L0CTaTouHo GOAblIGA maMaTi
¢ NPOH3BOALHMIM JOCTYNOM, 4TOO0H XPAaHHTH BCE COPTHPYEMOE
MUOXECTBO aakHbX. QueHp 4wacTO Takoll MaMATH HET, BMECTO
HeE MPHXOAMTCA HCNONB30BATH AOCTATOUHO BMECTHTENLNETe 3aH0-
MHHAIOIHE YCTPOACTEA ¢ NOCAEAOBATE/NbHEM AOCTYNOM. Mb BH-
JUM, YTO MET0Ah HOCAC LOBATCALHOM COPTHPOBKH, paCCMOTPEHHBIC
BbilIe, He TpebYIOT MPAarRTHYECKH HUKAKON oWepaTHBHON NaMmAaTH,
Kpome Oydepor ana ¢ainos B, pasymeercs, caMOH APOTPaMMBbl.
Ho s AeHCTBUTENBHOCTH paxe HeOULALIIHE BHIUACAHTEALHHE Ma-
UtHL 0GJaagalT HexoTOpol omepaTHBHOH NAMATBIO ¢ NPOH3-
BOJILULIM AOCTYNOM, KOTOpaf N0YTH Beerda Godwloe Toil, Kotopasn
Tpebyeres  A%a  paspaboraHuelx 3ject nporpamm. Henpocti-
TCALHO GBAO OB He MONBITATECH HCNOJAL30BATD €e OINTHMAJNLHEIM
obpasowm.

PewieHne 2akntiouaercss B Kombunupoaartiy MCTO,I[OB COPTH-
POBHH MACCHBOR ¥ $afiaop, B 4acTHOCTH, ajanT¥poBauuylo cop-
THPOBKY MACCHBOB MOMHO HCTIOAL30BATE Ha (ase pacnpenenesus
HAYAJALHLIX CepHil Tak, YTOOWM B Pe3V/ABTATE STR CePEH HMeN
AJHHY [, APHOGJIH3HTCALEO PABHYK pPa3Mepy HMeEHIeHcH ofepa-
THBHOH mamatd, (QUeBHAHO, 4TO HA NMOCAERYIOIMHX APOXCAAX HU-
KaKHe HOMONHRTENbHBle COPTUPOBKH MaCCHBOB HE NANYT KAKOTG-
AHGO YJIYHIUEeHHs, TaK KAaK AJHHA YYacTBYIUIHX B HNX cepif
NOCTOSHHO pacTeT W, CcAcfoBaTcabHe, Beerda Oyaer GoJiblie
uMmetolllefica oneparusdoll mamAtH. [JosromMy MBI MOXeM cocpe-
AOTOUHTH BHHMAHHE Ha ONTAMH3IANHK aJTOPHTMA, HOTOpHIK dop-
MHpYeT HAaYaJkHLIE CEPHH.

KoHeuHo, Mbl Cpasy ofpaillacMcs K JorapHMHIecHHM MeTo-
naMm copyupoBki Maccupos. Haubonee nonXoaawiwi H3 HHX —
TO copmponxa ¢ DOMOMBI0 Aepera, WIH HHpaMHILﬁJIbHaH cop-
tHporka (eM. pasa. 2.2.5). ITupamuay MOXHO PacCMaTpHBATD
KAK TyHHedh, Yepe3 KOTOPHH JOAmHuB GPOHTH BCe KOMIONEHTHI
thafina, HCKOTOpHe — OwCTpee, HeKOTOpHle — MeAaeHHee. Hanm-
MEHbIIHE KJOY NeTKO HIBJEKAETCHA BEPIIHHEL NHPAMWAB, a elro
aaMelenye — ouedb sddeKTHBHBIE Rpouece. TIponyck KoMmo-
HeHTH ¢ BXOAHOE Jeurwm f0 uepes Bech «NHDAMHAANBHMEA TyH-
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Heab» A Ha BRIXCAHYI0 JeHTY f{j] MOXHO mpocTo omucatk cae-
AyomuM o6pasom:

write(f (], /{L1});
read(f0, R 1)) (2.51)
sift(l, n)

«Siff»  («mpoceHBaHME»)--3TO NPOLECE, ONHCAHHLIE 8
pasa. 2.2.5. Hoeas BcTaBAsemas koMmoneHta A [l] mpocensaercs
Ha COOTReTCTBYWIilee MecTo, OtmeTuM, uto h[l]— HaumeHbLIN
sjemeHT B nupamune. [Ipumep 1as Ha pue. 2,17,

CocToORNIS O MepEAaYM IIeMeHTa:
tjl

CocToARHE NOCAE HePenauy QYEPEAROT O 3NEMEHTA;

Pue. 2.17. TlpocenBaipe ®ADYA Yepea OHpaMHAy.

B xomeunom cuere nporpaMmMa 3nauUlTeMibHO YCJNOMHASTCA,
TIOCKOJIbKY

1. [Iupamuaa A pHayafie NYCTa W MpPeXAe BCEro AOMKHa GHITH
3ano/aHeHa.

2. K koHuy paGoTH OHpaMHIA 3an0AHeHA ARG YACTHUHO, a B
CAMOM KOHIE CTAHOBHTCH NMYCTOH.

3. Hyxuo coxpanars mHopmanHio ¢ Hayajle HOBRIX cepdil, AR
TOro YreOnl BOBPEMA CMEHHTb HHISKC BBIXO/HOH JEHTH J,
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Ylpexiae Beero onviueM ¢GopManbHO nepeMeHHEE, ABHO YHacTRYID-
mve 8 pagore:

var f0: tape;
{: array[tapenc] of tape;
h:array[l..m)]of item;
l,r:integer

2.5

m— pasMmep mHpamuan k. Oas oGosmavenns m/2 Mm nrenodn-
ayem KORCTAHTY mh; [ 4 r — vnfgexedl B A. [lpouece nponycka
SJeMEHTOB Yepe3 MHPAMHAY MOKHO Teneph pasbHTb HAa OATH
OTAes bHBIX 3TallQB:

1. I1pouyects mh nepeuiXx saeMeHToB ¢ f0 W 3anMcaTh WX B Bepx-
HICIO TIOJCBKHY THPAMRIL, rAe He TpefyeTcss HHKAKOro ymo-
PAIOREHUR KHYEN.

2. [Tpovects mh ocTaJbHLIX 3AEMEHTOR B 34MHCATH HX B HUX-
HIDI0 OOACBAHY [HPaMRALL, NPOCCHBAA KamIblH 3JeMeHT Ha
COOTBOTCTBYOBICE MECTO (MOCTPOHTD HPAMHAY).

8. ¥cTaHoBATh { B s 4 BBIOAHWTL AJAA QCTaBuMxca Ha fO sne-
MEHTaxX cAeIyIOWHA War: OTApaBHtTe A[l] Ha Texyulywo BH-
X0OHyl0 JeHty. EcnH ero JioY MeHblie HAH paBeH KUy
CAeAYICUIEre 3AeMeHTa BXOJHOH JACHTH, TO 3TOT CJeRYIOUIH
BAEMEHT HPHHAANEHKHT TOH e CePHH H ero MOXHO NpocefiTh
Ha Nojxoisillee MecTo. B NpOTHBHOM cayuyae Halo YMEHbUINTL
pasMep HHpAMHALI H NGMECTHTh HOBHI 3JEMEHT BC BTODYIC,
«BePXHIOIO» ITHPAMMAY, KOTOpas CTPOHTCA AJIA caeAyioLleH
cepiu. I'pasnuy mciy ABYMs NHPAMHAAMH ODO3HAYMM HH-
nexcoM 1 Mtak, «<HUMHAA>>, HAN TEKYHIad, DHPAMHIA COCTOHT
¥3 saementos A1) ... A/}, a «BepxHus», AW cnefywiuas,
nipamuga —us A4+ 1] ... Alm]. Ecnd {==0, 10 HyxHe
CMCHHTbh BLHIXOAZHVEO .TIEHTY H BHOBB }PCTaHOBHTb s m.

4. Tenepk BXoAHLle JelTh HcuepnaHw, BHauane YCTAHOBHTH »
B A1, 3aTeM COPOCHMTb Ha BLIXOAHYIO JEHTY HHXHIOK YacTh
NHpaMUIL, 3aKAHYHBAKIYK TEKYLIYIO CEPHIC, CAHOBPEMEHHO
HOCTPONTE BEPXHIO YacTh W NOCTENeHHO TePeMeCTHTE <€
B nosuuus AL 1} ... k[l

5. IMocseannas cepus (OPMHPYeTCHA N3 OCTABIUHXCHA 3INCMEHTOB
RHpaMH kI

Teneps MH MoXem DORPodHO ONKCATH 3ITH TNAThH 3ITATOB
B BHAC 3aKOHYEHHOH TWpOrpaMMH, BH3BBAKIEHR IpoHelypy
selecliape Kak TOMLKO HAlAeH KOHEH CePHH H HYXHO COBEpPLINTD
HEKOTOpoe JellcTBHE, H3MeHmollee HHAEKC BLIXOAHON NeHTH.
B nporpamme 2.17 BMeCTO 3TOTG HCMOAb3yeTCH GHKTHBHAA Opo-
ueaypa: ola GPOCTO HONCYHTHIBAET MHCHO cHOPMUPOBAMHBIX ce-
pufi. Bce sneMeHTH 3anMHCHBAIOTCA Ha JeHTY fl.
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Ecol renepe mp nonuraeMca OOBCAMHHTD 3TY NPOTpamMy,
HanpHMEpR, € NPOrPaMMON MHOTO(PAIHOH COPTHPOBKH, TO CTOMK-
HeMes ¢ cepbesHoll TPYRHOCTbIO. OHa BOSHHKAET NO CAeIYI0IUMM
NpHYHHAM . NPOrPAMMA COPTHPOBKH COLCKMT BHAYAAR AOBOABHO
CAOMHYID NPOICAYPY IAA NCPCKJIOYCHHA ACHT il Npeancaaraer
HAMHUNe TIpOHCAYPhl COPYrun, KOTOPan 3aARHCHBAET HA Beibpa:-
HY10 JeHTY poBHo OfHY cepuio. C APYroil CTOPOHM, TporpaMma
RIPAMHAAJILHOA COPTHPOBKH NPEACTABARET cOOOH CAQIKHYIQ Mpo-
UCAYpy, OpeAnoiaramoilyi Hanuune 3aKPoiTOdl Npouesypul se-
lecitape, Kotopas npocto swlupaer Hoeyiw aeaty. [lpodaestl
He BosHpKAno O, ecnuy OB B oxHOR {nn¥ ofewX) npo-
rpaMMe HYMmRHAs [pOUESVPA BHSBIBAACHL JMHUOL B OL1HOM MecTe,
ONHAKG OHAa BLI3KBASTCA B HECKONBKAX MecTax B oleHX fpo-
rpammas,

B Takofl cuTyaltH ayulle BCErd HCIOAL30BATH TaK HA3LiBAe-
MVIO conpoepamMmy, KAK OOBIUHO PEKOMEHIYETCH, KOTAd COCY-
IReCTBYIOT HECKOJAbKO HpoucccoB. CaMblil THUHMUHLIE OPHMEp —-
KOMOHH2UNA Npolecca, KOTOphit NOPOKAZET NOTOK HilhOpMAallHy,
H npolecca, KOTOPHHA ee Hcnoabsyer. CBA3L NOPOMJIeHHe/He-
NONb30BANNE MOMHO BHIPA3HTE B BHAe ABYX comporpamum. OnHA
#3 HHX MOXeET OBITh QCHOBHOR AporpaMMoil.

ConporpaMMy MOMHO pacCMarpHBaTe Kak NPOUEAYPY, HIH
ROANPOrpaMMy, KOTOpan COACPIKHT OJHY HAH HECKOMNBLKO TOURK
npepuiBanus. EcaM BeTpedasTes TEKas TOYKA IIPEPbiBAHUS, TO
ynpapJcHHe BO3BRAINAETCA B DPOrpammy, BLI3BABIIYIO 3TV co-
nporpammy. [Ipy NOBTOPHOM BLI3OBE CONPOrPaMMLl €€ BHIAO-
HeHHe BO3OOHOBJAAETCA ¢ 3TOH TOUKH MNpepbiBaHnd. B Hawewm
NpHMEpEe MB MOMKEM DACCMATPHBATL MHOrOQA3HYI0 COPTHPOBKY
KaK OCHOBHYI) NpOrpamMMy, BEISHBAICIVIO COPYrun, «OTOpas uo-
CTpacHA § BHAe conporpamMbl. (Ha COCTOHT H3 OCHOBLOrO Tejd
nporpamMmel 2.17, rae kaxauil Bm3oB selecitape Tenepn npelt-
cragaaer coboit Touky npepuianua. [IpoBepry Ha wouel dafiaa
HYZHO BCIOAY 3aMEHWTb NPOBEPKON, MAOCTHENA JH COuporpamMMa
cBoero kouua., Jlorauno 3amenntb eof (f0) Ha eoc(copyrun).

Anaaus v eotgodsr. Kakoft 3pGoxTHBROCTH MOXHO OXHAATE
OT MHOIO(A3HOH COPTHPOBKH C HAUYA/ibHBIM pacnpeseeHiiem
cepHil ¢ AOMOUIBI0 BHPAMNAAAbHONR copTHpoBKH? Buawase mbi
ofcyuM, KakHX yAydiiewHi chefyer 0XxiAaTe OT HCMOib30BA-
HHST TIHP2MHIBL

B nochel0BATENBHOCTH CO C.ﬂ}"{aﬁHO paciperefCHHBIMHE KAL0-
yaMH cpedHAd AJHHa cepril pasHa 2, KakoBa 3ta aanna mocae
TOro, KAaK MOCASIOBATERALHOCTH NPORYILSHA 4UepPe3 THpaMHBY
pazmepoM m? Kasanocs 6w, HYXKHO OTBETHTHL m, HO, K CHACTLIO,
Pe3yaAbTAT BePOATHOCTHOTC aHAMK3A HA CAMOM [Ae/le HAMHOro
ayaule, a nmesHo paser 2m (cm. [2.7], T. 3, c. 304). [Tosromy
0:KHAAEMBIA KO3QQHUNEHT YNYIUICHHA paged .



program disteibute( £0, £1,0utput)}
{navanvroe paonpedesenie cepitli © HOMOUILIO RUPDAMUOIMLHOL
COpMuUposK |
const ¢ = 30 mrh = 15; [pasmep nupamuodnt)
type-iiem := reeord
key: integer
end ;

tape =: file of item;

index =: 0,,
var Lp: mdex;

70,11 rape;

conpts Imgeger; {cuemuur copuii}

h: array [1. . o] of item; {nupasuda)

procedure selectfape;

begin comnt = count - 1;
(PuxmueHas npoyedypa; NOGCHLIbIEEeN HUCAO PACHPEOCTERHEIX
cepuil}

end {selecttape} ;

procedure sift(lr; indexy;
label 13;
Yar i,f: infeger: Xt item;
begin i = I; j 1= 2+¢i; x ;= MT;
while f << r do
begim il j < r then
if A7l key > Alj4-1] Kkey then f:= j+1;
it x key << A1 Key then gote 13;
Mil = AL d = 5 J = 26
emd ;
13: Hi] 1= x
end ;
begin { fopmupocarive RAVAALHOIX CEPLLl ¢ NOMOLIBIO HUPAMROATBHON
COPMEPOERIL |
count 1= 0; reser( FOY; rewrite(f1};
selecttape;
foman 1; 3anoanenue eepxwei yaci nupasudvt it}
fi=m;
repeat read{ /0, Hi); I i= I1-1
until { = mk;
Isman 2: 3anoanenie HuxcHed yacnie nupamuost i}
repeat read(f0, AlI); sifettm; § = I—1
until [ = @;
{aman 3: npenycs cefuii 4epes Hupamuoy }
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l:=m;
while —eof ( £0) do
Yegin write(f1, A[1));
if 4[] key <X O} key then _
begin {xosar sanuce npunadsexcm moii se ceptiu
read(f0, H1]); sifi(1,1);
end else
begin {noear sanuce npunadsexum caedyroujeis cepun )
M) := AT sif(),i=1);
read(f0, HID; if 1 < mh then sife(lm); [ 1xs }=];
if I = 0 then
begin (nupamuda sanoanera; Hawamb HOBYIO CepWIO}
{ = m; selecttape;
end
end
e ;
{oman 4: c6poc Huncneit vacmu nupamudn)
ri=m;
xepeat write( f1, A1D;
H1) o= HAY; sife(li—1);
A} i= Kl r = r—1;
if I < mh thea sift(lry; 1 1= -1
until | = 0;
{3man 5: c6poc eepxueil vacmu nupamudn; Gopmupoeante
nocaedueld cepui )
selecttape;
while » > 0 do
begin write{( f1,51));
A1) = Alr)s sif(l)s v = r—1
end
writeln (counr}
end |

Mporpasua 2.17. Pacnpefesekie Hadanniby Cepil ¢ AOMOWLI NHPAMHAH,

QOuenky cBoHeTB MIIOFOHha3’HOH COPTHPOBKH MOXKHO NOAYIHTH
Hz taba. 2.15, onpefe/HB MAKCHMA/AbHCE YHCIG HAYANBHBIX Ce-
PHIT, KOTOPLIC MOIKHO OTCOPTHPOBATL 33 ABHHOE KOARUECTHO
YACTHYHEIX TpOXoZos (YpoBHeR) Npu 3aNaHHOM YUCAE /1 JIEHT.
Hanpumep, ppe 7 = 6 JeHTaX W nupamuie pasmepom m = 100
Ghaiia, colepxawnit 1o 165680 |00 navaxbHelx cepmil, MOXKOC
OTCOpTHPOBaTh 3a 20 4aCTHYHLIX MPOXOAOB. JTO — OTAHUYHbIE Xa-
PRKTEPHCTHIH. '
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PaccMaTpHBaf HPOTpaMmy, Npeicrasdasiowyy coboi komGu-

H2UHW0 Muorofasuoidl ¥ DHPAMHEAANLHOH COPTHPOBEM, Hembas (e
NOPA3HTBCH 2e CAMKHOCTH. Bellb oHa sWINoOaHmer Ty xXe camylo,
JeTKO ONpefeduMyic 3ajaqy fepeynopAACYCHMA MHOKCCTBA 3de-
MeHTOB, uTe ¥ JK0as M3 KOPOTKHX NPOrPaMM, OCHOBAHHLIX Ha
APOCTHIX MEeTOMAX COPTHPOBKH MACCHBOB. M3 Bcero cKazaHHOTO
B 3TOH IJIABE€ MOMHO CAENATH CAedy0mne BolBOAK

1. MexAy aaropHTMOM H CTPYKTYPOH AAHHBIX CYUWLECTBYET TecC- -

2.1.

2.2,

2.3

24,

2.5.

2.6.

Haf CBA3b; CTPYKTYypa ZAHHWX OKa3biBaer Gojblioe BAHAHKE
Ha BT IPOrPaMMEL :
Ilpu nomols YC/MOMHEHHA TIPOrPAMMEl MOMHO 3HAYHTENLHO
MOBLICHTE ¢¢ 2(PheKTHBHOCTD, ZAJKe KOFAA CTPYKTYpa NaHHbIX,
¢ Kortopoit cHa pafoTaeT, MIOX0 COOTBRTCTBYET MOCTABJACHHOH
zafave.

YOPAXHEHHUSA

Kakve g3 anropHTMOB, MpedcTaBleHHuX Mporpammamuy 2.1—26, 2.8, 210
d 213, AHARIOTCA METOZAMH YCTOHUHBOA COPTHROBKH?

Byger an nporpaMma 2.2 paGoTaTsh DPaBHABHO, ecH B YCAGDHY OKQHYA-
HHA wARAa 3aMeunte [ <C r wa = r? Byner aw oMa no-npewmuemy mpa-
BH/ABHOK, ecan onepatopel ri=m—1 n l:=m<+1 ynpoctuts no
t=m u {:=m? EcIH HeT, HaflIWTE MEOHerrRa SHadeHWH d; ... da,
NpH KOTOPLIK H3MCHEIN(AR tporpaMma GymeT paforaTn HCNPanHILOO.

3anporpaMmipyfiTe TP MeTOAA [IPOCTOH COPTHPOBKH A H3MEPLTE BPeMA

ux paboru. Hafiawte neca, Ha KOTOpWE HYMHD YMHEOKHTR KOMpPHUHEATH
C 0 M, 4ToG6 NOAYYHTE OMEUKH PEasulidre BPEMCHN.

[poTecThpyfite nmporpaMMy nupaMuaaiuhol copruposkn 2.8 ¢ paaany-
HEIMH [POHIBONBALMH BXOMHBMH MOCNELOBATE/IRHOCTAMH H ONpemIesiTe,
CKONLKO pa3 B cpedueM BunoanAerca onepatop goto 13 TTocxoawky ato
UECA0 CDAGHHTENABHO MAJ0, MHTEPLCeM CAeAyIOWHI BOTIPOC: HMEETCR JIH
cmocol H2BNEYR TIPOBEPKY

x.key > a lf|.key

H3 UHKAA C OpeiycloBHem?
PaccMoTpire efedyiilyio &OUEBHAHYIOS ReDCHIO MPOTPAMMEL PA3fETeHHA

2.G:

it=1fi=mnm

x 1= af(n+1) div 2) key;

repeat
while alilkey < xdoi:=i+41;
while x < ofjlhkey doj:=j—1:
w = alil; aff] .= alj}; alf] 1=

mtll § > f

HafiagnTe MHOXECTBA JHAYCHMA 4)... 2, LAH KOTOPBHIX STA Repcha pado-
TAET HeNpPABHARIO,

.
Hanumurve aporpamuy, KoTopas KOMSHHEPYeT amropntmul Guetpoll cop-
THPOBKM H COPTHPOBRH METOMOM NY3HPBKA CACAYIOMAM 06pazoM: e
noNB3yeTes GLICTPAH COPTHROBKA [AA TOJVUSHHA (HeOTCODTHPORAMIEIX)
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2.7.

2.8.

2.9,

2.10.

211

2,12,

2.1

214,

nosMaccHBoB naunol m{l =5 m << n); saTeM AN IABEPINEHHS 3aA54A HC-
MOJB3YETCA COPTHPOPKA METOAOM RYahpbka. OTMETHM, HTO NOCNCAHAR Te-
neph MOeT APOXOLHTL TO BCEMY MACCHBY, MHHEWMHIHDYS TeM CaMLIM
gaTpaTo na ynpabnenxe. HaltanTe akaucenHe 2, MEHHMIRRHpYIOllee ofitee
BPEMA COPTHPOBKH.

Upemesznne. ScHO, 4TO ONTRMAABROE SHateHne rm GyaeT IOCTATOUHO
Masio. Torja, moxer GuTb, CTOHT NOZBOJHTD, YTOSH COPTHPOBHA METCAOM
AYILIPERA NPOXOJKAA MO BCEMY MaccHey poRHo m— | pa3, sMecTo Toro
#ToGbH ONpeAenaTh NOCAeRHNA NpoXed, Ha KOTOPOM HE NPOH3IBOAHJOCh HA-
Kaxnx obMennn,

[poseanre Tor e 3KoNepHMEHT, UTO H B yOp. 6 ¢ copTHponkofi npocTsiv
BEIGUPOM BMECTO COPTHPOBKH METOAOM NY3HPBKA. KOHeWHO, COPTHPOBKA
MpAeTEM BEIBOPOM HE MOMCT NPOXOAHTE N0 BCEMY MACCHBY, TOITOMY 0K H-
RaeMEf cfeeM PAGOTH ¢ HHAEKCAMH HECKGJbKO 6OAbLIe,

Hannusiite penypensHplii ancoput OulcTPoR COPTHPOBKH COTIACHO YK&33-
NHIO, 4TO COPTHPRODKY MeHbUIeTd nOJAMacCHBa CHenyer BLITOMHATL pakbile
COPTHPOBKH GoNee NJHHHONG NOAMACCHBA, BHmonnnTe neppyo aagavy npa
MOMCIIY HTEPATHBAGLO ONEpaTops, a NOCABLHIC -— MDA NOMOIEH Pexryp-
cHBHOro BH30Ba. (Clenoparesbde, BalWa TPOUSAYPA COPTHPOBKH Hyaer
CoJepaath OAHH PEKYPCUBHBIA BR3OB B OTAHuHe oT nporpaMmuet 2.§0, co-
nepwaueli 2 BMaoRa, w nporpamMMe 211, he conepaedl wr oaHoro.)

Hahizute nepecranoexy khowel 1, 2, ..., #, AAf x0Topol BHeTpas cop-
THpOBKA BedeT cels HAMXYAWWM (HauayywsM) ofpasoM (7 =5 6, 8).

Hanuuture nporpaMMy ec¢TECTECHHOrO CAHAHHA, KOTOPAA, NOZOGHO Mpo-
rpamme ppoetorg caMsnua 213, paBotaer Ha maccuse ApofiHofi Aadum ¢
JEYX KOHUOE B Cepennny, CPaBHHTE B¢ XAPAKTEPHCTHRY C XapaKTePHCTH-
KaMH nporpammu 2,13

3aMeTbTe, 4TO TPH ABYAOYTEBOM €CTECTBERHOM CIHAHAH MB He NpocTo
clene PwGUpaey HaBVeHbUIee 3HAWEHHE H3 AMEwUIRXcA xmoued. Bmecto
BTOFG, KOTAA RCTPRUGETCA HOHEL CEDWH, OCTATOR APYLo# cephh npocto ne-
penHCLIBACTCS B BLXQAHYIC MOCACACBATETLHOCTL, Hampuwep, cansnne

2,45 1, 2....
3,6,8 9 7....

A€T NOCHEZOBATERLROCTD
2,3 45,6, 89 1,2,...
PMECTD OCAE0BATENBLOCTH
2,3, 4,5, 4,2,6,84%9..,
Kn'rop_jm KaweTes avywe yropamouenwohr. TloweMy NpuHATa Taxas eTpa-
TETHAY

Bauew nyaa nepemenian fa B onporpamme 2,152 TIpn rauwx ycaopnax
BURONBAETCS ONEPATOR

begin rewrite(flta[mzi1); ...

8 NpA KAKHX - - ONCPATOD

begin tx == falmx]; ...?
Toyemy B nporpamme meoropasnol coprapoekn 2,186 rpebyerca nepe-
mciHuan last, a B nporpamme 2.15 ona e nysxna?

CyllecTRyeT MeTOA COPTHPOBKH, NONOXKIA HA MHOredA3IHYI0 COPTAPODKY:
Tak HasLBacwoe wackedwoe causuue [21, 28] On menonnsyer gpyrof
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OPHHUET cAHAHHA. Ecaw, uanpesep, pawl wecrs aent T1,..., 76, kac-
KafKOe CAMSHAE, HAUININ TAKKE C «REEATLHOLO DACHDENEIEHM s cepnit
Ba T1, , 75, sumoquseT natHnyTeBoe cauakue ¢ Fl, ..., 75 na T6,

MoK4 T5 He cTaHer TycTol, 3ateM (He satparumas T6) uempexnyteaoe
causiane Ha TH, aarem TpexmyTenoe cufHKe na T4, OBYXNYTEBOR CNHAHHE
na T3 4, uaworey, nepennce ¢ T1 wg T2 Caegyiomuii npoxoa paGoraer
TAKIM e OﬁpaSOM, HaYHHaR ¢ MNATHOYTEBOrD CAHAHHA Ha Tl u T )i N
XOoTA 3T cxeMa KaMeTCA AYMC MHOroasHOTO CAHAHHA, NOCKONBLKY Bpe-
MENaMi OCTABILGET HEKOTOpLC JeHTH Gei paloTe, a TaKme BMIOAHRET
OREPALHH NPOCTOTD KONHPOBAHMS, OHa, X YAMBNEHHIO, OHAILIBAETCH JyY-
e MEOTO(PasHOR ANA OUEHE GONLIUAX $afioB W INA WeCTH 1 Gosee AenT.
Hanuware X0polie CTPYKTYPHPOBAHAYI) APOrPAMMY KACKOAHQLO CIHAHHASA.
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3
PEKYPCUBHDIE AJITOPUTMbI

3.4+, BBEQEHME

O8%LeKT HA3LIBARTCH PeKyLCUBHLIM, ©CAH OH COASPHT cam
cefia uau Onpeselied ¢ MoMOLLI0 caMoro cea. Perypcua serpe-
qaeTcd HE TOAbKO B MaTeMaTH®e, HO H B COLIIEHHOH KH3HH.
K10 ne puzen pekJaMHOH KAPTHHKH, KOTOpaf COAeDIKHT CBOE
cofeTBeHHOe 306paxenue?

Pexypcust ARnseTcs OCOGEHHO MOILHBIM CpPeICTBOM B mare-
MaTHYECKMX OnpeaeaeHHsX. FlaBecTHB OPHMEPH peKypcHBHBIX
onpeledeHdil HATYPAJbHBIX YHCEN, APEBOBMIHBX CTPYKTYD 4 He-
KOTOpHX hyHKURit:

1. Harypanphbie yneaa:
{a) 1 ecTs HATYDPAALHOR YHCAO;
(b} uence uncho, caefyilee 3a HATYPa/bHBIM, €CTh HATy+
pafbHOEe WAL, :
2. IpepopudHbie CTPYKTYPH:
{a) O ectb nepeBo (Ha3blBAGMOR NMYCTHIM AepeBaM),
(b) ecaw I, u ¢, — HAepesbA, TO

4 79

ecTb A¢peBO (HaPHCOBAHHOE CBEDXY BHH3).

3. OyuxuMa daxropuan n! AR REOTPHUATEALHLX UeAHX uNCen:
(a) Ol=1,
(b) ecann>> 0, to nl =n-{n— 1}!

QueBHAHO, YTO MOLIHOCTD PEKYPCHH CBA3AHA ¢ TeM, YTO OHA TMo3-
BOJIRET ONpEAeTHTh GeCKOHEUHOE MHOMECTBO OOGBEKTOB ¢ No-
MOLIBIO KOHEUHOro BhiCKa3biBaHUN. TouHO Tak e OecKoHeuHne
BBIUHCJICHHH MOMHO ONHCATb € TOMOMIDIO KOHEYHOH PpeKypcus-
HOA mporpamMMu, LaXe CCAH ITa MpOrpasMa Ile COAEPHKHT fAB-
Hux UHKA0B. OfHAKO Nydille BCEro HCIOMBIOBATL PEKYPCHBHLIG
ANTOPHTMBE R TeX CNyvasix, KOTAA peillaeMad 321aua, WK BH-
uypcianeMas $ydxkeHda, aan obpalatbiBaeMas CTPYKTYPa A&HHLIK
onpeledeHsl ¢ oMOLIbI0 pekypcHu. B ofuem BHie pexkypcuBHYIO
nporpammy P MOmnG p3o6pasuts kKak koMnosupn® &P Galopux
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onepartopoB S; (He comep:kalux P) n camoit P:
P=FI[S, P 3.1

Heo0xoaumM0e ¥ HOCTATQUHOE CPEACTBO AAA  PEKYPCHBHOTD
NpeacTaBJeHHA NPOrpaMM — 3TO ONHCAHHE NPOUSAYP, HAH MOA-
MporpaMM, TaK KaK OO NO3BOJNACT NPHCBAHBATE KAKOMY-TnBo
onepatopy HMa, ¢ NOMOLIBIO KOTOPOro MOJKHO BHI3LIBATH STOT
onepatop. Ecan npouelypa P collepxxut spnoe ofpaileHde K
camoil cefe, To OHA HA3MBACTCA NPAMO pexypcusnod; ecan P co-
AdepxuT ofpamende X npounelype Q, KOTOpasa COAEPKHT (NpAMO

Prc. 3.1. PexypcHphoe asofpamenne,

HJH KOCBeHHO) ofpawenne K P, To P HAa3HBAaeTCH KOCBCHNO pe-
rypcuenod. [To3ToMy HCNONB30BAHHE PEeKYPCHH He BCEria cpady
BiAHO H3 TEKCTA NpOrpPaMmel.

C npolenypoil NpPHEATO CBAZLIBAaTL HEKOTOPOE MHOMECTBO JO-
KaJbHEX OOBEKTOB, T. € HEPeMCHHEX, KOMCTAHT, THIOB H NPO-
uesyp, KOTOpRe onpefededn JA0KalbHO B 3Toll nmpoueaype, a
BHE €e HC CYLLeCTBYIOT WiH He HMeloT cMuicaa. Kawrwii pas,
KCorjla TaKas NpoueAypa PeKYPCUBHO Bbi3bIBARTCSH, AJA HEe COo3-
L4ETCA HOBOE MHOMKECTBO JOKANBHEIX NEPeMeHHRX. XOTA OHH
EMEIOT TE e 1IMEeHd, YTo W COOTBEICTBYIOWHE 3AE€MEHTh! MHO-
JeCTBa JMOKAJBHHX NMEpeMeHHbIX, CO3MAHNOre npH NPCALLAYHICM
ofpauiciiit K 370{ e NpoiueAype, HX 3Hauenud pasnnins. Che-
Aywule npasuna obnacte AeiCTBHA HASHTHHHKATOPOB NO3BO-
JANT  NCKAUHTE KaKOH-AHG0 KONPAHKT IPH  KHCNOAL30BAHUH
MMEH: HACHTHHKATOPB BCEIE CCHIVIAKTCA HA MHOMECTBO Me-
peMeHHBIX, co3flannoe nocneAnEM, To Ke MpaBusio OTHOCHTCA K.
napaMeTpaM npolelyphl.
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[TogoGHo onepatopam LUHKJA, PeKYPCHBHbIE MPOUEAYPH MO-
FYT NpMBeCTH K OeCKOHEYKbIM BoiuHcjAeHHAM. [losToMy HeoOxo-
LHMQ pPaccuoTpeth npobaemy oxkonuasus patots npousayp. Oue-
BILTHO, 4T¢ ANA TOro, YTodw pafota Korla-Aubo 3aBepilHiacs,
negOXxOANMO, vTOOL peKkypciBHoe ofpautenie x opoueaype P
NOAYHHAAOCL YCI0BHIO B, KOTOpOoe 5 KAKOH-TO MOMEHT flepecTaeT
BBI10aHETECA. [loaToMy Gogee TOUHO CXEMY DEKYPCHBHHIX adaro-
PHTMOB MOMHO NPeAcTaBith TAK:

P= ii Bthen #(S;, P] - (3.2)
HIH
P=P(S, ii BthenP] {3.3)

OcHosHOH  cnocoG B0Kasatb, YTCG BHUIOJHEHHE ONEpPaTOPOB
UIIKIa Koraa-nubo 3axkaHuHBaeTcd, — OApefeqHTh QYHKUNIO [(x)
(x — MHO:KCCTBO NepeMeHlibiX MPOrpaMMel), Takyw, 410 f{x) << 0
YAOBAETBOPALT YCJAOBHK OKOHYAHHA WHKIA (¢ NpefycaoBHeM HIH
¢ NOCYYCAOBUEM), H JA0KA3aTh, 4TO MPH KaXKAOM MOBTGpeHHH f{x)
yMeHblaeTcA, TOUHO TaK e MOMHO HOKA3aTh, Y4TO BHIBOSHEHHE
peRypCcHBHOR npoueaypwl P Koria-anbo 3aBeplIMTCH, TNOKasas,
4TO Kakioe Bonogneithe P ysenbllaer f(x). Haulonee nanex-
HBIfl cnocod ofecHeuHTb OKOHUAHHe NPOUEAYPH — CBf3aTh ¢ P
napaMerp (3HayeHHe)}, CKameMm A, B DEKYDCHEHO Bbi3nBaTe P
€O 3HaueHWeM 3Toro mapamerpa n— 1. Torna 3ameHa ycaoBua B
12 # >> 0 rapaHTHpyeT okouuaHue pabort. 310 mOkHO n3obpa-
3UTb CASAYIOIHUME CXeMAMH NPOTrpaMMm:

Pn)=ifn > 0then R[S, P(n—1)] (3.4)
Pny=2IS,, ita>0thenP(n — )] (3.5)

Ha nupakTuke Hyxuo obAsaredbHo yOeddaThes, Y10 Hanboub-
wasa rayéusHa peKypeHH i TOALKO KOHeuna, 110 H A0CTaTOouHO
mana. Hejgo 8 TOM, 4TO OPH KaxA0M PEKYPCHBHOM Bbl30BE NpO-
ueayphl P Bblie/feTcA HEKOTOPAd NAMATh AJAA Pa3sMEUIEHA e
nepeMeHHBX. KpoMe 3TUX J0KaAbHBIX [EpeMEHHBIX HYKHO ele
COXPAHATH TeKYLlee COCTOAHHe BHYHCAeHH[, uToObl BEPHYTHCA
K HeMYy, KOFA2 3aKOHUHTCA BLINOJIHEHRe HOBOH aKTHBauMH P i
Hy:KHO GyaAeT DepHYTbCA K cTapoi. Mu yxe nabawofanw noao-
HYH CHTYauuio apu pasbope npoueldyps OuCTPOH COPTHPOBKH
B ra. 2. Delo ofHapy:KeHO, YTO OPH <HAHBHOM» COCTABJIEHHH
nporpaMMpt 03 ONePATOPa, Pa3fe sAlLero n MEeMeHTOD lla Ase
HACTH, H [ABYX DPEKYPCHBHLIX BLI3OBOB, COPTHPYIOLIHX 3TH ABe
YACTH, FAYBHHA PEKYDCHH B XYALIEM CAY4ae MOMKET IPHORHKATE-
¢ x n llpn pasyMHOM u3MeHeHHN OPoLEAYPH OKazadolhb, UTO
MOMHO OUpauvuuTe 31y rayGuuy logn. Pasnnua memay 3suaue-
HHAMH 7 W log n BhnojHe HOCTaToOYHA AJAA TOTO, 4TOObl CAayyaf,
KpaliHe He MOAXCASIHA AJA HCIORLINBAHWA PEKYPCHH, Npespa-
THTh B TUT, B ROTOpOM DEXYPCHA BIWLHE [IPAKTHYHA.



3.2. KozBa ne wyseno ucnosvsosats pexypeuso 15%

3.2. KOT[lA HE HYMHO MCNONL3OBATh PEKYPCHIO

PekypcubHble aaropuTMbl HanGodee NPHATCAHB B CAYYAAX,
KOTAa WOCTaBACHNas 3a4aua HJM HCNOAb3yeMBle AaHIble Onpe-
DejeHs pekypcHBHO. Ho 3T0 He anadwnT, 4T0 NpH HATUYHH TAKMX
PEKYPCHBHLIX ONpeleAcHUH JAYYIIHM CRocoGOM pellienHd 3afauy
HenpeMeHHC ABAAETCA PEKYPCHBHU aaropuTM. B neiicyButelin-
HOCTH H3-38 TOTO, 4TO QOLIUNO MOHATIE PEKYPCHBHBIX AJFOPHT-
MOB OGBACHAIOCH HA HEMOAXOIALLHX NPHMePaX, B OCHOBHOM H
BO3HIKAC LIAPOKO PACIPOCTPaHeRHoe npelyfekIeHie TPOTHB
HCI0Ab30BANKA PEKYPCHH B NPOTPAMMHPOBAHMM W IIpUpaBHIEBA-
sEHe ce K HeddpextushocTh. FloBasian Ha 3T0 B ToT dakT, uTO
IIHPOKG PACNPOCTpaHEHHH A3BK AporpaMMupoBanus DopTpan
3anpellaeT PeKYpPCHBHOE HCRCAL3OBAHHE MNOANPOTPaMM ¥ TeM ca-
MEM He [AOIyCKaeT PeKyPCHW, Aaike KOTAA ee OPUMEHeHHe On-
paBlaBHO.

TlporpaMMbl, B KOTOPHIX cieidyeT HaberaTh HCNOJBL3OBAHHA
PEKYPCHH, MOXKHO OXaDaKTePH30BaTh cheayiouleli cxemoit, w3o-
6paxaoned nx crpoesve. 310 cxema (3.6) w skBuBanenTHan eu
(3.7):

P =if Bthen(S: P) (3.6)-

P={5; if Bthen P} (3.7)

ITH CXeMBl eCTECTBEHHO TPHMEHATH B Te€X CAy4asx, Koria
BHIMHC/ACMELE 3HANEHKS ONPEAENTIOTCH ¢ MOMOUIBIO MPOCTHIX pe-
KYPPEHTHLIX cOOTHOIRHUI. PaccMoTpum, Hanpnuep, UTHPOKO H3-
BeCTHHIH TPHMEP BhuuchaeHull Gaxktopuanos f; = if:

i=0,1,23 4, 5, ...,
=112 6 24, 120, ....

«HyneBoe» uucno onpefeanercs ABHLIM 00pasom Kak fo=1, a
nocAeAywUlHe UHcsa O6LIUHO ONpeleasioTes PeKypCHBHO — ¢ no-
MOHIBIO MPEAUIECTBY KNS 3HAYEHNS;

fra=G+1-f (3.9)

Ara opMyTa RPeANoAATAET HCNOMLIOBARKE PEKYPCHBHOTO &Jro-
puTMa 18 BHYHCIEHUS n-r0 $axTopuasbHoro uncha. Ecan mb
pBeleM ABe nepemerdute f u F Aasi 3HAaueHnii { K f; na i-M ypoBHe
PeKYPCHH, TO YBHIHM, YTO IS fiepexoda K CAexyouleMmy uilcay
B nocdencBatedbHocTd (3.8) HeobxoZWMEN ChaeAyIOHINE BBIYHC-

nenus:
[i=I4+1: F:=][sF (3.10)

n, moactaskn {3.10) Bmecto S B (3.6), My nosy4aeM pexypcus-
HYIO NPOrpamMMy

P=itl<nthen ({:={+1; Fi=i*xF, P)

=0 F:=1;P 3.11)

. (3.8)
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[Mepeyio crpoky B (3.11) MOXHO TaK 3amuUCcaTb HAa [PHHATOM
HaMu #3plke nporpammupobatua [lackans:

procedure P;

begin if 7 <2 n them
begin [ ;=T 4 1; F:= [*F: P (3.12)
end

end

Uange yrorpebaaeman, HO SKBHBANCHTHAA, MO cYuecTBy, Gop-
va 1ada B (3.13). Bumecro npouenypnl 31ech BBOAHTCH TaK Ha-
3biBaeMas f0poueaypa-QyHKUHs, T. €. HeKOTOpafd npouedypa,
¢ KOTGPO# ABHO CBA3LIBAeTCH BHIYHC/AAeMOe 3Hauchue. [MosTOoMYy
GYHKINIO MOMKHO HCNOAb30OBATL HeNCCPEACTBEHHO KaK 3JEMeHT
BHIpadceHu#. TeM caMpiM mepeMenHast F CTAHOBHTCH H3JHMIHCH,
a poAab f BHIOJMHAST SBHLIH NApAMETD IpOLEAY P

function F(I: integer): integer;

begin if 7 > 0 then F:= I+F(I — 1) (3.13)
else F ;=1

end

CoBepLieHHO fICHO, 4YTO 3/eCh PCKYPCHI0 MOXHO 3AMEHATbL Ofbru-
HOM HTepallHeil, a HMEHHO nporpaMMOH
I:=90; F:=
while I << do
begin I := 1 + 1; F:= I+F
endt

(3.14)

B ofueM BHAe NporpamMmLl, CODTBETCTBYIOMHe cxemam (3.6)
wan (3.7), HyxHo npecbpasoBaTe Tak, 4TOOLl OHH COOTBETCTEO-
Baau cxeme (3.15):

P=(x:=xy while Bdo S) (3.15}

Ecers u apyrde, Gofee ¢NOXHBle PeKYPCHBHBIE CXeMbl, KOTo-
phle MOJKHO M JADJKHG MEpeBORUTH B HTepaTHBHYW dopmy. [Tpu-
MEPOM CAVMHT BeINHCAeHMe unce] (PuGoHayun, ompenedsemsix
¢ MOMOULLI0 PEKYPPEHTHOTO COOTHOLIE HH

fib, =Tib, +fib,_, mna n>0 (3.16)

# fib, =1, fibp=0. [Ipr HenocpeacTBeHHOM, «J000BOM» RO/-
Xode Mbl ROAYUHM TPOTPaMmy

function Fib(n: infeger): infeger;

beginif # = O then Fib := 0 else
if # = 1 them Fib := 1 else (3.17)
Fib := Fib(n—1) + Fib(n—=2)

ed
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[lpu BhitAcAeHEm fib, oOpawenne xk QyHKIUA Fib(n) npuso-
AHT K PpeKypPCHBHHIM akTHBauHaAM 2Tofi apouelhyph. CKOJALKO
pa3? Mu MoXeM 3aMeTurh, YT0 Kadioe ofpallleHne npu 7 = i
MPHBOAAT K ABYM AaAbHeHUIHM OOpalllennaM, T. e. ofiee ynueno
ofpalleHHH pacTeT KCNCHeHUHAAbHO (cM. puc. 3.2). Sleno, uto
TaKaf MnporpaMwMa HenpdUréiHa AAA OPAKTHYECKODO HCMOJAb3o-
BaHHA.

Puc. 3.2. 16 puzoBoB Fib(n) opn n=>5.

OnHako O4YeBHOHO, 4TO uHCAa DPHOOMAYYH MOMKHO BHIYHCAATEH
N0 HTepaTHBHON cXeMe, IPH KOTOPOA HCHOAB30OBAaHHE BCIOMOTA-
TeabuLXx RepeMetinx x =fib; u g = fibi— nossonser usbemats
NOBTOPHOTO BRIYHCACHNR OLNHX M TeX e 3HayeHdii:

favruucnerue x = fib, 0as n > 0]
Fr= 1y x =1 p1=0;
while i < n do (3.18)
beginz ;= x; i:= i+ 1;
=Xy ¥ yi=2z
end

{(3aMeTnM, YTO TPH NPHCBAMBARHA X, § B 2 MOXHO BLIPA3HTDb
BCerc JHWEB ABYMS DPHCBAHBaHMAME 003 HCNOJB3OBAHHA BCNO-
MOraTeNbHOl mepeMeRHOR 2: X1=x 4 ¥; y:=x—y.)

HTak, BHBOA TaKkoB: caefyeT HWaberaTh DPEKYPCHH, Koria
HMEeTCH o'teeudnoe HTEPATHBHOE pPellCcHHE IOCTaB/eH HOIl 3a/&YH.

Ho sT0 He o3Hauaer, uTO BCErga HYKHO H30ABAATLCA OT pe-
Kypenn Jifofl ueuoli. Bo MHOTHX caywadx oHa BROJHE NpuMe-
HHMa, Kak OyAeT NOKa3aHo B CASAYIOUHX pasiefax 3Toll riabwl
¥ B nocaeayileniux raasax. Tor ¢akT, YyTo PexkypeHBHHE Hpo-
LeAYPbl MOMHO PEadu30BaTh Ha HEPEKYPCHBHBIX MO CYTH Mmauli-
Hax, TGBOPHT O TOM, UTO AXs DPARTHHCCKHX ueseit 2100y10 pexyp-
CHBHYI} NPOrpaMmy MOMHO npeoﬁpa3oaa'rb B UHCTO HTEpaTHB-
Hyto. Ho 370 Tpefiyer ABHOTO MAHWRYJIEPOBAHAA (O CTEKOM
PEKYPCHE, H 9TH Gllepallidn A0 TaxoH CTeNeHH B3aChOHRIOT CYTb
NpOrpaMMEL, YTO ROHSThH €€ CTAHOBHTCA oveHb Tpyiuo. CiacaoBa-
TeAbHO, AJTOPHTMLL, KOTOPBIE NQ CBOEA NPKPORe CHOpe: peryp-
CHBYBI, HYCM HTEPATHBHLI, HYKHO BReCTARAATE B Bpae
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PeKyDCHBHEX npodeiyp. UTo6w nyulile NOHATL 5TO, MH Npeiia-
raem YHTaTel0 CpaBHUTh Nporpammul 2.10 # 2.11.

Ocrabmascs 4acrb 5TOH TJIaBbi NOCBALICHAa pa3paloTke ie-
KOTOPBIX PeKYPCHBHBIX IDOrpaMM B TeX ciAydasx, KOria pekyp-
CHA OOJHOCTRIO ONparAaHHa. KpoMme toro, B . 4 n 5 TakKe wWn-
POKO CHOJB3YETCH PEKYPCHH, QCllH, KOHEYHOD, CTPYKTY{PbLl HAH-
HBIX €CTeCTBEHHO H QUEBHAHO NPHBOAAT K PEKYPCUBHLM pelle-
HHAM,

3.3 ABA NPHMEPA PEKYPCHEBHDBIX NMPOTPAMM

CHMnaTtHyawsil y3op Ha puc. 3.5 COCTOHT H3 CynepnosHIHH
NATH KPUBBIX, JTH KPHBHE CTPOATCHA 11a OCHOBE HEKOTOPOTO De-
rynspHoro obpasiia, H NPEANOA2raeTcs, UTO 11X MOMHO HAPLCO-
BaTb ¢ MOMOHILIKY TPagonocTpodTeNa, YNPABAALMOIO BBIYNCAU-
TeMbHOR MamnHo#k. Halla zanava — Haliln peXKYPCHBHYIO CXeMy,
A0 KOTOPOH MOMHOQ HanmncaTh OPOCpaMyy, VIIPaBTAIOLYIe rpadoe-
nocTponTeneM, Paccmarpupan pHeyiiok, Mol ofsapymasies, uto

E_U—

Hy H, H,
Pac. 3.3. Kpuswe T'nasGepra nopsaka i, 2 o 3,

TPHE HanoMXeHHble IPYr Ha ApYra KPHBbIE HMET GopMy, noxa-
3aHHyio Ha puc. 3.3, M ofo3nayaem ux uepes f,, Hy u Hy Ha
PHCYHKAX BHIHO, uTo H:, LOAYYAETCA COBAHHEHIEM YeTbipex
H; BrBOE neHBLIETO pasmepa, COOTBETCTBYHLIHM 00pasoy noBep-
HYTHIX H CBA3AHHLIX BMecTe TPCMA COCAHHHTEJNLHBIMI JINHHMRME,
OTMeTHM, 4TO MOXKHO CYIITATBH, UYTQ A COCTOHT H3 ueTbpex Hy-
CTHX {1y, CBA33HALIX TPeMA NPAMBIMH AnHuAMM. Kpuas H: Ha-
3BIBAETCA Apusori FuaslOepra i-¢o0 NOPRIKA B 4YeCTh €r0 nNepeo-
otkpusareas . Taanbepra (1691},

FIpennonoxuy, 4T0 y HAC HMEOTCA CAEAVIOUIHE OQCHOBHBIE
CpeNcTBa AR NODCTPCEHHMA TPAGOR: JIBe KOOPHHATH — NMepeMeH-
Hble X H ¥, npouedypa scfpiof {yCTaHABANBAWLIAA [P0 B TOUKY
C KOOpRHHATAMH X K Y} ¥ Tpouehypa plof (nepcluBHTawaA
nepo, KOTOpOE NPH 3TOM 'IEPTHT OPAMYIC H3 TekylieH TOukdH o
TOYKY, OD03RAYEHHYIO ¥ 11 ),

TTocKonbky Kaxciaa Kpusas ff; cOCTOHT 13 4YeTHpeX BABOE
MeHbITAX Konui H,_;, TO eCTeCTBEHHO MOCTPOHTH NPOUEAYDPY, PH-



program Hilber!(pf,output); __
© uzobpancenue xpuebix I'unvbepma nopsoxa om 1 do n}
const = 4; B0 = 512; '
var 4,h,%,9,x0,y01 integer;

pf: file of integer;  {plot file}
procedure A(: integer);
begin if i > O then

begin D(i—1); x := x—h; plot;

A(G=1); y 1= y—h; plot;
A(i—-1); x := x+4; plot;
B(i—1)

end
end
procedure B(i: integer);
begin if i > O then
begin C(i--1); y := y+h; plot;
B(i—1); x := x+h; plos;
B(i—1); y 1= y—h; plot;
A(i—-1)
end
end ;
procedure C(i: integer);
begin if i > 0 then
begin B(i—1); x == x+h; plot;
C(i—1); ¥ 1= yh; plot;
Ci—1}; x 1= x—h; plot;
D(i—1)
end
end | | J
procedure D(i: integer);
begin if i > 0 then _
begin A(i—1); y 1= y=h; plot;
Dli—1); x i= x—h; plot;
D(i—1); y i= y+h; plot;
ci—n
end
eid ;
begin stariplot;
f:= 0; hi= h0; x0 1== & div 2; y0 := x0;
xepeat {wzofpanenue kpusoi Fuavbepma nopaoxa i}
Pi==it+1; hi=h div 2;
20 := xD + (h div 2); ¥0 1= y0 -+ (4 div 2);
x i= x0; y := »0; setplot;
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A@)
wmtll { = n;
endplot
end .

Mporpamma 3.1. Kpuere PunsGepra,

cyloulylc H; B BHAE KOMNO3WUAYW YeTHIpeX uacTell, Ka:ilas H3
KOTOPHIX pHeyer Hioy cooTBercTByIOulere pasMepa H ¢ Ny HBIM
RoBOPOTOM. Ecan MB 0003HaunM 3TH YeTnipe uacTi A, B, Cn D,
& MOATPOTPAMMM, PHCYIOIIME COeIHBUTEJIbHHE AHHWH, — B BHIE
CTPCJOK, YKa3uBaWUHX COOTBETCTBYIOLLEe HANpaBAeHHe, TO MO~
JAYUHM CACLYIONIYIO PeKYPCHBHYIO cXemy (cm, pHc. 3.3):

LA DeAlA—~B
MB: CtB->BlA
‘J¢: B»C{C«D
11D Al D~ D}C
Ecan Ajuny coeRHHNTE/LHON JHHHH 0003HAYHTEL uepe3 A, 70
NpoUeayPy, COOTBETCTRYIOWYIO cxeme A, MOKHO EFKO BHPA3HTh

¢ ROMOULEH peRyPCHBHBIX GOpAIleHNH K ONUCAHHBIM aAHAJOTHY-
HeIM ofpasom npoueaypam B 1 D u camoit npouexype A:

(3.19)

procedure A(i: infeger);
begin if { = 0 then
begin D(i—1); x := x—h; plot;

A(@i~1); y 1= y—h; plot; (3.20)
A(i—1); x := x-+k; plot;
B(i—1)

end
v end

Ota npouelypa HHHUBADYETCE OAHH Pa3 CCHOBHOH NporpaMmoi
ana KamAch xpupoii I'anubepra, KOTOpLIE NAKNAAbIBAIOTCA OAHA
Ha Aapyryio, obpazya AaHHuLil PHCYHOK. (OCHOBHas NpOrpaMma
3a3aeT HCXOIHYID TOYKY /14 KpHBOﬁ, T. €. HAYaALHLIe 3HAYE¢HHA
X W §, 1 eANHHMHOE npupalienne fi. Bennunna fio cooTBETCTBYET
WIHPHHE BCefl CTPaHAUBl M ROJMHA YAOBJCTBOPATb paBCHCTBY
H0 = 2% nas sexoroporo & z=n {cm. puc. 3.4). Ilporpamma pu-
cyeT BCeTo 71 Kpuswix I'nnebepra (cM. nporpammy 3.1 u pue. 3.5),

[Noxoxui, HO HECKONBKO G0Nee CIAOXCHLIH B 3CTETUYECKH YTOH-
yeHHbIH PHCYHOK npuBefed Ha phe. 3.7. OH Takme mdomyven c
NOMCULbKY) HaAoMelna HeCKONbKHX KPHBHIX, ABE TAKHC KpPlBLIC
noKasaru Ha pre. 3.6, Kpueaa §; sasusaerca wpunoit Ceprun-
CKOre i-ro nopsika. Kakopa pewypcueaas cxema Aus TawoH
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Kpueoii? [lonpobyem B KauecTBE OCHOBHOTO CTPOHTENBHOLO §.0-
Ka BLIAEANTL AucT §,, Bosvoxkuo, Oe3 oxnroro pefpa. Ho 3T0
He NPHBOANT Ha¢ K HyxXHoMy pemeHnio. Tlpauununnaabveoe paa-
JHENHEC MEKAY KPpHBHEMI CGPHIIIICI(OI‘O H l'ﬁ.nbﬁep'ra JAKANUaeTCH
B ToM, uTO KpHBbe CeplHHCKOTO ABRAKOTCA 3aMKHYTHIMH (Ge3
COCAHHNTENRBNLIX NHHKI). 2T0 03HAyaeT, UTG OCHOBHAA PeryPCHB-
Haa ¢XxeMma J0JKHA A1aBaTk PAIOMHHYTYIO KPHBYIO, a YeThIpe ya-
CTH COeARNAKTCA AHHAAMH, He np}manne}xamnmu CaMoMy peKyp~
CUBHOMY yaopy. HelicTenrenbio, 3T ¢RA3UN npelctapasior coboil

NG:

5 S,
Pue. 3.6. Kpusuie Cepnunckoro nopaaka 1 w 2.

HeTHpe NpaMBe B '-]CTI:I[)EX BICINHHX <«YyIrnax», H306pa}KeHHbl.K
Ha puc. 3.6 KHUPHEIMY JNHHHAMH, MOXHO CAHTATH, UTO ®HH ApH-
HALNEHKAT K HENYCTOH HAYAABHON KpHBOK Sp, npeacTapigioumeli
cofoll KBaApaT, CTOAILNE Ha CAHOM YIJje.

Termepb AcTKO ROCTPOMTE peRYPeHBEYIO cxemy., UeTnipe co-
cTapafiounie GMrypuel BhoBb ofo3uavarores 4, B, C u D, a co-
¢AHRNTENMRHRIE JRHNI PUCYIOTCH RBHO. 3aMeTHM, 9TO ueThpe pe-
KYPCHBHBIE KpPHBLIE AeHCTBHTENbHO OANHAKOBB C TOUHOCTBIC U0
nosopota Ha 90°

Ocropaoil 06pa3s KpuBHX CEepAHHCKOrO CNEAyIOWHT:

S:A4~Bw Ce. D2 (3.21)

a ofbefHIeHKble PEeKYPCHBHBIE GHTYPH CTPOATCH NO TaxHM Cie-
ma: A A~ B=>D -4
B:B+ClA~B
C:C+D=RB.C
D:D4 N CwD

(3.22)

(HBofiHne cTpenkn 0603RZYAINT JHHYH ABOANOH AANHLL)



program Sterpinski (pfiouiput);
| usobpamente kpuevlx CepnuncKo2o nopaoke om 1 oo n)
comst 11 = 4; A0 = 512;
var ihx,y,x0,00: fnteger;
pf: file of inreger;
procedure A(i: integer’;
beginif { = 0 then
begin AG—1); x 1= x3-h; y 1= y—n; plot;
B(i--1); x 1= x -+ 2+h; plot;
DU—1Y; x 1= x+hy y 1= y4+-h; plot;
Ali—1
end
end ;
procedure B(i: intvger);
begia if { > 0 then
begin B(Gi—1); x i= x—h; y 1= y—h; plot;
Cli—1); y i= v — 2+h; plot;
AG—1); x 1= x=h; y 1== y~h; plot;
B(i-D
ed
end ;
procedore C(i: inreger);
beginif [ > 0 then
begin C((—1); x 1= x—k; y 1= y+&,; plot;
D{i—1); x 1= x — 2+h; plot;
B(i—1); x 1= x—h; y := y—h; plot;
Cii—1)
end
end ;
procedure INi: infeger):
beginif i > 0 then .
begin DE—1); x 1= x+A4-h; ¥ 1= y1+-h; plots
AG—1); 3 1=y -1 2+h; ploy;
C—1); x :== x—h; y r== y-1h; plot}
D1
end
end ;
begin siariplot;
P O o= 20 div 4; 20 1== 24k y0 1= 34013
repeat # ;-= i-1; 20 1= x0-A;
hi=div2; »0 = 044
X == x0; y 1= y0; setplot;
Ay x 1= x-+h vy o= y—h; plot;
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Bi); x t= x—h; y 1= y—h; plot;
C@); x 1= x—h; y 1= y-+h; plot;
D(); x 1= x+h; y 1= y+h; plot;
until i = p;
endplot
end .

[Mporpauuma 3.2. Kpuewe Cepnurtkoro.

Henonbays te e NPUMHTHBBL An4 ONePALUil TOCTPOLHHA, HTO
H B caydac XpHBuX I'masbepTa, npuBeleHHYIO BHILIE PeKypCIiB-
HYH) Cxemy Jierko npeofpazeeaTh B (HPAMO H KOCBEHHO) peKyp-
CHBHBI aRTOPHTM:

procedure A(i: infeger);
begin if / > 0 then
begin A(i—-1); x := x-+h; y 1= y=h; plot;

B—1); x 1= x2+h; plot; (3.23)
DE—1); x 1= xth; y 1=2 y-1b; plov;
A(i-1)

end
end

Sra NPOLEAYPA COOTBETCTRYET MepBOil CTPOKE PeKYPCHBHOH cXe-
Mul {3.22). [lpouenyps, cootBercTRyROMHE (durypaM B, C u D,
cTpoATes aKasorHyno. (JCHOBHAA NPOrpaMMa CTPOHTCA MO CXEMe
(3.21), Oua nosAHa YCTAHOBUTL HAUANBUBE IHAUSHHA AN KO-
OpAMHAT PHCYHKa H 3aKaTh AIHNY €AHHMYHON NHHHHK A B 3aBicu-
MocTH or ¢opmara Gymaru, Kak N0KasaHo B nporpaMme 3.2,
Pesvastar padotnl 3TOfil mporpamMmel Npu =4 0OOKasaH Ha
puic. 3.7. 3asmeTuM, uTo S e pHeyeTed.

Kak MOXHO y0elHThCA, B THX NPHMEPAX PeKypPCHA HCOOJb-
ayetcsl BecbMa aferaHTHo. IIpaRHARKOCTE Mporpamy nerxo cie-
JIYeT M3 HX CTPYKTYPB B cXeM nocrpoenns. Kpose toro, uenoae-
30BaHe ABHOTC HapaMcTpa YpOBIH { B COOTBETCTDHH €0 CXCMOH
{3.5) rapaHTupyeT OKOMUAHME NPOTPAMM, TAK Kak rayGmnda pe-
kypiun He MoxkeT OuTy Gonoule . [To cpaBuennx ¢ 3Toit pe-
KvpeHpnofl GopMyaHPOBKON 3KBHBAAEHTHBIE NPOTPaMAbl, KOTO-
pee u3feraldoT SBHOTO KCTOJAB3IOBAHHA DEKYPCIM, Upe3sndaiino
CAGKHB H TPYINLL 310 IMOITHMaHUs. l\iibT npeidaaraeM UITaATLnIo
CAMOMY B TOM ¥0eAnThcd, NONUBITABUIMCL pazobpaTbes B mpo-
TpamMax, npusejeHHux B [3.3].
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Puc. 3.7, Kpiisme Cepraackoro Sy, .... S

3.4 ATTOPMTMDE C BOZBPATOM

Ocob6eriHo nETepccHbiil pasien ApOrpaMMHPOBAHUN — 3TO 3a-
a4l 1n3 oOJACTH <IICKYCCTBCHIOTO JIITCATCKTA», 3ACCh HYMXKIO
CTPOHTE AATOTLTMAL, KOTOPble NAXOAAT pPelleline ONpefeeHHOH
saaun 1o ng PHKCHPORAHHBIM TPABRHAAM BRIVICAEHHRE, 8 MeT0-
gos npod 1 ounidok. OOplMHu npouece npob n owWKGOK pasie-
AseTcd Ha Orieanlile noasailaud. Yacto sTH nossagauvn nauno-
Aee ECTECTEEHHO ONKCHIBAOTCA ¢ RNOMOIBLID pexypenn. Ilponece
upod 1 oHIEGOK MOMKHO paccMatpiBaTe B o0llem BIe KaK nolc-
KOBHI TIpulLece, KOTOPRLIA TOCTENEHHO CTPOWT H NpPOCMaTpHBAELT
(a Tanxe cOpesacet) Acpeso noAsapad. Bo Miornx caydaax ta-
Kit¢ AepeBbA NOHCKA PAcTYT OueHb OHICTPO, OOBIUHO IKCMOHEH-
LEUANLHC, B 3ABHCHMOCTH OT 34/laHHOro mapaverpa. CooTReT-
CTBEHHO YBE/JHYHBZETCA CTOMMOCTh nNoHcka., Yacro jepeso no-
HCKA MOKHO 00pe3aTbh, HCOOAD3YA TOJNDLKG IBPHCTHYECKHE €OO0D-
paskenus, B TEM CAMLIM CBOLNTL KOAM'€CTBO BLIMHCJEHHH K pa-
BYMULIM TIPeaeaM.,
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3uechk Mbl He coOHpaeMca 00CYHAATh OOLLKHE IBPHCTItey <.
npaBuaa. [Ipeamer 310l riRaBu — ofiMA TpuBUMN  pazluedua
TAKHX 3aJal [a M043ada4H H HCOOAD3OBAIHKC B HHX PERYDCIiM.
Bravane Mpl NpoJeMOHCTPHPYeM OCHOBHHIE TPHHUMNL Ha XO-
poOlI0 HIBECTHOM NpHMepe — 3a7laUe O XOMe KOHA.

Hada nocka a X n, colepxawas a2 gonei. Koub, HO'll)pblﬂ
XOAHNT COrAacHo WWaxMaTHBIM [PaBHAAM, NOMEULASTCH Ha ndJje
¢ Ha4aAbHBIMH KOOPAWHATAMH Xo, Ho. [IYKHO MOKPLITE BCKY JOCKY
XoJdaMy KOHA, T. € BLYHCIHTL 053{0!!, ROCKi, €CAyd OH cyme«
CTBYET, H3 A% — | XQHOB, TAKDI, YTD KAXKAOE T0ME NOCELIAETeA
POBHO OLUH pas.

QueBnaAlo, 4TO 334Ny MOKPLITHA A2 NOJCH MOKHO CBECTit
K Gonee npocToi: IAH BLINCJHWTE ouepenHOH X0, WAl VCTAHO-
BHTh, YTO HUKAKOR XOA HeBO3MOKeH. [ToaToMy Mul Dyaes CTPOHTH
ANroPUTM, KOTOPRI NhTaeTes C1edath ouepelHoil xoi. Tlepsan
NONEITKE BLWIAANT TaK:

procedure nonmiTra coedywmezo xooa;
begin ununuayes swdopki xodos;
repeat subop caelymiyeeo 8o3MOXHO0 X00Q U3 CHUCKE (ue-
peduotx x00o0a;
if oy npuesnsexn then
begin sanuce xoom;
if docka ne sanvanena then (3.24)
begin nonoirka caedyronteeo xooa;
if neydasa then crupanue npedudytyezo xoda
end
end
unttil (x08 Gora ydawnecsty V (nor Opyaux 803MOMCHNX X0003)
end

Ecay Mm xoTuMm GoJee TOYHO ORHCATH 3TOT AATOPATM, TO
RONMAE Bb[ﬁpa'l'b HCKOTOpOE TPCACTABACHUC 1707 JallibIx. One-
BHAHO, UTO AOCKY MOMHO NPpCACTABHTE B BHIE MATPHUBL, CKAMLM,
h. BBelleM TaKiKe THI HHACKCHPYIOMUX 3HAYCHA:

typeindex=1..n
varh: arraylindex, index] of integer

Tak Kak Mbl XOTHM COXPaHATL HCTOPHID TOCACAOBATLALHOIO «3a-
Xeata» LOCKH, TO MH 5}’11'2;\! IpeaAcTabNATEY Kaxaoe noje J0CKH
HenntM MHCJAOM, a He 6}’.TIEBCKHM 3HAUeHUEM, RCGTOpPOE OTPAMIAND
Obl MpoCTO akT 3aHATHH NOAA. QueBHAHO, MOMKHCG OCTAHORL THCRA
Ha TaAKHX COLJlalleHHAX:

Al yp==0: none (x, ¥} He TOCCILATOCH, (S.Aﬁ)
klx, gl=1i noaxe {x, y) nocewanocsy Ha i-m xouy (1=Ci<Jah).

Teneps nyxHo BEOpaTL NOIXOARIIHe TapameTpil. OHH 101K~
ALl ONpeJedRTE HauaAbhHe YCNOBHA AAfA CJASAYIOEre xofa, a
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TakKe cOO0WATE 0 €To yaave RJIM Heylade. llepBas sanaua Bh-
NOJAHAETCH 3a/1aHUEM KOOPAHHAT NOJA X, ff, C KOTOPOTO AeaeTca
X014, a Tak)Ke HOMEpOM Xoia | {Bas ero dnkcaunu). JIna pewme-
HHA BTOpOH 3ajaul Hy:XceH OyJeBCKHA  BapaMeTp-pe3yanbrart:
¢ == frue O3HAYALT YAauy, ¢ = false — Heynauy.

Kakue OMepaTopH MOMKHO Tenepn YTOUHHTL 112 OCHOBE 3ITHX
peiteHnil? PasyMeercs, «10CKa He 3an0nHeHA» MOMKHO BHIPAIMTD
Kaw «<f <7 n», Kpome Toro, ccay BBECTH ABC A0KAJLHBE NCpe-
MOIHBIE g N 0 AIT 0BO3RaYeHHs KOOPHHHAT BO3MOMHOIO xola,
onpeseasieMblX 10 NPARUAAM X0[a KOHA, TG NPEfUKAT «lpHeM-
JEM Y MOKHO BbIPA3HTE KaK JOTHEECKYH KOHDBIOHKUNI) ABYX YCaA0-
Bilii: 4robul HOBOE Node TAXQAHAOCH HA JOCKS, T. €, | S u < n
1< ou=n, 0 wiobbl 0HO PaHee He MOCellanoch, T. e kla, A]=
= (. @lKcanid AONVCTEMOTO XOAA BHINOJAHAETCH ¢ MOMOWLIO
npncBaMBaHMA Afu,v]: =1{, a OTMeHa Xola (CTHDaHBe)— Kak
hiu.vh:=0. Ecin nopu pekypcHBHOM BBI3OBE 3TOTO AJATOPHTMA
B KauecTBE NapaMeTpa-pe3ybTaTa nepelaeTcss JOKaAbHasg ne-
nevenHans gl, To BMeCTO «X0i 6T YAAUHBIM» MOMHO NOACTABHTHL
gl. Taxiu o6pazoM, MW NpHXOANM K fIporpamse (3.27):

procedure 7ry (it integer; x,y: index; var q: boolean);
yar u,u: integer; gl boolean;
begin uruyuayus evibopa x0008;
repeat AYCHL i, v — KOOPOUHAMbL CACOVIOWE20 X004,
ORPEDLIAEMOZ0 HIAXMAMHBIMU NDAGUAAMYL,

if (1<u=<n) A (I=eZm) A (A]u,v]=0) then
hegin i[u2] 1= i
it i < sgr(n) then (3.27)
begin fry ({4 1,u,,q1);
if ~~g1 then A[u,x] ;= 0

end else g1 1= true
end
until gl % (nem dpyenx x0d06);
g:=q1

end

Elwe o4HH 3TAN YTOYHEHNA, H MBI Hamallem MPOTRAMMY YIKe
MIHOCThIC HA Hallem fA3WKe nporpaMuupesafns. Hafo same-
TilTh, YTO 10 CHX OOp NporpamMma pa3palaThiBagach COBepIIeHHO
He3aBHCUMO OT NPaBil X0Aa KOHA. Mbl BOONHE YMBILIJIEHHO OT-
KA AKBAM DACCMOTpPERHe YacTHHX ocodeHHocTed szanaun. Ho
Tenepb nopa 00paTHThL Ha HUX BHAMaHHe.

Ecan zagana uavaannas napa KoopAHHEAT (X, 4), TO HMELTCH
BOCeMb BO3MOMKHBIX KOOpRHHAT <, v) cneayioldere xona, Ha
pue. 3.8 OHH NpoEYMepoBaHLl o1 1 10 8.



166 3. Pexypoucnbit QAZOpurTMet

Moayual, «, v n3 x, ¥ Opoctdo — 6yaem NpudaBAATE K NuM
Pa3HOCTH KOOPMNHHAT, NoMelleHRble AHG0 B maccHBe map pas-
Hocte, aufo B IBYX MAaCCHBAX OTAeABHMY pasnocted. [lyers
aTH MaccHebel 0OO3HadYeHbl Hepes g H b COOTBLTCTBYIOLULIHM ob-
PasoM ]iHIillIll-IpO-BaIIbl. ,HJIF[ [IyMepailHH CﬂC,E[}'[OLIlGl"(} BO3MOM-
EOTO X014 MOMKHO LCHOALIOBATL HHIEKC k. HO,ELPOGIIOCTH f[IORK&G-
saue B nporpamMme 3.3, PekypcuBHag npoileaypa BH3HIBAETCA

3 2

vl D)

!

Puc. 3.8. BoceMb BO3IMOMKIILIX XOLOB KOUA.

B HE]]BHH paz c HapaMerpami Xxp, go— KOOpAHHATAMH h[OJ4,
¢ KOTOparo HasdnHaercs oBxoi. STOMY oG K2 NpricBaitsaercd 3Ha-
ke 1, 0CTadbeble MO MAPKHPVIITCA Rak cB000AHbIE;

Blxg o] i==1; 1ry(2, xo ¢, §)

He caeayer ynyckarh elle oAHy feTanb. [lepemennas f{u, v]
CVILLeCTBYET AHIEb B TOM CAyuae, KOTAA # N ¢ HAXORATCA BHYT-
pH rpagian Macensa 1., . Caed0oBaTeqbio, BHparceHHe B
{3.27}, noacTaBaeHHOe BMECTO «OH NpHemIeM» B {3.24), oCMbiv-
JIEIIHO, TOABKO €CAll €ro NepBHe [ABE COCTABIMIGLAN® HOTHHHLL
B nporpamue 3.3 3T0 YCAORHe NOANOAMILIM 06pa3oM nepedop-
MYJIHPOBAHO, KPOME 10r0, ABOAHOC oTHOWwenie | =5 ¢ <5 i aane-
Hero BHpameunem uin [k 2, ..., #}, KOTOpPoe Iipil AOCTATOMHO
MagBIX 2 OOWUTHO fHBaeT Gojce adderTypiny {cM. pasn. | 10.3).
B 1aln. 3.1 OpuBeifHB pelleHud, DCGAVUCHHHE OPH HCXGIINLIX
nesnunsx (1,10, 3.3 aan n=>5w {1,1> ana n =06,

[lapaverp-pesvAeTaT ¢ H JOKAIBHVIO NepeMeHHYI0 gl MOmKHO
3aMCUHHTL  TACOAALHON NepeMennoll w TeM  CaMblM HRCKOILKO
YIPOCTHTb NPOTpaMmy.

Kaxuy ob6pasom Tenepb Moxu0 0000ulnTs 2707 npumep? Ka-
w0 cxeme, THNRUEON AR 3afay O0A00HOTO pPoda, OH CAtiyveT?
Kaxve BLIBOLE MOMIHC cZesiath, H3Y4as Cro? XapakTepHas uepTa
9TOTO ZNATOPHTMA COCTOMT B TOM, YTO OH NPeRNPHHHMAET Kaiie-
TO Liare N0 HATIPABREHHI0 K Of0mleMy pemleltie, aTH uiarg (pik-
CHPYIOTCH  (3AlIHCHIBAIOTCH), HO MOMKHO BO3BpallaThca 08patio
W CTHPATH 3aMNCH, €CJIH OKA3EBIBAETCA, YTO IUAT 1le APHBOAHT K



program Lnightsiour (output);
const it =< 5; g == 253
type Mndex = 1, .13
yar ij: index;
g: boolean;
&1 set of index;
ab: array [1. .8] of infeger;
hy areay lindex, index] of infeger;
procedure {ry iz infeger; x.v: index; var q: boolean);
var kv infeger; gl -boolowr;
begin £ := 0
repeat k = k--1; gt 1= fualse;
i = x 2~ afk); v =y + BRI}
if (v in ) A(v in 5) then
if Alual = 0 then
begin Muz) 1= i
if { <7 nsg then
Yegin yy (i+1Luvgl);
if /gl then Alup] 1= Q
end else ¢1 := frue

end
until g1 v (k=38);
o= ql

end {9} 3
begin 5 1= [1,2,3,4,5];

allj = 23 B[lji1= 1
a?:= 1:82]:= 2;
a3l 1= —13 B3] 1= 2
ald] cm= —2; b[d] 1= 1;
als} 1= —=2; B8] 1= —1;
al6] := —1; b6} ;= ~2;
al?] ;= 1 b[7] 1= ~2;
al8] t= 2; 58] 1= —1;
for ii==1tondo

for_: t= 1 to n do I[i,f] 1= 0;
ML) t= 15 #0021 1,9);
if ¢ then
for i := 1 (o n do
hegin for j :-= 1 to n do write(hli,j1:3);
writeln
end
else swriteln{ NO SOLUTION )
end
fporpanma 3.3. Xoa xona.
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TaGanpna 3.5 Tpr obxona nonew

1 & | 15 ; 10-Ii 21 % 23 | 10 | 15 4 | 25 !
141 9, 20 ; 5 | 18 16 5 | 24 g |14
19 E 2 7 g 22 {1 1] 22 1 18 3
8 j i3 | 24 ; 17 4 | 6 1137 } 20 |13 8

-“;5 18 3 012 |23 2t 12 7 2 1@
i

331 25 {12115 6 | 27

17 2;33 8 |12 |10
e :

32i35€24;21;23 5
i i -
T 1 .

23| 18 31 30 9 | 20

I 3 322 | 18 4 129

pelleHHIO, A 3aBOAHT B «TyoHi». Takoe HDeficTBHe HA3BIBaeT(s
sossparosm. M3 cxemul (3.24) moxno ewBecTH OOIIYIO CcxeMy
{3.28), ecay npeAnONQKUTH, UTO HUCAO BOIMOMKHBIX AdJbiied-
NIMX NyTeld Ha KaK/A0M lIare KOHeYHO:

procedure {ry;
begin unuguupcears suibopKYy BOIMONCHEX 1AL00;
repeat subpars caelypowuil wae;
if npuemaeno then
bezin aanucare ezo;
if pewenue nenoano then {3.28)
begin nonpobosars owepednoid waz;
if neydavno then crepers santics
end
end
until ydaua  Goasuie wer nyred
end
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CGBYMEETCH, K KOHKPETHBIX OPOTPAMNEAX 3TA CXOMA MONKET
BOILTOWATRCA PazAHuHuMK cnocobavil, Hacto b Hux Hcnossayer-
CHl SBHLIA NapaMeTp yposua, ofosHanawdHi ray6nury pekypcuu
Il IOMYCKAOWHE NPOCTOE VCABRHE OKOHYAHNR.

Ecan, rkpove Toro, na Kaaiaom ware UHCAO HCCAEAYeMRIX
Zaabreilnx nytefi dukcHpoBato, CKaXeM PaBHO #t, TO HCHO/Ab-
3vercs cxema (3.29), BuizbiBaeMad onepatopoM «iry(1)»:

procedure [ry{i: integer);
var k: integer;
begin k:=10;
repeat k:=~k+ 1, swbpare k-d sozsomwnotlt nyre;
if npuemseno then
begin zanucars e20;
if { <<n then (3.29)
begin try(i + 1}
if neydauno then crepery sanuce
end
end
until ydauno v {k=m)
end

B occtanpsofi YyacTn 3710 NaaBul paccMATPHBAIOTCA €lle TpH
npuvepd. B OHHX NpeicTaBiieNH  paziNuHble  ponJIoLledHa  ab-
cTpakTHON cxeMul {3.29), DTH upHUMepH TaKXe NPH3BAHE HANO-
CTPIPOBATE IHOUXOARLLEE HCNOJB30BAHUE DEKYPCHH.

3.5, JAfAMA O BOCEMH DEPIAX

3adada 0 BOCLMI (PCP3AX — XOPOWO H3BECTHHH APHMEp HC-
NeWVib30BANHA METOLR Flpf}fj i owmndoK 1 a&JropiTMOB C BO3Bpa-
tex, B 1850 1. e saunvatcy K. @, Tayee, Ho [I0JHCTO ee pe-
WeRNd OH He 340, 310 1t ue YInBHTeabho. [ina nogeGHux 3agad
NAPAKTEPHO OTCYTCTRIE aHAJIHTIMECKOTO pellcHAs. Bmecto aToro
oty Tpebyior Goapuiore o0BLeMa  NIHYPHTENEHHX BbIYHCJEHNH,
Teprenia y akgypathocT, 1lostomy Takue 3anavu CTANH MOYTH
HCKIWUHTEABHG NPEpOTATHRCH BHUHCHNTENbHBIX MalldH, KOTO-
pLie: 06131107 FTIMI CBOACTBAMI B ropasfo Gojpliedl cTenerH,
yey: 10N, dae rernanblble.

3a3a1a o BCcbMI (ep3fX NOCTABIEHA CACAYIOWHM DOPasom
{ca. Take [3.4]): BYKUO TAaK PACCTaBHTE BOCEMb depsci na
LaXMATHOH J0cke, YT0Gpe Hit oauu @epsp He Yrpoxal Apy-
10MY,



170 3. Pexypcuonsie arzopurme

Henonpays cxeMmy (3.29) B kavecrne obpasima, MBI JCTKO NO-
JysaeM CNeAylUlyld NPeJBAPHTEILHYIO BePCHIO aNrOpHTMA:

procedure [ry(i:infeger);
begin
HRULUUPOSATS 8siD0p noauyuy dag i-20 Hepas;
repeat sntfpare nosuyo;
if Gesonacuo then
begin nocrasurs gepas; {3.30)
if i << 8 then
begin fry(i 4- 1);
if weyoauno then ydparse gepan
end
end
until ydauno V ner Goasiie nosuul
end

Yrolpl HATH Zanblue, HYKHO BRIOpaTh HEKOTOPOR NpeUCTABRCHHE
pas daHubx. [ockonbky Bl sHaeM, YTO No IWaXMATHHIM Opasil-
aam $epst Gber Bce GHrYPH, pacnodoxenlsle na 7ol we ropi-
BOHTAJM, BepPTHKAM HJW AHATOHANH A0CKN, TO kbl 34KAIOYEE,
UTO KAM/A9 BeTHKAIb MOIET CO/ePIKATE OJIHOTO H TOMABKO 0.1
HOrO ep3d, Tak w70 {-ro epssa MOHHO CPpasy 10MelaTh :a
-0 Beprakaab, Hrtak, MapaMeTp { CTaHOBNiICA HHASKCOM EBép-
THEAAH, a BHOOp HO3NUNI OFPAHHURBALTCA BOCEMbLIO BOIMOM-
HBEIMA 3HAUEHBAMH JHAEKCA TOPH30HTAIN §.

Ocrafocy PelldTh, KAK OPEACTABHTL PACHOJOMKEHNE BUuLMI
giep3elt Ha gocke. OQHeBHANQ, 4TO JOCKY MoH#HO OBL10 OB BHOBb
nsolpasiTL B BuAe KBAAPATHOH MATPHIE, HO NOCAE HCKOTOPUTO
pasMblIeHHa Ml O0HAapyY:KliBaeM, UTO Takoe TpeicTaBJeule
SHAUHTENLHO YCAOMKHIMO Okl NPOBepKy 0e30DACHOCTH NO3HILI,
310 KpafHe HEKENATeAbHO, NOCKOJBKY TaKas OUEpPalUMst BHIOI-
HiaeT¢n Hamubogee yacto, IlostomMy Hymmo pwdparh npeacTas.ac-
Hiie, KOTOpOe [ACKOABKO BO3MOKNG YOPOCTHT 3TV [pOBepky,
Jlyyule peerc caeaath Hanbonee goctynuofl Ty uHdopmalio, KO-
Topasa DeHCTEHTENbHO BAaXKHA H yanle \Cero neiosesyvercd. B na-
WeM civyae 3TO He pacmoacikeHde (episefi, a udipopmans o
TOM, MOMeLleR Jn {ep3b HA AAHHON TrOPU3OHTANH AW AHaro-
nHamn. (Mo y:xe sHaeM, 9TO Ha K4XKLO0K 2-fi BEPTHKATH YIKE NO-
velled oafH Pep3n Ang | =5 k=0 1) 2o OPHBOIHT K Cleayn-
MM ONLCATES W NepeMentbix:

var x @ array {1.. 8] of integer:
a - arvay [1.. 8] of Boolean;
b array [BL .. B2] of Boofeun;
¢ o amay [cl .. ¢2] of Booleair;

(3.31)
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FTAc

x[i] yxazbiBaeT TO3KUMIO $ep3s Ha. i-fl Bepruxasm;
a[f] osHavaer, 4TO Ha - FOPU3OHTANH HeT depsy;
b[k] osnavaer orcyTcTBHe depsst HA k-H -AHATOHAJH;
¢ k] osnauaeT orcyTereue dep3s HA R-H \-AHATOHAJM.

Buifop uHAcKCHWX rpaHnu bl, b2, c¢l, ¢2 onpenenserca, He-
X0a% 13 cmocoba, KOTOPHIM BEIMHCIAWTCA HHASKSH b 11 ¢; MBI
3aMedaeM, YTO Ha w-AHATOHAJH Ble IOAA HMeldT 0)1[{}’ 1 TY e
CYMMY KOOPAUHAT £ M j, & Ha3 \ -AHATOHAAR NOCTOSAHHA PA3HOLTH
KoopanHat §-— j. CooTBeTCTBYiOIee peilleHHe flOKa3aHo B Npo-
Tpamme 3.4.

o W ot o b L ny —
lrein]

1 2 3 4 5 6 7 B8
Pue. 39, Oko w3 peinenti aanakn o BoceMH hepany.

[TpH TakHX MAHHBLX ONEPaTOp &MOCTAGUTE repssi» NPHEHAMALT
CICAYHOMYIO hopmy:

sl]e=j alil=False; bli+jli=False; c¢li —j)=]alse
(3.32)

Hpu yTounenry onepatopa «ybpare gepsa» Ml nonyuaem
aljl:=true; b+ jli=true; c¢li —jli=true {3.33)

a ycaosiie «f0e30ndcH0» BHINONHSETCH, ecan noae <, j» Haxo-
ANTCA Ha FOPH3OHTANH W AHATOHANH, KOTOpHle €lie CBOGOAHM
(npeactaBaeHBl KaK free), UTO MOIKH(G ONHCATH JOTHYECKHM BB~

pa}KeHHQM
alfl A &[T A cli— ]l (3.39)
ATiM 3aBepuwlacTea  paspaboTka aaropHTMa, KOTOPBIE moJ-

HOCTBIO OWHcaH B mporpamume 3.4. Oua paer pewenne X =(1, 5,
8, 6, 3,7, 2, 4), xotopoe n3obpaxeno ua puc, 3.9.
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program eighfgueenl{output);
{nouck 0dno20 pewenun 3a0auu o0 socemu Hepasx}
var f; integer; g: boovlean,

a: array [ 1:. B] of boolean;

b:areay [ 2..16) of boolean;

¢: amay [—7.. 7] of boolean;

x:amray [ 1.. 8] of integer;

procedure 1ry(i: irdeger; var g: boolean);
Yar j: inleger;
begin j := 0;
repeat j := j41; g 1= false;
it a[f] AB[i+F] Acli—7] then
begin ali] 1= j;
alf] 1= false; bli4-j] 1~ false; c[i—f] 1=~ false;

if i/ < & then
begin #y (i+1,4);
if —q then
begin af] :== true; B[i-+j} i= trute; cli—j] 1= irve
ond
end else g 1= frue
end
witi! ¢ V (f=8)
end {iry};
begin
for i:= 1 to 8 do ofi] := true;
for i := 2 to 16 do B[i] := true;
for { 1= —T ta 7 do c[i} 1= true;
rry (Lg);
if g then
for 1:= 1 to & do write (x[i]: 4);
writeln
end

Tporpauma 34. Bocems depseil {01no peluenue),

Npokae ¥em sakonunTs pasbop 3adad, CBRA3aRAHIX ¢ WIAX-
MaTHOA J0CKOH, Mbl BOCROJB3YeMcA sajadell O BOCBMH dep3ax
LA RANKCTPAINH BaXKHOTO 0006MeHHs anropHTMa Npod A ollEn-
Bok. B ofuux csoBax 970 obofiieHde 3ak/io4aercd B TOM, YT00w
HaxOAMTh He OAHO, a BCe DPEUIEHHA NOCTABJCHHOA 3a1auH,

K stomy ofobweHuw nerke nepefitn, Benomuns, ure MHOMe-
CTBO BO3MOMHBIX MyTeHl CTPOMTCA MO cTPOre ONPefeNeHHOH cH-
cTeMe, Tax uToOb HHUKAKOA NyTe He npentarancst GoJee OAHOCO
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pasg. ZT0 CBONCTBO aJPOPUTMA COOTBETCTBYeT MOHCKY MO fe-
PEBY, IPH KOTOPOM KaKABIH Y3es NOCEIAeTCH TONBKO OAMH Pa3s.
STO NOIBONACT — NMOCAE TOTO KAK PCLUCHHE HAKICHO W AOJKHBIM
obpazoM 3aHKCHPOBAHO — NMPOCTO AEPeXOANTE HA CASAYIOWR
RO3IMOXHBI NyTh, O6man cxeMa Taroro aaropurma (3.35) noay-
yena uz (3.29):

procedure rry(i: integer);
vat k: infeger;
begin
for k := 1 to m do
begin ewibop k-20 nymu;
if npuemaeso then (8.35)
hegin 3anucy ezo
if i <C n then rry(i--1) else nevamp pewieHus;
Cruiparite 3anucu
end
end
end
3aweTiM, 4To Gaarclapd TOMY, UTO YOJOBHe OKCHUAHRA HHKIa
VIPOCTHAOCE 10 OAHON COCTaBARIOMeR A #% m, onepatop UHKAa
¢ TOCTYCAOBHEM eCTCCTBe O JaMEeHHTh Ha onepa'rop LIHK/ia ¢ na-
paMerpoM. K yAHBIEHHIO, NOHCK &CeX BO3MOKHBIX peilleHufi omy-
criBaeTes 0Oojee NPOCTOR mporpaMMoi, ueMm fIOHCK OBHOTO pe-

fIeHHA,

O600weHHBI anropuTy, KOTOpHE HaxoduT bce 92 pemenns
214N O BOChbME (pep3siX, NpecTaRien B Aporpamme 3.5. Ha ca-
MOM JleNe CYLIECTBYET TOALKO 12 NPHHUHTNAJILHO pasINuHHX pe-
LEHRIT, WA 1ipOTpaMMa He VHHTBIBAET CHMMETpPHIO.

fabauna 3.2, [loenaauarte pewennfi safaud o sockMu depanax

Xi Xy M3 X4 Kg Xg N7 Xa N

876
264
200
136
504
400

72
280
240
264
160
336
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program eighigieens (ottput);

yar i: infeger;
ararray [ 1.. 8] of boolean;
b: array [ 2., 16] of boolean;
¢: array [—7.. 7] of boolean;
xyarray [ 1., 8] of fnfcger;

procedure piint;
var k: infeger;

begin for & := 1 to & do wrirerfh]: 4);
weitel

end {print} ;

procedure fry(it iteger);
var i infeger;
begin
forji=110 & do
if alj] ABli+] Acli—/] then
begin x[i] i= j;
alj] v== false; bli+j] 1= false; c[i~]1 t= False;
il I << 8 then rry(i-+-1) else print;
aff1 1= trve; Blid-j] 1== true; cfi—f] i= trie

end

end {iry} ;

begin
for i := 1 to 8 do alij =~ true;
for i :== 2 to 16 do b[i] :== true;
for i := —7 to 7 do ¢[i] 1= true;
ry (1)

end

[Mporpasma 3.5. BoceMa depaeit (Boe pewenia).

B rTabn. 3.2 npusefensl nNepboie 12 pemennd. Uicao N yrasul-
BaeT uacToTy Hposepox GesonacHocTH nonefl. Ee cpeanee 3masa-
1IHe AndA Beex 92 peillennd pagno 161,

3.6, 3ARAYA OB YCTOHAYMBDBIX BPAKAX

TycTe nanel ABA HCACpEeCEKAOMIMXCS MHOKecTsa A u B ¢
OJHHAKOBHIM!I KAapPAHHANBHLIMM UYHCHAMH, PABHEIMH n. Hyxuo
HANTH HEKOTOpOe MHOMecTBO map <{a, b) u3 n, Takoe, urodul
aind ¥ binB yI0oBIeTBOPAIN HEKOTOPHIM orpaHnryennsam. s
BHOOPA TAaKHX DNap CYLICCTBYET MIIONG PAa3HBIX KPITCPHCB; OAHH
M3 HHEX HA3LIBAETCA «npaguiom ycroddidotx OpaKos»,
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[peanonomuM, uT0 A — MHOKECTBO MYMKUHH, 2 B — MHoxe-
CTBO e, KakiIni MymRYMHA W KAKR4A KeHIUUHA yeTauag-
NijBaloT onpeleerHb] TNOPAZCK NPEANOYTEHUN AMNA CBOHX BO3-
104BIX TapTHepOR no Gpary. Ecmi n nap Bwfpano taknm of-
[a30M, 4TO CYILECTBYIOT KAKHe-TO MYIKUHHA H »eHULUHA, He CO-
cioquine B Opake JADYTr ¢ APYroM, HCG NPeINOYiTAIOLINE APYr
APYTd CBOUM eHCTBHTE/bMBIM CYIPYIaM, TO TdKOe MHOAECTBO
GpaKroB cunTacTes HeycrofivubuiM. Ecam me tawolh mapo e cy-
BIeCTBVET, TO MHOEECTBO HA3LIBARTCA yoToliuusomn,

D7a CHTYaUMS THNHYHA And MHOTHX NOXOXKHX 3a/1ay, B KOTO-
PEix pachpefefeHue 3aBHCHT OT KAKRX-TO TPennourelui, Kax,
nanpumep, Bufop WKOABI YualliMmilca, BuBop pekpyTaMn pas-
JAIMLLIX poges Boiiek 1 1. A, [IpuMep ¢ GpaxaMu oTdactn BribpaH
HHTVITHBEOC, 2aMeTHM, OIHAKO, YTO YCTAHOBJIGHHMH MOPALDK
npeInouTeHnl WHBAPUAHTEH W He N3MeHSeTCs o Mepe 06paso-
BaFils map. JT0 yNPULLEET 32134y, HO 1 HECKONbKO MCKaXaeT
AeliCTRHTEABBOCTEL (Kak Jobad abeTpakuns).

Peureriie MOMKIIO HCKaTh ¢acayiomum ofpazosm: npoloBaTh
noclieoRaTeNbHO O0LeAUHATE B TAPBl UMeHb IBYX MHOKECTB,
noka 06a MHONceCTBa le OvAYT wedepmanel. Hameperasch wafitu
ece yoroflulBele PAacNpeiefienus, Mbl M;KeM Jerke Hadpocartb
pellieHUIE, HCTOAB3YA B KauecTBC oOpasna CXeMy NporpaMubl
{3.35). Nyery try(in) — ANTOPHTM MONEKA NAPTHEPLIN ANH MY¥K-
YHHH p2, B NVCTL HONCK NPORCXOANT COTAACHO CORCKY Npeinou-
TeHWil 3TOTO MYMKUWEM. [lpubelesM TNepByW BepCHoO, OCHOBaM-
HYI0 HA 374X MONYIEHHAX:

procedure Irym: man);
var i1 rank;
begin
for r:=1 to n do
Degin smbpaTe r10o sweHUUAY U3 CRUCKA RPEONOHTEHILE MUK~
qUHOL I,
it nouestreno then
begin aanucars bpax; (3.36)
it m— ne nocaeduull myrcatna then try(suce(in))
else sanucdars HCTORMHBOE MHONECTEO,
oTMeRUTs Gpan
end
end
end

BHOBbL MBI Hle MOHEM MBHTATECA Aanblile, 110KA e PeIlHM, Kak
NpPeACTABIATE AaHibie, Onpefesny TPH CRAMAPHBIX THNa; AAA
NPOCTOTH OYCTL AX 31auenusa 6vayT ueammy gacaamu oT 1 Ao
f. XoTda (POPMANBHO 3TH TPH THRA OAHHAKOBEL, NPHACBAHBAHHE
HM  D23MIGHBRIX  fiMeH 3HawuTe nHO TpPOACHAeT TPOTpaMmy.
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B uactHOCTH, Cpa3y NOHATHO, YTO Q3HA4aceT RaKan-ando nepeMeti-
HaA:

type man=1..n;
woman=1..n; (3.37)
rank=1..n1;

HcxoiHple DaHHBE MpeiCcTaBAAIOTCH IBYMA MaTpPHUAMH, B KO-
TOPLIX YKa3ad NOPAROK MPeiNQuYTEHNH MYMYHH H IKeHWMH HX
MaprHepamu;

var wmr: arrayfman, rank] of woman o
mwr: array[woman, rank) of man (3.38)
wmr[m] of033a%aeT CAUCOK NpelnouTeHHN, YCTAHOBAC HHALA MY K-
uHod m, 1. e. wnir[m] [r] = wmr[m, r] — xemuna, koropan
3aHNMaeT r-¢ MECTO B CAHCKEe NpeANowTeHHii MYXuhkm m. Touxo
Tak me mwrlw] —cnucoK nNpeAnouTeHHR MEHWHHB W, a
mwr @, r]— MyX¥uHHa, 3aHEMAIOWIKE F-€ MECTO B ee CIIHCKE.
Pe3ybTaT NpeicTaBARETCH B BHJE MACCHBA MKeHUIMH Y, T2-
kore, 4t x{m] ofoznasaer napTHepwy Myxunuw m. Ana co-
XpaHeHHq cHMMeTpHH (Ha3bBaemMOH TaKiKe <paBHoOpaBHeM»)
MEXAY MYMUHHAMH H KeHILHHaMH, BBOSMTCA AOMOIHHTEIBHLIN
MaccHB g, Takofl, uTo ylw} obo3nauaeT NAPTHEDAR MeAUHAL w:

var x: array[man] of woman;
y: array[woman) ol man;

(3.39)

$cHo, ¥TQ B MaccHpe y Her 0co6OH HY:KABL, NOCKOJIBKY OH CO-
AepHBT NHMOPMANID, KOTOPan YXKe npeAcTaABAeNa B8 MaCCHBe ¥
B camoM fene, iag AW0MX A1 H @, COCTOALIHX MexAy coloH
B Opake, BEIIGJHAKTCA paBeHCcTRA

Cxlylel]l=w, gle[m]]=m. (3.40)

CAaenoBate/ibHO, 3HaveHde y[w)] MOMHO YCTAHGBHTD MPOCTO HO-
HCKOM N0 ¥; HO HCHOJh30BaHIE MACCHBA § ABHO [OBHLILAET 3¢-
$exTHBROCTE. MHDOpManya, NpeAcTaBAeHHASA B MacCHBAX X H Y,
yAHa AJA ONpeAeSieHHs YCTOHUHBOCTH NpelJaraemMoro MHOMe-
crBa 6paxoB. TloCKOABKY 3TO MHOQKECTBO CTPOHTCHA NOCTEIEHHO,
nyrem Bnfopa oTAeABHEIX ap H [IDOBepKH YCTOHYIBOCTH MHO-
WeCTBa Nogfe KAXKIOIO TAKOro Mpeanaraemero Opaka, x ¥ ¥ hc-
NOAbL3YIOTCA &llle A0 ToTo, Kak OVAYT aanoadeHst. Jns Toro yrodu.
3HETb, KAKMe KOMIOHEHTBl yiKe Opele/]eHbl, MOKHO BBeCTH Oy-
ANEBCKHe MAacCHBBI

singlem: array[man)of boolean

singlew: array{woman]of boolean (3.40)
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G TAKHMYU 3HAYCHUAMHU:
—singlem [m] npednoaceaer, wro x{m) onpedeseno,
—singlew [w] npednoracacr, «ro ylw| onpedereno,

Ho, paccMatpuBaf npeanaraeMblfi asirOpHTM, JeTKO oGHApy-
WHTh, UTO cemeilHve MOJAOKEHNE MYKUYHAHN MONHO ONpedeAUTh
TPOCTO NO 3HAYSHUI M CJLRYIOINM 00pa3oM:

—singlem [k] =k < m. (3.42)

[losromy maccus singlesmt MOKIO YAANUTB, COOTBETCTBEHHO MbL
YIPOCTHM UMA singlew a0 siagie.

[Mocae cOOTBETCTBYIOWHX COTALIEHHA AACOPUTM MPUHHMART
Bug (3.43). [lpeankat «wipuesmaemor MOMHO HIOOPAIHUTL B BHAe
HOHBIOHKLUHK sirigle # siable (sycroldvuaoui»), rtae stable —
OYURunA, KOTOPYIO elle Hado GyleT YyTOUHUTL,

procedure fry(m. man);

vat r; rank; wi woman,
begin for » ;== 1 to » do
begin w == wmr[enr];
if singlelw] A stablc then
begin x[m] 1= w; yw) 1= m;  singlelw} 1= falsc;
if m << n then fry(siccim))
else sanwuce yemoidiuueozo MHOXecmad;
single{w] :== frue
end

(3.43)

end
end

3aeck Bre eme 3aMeTHo (0ABINDe CKOACTBO ¢ nporpammoi 3.5.

Teneps, OCHOBHAA 3aJa4a — YTOYHUTH dACOPHIM ONpPEAEALHHA
yeroitunpoct. K coRancHuio, yerouusocTs HeAL3R NPeACTaBUTh
TAKHM 3Ke TIPOCTHLIM BbIPAaMeHHeM, KaK 5e30NacHOCTh TMO3HUHH
dep3s B nporpamse 3.5. HyKHO mpexae BCero HMeTb B BHAY,
YTO YCTOAYHBOCTH NO ONpeefieHA0 caedveT H3 CPABHCHHA Mped-
rourewdl, (v pauros, Ho pawrs Mymqur H KCHIHH IHFAe 3
HAKIHX ONUCAHHBIX 1O CHX MCP NAHHBX ABHO He MpelCTaBRJeHbl.
KOHeUHO, DAHD MEHIIHHLL & C TOYKH 3peHHs MYHKUHHEB m MOMXHO
BhIYHCAHTE, KO JHIWb € MOMOWDBID TPYIOEMKOr® RNOWCKR
B war[m].

Tak Kak swutcaenue yerOHIHBOCTH — OUEHs WACTOR AefiCTBHE,
WeaaTeasto, yTods 3ta HEGopmauHd Gwmra Gojee XOCTYMHA.
Jna 31oro Mt 6ylem HCNOJAb3OBATH I8¢ MATPHLH

rewe: arrayf[sran, woman] of rank,

rar: acraylwoman, marn] of rank; (3.49
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TAKHE, UTO #mw|[m, @] C3HA¥aeT panr w-f KeHIMHHL B cricke
NPeANOYTEHHA /M-T0 MYAUIING, a ris nluv, #) — PaHI M-TO MyXK-
JUHL B CNHCKe @-if aeHipHbl. fcuo, 4T0 3HadeHUA 3THX BClO-
MOFaTeJ]bIlbIX MaCCI]BOB IMOCTOSIINIL! ;'i MOTYT OHITD NOAdY4eHhl
¢, CaMOTO Hayana i3 3RAueHHl wnr U mt.

3uaueuie nNpeankata stable (y«:rouqusrnm) Teneph BEIYHC.
ARETCA B CTPOTOM COOTBETCTBHH C €0 HCXOANBIM ONpPeIe/ieHUeM,
BCHOMI]HM, T Mbl HCCHOH}-‘EM BOSMOKHQLTE 6]‘.‘!31{3 MCALLY 1 H

, The @ = wmr[m,r], T. &. & AMEET PAHr ;y B /M-M CHICKE Npex-
nou’rermu Bylyyn ONTHMHCTAMH, MLl BHayade npeanciaraem,
¥T0 YCTOMYHBOCTE COXPAHHAACH, & 34TEM UHTZENMCH NafiTH BO3-
MOZCHEIE 1iCTOUHHKN HempuaTHocTefi. [ ae OHM MOTYT 7auTbhes?
E(‘I'I"h ABe ¢HUM Me‘l’p}i'lllble BO3MOIKHOCTR:

. MoikeT CyWecTBOBATL AKEBULMHA puw, NPeANOYTHTLABLNGR LMA
71 N0 CPABHEHHIO ¢ W), KOTOPAA CaMa MPeAMOUNTACT Bl CBOEMY
MYKY.

2. Moxker cyuwiecTBOBath MYIKUNHA pm, NPEAMCYIHIEHBNBIA LA
@ MO CPAaBHEHHIOD ¢ i, KOTOPHIE caM PpelnouHTaeT w cBoeH
wielie.

Heenepya nerounus uenpustHoctefi 1, MB CpaBHIBaeM DAHTH
riem [ pw, mj u rovm pw, Y[pw]] Lug Beex KeHLH, KOTopuX /m
APEANOVITART CBOEIT HEERCTE W, T. €. A BCeX pw == wir|m. i],
TAKHE, UTG { <7 r. MBbl 3naeM, YTC BCe 3TI KeHIINHE ~KE BLi-
naliul 3aMY:K, TAK kak ecan 6p KaKag-To B3 HUX BpLia eile oan-
ROKA, wm BHIOpan Opl ee payelie, UCM @. 3TOT IPOILELT DPOBEPEN
MOYHO CHOPMYAHPOBATh B BHIE IPOCTOr0 JHHEHHUTO NONHCKE;
§ 03HauaeT YCTOHYKRBCCTD:

&= frie; of 1= 1:
while ({ << ) A s do

begm pw = wmrimil: .= i+ (3.45)

—single[pw] then s 1= rum[pw, m] > rempw, ypuj]
cnd

Hecaelya HCTOURIE HENPHATHOCTE 2, MBI A0.J1/KHB paccMoT-
PETL BLEX MYIKUIIH i, HOTOpb]X H npe,:lnoun’rae’r ¢BoeMy nipel-
MOTAraeNOMy napTiepy m, T. &, BCeX pm == mar [0, i), Takux,
uTo [ < mm[tw m}. Kax u npw HeCTeROBAHHN LicTOMHHKA 1,
HYIKHO CPaBHUBATE Panrl rev fpin, @) onorma [pen, 2 [pml]. Ho
SAech H}H{HO Ob]Tb BNRMATCALITLIMY, yTGGLI NG APOH3BOIINITL CpaB-
nennil ¢ yuacTueM x[pm|, rie pm ewe ne xenat. Heodxonnmod
NPenOCTOPONCHOCTBIO Oy AeT NpPOBepKa pm < m, MOCKOIBKY Mbi
3HAeM, YTO BCE MYI(YHHbL, UPEIWECTRYIOIMNE M, Y/KEC MEHaThl.

Beck aaroputTM mpeacTaBaen B mporpamme 3.8. Taba. 3.3 co-
ZEPHHT MEOMKECTBO BXOANHX HANHEIX, COOTBETCTBYICIINX MacCH-
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Tabnuua 3.3, [Tpuuep BROLHGLIX MAHHBIK AXA 3agauip
60 YCTORuUMBHXY Opaxax

Panr 1 2 3 4 5 6 7 8

Mysuuea | puibupaer wenumuy 2 8 5 1 3 B 4
2 4 3 2 -] 8 1 7 5

3 3 2 4 1 8 5 7 8

4 3 B 4 2 -] 6 7 1

5 8 3 4 5 [ 1 7 2

6 8 7 B 2 dq 3 1 ]

7 2 4 G 3 1 7 5 8

8 6 1 4 2 7 5 3 8
HKenwwitima | pabnpaermyuugy 4 6 2 5 8 1 3 7
2 8 5 3 1 6 7 4 2

3 6 8 1 2 3 4 7 L]

4 3 2 4 7 6 B8 B 1

5 6 3 1 4 5 7 2 L]

6 2 1 3 8 7 4 & 1)

7 3 5 7 2 4 1 8 6

8 7 2 8 4 5 & 3 1

gam wimr uomwr. M vakodew, 8 tabi. 3.4 npuseieHsl I€¢BATH 1o
JIYUEHHKBI X PeLIC THA.

Tadavua 34. Pewepna sagayn of ycrofunnumx 6pakax

X\, X1 Ky K4 X5 Xg Xxp xg rm orw ¢*
Pewenue 1 7 4 3 g | 5 2 6 16 32 21
2 2 4 3 8 i 5 7 6 22 27 449
3 2 4 3 1 T 5 8 6 2 20 59
4 fi 4 3 8 1 5 7 2 26 22 62
5 6 4 3 | 7 A B 2 35 15 47
6 G 3 4 8 1 5 7 2 29 20 143
7 L] 3 4 | 7 5 8 2 B 13 47
3 3 6 4 8 1 5 7 2 34 I8 7h8
Y 3 £ 4 PT Fit 3 2

43 1l 34

—_— :
CE==OANSACTRO OpO8apie YeT dunaicTd,

Polienue l=speuleate, ONTIMAABHOE JAH MYMITAL-

Pooenne 9= jpemediue, oBTIMALBHOS 108 HKEHLHH.

[To cBoeil cyTH 3707 AILOPATM OCHOBAH Ha NPOCTOH cXeMe MO-
HcKa ¢ Bo3BpatoM. Ero sfupekTusHOCTE 3aBIHCHT B OCHOBHOM OT
VilaqHoro [OCTPOeHHA CXenbl YCeKaHiuf JepeBa pemewns. He-
CKOABKO Boee GHICTPHII, HO Bosee CaOMHBI 1! MeHee MOUATHLIH
aaroputy npeanoxet Max-Burtn n Yuacomom [3.1, 3.2], xoro-
pele, KpoMe TOro, PAaclpocTpaliujiH ero Ha caysail MHOMECTB
(MYJKUKR H ¥eHUINH) HeodHHAKOBOTO padmMepa.



progeam martiage (inpul,euiptit);

{3a0uva ¢ cmabutvroix Bpanax}

const /- §;

tvpe man 2= b ..n; woman - . 1. .n; rank =2 1,63

var ni: oman; w woman, r: rank;
war: array pman, rank] of weman;
mwr: avray [woman, rank] of man;
rmw: arcay [man, wemanl of rank ;
rwm: array [woman, man} of rank ;
x.  array [man] of woman;
b array bwomant of man;
simgle: arvay [wonan] of boclean;

procedure pring;
var m: oman; rm, rw inieger;
begin rm i= 0 rw - 0
for m :== 1 to n de
begin wriite {x[m]:4);
R B R Lk R 12| AR S R R SV #T B E e
end ; '
writeln (ron 8 rw:d);
end { print} ;

procedure iry{m: mian);
var r: rank; w: woman;

function stable: boolean)
VAT PRIC MR, PW. WOMGH}
;, Im: rvank: 5 boolcan;
begin 5 1= frie) i 1= 1;
while (i<r) A s do
begin pw 1= wmrpm,i}; i 1= i+1;
if —single[pw] them s (= rwm{pwm] > rwm{pw,y [ pw]
end ; '
i= 1y lmoi= romlwm);
while (xth) A s do
begin pin == mwr[Wi); § o= i1
if pm < m then 5 1= rmw{pmw) > rmwipnxfpml]
end
stable =
end {stable} }
hegin {1y}
for ri:= 110 n do
begin w i= war[mr];
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if singlelw] then
if stable then
begin x{m] := w; y{n] ;= m; singlelw] 1= fulse;
if m < n then try(succ(m)) else print;
singlelw] := trie
end
end
end {try} ;
kegin [ ocroaHas npozpamMma)
for m:=1tondo
for r:=1ton do _
begin read(wmrintr]d; roiv[mwmr(mr]} 1=
end ;
for w:= 110 n do
for r:= 1 to n do
bégin read (mivr[w,r)); promlw,mwrlwrl] 1= r
end ; )
for w := 1 ta »n do single[w] 1= true;
fry (1}
end |

Nporpamua 3.6, ¥Yeroliunpwe Gpaxn.

ANTOPUTMBI TAKOrO BYJa, KAK B ABYX MOCAEAHRX NpHMepax,
AaKUke BCe BOIMOMKHBIE PellleHHa 3aiayun (NpH onpefeNeHHBIX
OTPAHHUEHHAN), YACTO HCMOJLIYIOTCH AAR BuOopa OGLHOTO HAH
HECKONBKAX pelleHudl, KOTOPele B KAaKOM-TO CMBICJe ABASIOTCA
ONTHMANBHEMH. B NalnoM npuMepe MOXHO Oblio Ob, BONYCTHM,
HHTEPECOBATLCA PellleHHeM, KOTopoe B cpedneM H0abplle YAOBAET-
BOPSLT MYMUNH, IIAH FKEeHLUHH, HIH BCeX.

OTMeTHM, uTe B TabA. 34 yra3anp CyMMbl PaHToB BCEX KeH-
Il ¢ TOYKH 3PeHHA HX MymeHR H CyMMbl PAaHrOB BCeX MYMKYUH
¢ TOUKM 3penus HX kel JTo 311ayeHns

N

rm= 3, rmw|m, x{m]], ro= i} rwm {x[m], m). (3.46)

Pemeye ¢ HapaMeinbuINM 3HaUEGHHEM £ HasbIBaeTCd YCTON-
HHBHMM peluem{em, oNTIMAJTEHBM A8 M)T)KHHH, a ¢ HAHMMeHRLHIHM
I —YCTOHUHBLIM DelleHHEM, ONTHMAALHBIM AA% KeHwnd, lpn
H3GpaHHOH ¢TpaTerny NOHCKa NEPBHMH BHUYHCAAITCA PelUeHnd,
XOPOIIHE € TOUKH 3PCHAS MYWUUH, a4 OnarOnPHATHLIE IR JKeH-
IWHH pellednd Nai0Ted B KoHle pabotw. B 3toM cMmmicie ajro-
PHTM OpHEHTHPOBAH Ha cuabHbIE noa. Ho ero MoxHO 6HiCTpo
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H3MCHUTB, CHCTEMATHYCCKH NMOMEHAB PONAMH MYMYHUH H JKeHLLIKH,
T. €, 3aMeHHB mwr HAa wmr U rmw Ha rwm.

3aech Mpt He GyieM galee ofobILaTe STY NpOTPAMMY, & OCTA-
BUM MNOHCK OITHMaJIBHOTO PEIIEHHA B KauecTBe OUEPeJHOTe U
NOCAEAHEre MpUMePa aAropHTMa ¢ BO3BPATOM.

3.7. 3AAAYA OTITHMAJNIBHOIQO BHIEOPA

Ham nocnezuuit npumep ajiropaiyMa ¢ BO3BPATOM — 3TO JIOTH-
gecxoe obodImeHHe JABYX NpeABAYLIMX aJITOPHTMOR, KOTOpbIE
erpoatess no obmed cxeme (3.35). Brauane MH HCAOJIb30OBAMH
HPRHUHIL BO3BPaTa /8 HAXOMAEHHA OOHOZ0 peuleHus NaHHOR
3afayd. D10 OHAO MOKAa3aHO HA TpUMepax XoAa KOHSA H 3a1aun
0 BoCcbMu Pepanx. 3aTeM MLl 3ajafiich UeJblo NAATH 8ce peLue-
HIIA 3ajaun; npuMepaMu Oblu BOceMb ¢epaefl H YCTORUNBKHE
Opawn. Tenepb MBI XOTHM HAHTH ONTUMAABHOES pPelieHue.

HAng 3T0ro HYXHO NOAYYHTb BCE BO3MOJKHLIE pelleH!ls U B
nponecce HX floAYYEHHsS OCTaBAATE TOJBKO TO, KOTOPOE B II€KO-
TOPOM CMBIC/IE SBASETes ONTHMAALHEIM. Ecan npeanoaoxuts,
YTO ONTHMAJLHOCTD Onpeleieda ¢ [MOMOLILI0 HeKoTopod GyHKURH
f(s), NpHHAEMaweH HOAOKHTEIbHEIE 3HAYEHWUA, TO aJTOPUTM
MOAHO NONTYYHTe H3 cXembl (3.35) samenoii cnepaTopa <ne«ars
petitenua> HA ONepaTop

it f(solution) > f(optimum)then optimum := solution (3.47)

B nepemensodl opfimurn XpaHHTCA JyUWeE H3 HOJAYYeHIBX
0 CHX TOp petmeHuit. PasyMeeten, ee HYMHHO TONMHBIM 06pazoM
HHHLHKPOBATE, KPOMe TOro, 3HaueHHe floptimum) TipuHATO Xpa-
HHTBE B APYrofl nepemMeHneH, 4toObl H30eaTh €€ YaCTOro nepe-
BHIYHCJ/ICIIHA.

B kauectme npnMepa oOulell 3ahaul TIOHCKA ONTHMAJALHOrO
pellieHNsd Mbl BRIOHPaeM CJCAYIOIYIO BAMHYIO U HacTO BCTpe4alo-
IYKCA 33a4auy: HalTR onTuMaibAye eeibOpKY W3 3aLaHHOTO
MHOMECTBA Oﬁ'beKTOB, DOIMHICIHIVI} HCKCGTGPBIM OUpPaHHUYCHREAM.
BbiGOpKH, COCTARMAWOLING TPpHeMAeMBlE pelULHYd, CTPOATCA TO-
CTEICHIIO, ¢ NOMONIAID HCCACTOBAHHA OTAEMLBRBLIX ofrexToB Gaso-
BOro MHOKecTsa. [Ipoueaypa fry OIHCHIBAET HPOLECC KCC/E10-
BAHHA NPHCOAHOCTH OGBEKTA IAA BRJAYCHHA B BWOOPKY, OHA
BLI3LIBAETCA PCKYPCHBHO IPH NepeXode K cleiaymiemy oJberty,
ImoKa Bce o0LeKTH He HYAVT paccMOTHEHHL

M BHAUM, UTO H3 PACCMOTPEHHA KAKIOTO 00BEKTA MOKHO
cAeNaTh ABAa BC3MOMXHLIX BbIBOAA: AHOO BKAIOYHTL OGBEKT B Te-
Kyllyie sHOOpRY, Anbo e nmrmodath cro. [losToMy slech HC
YOAaCcTCA HCIOABIOBATL ONEPaTopbl IHHKAa, BMECTO 3TOTO HYHXHO
SBHO OMHcaTh 062 cayuad. 3rto nokazawo B (3.48); npexnono-
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WM, UTO O6DBEKTH MpOHyMepeBanu 1, 2, ..., 0!

procedure ¢rypis integer),
begin
1: if sxaoucnue npuensesio then

begin exasouurs i-ii 06Bext; o

if i< n then try(i + 1) else npos.epum onwmmmocrb,

widaauTs -t obwexT _ o {3. 48)
end; Lo
2: it neoxkaionenue npuemseno then if i <<a then try(i4-1)

else nposepurs CATHMAAGHOCTE
end

I3 srofl cxcMsl BIAHO, UTO BCETO HMEIOTCS 27 BO3MOMULIC
BHIOOPKN, MOITOMY fCHO, YTO KPHTEPHH NpUEMAEMOCTH AOJIHHisl
31AYHTEABHO OTPAHNYNTE KOAKYECTEO PACCMATPLBACMBMX [O3-
MoKHOCTeR, JlAs NoscHeHUA BO3bBMeM KOHKDETHBLIL npumep:
My oTh KAKAB 13 17 O0BEKTUB Qi ..., @2 O0NBAEET BeCOM @
I HenHocThIo . ONTIMAILHMM  TYCTE CUHTAETCH  MHOMEeCTBO
¢ rairfoapicli evMMapned LCIUGCTLIO KOMMNOHCUT, & erpantye-
HICM OVCTh CAYMIT 0x Npcaeibutii o0muii sec. JTa 3anava
XOPOLIO 3HAKOMA BCeM OTNPARIBIOIINMCI B TYTellecThHde, KOTO-
Phl¢ YIAKOBRBAIOT WEMOMAHBE, Qrapadch Taxk BHRIOpars A mpelt-
METOR, YTOGL X O0WaAH UEHHOCTL OLINa MaKCHMAAbHOH, a 00-
HLi BOC Nl TIPOBBILAA KAKOTO-TO AGNYCTHMAQrO npeacta.

Temeps MBl MOMEM PEUIHTb, KAk NPELCTABUTL H3BeCTHLE
PpakT B BHMe Zadvrbix. 13 BHILECKA3aHNOTO JIETKO BOJYUAIOTCH
TAKIe ONHCUHNS:

object = record Wt Gieger end

var a: array [index] of object; (3.49)
fimw, folv, maxv: infeger;
5, opis: set of fndex

[TepesenHple {imw K f0fv 0G03HAMAIOT TPeARABHB Bee 11 06i1yIa
LEHHOCTE BeeX 1 00beKTOB, CaKTHUECKI 3TH QB2 3HAYEHUH B Te-
yeHile BCCIO TIpouccca 0TGOpa fIOCTOANNL; MCpes § of03navyaercs
resyllas seibopra OOBCKTOB, Fle KamAME 0fbeKT NpescTapaci
CRONAT lIMeHEM [HHIeKCOM)}; OpIs ecTh ONTHMANLHAA prGopia,
nedYHEHHEaN 10 CHX TIOp, 8 Ma XU — ee LeHHOUTS.

Tenepb DOCMOTPHM, KAKOBLI KPHTCPUR NPUCMAEMOCTH 06BeETH
aan Texymefl serfopxu. Koraa penn HACT O 8RAKNOILEN, OOBLCKT
MOMSHO BKTIOMHTE 8 BHIOOPRY, €Cin 0N yAOBAeTBOPHET JOMNYCTil-
MOMY Becy. ECall e He YAOBIETEOPRET, TO MOMHO Mpeparnth
NONbITKE 100aBaaTe HOoBble O0BEKTH B Tekylied Bwbopke. Ho
CCH PacCMATPHBATD RESRMOUCHUE, TO KPUTCPIeM OpHEMIeMo-
CTH, T. € BO3MOMHOCTH [POAONMKATD ROCTPOENKE  TeKYL(CH



program sefection (input.otfpul);
[ nOCK OMIMUMAABRON 8BIGOpLL OOKOKINOE TP oapauuuemmv}
const # = 10;
typo index = 1..n;

object = record v,w: integer end;
¥ar ¥: index;

a: array {index] of object;

finmw, fore, maxv: infeger;

wl, w2, w3: integer;

s, opts: set of index,

21 axray (boolean] of char;

procedure try(f: index; tw,avs infeger);
yac avl: inieger;
begin [ronvimsa sxaouenus ob6vexma i}
i w1 afi} w < limw then
begin 5 := g - [{];
if 1 < n then fry(f--1, med-ali]n, ar) clse
if gy == maxv then
bepin maxy 1= qv; opis 1= §
end ;
2= 8 — [i]
end ;
{ nonsimxa uckaroueHus obverma i} arl 1= ev — olil 43
if avl > maxy then
begin if i < n then rry(i4-1, fw, arl) clse
begin maxv 1= avl; opis - 5
ond

end
end {1y} ;
begin fofv 1= 0;
for /1= 1 ton do
with ali] do
begin read(w,v); fore 1= toty < ¥
end ;
read(wl,w2,wd);
Zltrue] v== ‘%) gl false] =
write(" WEIGHT )
for 1= 1 to n do write (a[i] av: 4)3
vwritelng write (" VALUE ‘)3
for i =1 to n do write {a[i] 2: 4);
writein;
xepeat limw i= wi, maxp i= 0y 3= { L opts = I;
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(1,0 0000
write({inme);
for i := 1 to n dowrite{” ', z[i in opis]);
writeln; wl 1= wl - w2
wntil w1 > w3

end
Mporpamma 3.7. OntManskan BHGOpKA.

BEIGOPKH, §YAET BOSMOKHOCTL ROAYYHTE 6€3 3T0T0 0OBEKTA TAKYIO
OfLLYI0 LUEeHHOCTh BuIGOPKH, KOoTopast 6plNa Obl He MeHbLte NMORY-
YeHHOTO AD CHX ROp ontTHMyMa. Beipr nHaue npoAOJKeHde no-
HCKa, XOT# W OyleT [1aBaTh KaKue-TO PelleHHs, HUKOTAA He
NPHBCAET K ONTHMANbHOMY, CACAOBATENBHO, Ha 3TOM NyTH Gec-
ngaesen Kakoi-nu6o paacHeRiUHE nouck. C y4eToM 2THX AByX
YCNOBMA MEL DOpejendeM, KakHe CYUIRCTBEHHBIE BEANUHHLT HYKHO
BLIYHCAATD LIS KAXKIOFO 11ara B npouecce otéopa:

1. O6mnii Bec {w BLIBOPKU §, NOJIYUICHHOA A0 CHX NOP.
2. O6myld WEHHOCTL qu  Texyllel BHBOPKH $, KOTOpOR elle
MOMHO JOCTHYb.

3Tn aBa 3HaYeHMNA VAOOHO NpelcTaBHTL B BHIE NapaMeTpoB
npoueaypul Iry.

YcnorHe <«axarouerte npuemaemo» B (348} Tenepn moXxHO
ePopMYNHPOBATL KaK

tw-taliw<lime {3.50)
& nocneAyWIYIO HPOBEPKRY ONTHMANBHOCTE — KaX

it ap > maxo then
begin {sanucs no8ozo onrTuMYyMa}
apis:=3§;, maxy =au
end

(3.51)

IMocncanee unpucpaHBaiHe CBA3ANO ¢ TeM COOOpaIKCHMEM, 4YTO
NOCTHRNMOe 3HayeHne OyXeT NoOsy4eHo NOCNe RPOCMOTpA BeeX f7
OBBLEKTOB.
Yeaosse <«Hesrmouenue apuemaemo» B (3.48) Bupamaerca
KaK
av —ali].v > maxv {3.52)

Tak Xay Tno3fHee OHO CHOBA HCNONbL3YCTCHA, 3HAYEHHe ay—
— a{{]l.v npuceauBaerca nepeMeHHON avl, yToOw H3bewaTp no-
BTOPHOTO BHIYHCEHHS.

Bew nporpaMmy 10AHOCTbIO TeReph MOMHO BOJNYYHTL H3
(3.48) ¢ nomowsio (3.52). nolaBHB COOTBCTCTBYICILHE OMEPATOPLE
HHHUHauUHE Tae0abHbis nepesedbly. (CaepyeT oOTMETHTL, YTO
3gech  YAOBHO HCRONBIYIOTCH ONEPAHHA  HAJA  MHOMECTBAMA.
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PeayabTaT BHIOJHCHUS NIPUTpasMb) 37 ¢ 3aLaHHLIMA mpeledb-
HEMK Becamy oT 10 zo 120 adoxasau B T1abm, 3.5

Tabauua 3.5, [puMep peayastata paGoTH MPOrpaMMsl ONTHMAaALHOLN
BEIOOPKH

Beg 10 i1 12 13 14 15 16 17 1§ 19
Inauciie 18 20 17 19 25 21 27 23 25 24

10 -
20
30
L1
B
60
70
80
9¢
100
110
120

*
x ® % %

* ¥ X B R ¥ E X #
£ B X X B ¥ ® ¥
£ B O B o* x #*
FEERE IR

*
* ® * @

YAPAXKHEHHS

1, {Xauoiickue Bamnu.) Haum TpPH cTepsiua n n JHCKOS PAZHOTO PAIMEpa.
Ixeky MOMHO HaleBaTk Ha CTEDMHE, CTpoA TakaM obpazom  «Galmmu»,
TiyeTs BRauase AHCKH HAXOLATCA WA crepkbe A B nopaike yluBaoulero
pazMcpa, Kak noxazano na puc, 3.10 ana 7 = 3. Hykuo nepemecturs n

: S
i . /,' 2 /, /
T i // A
A B

Pre, 3.10. Xawofickre Saiunu.

ANCKOB H2 cTepikeds € Tak, HTOSH OHM OCTAAHCE B TOM e NMopaike. 3Toro
UyMHO A0OHTECH, COBAMAAA CTelYIGIMue Tpapnna:
1. fla2 xaxIom ware pOBHO OAMH AHCK NEPEMELIABTCA ¢ QUHOMG CTEpPH-
A Ha Apyroi
2. Huck GoaplIcro passepa HeJb3f NOMCIIATL & MOTLmviL
3. Crepiens B MORHO HCNOJB3CBaTL B KAYeCTBE BPOMEHYTOTHOM.
TloctpoiiTe aaropyT™, KOTOpMIT BHIOAHSET STY 3afauy, 3aMeriM, 110
GuuHK YI0GHe PACCMATPHBATE Ka¥ COCTONILYIC H3 OSHOrQ LRCKA Ha ¢a-
MOM BepRY I U2 GaULHE, COCTOAWICR H3 0CTaAbHBIX mMexos. Onmudre ITIT
AATGPHTM B Bule DeKYPCHBHON TPOrpaMMe.
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3.2.

3.3

3.4

Hanuueite npoucaypy, &ovopan GopMupyer Bee n! Mepectakosok r age-
MeHTOR &, ..., @a 1 Sifu, 7. & 0€3 HOTOJB3OBAHHA ApPYroro maccusa. ITo-
AY'HB QUEPERHYIO MEDECTANOBKY, BHIBATL NMApaMeTPHUECKYI0 npouenypy Q,
KOTOPAR MOWET, HaNPHMED, EpBOLHTH NMOAYHEHHYKF HepecTaHoaRy.

Yica3a1me. Pacc_’ﬂa'rpuaaﬁ're 3a,rnaqy HO}IYUEHHS{ BCGX MEPECTAHDBOK 2ae-
MEHTOB @i, ..., v K&K COCTOAMIYI U3 M RORIZAAY, CTROALMEX B Nepe-
CTABOBKL &y, - ... Gwm_|, 332 KOTODLIMA CAEAYET dm, H TAaK, urc B i moa-
SOEAUC Cllaudda ACIBIOTCH MECTAME ABS 30CMenTa ¢; H da.

QnpeacniTe pCKYPCHBHEYID cxewy aaa pic. 3,11, KOTOpHWE ITpeAcTaBnsder
cofioil Hanomerue veTnipex Kpuseix W, Wa, Wi Wi 31a crpykrypa cxop-
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Pic. 3.11. W-kpnBble nopaaKka 1-—4.
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na ¢ kproubn Cepmimexoro (3.21) v (3.22). Ha ocHoRe perypesnnoir cxe-
ME OGOIVHILIE PEKYPCHBNYIO LPOIPAMMY, KOTODAX MEPTUT 3TH KpuBLIE.

Juwe 13 p3 92 peleifl, BpMICATeMBIX  RAPUrpaMmMol  BockMu Qepseil
cylleoTReNHe pazanyne. OCTadbHEe MOMHO TIOAYUATE ¢ NOMOIILIO OCeROR
MY WeHTpaTbHON cauMeTpul. Tlpuaymatite nporpamMy, KOTOpaA HAXOILT
12 peHoBHBIX pewlennil, 3aueTiiM, uTO, UanpuMep, AOHCK B BepTHKaaw |
WOMHO OrpallHdHTh NO3HEIANH 1—4.

Hsmennte nporpavyy yctofiulseix §paxoB Tak, uTofLl OHA NaX0ANAZ Ol
THMAJEHOE PeLICHie (A8 MYMKUMH o 30d HeHHMWH). CneacBaTensso, ona
cTamer nporpaMMoil, paboTawiucii no IPNHEANY <BETBNEUNS C Orpanuic-
nileM» 1000610 nporpamse 3.7
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3. PexppcusHbie QacopiitTMol

3.6,

37

Hekuropan mede3nodopatlics KOMNAHHA OUCAYAHBAET o CTaHWhil S, ..
., 8. Ona apeanodarael yaydiurdTe AR(GOpMAlLKOHHoe obenykueaine
KJHCHTOB ¢ 7IOMOULLED HHDOPMALNOIGEIN TCPMHAAN0E, YNPABNACMHX Bbl-
YHCARTENLEON Manrmdoil. KndeHt madupaer HazpaHle CBOeH CTapnmy oOT-
r[paw:emm S,i 11 CTAUMHOI HATaJeitda Sn. H eMy A0 REA DLHAABATHEA
CIEMa PACMHCRHND NOE3ZDE C MHHAMIABHBIY ODMHM EBPEMEHEM NOEIAKH.
PazpaGorafite oporpammy AR Buiulicledus Hy:XHO  uHpOpMainl,
Myere pacoucakne {BpeacTasidwmes cobofl paw Gaik LatiHwbix) wusodpa-
WEHO COOTRETCTRY IS CTPYRTYPOR AAMHWIN, colephalivh Bpeds oTOpIB-
AeUMR (== MpHOMTHA) beex uMewyxca noespos, Pazyseerca, de soe cran-
ILHH CBH3ANLL HENMPepbBEAWMMH JITHHAM® (Co. Takme yop. L&}

Gynxuds AxkepMana A4 onpelefeda ANs BCEX HEOTPHIATEMLINAX HOMIX
apryMestToR M il 22 CleAyiomny ofpasom:

AGy=n+1
Am0)=A{m — 1,13 (m >0
Alen, n)y=A(m — LAlma— 1Y) {(mu>h

Pazpadoraite nporpaMMy, kotopas seluncaser A, #) Sea wonoapzssa-
HHA pClﬂ)’PCIIII.

B xauecTse o0pazua HCNOAbY{ITe nporpadmMy 2.11 — Heperypcueayio
pepeiio GueTpait copriposiar. OnpeleditTe MHONECTBO NMPAaBHA LIS 0dLWiers
Cdyuas npeoQpasoBaHHs PekypclBHOR LpOrpaMMbl B HTEPATHUBHYIO.

RHTEPATYPA

3.1
3.2
23
34

McVITIE D, G, WILSON L. B, The Siable Marriage Problem. — Comm,
ACM, 14, No. 7, 197[, 486—492.

McVITIE D. G., WILSON L. B, Stable Marciage Assignment for Une-
qual Sets. — BT, 10, 1970, 295—300,

Spase Filling Curves, or How to Waste Time on a Plotter. -- Softwa-
re — Pracfive and Experience. 1, No. 4, 1971, 403—-440,

WIRTH H. Frogram Development by Stepwise Relinement. — Caonun,
ACM, 14, No. 4, 1971, 221227,
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ANHAMHUHECKUE UHDOPMALIMOHHBIE
CTPYKTYPLI

4.1. PEKYPCHEBHBIE TUNHW AAHHBIX

B ora o oMot onpepentan pyHnamesTasbHbE C1PYKTYPE JaH-
HbIX: MACCHB, 3ATMUCH H MHOKECTEO. DTH CTPYKTYPH HABIBAOTCA
PYHOAMEHTAABHBIMH, TAK KAaK, BO-BCPRLIX, OHU OPENCTABAADT
cofol CTpoaTenHble GJAOKH, U3 KOTODWX QopMupyletcs Gonee
CHOXKHDBIE CTPYKTYPbl, H, BO-BTOPBIXN, OHH Hdllle BCTPEYAWITCA Ha
npakThke. Lielo onHcanna THRZ 1asHBIX M IOCASAY WIIEro onpe-
JeJeHHS HeKOTOPbIX TepeMedHblX KAK OTHOCAILMXCT K 3TOMY
THILY COCTOHT B TOM, 4YTOOM 3aHKCHPOBATH Pa3 H HABCErda
paszvep 3HaveHidl, KOTOPBIE MOTYT APHCBAUBATLCA ITHM NIepeMeH-
HuiM, H COOTBESTCTBEHHO pasMep BRASTAEMOR J1IA HHX NaMmATH.
IlosTOMY OnucaMHble TAKHM OOPA30M NepeMCHHBE HA3bIBAIOTCH
cratudeckuMy. (JAHAKO MHOTHe 3agadn TpefyioT Gofee CAOK-
HBIX HRDOPMALHGHHLIX CTPYKTYP. [As TaKHX 3alau xapakTepHo,
YTO HCOOALIYEMOE B HHX CTPYKTYDB HIMEHAITCA BO BPEMH Bbl-
nonnennn. [TosToMy ony uaswBalTCA OuMAMUNCCKUME CTPYK-
TypaMil. PazyveeTca, Ha KakOM-TO YPOBHe feTafl3alld KOMIo-
HEHTBl 3THX CTPYKTYP SBARIOTCA CTATHYECKHMI, T. €, OTHOCATCA
K OAHOMY M3 (YHLAMEHTaJBHBEX THNOB JaHHRX. JTa riasa
TIOCBAULCHA KOHCTPYHPOBALNID M aHaausy AHHAMHUeCKHX HHdOp-
MALHOHHBIX CTPYKTYD, a TaKkxe paboTe ¢ HHMH,

[TpumeuaTensHo, YTO CYLIECTBYIOT HekoTOpb: Omu3k#ae aHa-
NOrH Mex(Ay MeTenaMp CTPYKTYPHPOBAHHS 2JAIOPHTMOB H METO-
BaMM CTPYKTYPHPOBaHHA faMmusix. Kak » nph mofux analor#ax,
OCTAXITCHE HEKOTOpble pasaudnsg (HHave Mbl HMeAn Gnl Aelo
€ HIeHTHUHOCTRIY), TeM He MEHEEe CPZBHeHHE MeTONOB CTPYKTY-
PUHPOBAHHA NPOTPAMM if A4HHBIX HOAE3HO AJIF HX MOHHMAHHA,

DneMeHTAPHBIM, HECTPYKTYPUPOBAHHHIM  ORCPAaTOPOM  fAB-
Aferca npHcBauBaine, CooTBeTCTRYIOWME €My THN JaHBIX — cKa-
RAPHBIA, HeCTPYKTYpHpoBauHhli., (O6a oHn ABAFIOTCR  aToMap-
WM CTPOKTETEHBIMH  OJ0KAMU AAA COCTABHULY OREPATOPOD
H THROB AanHbix. [lpocrefilie CTPYKTVPBl, NOAVYUAEMLE ¢ N0-
MOLULID MEePEUHCACHIR, HAR CAeL0BaHli, — 370 cocraBHol ome-
patop o sauice, 0O6a coctoaT 13 komounore {ubniime Hedodb-
WOTU} KOMMYECTBA SHBHO [MEPeYHCAACMBIN KOMMOHEHT, KOTOpbIE
MOTYT pa3anyaTbcfl. Eciu Bce KOMNOHCITTBL OAHHAKOBH, HX He
NyKHO BHINHCLIBATL OTASABHO: AR TOTO HTOOLI ONUCATD HOBTH-
PEHNA, YHCAO KOTOPHIX H3BECTHO H KOHEHHO, Mbl MOJAb3yeMed
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onepaTopoM UHKJIA ¢ napamerpom (for) u maccueom. Bubop u3
JABYX HNH fo/ee BapHaHTOR BLIPAMAETCS VCAODHHM HIH EBIOHN-
paIOUIHM ONepaTopOoM i COOTBETCTBEHHO 32MHCBI ¢ BODHAHTAMH.
M Haxouel, noBTOpeHye HEM3BECTHOE {NOTEHUMANLHG. (ecKoHey-
HOE) KOJNRYECTEO PA3 BBIPAKAECTCH CUEPATOPOM LUKIa ¢ lpel-
yeaosnem (while) man ¢ moctvenosien {repeat), CooteercTBy 10-
Wasa CIPYKTYp4A AaHHBIX — NOCAEACBEATEILHOCTE (§aitl) — npo-
cTedIMA  BuA CTPYKTYPE, IQNVCKalolWell nocTpoeHne TUMCB
¢ GeCKOHEYHHIM KapAHHAbLHEI YiCJI10M,

BoszHukaeT Bonpoc: a CyIWWEeCTBYET Ml CTPYKIVpA AZaHHBIX, KO-
TOPaR NOAOGHLIM ke oOpazoM COOTBLTCTBYET ONEPaTopy IMpo-
senypu? Pazymeercs, nanfoice udTepecHan H HOBA# 6O CPaBlie-
HHIO ¢ APYTHMH OnepatcpamMi ocGleHHOCTE MpoUeaVp — 53T0 BO3-
MOKHOCTb pexypci. 3HayeHUsd THRA LAHABIX, KOTOpBIl MOMNQ
Ha3BaTh PeKYPCHBHBIM, J1OIMHL COIEPK&aTh OIHY nan OoJaee
KOMIIGHeHT TOro 2Ke THia, YTe 0 BCe 3naueHhe, No avajaoruf
¢ Inpouesypom, coaepmiaiedi oinH HAH bBoJee BBIZCEOB CaMmoi
cefd. Kak m B npoueaypax, B TAKHX OIpeiAgIeHHAY THIOB pe-
Kypchsa MoeT ObTb NPAMOI 11A¥ KOCBEAHON.

TIpocrodl npuvep obwenta, TUR KOTOPOTO MOMHO GIDEILJHTh
PEKYPCHBHO, — apR(pMeTHYecKOoe BMPAmMEENe, BCTpeUalonleecs B
SI3BIKAX OPOrpaMMHpoBakKa. PeKYPCHA 0TpamatT BOIMOMHOCTD
BAGAEHHOCTH, T. €, HCIOAb3OBAHNA 3GIKOUSHHLIN B CHODKH mo1-
BHIDAKCHHA B KAYCCTBC OMEPAHAOB B Bupamell Mrai, nycie
BHIPAKEHHE 3AECh ONpCLeasercs Hedopalble ¢IleayiomnM of-
DAa3oOM:

" Bupamesge COCTOUT B3 TePMA, 43 KOTOPLM CAEAVET 3HAX CMERIUHH, 3a

KOTOPRNY CHeNYeT TEPM. [3'}1{ ATA TEPUA ABIROTCA OMepalilsMH COOTRET-

cTByoel onepaunui.) Feps — sTo 2HGO MEpeMeuHad, GPEACYABJEHAAR
HIeRTAPHKATOPOM, a0 BlIpazietie, 3aKIICUEH0E B CKOORI.

THn NAHHEIX, 3HAMEHIAMNA KOTOPOro ABAAWTLA NOIOGHEIC BRI-
pa:KeHHa, JErkg MOHO Oonhidars € NOMOILhKD H2BECTHOUO YHe
CpeAcTBd — pPeKypPCHH ®),

type expression = Yecord op! operator:
opdl, ond2: ferm,
end;
bype term = vecord (4.1)
if f then (it aifa)
else (subex: expression)
end

“) Onncanue tung ferm p {(4.1) ne ppunagaemut sy [Mackaap: B nem
e BUNOARIVETCA KOWCTRYWKUNA B ... then... else nuf BYPAMESHHA BADPHAHTI
B sapncy, bonce npapaabiol © Tourn spenkna Tlackaas Gmna OB GopMyau-
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Hrax, wadsian nepeMedHas THNA {ersi.COCTOMT M3 ABYX KOMNO:
HCHT: BOAA mpl3naka ¢ I, ceal § UCTHHNO, TOaR id, HHAYe —

1. + 2 ~
T X T ¥ ]
7 ¥ | '
Flo y
z
3. - 3 *
= ;
FlT X T x
T F +
- ColEpT v
FI T z T z
T W | iT w

Pue. 41, Pacnoacsetng B DaMATH PeXyPCiBHBIX 3aMUCef.

nons subex. Temeph paccMOTPHM B KA4eCTBE NPUMEPOB CJIC-
LYIOUIME UeTHIPe BHIPaKeH!A: :

Lox4y

2. x—(y*2)

3. (x+ ¢z —w
4. {(xf(y +2N+w

2TH BHpaKeHHA MOMKHO N[PeICTaBNThL, KaK Ii0Ka3aHO Ha
puc. (4.1), Ha KOTOPOM HArCAALHO BHIHA MX BAOMEHNHAsd, PeKyp-

(4.2)

poBXA:
type lerm ==record
case I+ Boolean of
bruve; {id: affa) .
false: (subex: expression
end

Ouarako «285HK.IUBAHMe» B OMACAHUAX THNOB: -ferst OmMpeienselcn 4epes ex-
pression, a expression yepes ferm — ofninuo Taxke zampewaered. Taruv of,
pasoeM, MOAOGHOrG poAa PEEYPCHEBHBE ONHCAHLUA THnos B ITackane Ae npuse.
uATen, Jlas noerpoeHHA JHHAMUYECKHX CTRVKTYD B M NCOONBIYETCs amna.
PAT AHHAMHYECKOrO DA3MEULEHHA NEPEMEHHHN f CCHUAOK, CRHCARNENT HHME, —
{Tpim. nepes. . . : :
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cnBHan crpyn’ryga;ﬁm CXeMbl ONPEAENRIOT TAXME pajMepleHHe
STHX ‘BHP&)KEHHH B TEAMATH, .
Hpyroi npuMep pexypcdBHoi HHYOPMAHHOHROB CTPVKTYPbI —
reneansoriyeckoe acpepo. JI¥CTh redeanorHueckoe Jepesy Co-
—] CTONT M3 HMEHH YenOBeKa M ABYX
T Ted relicalOTHYeCKHX AEPERLEB ero po-
T Fred zuTenelt. Takoe onpeAcacHue HEH3-
OeXHO NPHBORNT K HeckoHeuHoM
T Adem CTPYKTYpe. Peanbibie reHeanoruve-
CHHE Jepesbs KOHEYHBI, MOTOMY UTO
Ha KakoM-TO YPOBNEe CBelleHHA o©
npeAKkax OTCYTCTBYIOT, Ecau  mu
BHOBL  MCNONB3YEM  DEKYPCHRHYIO
CTPYKTYPY, Kax NoKasano B (4.3),
TO STOT QAKT MH MOKEM YYeCTb:

oI

! type ped - record

if known then

T Mary (name: alfa;

Jather, mother: ped)

|

end

{4.3)

-
m
-
L

{3ametum, UTO KaMJa% Nepemen-
Haa tuna ped (OT pedigrec — «re-
. HEeaJOruyeckoe aepeso». — ffepes.)
| COREPIRUT DO KpaRueld mepe OiHY
KOMIIOHEHTY -— IIOJie  NPU3HAKA
known {«udeecTen»)y. Ecan ero ana-
Puc'.' J—C;WEIEEO_TH' MEHRE€ HBCTHHHO, TG HMEKTCH ¢ile
4ecKoro nepesa. TPH nod#A; HHavye Ooanule HeT no-
aef.) OrnenvHoe sHauenne, obo-

3HaYenN0oe (peKYPCHBHBIM) KOHCTPYKTODOM 3anHcH

x =(T,Ted {T,Fred (T ,Adam (F),(F)).F)),
(T, Mary,(F),(T,Eva,(F){F))

H300paxeno na puc. 4.2, npadem, rasis na PHUCYHOK, MON(HO
TAK¥e cAeAaTh BHIBOAM O BOIMOXKHOM PacnoONOMeHNH AaHHHX
b naMaATH. (Tak Kax paccMaTpuBaeTc TOALKO OANO ONpeALseHHE
THRA, Mbl NIPONYCKaeM MECHTHGHKATOD THNA ped mepel KaKABIM
KOHCTPYKTOPOM.)

3Jech OYEBHAHA BRMHAS PONb BAPHAHTOB: 9TO eAHHCTBEHHOE
CPeACTRO, MO3BOAANOULEE CHeNaTh PEHYPCHBHYI CTPYKTYPY Ko-
HEYROM, IOITOMY B PERYPCHBHOM ONPeLejeny BCCTAa y4acTRYIOT

1
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BAMIAHTLL B s1om ocoBeHHO HaTJAIHO NpoCcHe:KABASTCH aHAI0-
THA MeXay CTPYKTYPaMIl nporpamMm H AaHHeiX. Kawpan peryp-
CHBHAHA ]'[[)DI[EH}‘]}EI Takke nosHa o06833TeAbNHO CO,}lep}Ka‘rL
YCIOBHLLA GHEpatrup, YTu0p €€ BLiITOTHEHHE MOMI0 KOTAA-HMOYIR
3aKONHHATHCA, ﬂCHO. YTO QKOHYAHME BHOCAHCHHA 1% npoueﬂypﬂ
COOTBETCTB)‘QT KOUSYHOCTH ]{apﬂ[’lHa.leHO[‘O UYHCA4d O THHA
JAHHEIX.

4.2, CCHIMKM MNH YHASATENW

Xapakrepas OCOOCHHOCTh PEKYPCHBHBIX CTPYKTYD, KOTOPast
OTAHYaeT HX OT OCHOBHBIX CTPYKTYP (Maccmeos, 3alikcedl, MHO-
HECTH), — HX CHDCOOHOCTD H3MEHATHh pasMep. [10aToMYy has pe-
KYPCEBIO ONpcHeClHLY CTPYKTYP HEBOSMOXKHO YCTAHOBRTb
dukciposanusll pasMep naMATH, H NOITOMY TPAHCJAATOP He
MOAKET GPHIHCATh KOMIIQHEHTaM TAKGH NepeMeHECH onpepedes-
unie agpeca. [lid pemesds aTofl npoGaeMbl yalle BCEro mpHMe-
HACTCA METOS GUAGMIYECKO20 pacHpedeschid NAMATE, T. €. BM-
ARaeHllS NAMSATI L5 OTASJALHEIX KOMIOHEHT B TOT MOMERT, KOTAa
OHM TOSBAHIOTCH BO BPeMsl BLINONHEHHA TPOTpaMMBL, & He BO
BpeMs TPAHCAAUHH. B 3TOM cayyae TpaHc/ATOP BuiAeIAeT (HK-
CHPOBAHHBIA OOBEM MAMATH AAA XpaHEHHA adpeca InHAMINECKIT
pazMellacMoll KOMMOHeHTH, a He camofl Komnonenrtw. Hanpn-
Mep, FeHeaNoTHYLCKOe AepeBo, H306paXeHHoe HA pic. 4.2, MOKHO
MPENCTaBUTh B BHAE OTASAbHBIX, BIOMHe BO3MOMHO, HE PacIio-
JOMEHHHIX PAJOM B NMaMATH 3alHceR — MO OAHOR AJAS KarKioro
YyeJOBeKa, JTH 3aNHCH CBA3MBAITCA ¢ MOMOIILIO 3APECOB, UAXO-
LAWHXCA B COOTBETCTBYICUINX Noafx father {(«oTey») u mother
(eaare»). Tpadnyeckn 3T0 nyuiie BCEro #300pa3nTh CTPEAKAMH
{cM. pHe. 4.3).

CoeayeT noauepKIlyThk, YTO HCHOJB30BaHIle CCHWIOK 115 pea-
JNIZAUHT PERYPCHBHBEIX CTPYKTYP -—— UHCTO TeXHHueckkfi mpuea,
[Ipornammucty HeoOA3aTeIbHO 3HATH 06 HX cvlilecTBosaduH. [1a-
MATb MOMET BBLIEJIATHCH EBTOMATHYECKM, KAK TOJbKO YTOMH-
Haerca Hoeafn nepeMeHHad, OQAHaKO ecaH HCIOJIL3OBAHHE CCHIIOK
WO yKasaremell cleflaTo ABIBIM, TO MOXHO CTPOHTh Gogaee
pazHoofpasHple CTPYKTYpPH JAHHBIX, UYeM Te, KOTOpPHE MOJKHO
3aJiaTh NHIDL ¢ NOMOUBH) PEKYPCHBHBIX Onpeaesenui. B uact-
HOCTH, B 3TOM Ciy4ae MOMXKHO QNPEASNATh «GECKOHeYHBE», HAH
unkandeckne, crpykrypu. Kpome Toro, Ha oany u Ty e noj-
CTPYKTYPY MOMHO CCHIAATHCA H3 PA3HEX MECT, T. ¢ OTHOCHTb
ee K HECKOALKHM PasHeIM cTpyxTypam. [103ToMY B COBPeMeHHhIX
$3blKax NPOrpaMMHPOBAHEA NPHHATO 00ecnE€yHBaTh SBHOC Myr
IMNYANPOBAHAE HE TONBKO AAHHLIMH, MO H CEhIKAMH Ha UIE,
I1o npeanoaraer YETKOE pasrpaHnuesne B o003HAUSHHAX NaH-
BHX M cChIOK Ha HUK. CJaedCBaTeNbHO, HYKHO BBECTH THNB
ZAHHLIX, 3HAUYEHHAMH KOTOPHX SBAARICA CCHIAKIL (yKazaTean)
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Ha ApyirHe JAanliple. Hns atere wmu HCIOMB3YEM TaKHEe oC03Ha-
YHCHHA!

typeT,— {T (4.4)

B onicadun Tiuma (4.4) UMECTCA B BHAY, YTO 3UAHCHHAMH THRA
T, aepasoTesd oCBAKM Ha jdaHHee TthHna 7. Taxum obpazom,
crpeika B (4.4) uuraercd Kak <«ccpaxa Ha», CyulecTBeHHo, UTO
THII 3]1€MEHTOB, Ha KOTOPBIE CChIIAKTCH 3HaveHHu Tina T, 3a-
nas B ero onpeaeaenid. Mu rosopum, 4to T, cBasan ¢ 7. Dra

RIEZEEIRY

-

IR ENEIIEIIN

A

7 {adam{p ] 4] HERR
[\ %
[¢]

Prc. 4.3. CTpyxTYpa, CBASAHHASA CCHIIKAME.

n

CBA3h CTJHYAET CCBIJIKH B R3HKaX BHLICOKOTO YPOBHR OT aApecos
B #3pke acceMbuaepa H #BAASTCH O4YeHB BaMHLIM  CPEACTBOM
YBEAHUSHNA H2ASKHOCTH NPOrpaMM € MOMOWbIe H3IOHITOUHOCTH
ofo3rayeHnn.

3HayeHAR CCHIJOMHBIX THIOB CcO3LAtOTCA BCAKHH pas, worxa
JBHAMHYECKH PasMeIlaeTcs KaKoH-1H60 3JeMeHT OaHHBEIX., Mul
OyAem MpUIepHKABATECA cOrIatlleHHs, UTOOL KAKAWK TAKOH cay-
yafl @BHO BBHIZENWACA R NPOTPaMMe B OFIHUKE OT CHTYalH#,
KOTla NpelfojaraeTcs, ¥TO NIPH NEPBOM YNOMHHAKHH 3JEMeHTa
OH 4BTOMATHYECKI pasMellaeTcs B HamartH. Jad anHaMHuYeCKOro
Pa3dClCHIA AAlNBIX ML BBOAHM DCTPOCHHYIO TPOUCAYPY Hew.
Ecnu jana ccunouBas nepemednan p tuna Tp, TO onepartop

new(p) (4.5)

BHACAACT NaMATh A% MepeMeHHol tuna 7, co3faeT CCHLKY THAA
T, ua 3Ty HOBYO NMepeMeHHYIO H nNpHcBamBaeT 3HaYeHHe 3STOH
CCHIMKN mepementoil p (eMm. pue. 4.4). Temep, cama cchuka
0Go3navaercs Kak p (T. e ABAICTCA 3HAUCHHEM CChUIOUION fig-
pesennoll p). B otanune or atoro yepes pl ofiosnavaeTca mepe-
MeHHafn, Ha KOTOPYI YKa3upaer p {T. ¢ JAHIAMUSECKH pasMc-
Mennas nepemennas Tina 7).
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Bollile yOOMBEHANOCH, YTO KAl BeLYPCiBHWY THD A74
TOTQ, qro0bl ero KapiHnanbhHOE YHCHO 2bUIO KOHEYHBIM, NOTIMEH
COAEPATE HEKOTOpHH Bapiant. llandoace THORYELH cayual
Nokasal 1a apRMepe reneaJoriiecioio ALpERa: NOCTIE NpHaIHaKa
ApHIEMAaeT OFHO 13 ABYX 3Haderl:i (Oy/eBCKHX}, KoTla OHO
nNpHHEMAeT 3HaueHne false, Bce nNPoUlle KOMIAOHEHTH OTCYT-
CTBYIOT, D10 H306paskaeTcs TAKOH cxeMoil cnucaHHi:

type T = recordif p then S(7) end {4.6}

S{T) o3navaer nocacnoBaTeNpHOCTh onpellelendil mMoned, coaep-
JKauyie xors 66l 0Ad0 moqie riuna 7, uro NPHBOAHT K PERYPCHH.

o TTl :L

pt: T

Puc. 4.4, Junamugeckoe passetenne nepexenuoil pt.

Bee CTpyKTypsl THDOB, ONUCAHHBIX no ofpasy (4.0), npencias-
a10T coboll APEBOBHAHYK {(Hal COHCKOBYIO) CTPYKTYPY, Noiol-
Hywo Haolpaxiennofi na phc. 4.3. Heaoctarok Tawofi ¢Tpyk-
TYPH — HAJIHYHE CCHAOK Ha 3IeMEeHTH, COCTOALIMC TQABKQ H3
OAHOrO TOMR NPH3HAKA, T. €. He CORePHAUIHE HUKAKOR cyile-
crekHoil uagopMalnn. TlpumeHeHHe MeTo@a CCHINGK A4€T BO3-
MOIKIIOCTb JCTKO JKOHOMHTBD NaMsThb, TaK Kak NO3BOAAET BKAIO-
unie HHPOpMAULHK NMOAA NpH3HAKa B 3llaleHue caMoOf CCBKH,
OOuubo BPHAATO paciipate obnacTe 3Havennit Tuna Ty, 1o-
fGamada i iell 3HAYEHNE, KOTOPUE He CChUTHETCH HY Ha Kakoii
pdaceMeHT. Mbl ofo3nauzaeM ero cHenHaabHblM CHMBOJOM nil
1 cynrtaeM, 410 nil aBTOMaTHYeCKM ABAAETCA JEMEHTOM BCOX
CCELTOUMEIX THTOB, OOHCaHBEIX B fporpamve. 370 pacilupene
00J4CTH CCHINOYHLIY 2HAYEHHH HO3BOTAST cO30ABATE KOHEUHHEe
CTPYKTYPEl (@3 $BHOTO HCUOMB30BAHHH BAPHAHTOR (yCJAOBHIL)
B (pexVpCUBHBIX) ONHCAHHAX.

HoBwe hopMyNUPLERY OMNCcaRUil TnNoB Aanawx {(4.1) v (4.3},
QCHOBAHHBIE HA SIBHLIX CCLLIKAX, JaHis COOTRETCTBCHHO B (4.7)
u (4.8). 3amerHM, uto B ciayyae (4.8) (ROTOPBLIT COOTBETCTRYCT
cxeme (4.6)) OTCYTCTBYET BAPHAHT, NOCKOALKY pi.known=faise
Tenepp BuLIpamactes kak p = nil. HMamcnenne naseanwa Toma
ped Ha person («4€p08ek») orpakaer HOBYIO TOYKY 3PEHHA HA
CTPYKTYPY, CBA3AHHYIO C HCNIOAB30BAHNEM SIBHhX CCHINOK. Buecto
TOrO YTOOK PACCMATPHBATL BHAYA/E MAHHYH CTPYKTYDY KaK Le-
AocrHee o0pa3oBaHne, a 3aTeM BBIASAATH B Hel TOACYPYKTYPHI
I HX KOMIIOHCOTHI, Mpl ofpallaeM BHEMAaiHe B NepPBYK ONepeln
H& KOMIOHEHTBl, a HX B3aHMOCBA3b (OCHOBAHHA® Ha CCHIAKAX)
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H3 J1000r0 QHKCHPOBAKHOTO ONUCAHHA HE OUCRHAHA.

type expression = record op: operator:
opdl, opd2: jterm
end;
type lerm == record (+.7)
if # then (id: alfa)
else (sub: {expression)
end

type person == yecord nuriic: alfa;

Jather, mother; 7 person (4.8}
cnd

CTPyKTYpa [NaHHMX, OPeACTABAAICHUIAR [eHeasuriyeckoe o=
pcoe, noxazaunasn ua pue. 4.2 B 4.3, 3gech BI0BL H300DpAKaeTCA
Ha pric. 4.5, rie ccblIKH Ha HEH3BECTHBELY AL 0003HAUEHH Mepes

nil. Oueenano, 4TO NP 2TOM 10~
nn CTHraeTeH 3HAUHTEJSbHAR IKOHO-
MRS maMaTh.

Obpawmasch BHOBb K pHC. 4.5,
npeinosoxnM, uro Ppen n Ma-
| pH — GpaTt © cectpa, T. €. HMEKT
o0lHX  oTHAa ¥ MaTb. Takoii
chydall JN€rKo BLIPA3HTb, 3aMe-
| - HHB fABa 3Ha4deHuda nil B cooT-
Adam :|m| Eva |n-.| ,,“1 BETCTBYIOMIHY TGAFX ABYX 3ami-
- celi {mother—y ®pena u faf-

Puc. 45. Crpyktypa ¢ il her —y Pv"tapu)‘ Peannzauns,

npil KOTOPOHR KOHLENDHA CCLLIOK
CKpLITa IJIH  HCTOAL3YIOTCS APyrre NPHEeMbl  YNpaBaeHHA Mna-
MATBIO, BLIY:KAana Ol NPOTpaMMHCTA MPEACTABHTL  3amnncH
Azava 1 Esn no asa paza xomayto, XoTs NpH NPOCMOTPE AaH-
HHX He HMeET 3HA4eHHd, NPeJcTaBaeHbl 3TH ABAa HACHTHYUHBIX
oTia {BAW JBe MaTepu) ABYMS SAUICAMH HAM O1HOH, paspiua
eaicHe, Kozba donyckaerca 6ui0opounoe udmenenue. Koraa
CCLIIET HCMOJAB3YIOTCA Kak ABIBIE 3JeMEHTH JalHEX, a He Kak
CKDBTLIE BCMOMOCaTebHbE CPEACTBA peadlilzalny, Nperpammuct
MOIKET SDHO YKa3HBaTh Cayyal «pa3desestify Namati (B CMHC-
Ne COBMECTHOPO BAAJeHNS Kakofd-nubo 06/1acTbic maMAaTI).

Jpyroc cAcCACTBHC NCHOAB30B2HHSA ABHBIK CCBLIOK —— BO3MOHC-
HOCThL  OOpelenaTe H oO6padaTeBaTh IUIKIAHYECKHE CTPYKTYDIA
HNaHBLEIX. PA3YMEeTCH, 3Ta AONOAHHTENbHAS [HOKOCTD HE TOABKO
VBeAHuHBaeT BO3MOMHOCTH, HO I TpefyerT OOALIIEH OCTOPQIK-
HOCTH, TaK Eak pabora ¢ INKAHYECKHMT CTPYKTypami Jerko
MOFKCT NPUBCCTH K GECKOIEUNBIM Bh WHCICHHAM.
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To, 4To MOWHOCTL # THOKOCTS TECHO CBA3AHMW ¢ OMACHOCTHIO
CLIHOOYNOTO  NCIOAL3OBANHM, — AABACHNE, INHPOKO H3IBECTHOE
B nporpammuposanun, OcoBenno 370 kacaerca oneparopa Ges-
yenoEHOro nepexofa (goto). BoamoxHe, Npoaonmas aHanormo
MERLY CTPYKTYPAMH OPOrpams d CTPYKTYPaMH JasHBIX, YHCTO
PEXYPCHBHBIE CTPYKTYDPH AaHHBIX MOMKHO TIOMECTHTL Hd ypOBEHD,
COOTBETCTIBYIOWHA Tpoueaype, TOrAa KaK BBEACIHE CCDIAOK
MOMHO CPAaBHHTL € HCTONbsOBaHheMm omepartopos (goto). Tax
JKe KAK ¢ TIOMONIBI onepaTtopa (goto), MOXMKHO cTPOHTL JioOHE
MPOrPAMMHBIE CXeMbl {BKJIKYAR UHKILI), TAK H C TOMOLIBIC CChL-
JIOK MOJKHO CO3%aBaTh CTPYKFYPHl AaHHBIX Ji06oro BHAa (8 TOM
ypete nukapydeckne). CoOTBETCTBHA MCHAY CTPYKTYpaMH HAPU-
rpaMM {4 CTPYKIYPAMH JAHHBIX yKazaHel B Tadn. 4.1,

Tadanua 4.1, CooTBeTICTBHA MEMKIY CTPYRTYPAMH HPOrPaMs H HAHIEX

CxaMa cTposHHR

Onepatoh

Tua gauupig

ATOMaDHBIA 3aement
[lepeuncaenye

HipectHoe vucae 00-

BTODEIHA
Brbop

Henspectnoe anenio mo-

BTopeHHi
PekypcHa

Yuueapeaaviraii rpad

Tpuceansanie

BOBTSBHOi'r anepaTop
MepaToOp HHKNA ¢ Na-
paMeTpoy

Yeageuui onepatop

Oneparop unzna ¢ npe-
AYCAOBHEM HAH TIOCT-
YeNoBHEM

Oneparop npoucaypul

Oneparop Gezycaonuoro
nepexona

Cxannapuui Tan
3ankch
Maccun

Jaoues ¢ BapuanTaMy,
ofibepHHeRne THIIOB
IMocaenoparensocTs, HiaN

draiin

Pexypenoiuui iR gaie-
UBIX

Crpyktypa,
cChlnEAMIL

CEAIAHHAH

B ra. 3 Obin0 noxa3aHo, 4To HTEpalUUA €CTh YACTHBIA cayyad
PeRYPCHH H 4TO BHI30B PRKYpPCHBHON OpouUeAypH P, CnHCamnod

no cxeMe

procedure P

begin
if B then begin P, P end
end

(4.9)

riie Py — onepatop, He coaepraluul P, SKBUBAJCHTEH HTCPATHB-
HOMY OIepaTopy
while 8 do 2,

Anaporny, yvxaszadasie 3 1404, 4.1, no3poaAanT obHApPYKHTE
T2ZKYIO YK€ CBA3b Meny PeKYPCHBHLIMH THNAMH AAKHLIK 1 NOCJAE-
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HoBaTenbHOCTHIO. B camoM feae, peKypcHBHBIN THI, onpejense-
Mbf 110 cxeme

type T =record
it 8 thenlty Ty; 12 1) (4.17)
end

riae To— 1un, ve copepmamnit 7, skpupanenrten halinopomy Ty
BAHHbEX
file ol Ty

# MOXeT ObITb WM 3amenei. OTCIOLa BHANG, YTO PEKYPCHI0 MOIKHO
3aMeNAThL HTCpanmedl § nporpaMMax H ODMCANHAX ZANNGIX B TOM
(M TOALKO B TOM)} CAyuUae, ecAH WMA NPOUSAYPEl UJH THIA M-
ARJSETCA TOJBKO ©JHH Da3 B KOHUe (MAM Hayaae) CBOETO ONH-
CaHHA.

OcTanpras $aCTh 9TOH raabul Mochalleila co3jaliHic H ofpa-
GoTKE CTPYKTYP AAHHBIX, KOMOOHEHTHl KOTOPHIX CBAIAHE ABHBIMI
ceptkamu. Ocofoe 3yaueHHe ApHAAETCR CTPYKTYpam TNPOCTOM
GOpMbI; HpHEMBL PABOTH ¢ DOJCEe CROAHBIMH CTPYKTYPAMH MOXCHO
TOAYYKTE 13 ¢0oco0ob padoThl ¢ OCHOBHBIME BHAAMI CTPYKTYP.
OTh BUAY — AUEeAAbe CRBCKHM, BAM 1eNouK}, <caMmbulfi npocroll
cayuail, a Ttakme Aepesbd. [IpeanouTerye, KOTOPOE ML OKA3N-
BACM 3THM <CTPOHTENDbHBIM OJOKaZM», He 03HAYUET, HYTO Hd Dpak-
THKE He BCTpeyaloTca Govee cAomHble CTPYKTYpo. B meliceTsil-
TEARNOCTH CACAYIOW A CTOPHS, MANCUATANNAN B WOPRXCcKOi ra-
3eTe¢ B HIone 1922 r., Z0KA3LIBAET, 4TO HPPeryAAPHOCTE MOMET
NOABAATECH A2XE B CTPYKTYPAX, KOTOphEe ©OO0BIYHO CURTAWTCH
o0pasuoM PEryAfnprocTH, Takux, %ak {(cemefinpie) HKepebns,
B 210l HCTOPHH FOBOPHTCS 0 YEROBCRC, KOTOPLIH TaK ONHCLIBACT
HECUACTLE CBOEH MUINIL:

A xepnnca Ha RAORe, ¥ KOTOPON Owipa Bapochad godb. Mol oten, koro-
pulii ZOBOMLIO MACTO HAL HABEWAN, BJKOWICA I MOIG Naavepuuy W Ke-
HHACA 1A hell. CAeTOBdTedbHO, MOH OTEl €Taj MOHM 3HTEM, 4 MOR [at4e-
pHIA ¢Tanz Moell Martepeio. Cnyera HEEKOILKO MECA[eR, MO# KEWa po-
AHNA CHIRA, KOTOPME CTEA MYPHHOM MOETQ OTUHA A QAROBPEMeRHO NModM
Iapeit, ¥ McHel MOETO OTHA, TO €CTh Moell NaAdepHuwt, Toxe PORITCH
cut. Tagnm obpases, ¥y Meus noashacs Gpat Il CAHOBpeMcline pnyk. Moa
MENA ApAfeTcA Moell GadyluROoN, Tak Kak oua Mate Moed martepn. Caeio-
BATEALHO, A MYMK MOCH dkeHbl H OAHOBPEMENIO €6 BHYK, LPYLHMN CIGBAMI,
A — cuoll eofeTeeltnil geaylika.

4.3, 'MHERHME CNHCKK

4.2.1. OcHoeHbIe Onepaumy

Cauntil BpocTOil ¢nocol COeARHNTh, UK CBH3ATh, MHOKECTBO
FMCMCHTOE — 9TC pacliono#iTe HX NUHEHRND B cﬂuc.'ce, NJIH B one-
pedu. B s1oM cayuae gaisxblil 2N€MENT COAEPMHT TOABKO OIHY
CCEIIKY, CBA3SHBAIIYIO efd €0 CACAYIOWAM 3ASMEHTOM CIICKA,
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Hyern ten T onncau, kak nokasano 8 {4.11). Kaxaan nepe-
MeliHas TOTO THNA COCTOMT H3 TPEX KOMIIOHCHT: NACHTHPUUH-
PYINIETO KJAIOUA, CChIAKK HA CASAYIOHLHA 3/MeMEHT K, BOIMOMKHO,
Apyrod vudepMauny, He ykasandoi B (4.11}.

type T == record key: inleger;
next: 1 T

4.11)
end

Cnicox sneMenToB 1HMa T mokasan wa puc. 4.0, Ilepemennasn-
CCLIAKA P YKASLIBACT HA MepByi0 KoMmomeury cnucka, Ilo-sman-
MOMY, CaMoe TIpOCTOL ,[lE‘ﬁ(".TBHG, KOTOPOE MOHHO BHTOAHNTL &0

p{__b——-}——»?

il - 2

L ]
1
L]

il

Puc, 4.6, pumep cancua,

COIICKOM, IIOKA34HRBIM Ha pPHC, 4.6, — BCTABHTE B Cro (a4Yann
Herkotopo i anemedt. Ilpexne Beero 3tor snemedtT THRa T pai-
MelWaeTcd B MaMATH, CCHAKA Ha HErG NPHCBAHBAETCH BCMOMOra-
TEABHOH CCublRuHOR nepeMentdodt g, [Tocae 3Toro ccuakam npu-
CBAHBAIOTCA HOBLIC 3HAYCNNA, Kak Mokasano B (4,12):

new(qy, glnext:=p, p:=q (1.12)

3aMeTHM, UTO 34eCh BAREH TIOPAAOK CJACHOBAHUY ITHX TPEX OfC-
patopes,

Ouepanua BRJAOYEHHA 3AEMEHTA B HAYaae COHCKA OHpeAe-
AAeT, KAK MOMKHO TOCTPOHTh TAROH CHNHCOK: HANNHAS C ONYCTONO
CMHCKE, OOCKCACBATEALHO J06ABAATL IMAEMEHTH B €ro Havano.
Tpouece opruposanta cnucra onucan B (4.13}; 3xece yuHcno
CBAZBIBAEMBIX SACMCIITOD PABUO A.

2= nil; {nevano ¢ nycmoeo cnucka}
while # > 0 do
begin new(q); ghaext (= p; p 1= q; (4.13)
atkey it= 3 n 1= p—1
end

Bro--canbil upocTofl cnoced focTpoerna cnucka. Ho npu stom
IIO.{]}"—IC]—]]{Mﬁ [10])5!,-10}{ INCMEHTOB 06})31‘0” HOl}ﬂﬂ[{}-’ HX «HO(‘.T}'H-
Aeitksi», B USRECTOPHN CAYYAAX 9TO HEXKEAATCNBLHO, CIeA0OBRA-
TelBio, HOBHE FNCMERTH HOMKUE A003ARIATLCA B KOHEU COHCKA.
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XoTA KOHell Jerko HafTH NPOXOAOM IO CHHCKY, TakOH Hemocped-
CTBEHHHIH nOAX0A noTpefoBad 6bl 3aTPaT, KOTOPHX APOCTO 11368-
MaTh, UCMOAb3YH BTOPYIC CCHIAKY &, KOTOPAasl BCeTHd YKa3hBaer
Ha TocAeanHit 3nemerT. Takoil Meroa HpUMEHAeTCH, Hanpuyep,
B nporpamme 4.4, dopMmupyloulelt nepexkpecTHrpie CColIKH Ha 3a-
Aaunsifi teker, Hepoctatok Takore meToida COCTOHT B TOM, 4TO
MepBEIfl BKMIOUSEMbIH 3NeMEHT NPUXOANTCH obpabaToiBaTe HHAYS,
Yey ocTalnbHBE.

fABHOE UCNOEBL30BAHHE CCHIOK HAMHOUO YHPOINAET HEKOTOPDIE
OflEpaliH, KOTOpHIe HHaye GbiaH Obl CAOXKHLIMH H 3a0YTaHHBIMH;
CPeAH SJEeMEUTAPHBIX AeilCTBUA €O CNUCKAMH €CTh BK/ANUYCHHE

q —-»{

== = =

Pue. 4.7, Buaouentie B coucox nocne pt.

# yAajehHe 3A€MeHTOB (BHOOPOYHOC H3MEHEHHE CIHCKa) H, pa-
ayMeercs, NpocMoTp cnnicka. Buavanc MLl paccMOTpUM 8.0 4e-
HUE 8 CRULOR.

TIpennoNoKUM, MTO 3JE€MEHT, HA KOTOPHI YKA3IKBAST CCLIAKA
g, HYKHO BKJIUHTE B CNHCOK NOCTE 3MEMEHTA, Ha KOTORBIT vKa-
spiBaer ccoinka oo Heolxopumele npicBanBainAa 3HAMEHHN CCHIL-
Kam nokasanu B (4.14), a ux pesyaetar nsobpanien ua puc. 4.7,

yt.next .= pltnext;, phaext.=yg {4.14) ‘

Ecan TpebyeTcn BKJKOUEHHE neped IEMENTOM, YKA3aHHDIM
pi, a He mocae Nero, TG KaxeTca, YTO OAHONANPABICHHAA Le-
moYyKa c¢BA3eH CO3LEET TPYAHOCTH, MOCKOABKY HCT <«TIpoXogax
K 3JeMeHtaM, MnpeiumectByoinuM aanHoMy, OAHAKO PpocTON
«TPIOK» TIOIBOAAET PEWUTDL 31y Hpoliemy; oH HOKa3an B {4.13)
A Ha puc. 4.8, JlonycTHM, 4TO KJIOM HOBOTO 3JeMeHTa ecTh k=25,

newlg); ¢}r=pl;
phkey: =k plonext.=gq

«Tpioxs COCTONT B TOM, YT HOBAA KOMMNOHEUTAZ B ACHCTBHTCAL-
HOCTY BCTABAAETCA Oocie pl, KO 3aTeM NPOUCXOAHT OO0MeH 3Ha-
YERHAMH MEKAY HOBHM 3neMeRToM # pt.

Tenepb Mbl PACCMOTPHM fIPOLCCC YUUACHUR U3 CRUCKA, ¥YAd-
JeHne 3jieMeHTa, caeaywomero sa pf, ouepuano. B (4.16) ono
MOKA33H0 B KOMOHHALMM ¢ OAHOBpEMenHsiM Z0OaBJICHHEM YAa-

(4.15)



4.3, JTunetinoe criocan 201

AASNOroe 3ACMeHTa B Ha4Yano Apyroro CnHcKa (I{a ROTOpOE YKa-

3LIBAET §), NPHIEM ¢ -— BCOOMOTATeJbU2A MepeMcuHasn Thna 17,
ri==pl.nest; pl.next =rt.nexi;
o (4.16)

rlnexti=¢q, g:=

Pue. 4.9 namoctpupyer npouece (4.16) © nokassipacT, ITO OH
COCTOHT 03 LHKNUYECKOTO 06MEHA RHAUEHHAMU TReX CCHIAOK,

Q- 8 27
-—)
P——-—j )
—_— 13 27(»- Py — 13 f- ] 2] r»-
-] 1 - [

Pre. 4.8. Bramuenne B ciiucok mepen pt.

Tpyasee yaannTs caM YKa3aHHbL 3jeMeRT (4 He ¢aeiy oy
33 HMM), NOCKOJIbKY Mpl CTAJKHBAaeMcs ¢ TOR e npofnemon,
YFO 1l IPH BKAIOUCHHH NepcA g} BO3BPAT K 3/AeMEHTY, KOTOPHI

s ooy,
7 - it \ - /" N -]
‘,"r ht .rf 5
'p - E ; P_.._ ; }
. ” f ) 7 f' f— '\\ ;r j—»
I i = e o] L -

Puc. 49, ¥nanedHe Hz COHCKE ¥ BKMOUYeHHe B Apyrofi omucox.

NpeAINeCcTByeT YKazaHHoMy, HeBoaMoxen. Ho wmoxuo ymanure
NoCReIYIOWUil SNeMeHT, TPeIBAPITS1bHO TIEPecaas ¢ro 3HaYeHHe
Osiie K Hadady Cnucka, 370 JOBOJILHO OYeBlAHBE H IPOCToH
NpHEM, HO CNO MOMIL0 TPHMCUHTL TONLKO B cayyac, xoraa y pt
€CTE NOCASAYIOLULNH 3JeMEHT, T, & OH He ABJASTCH FOCAeAHHM
aaeMeHtToM CNHUCKA.

Teneps wmbl mepefideM K OCHOBROH onepauni aporoda no
cruicky, Tipepnojosum, 410 onepauHa Plx) RoAXKEZ BbAOOI-
HATLCH € KAKAWM SJCMCHTOM CRHCKA, MepRULl 7CMCIT KOTOPOrO
ecty pl. DTy sanauy MOKHO BBIPA3IHTH CAeAyiowllM OGpasoOM!

while cnucok, ma kKoropod yxaszvssaer p, weaycr do
begin esnosnure onepagiio P,

nepeliru K caedyioemyy A MeHTY
end
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MNoapobuee 310 aeilcTBHe OnHCHIBaeTes onepaTopoM (4.17):

while ps= nil do

begin P{ply; p:=pt.nexf (.17
end

H3 onpegenenus onepatopa UHKAA € APeAYCJAOBHEM # CHHCKO-
BO# CTPYKTYPH caeayet, 4To P OyIeT BHINOAHEHO ANA BCEX 3Me-
MCHTOB CIINCKA H N OJA KAKHX ,llpyi"HX.

Oueny vacTas DHEPEUHH—RUIIC!C 8 CHUCKe 3AeMeNTa ¢ 2a-
AaHHLIM KII0UOM x. Tax ke Kawk & cyuae (palifiop, TOHCK BEBTCN
CTPOr0 nocJaeioparenbno, OB 3akanuupaercd, Aubo Koraa ane-
MCHT Hahaed, ARGO KOrda ZOCTHCHYT Kodel, cnHcka, Chosa nped-
MOACHKAM, 9TO Haualo cnvcka obo2naueno cewakoll p. Ilepsas
NONKTKA CPOPMYAHPOBATE 3akauy T2KOro NOHCKA TPHBOZUT
K CJeayIolleMy:

while {(p==nil) A (pt.key=4x) do p:1= pt.next {4.18)

Onnaxo caedyeT 3aMeTMTh, 4TO fipr p == nil ne cywecteyer pt.

CaeAoBaTENEHO, BHUMCASHHE YCI0BHA OKOHYAHHA MOXKET RoTpa-

6oBaTh OOPAULEHHA K BECYUIECTBYIOWEEH NepemedHnil (B OTAHURE

OT MEPEMEHHOH ¢ HeonPeAeNeHNbIM 3HAYCHHEM) U MOMET npi-

BECTH § OIiOKe NPH BLIOJAHEHUR NPOrpaMMuL JT0 MOXKKO

HCNPaBUTh, HCNOABL3YA AHOO ABHEI BHIXOA W3 UNKAA, BHpaKeH-

Hul onepaTopoM 0e3ycaoBHOro nepexona {4.19), aAnGo BCRAOMD-

raTeAbHyI0 OYJAEBCKYI0 NEPEMEHHYIO, OTMEUAMOIYI), HaHAEH Han
HeT yyRHET galou (4.20},

while p = nil do
if pl.key = x then goto Found {4.19)
else p 1= pl.next

Hcnoarsosanne oneparopa GeaycjloBHOro flepexolda Tpedyer

NPHCYTICTBHH B KAKOM-TO MECTE METKH A4 Nepexana; HCCOBMe-

CTHMOCTE 3TOTC QUEpartopa ¢ QUCpaTopOM HBHEJAZ BHALA U3 TOTO

dakta, wro ycaospe while npu 9toMm spoant 8 3abnysmaenuc:
TEAO HWKAA He OGARATENbLHO BHITOAHAGTCHA, Aoka p 7= nil.

b 1= true;
while (7 = nil) A b do
if ptkey == x them b := fulse (4.20)
clse p i= ptunext
{(p=nil)y —b}

4.3.2, YnopapoueHubie CNMEKM W PEOPraHU3alMA CRNCKOB

Anroputd (4.20) CcnABHO BalOMUHHZET ROANPOTPAMME NO-
HCKA DPH TNpocMoTpe MaccHBa AR @akiaa. B camom aeac,
daiia — 310 B cymHoCTH JAHHERHBH CIHCOK, B KOTOPOM TeXHilka
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CBH3H ¢ AOCACAYICUIHM 3/1eMCHTOM OCTARTCA HEONPEeARdCHHOR HIH
HeaBHoA. T1ocKONbKY 3neMedtapuble onepauia uag daiinavu He
ROAYCRAOT DRAIGHESNNE N0BLIY IRCMCUTGD {PA3BC 4T0 D «olicH)
AT YORUTCHRNIE (pa:—sne 4T )"HHQ‘[‘O}[{GHUE acex aﬂGMeHTDB), ¥ pas-
P450TURKA €cTh GOALLIAS BOIMOIKHOCTHL BLIOOPE CHOCOGOR npes-
CTALSACHRY, H OH MOXKET HCNOJAbIOBATL TAKIE NOCACAVBATENLHOR
POCIORNKCUIC, MOMEIAA CAeAyIoUlHe OdHa 3a ApYrofi xomno-
HOHTW B CMEXKHLIE ofJacTH naMATH, JIMuefiluLte CHUCKH ¢ AB-
LM couikaMn obeceunRaoT Goseuiyro 2uBKOCTE U NOITOMY
HX CAeAyeT HCNOAb30BATL, KOTAZ TPe6YeTcd TaKad AONOHHTENb-
fiast rHOKOCTh.

B kauecTse mpuMepa ML paceMOTPEM TCMEpL 3aAa4y, K KOTO-
poil GyAeM NocTosHHO 0Opallarbed B 2TOH rnaBe, 4TOOH Npojie-
MOUCTPHPORATE §14 Heil paGoTy pasndaHbiX mMeTonoB. OH3 co-
CTOHT B YTEHIH HCKOTOPOTO Tek¢Ta, Bubope H3 HEro BCex ocTalb-
HLIX ¢AOB 1| TIOACHCTE HacTOTLL HX MOSIBICHNA, T, €. B COCTADNCHHH
HACTOTHOIO CAQEAPA.

OQueBAAIRG, YTO ANA 3TOFO HYHHE COCTABHTL CAHCOK CNOB, HAR-
AeHHBIX B Texcle. Kamioe oyepeaHoz c¢/i0BO, NPOUHTAHHOE
B TEKCTE, IMOeTcs B cnHcke. EoAM ci0D0 HABAEHO, CYCTYHK €ro
YacTOTH  yBOIHYMBAETCA, B HPOTHBHOM c¢Jayuae caoso podas-
JRETCHA K CIICKY. Mu 6}',.1131\"[ HAZLIBATL »TOT HPOHECC l'lpOC‘[‘O Ho-
HCKOM, X0TA SICHO, YTO R HEry BXOAHT TaKie N sKAfO4eHNue.

Urobpl cocpel0TOYHTE BHEMAHHE Ha OCHOBHOH 3aXaue obpa-
GOTKIl CMACKA, MLl MPCIROIOKHM, HTO CI0BA YXHE BHJICACHW H3
HeCAeAyeMOro TEKCTA, BaKOJIHPOBal-IH UeNbMHE YHCJdaMyg B Baxo-
LATCH BO BXOMNOM (haitTe.

$opmyanpoBka 3TON OpOUESLYPE, HaluiBaemol search (no-
uck), Henocpenctseuno caeayetr w3 (4.20). [lepemchuaas roof
YKA3BIBAET J1a #a%a00 CINCKa, B KOTOPBIft BCTaBJAAITCH HOBLIS
cA0Ba, 3To AelicTRHe onpeienedo B (4.12). ToaHLIE anropuTM
onican p nporpamme 4.1; sgech ecth noisiporpaMma nas pacne-
YATHI NOAYYEHHOro COHCKA ¢fioB & Biae Tabanuwl. Meyatn tab-
JLILL CAYAHT OPUMEPOM NCHCTRHSH, BLIROAISEMOrD € KamABM
FNEMEHTOM CITHCKA O4IH pa3, cXema 3TOrO npobelca Y)Ke orina
nonreneua B (4.17).

AArOpUTM JTHHEHOrO mpocMerpa B nporpamme 4.1 Hamomi-
nactT NpoHeaypy MOHcKa B Macclpax H dafinax, rae, B YACTHOCTH,
HCMOABZYETCA DpocTel cnocod ynpolleHits YCNOBHA OKOHYAHHA
INRaa: aenons3nBanue fHapsepn. TIpR nOMHCKE TO CMNHCKY TAKKe
MOMWHO TMOMB30BATHCS G3DPHepoM, OH NpeACTaBiseTcs] QUKTHBHEIM
3neMeHTOM B koHile cnucka. Ilosas mpoueaypa (4.21), samenno-
Was npoucaAypy MoHCKA B nporpamme 4.1, mpeamosaraer, uTO
Zobapaesa raobanpHan nepemenyas seafinel n uto HHHDWAUNA
nepeMeHHOi roof 3aMeHeHa onmepaTopanll

rew(sentinely, rool .= sentinel;
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program list (input,outpuf);
[npocmoe sxaouenue e cnicox)
type ref’ = tword;
word = record key: integer;
count; integer;
next; ref
end
var k: integer; root: ref;

procedure search (x: infeger; vax root! ref);
var w: ref; b: boolean;
begin w = root; b 1= true;
while (w==nil) A b do
i€ wh.key = x then b 1= false else w :== wh.next;
if b then
begin {noabri agemenm) w = root; new (root);
with root] do
begin key == x! eotmt 1= 13 next 1= w
end
end else
wh.count 1= wl.count J- 1
end {search};
procedure prinilist (wr ref);
begin while w == nil do
begin writeln (W} key, wi.count);
w = winext
end
end {printlisi} ;
begin root o= nil; readk);
while I == 0 do
begin search (&, root); vead(k)
end ;
printlist(roer)
end ,

Tlporpamua 4.1. Brmouene B ¢nilcow,
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CO3NAWLBIMMA JeMEHT, I\OTOIJHH 6}.£LET llC[lO.le30BaTbCﬂ B Haye-
cTBe Haphepa (sentmei]

procedure scarch(x: infeger; var roof: ref):
Yar W ref
begin w 1= roof; sentinel | key ;== x;
while wi.key 55 x do w 1= winexr;
M ow == seatinel them wi.connt 1= wi.count - | cb
begin {noesui snemenm} W ;= root; new(roois; {4.21)
with roo:? do
begin key 1= X} count s== 1} nmext = w
end
end
end {seqrch}

Pasymected, B 3TOM OpPHMCpe IJIOXO HCIGIB3YETCA MOULHOGCTH
H HOKOCTE CBA3AHHOLO COHCKA, NpH MOHCKE MOAHO ROIOYCTHTh
JHHEHHBIl NPOCMOTP BCerg COHCKA TOMBKO B TOM CJlydvae, eciu
YHCJIO DTEMEHTOB orpanuueduo, OXHAKD Jerxo HafiTH MoAXoAd-
Ulee YCOBEPIICHCTBOBANHE: f10UCK @ ynopadaodednon cnucke, Ecini
CBHCOK YHopdagoued (HaupHMep, M0 BO3PACTAHHIO KAWyefi),
ROHCK 3AKAHYHBAETCH HE MO3IHEe YeM BCTPETHTCA nepnuﬁ RJHH,
BOALINTH, 49eM HCKOMBIA. YNOpAAOUEHHE ChiCKA f10CTHraeTcd
BRIKYCHHEM HOBLIX 2JCMEHTOB HC B HAUAA0, & B COOTBETCTBLI10-
Uine no nopaAmxKy MecTa. dakriveckn 6.1aro,claps[ JIETHOCTH BHJIKD-
YCHHUA B CBA3AHHBI CMHCOK ypopajoueHye obecneunsaeTes MOUTH
He3 AOTIOAHHTENLHBIX 3ATPAT, T. € €70 THOKOCTL HCMOJB3VETCA
ROTHOCTRIO. Maccusnl H aliubsl TAKOH BO3MOMHOCTIL HE AAKT.
(OJILHﬁHO JAMeTHM, 9TO padie yvIopAIOMCHHBIC CAHCKH He Nhefo-
CTABJAAIOT HHYETC 3JKBUBAJCHTUHOIO 6[[[[&[)1101\'1}' OCUCKRY B Mag-
clBax.)

IToHek B yNOPSI0OYEIIHOM CIIICKe — THRHYHLIA MpHMep cHIya-
HHil, OUHCaHAOE 8 (4.15), Koria adeMeAT HVEHO BCTAB/IATL Mepey
JaHHIs, a HAMCIEDY OCpCR HNCPBLM 3ACMCHTOM, IMCIOLUIIM G0
UIEfi KAk, O,ﬂ,Ha{\'u I]pe)l.IIO}I{(‘I[HI:Iﬁ 3JeCh [ipres OTIHUYEH OT
TOro, KOTOPHE NpHMeHs et & (4.15). Buecro Komuporagng aua-
YCHHR [pH APOX0ofe COHCKRE HIHOJABIVIOTCH ABe CCLIIKH! w2 or-
CcTaeTr Ha OAHN JUar or wl M, TawhHi 06]3330.\1, VHa3uleacT Ha
MOCTG BRAQUEILS, Korla wl HAXOLUT CAHIEKOM Goaslofl Ko,
B ofwem suge sTan BrMoUeHnsa moxazan ua puc. 4.10. [Ipensa-
PHTEIBEHO MBI JOJEHB PAacCMOTPCTH ABa 0OCTOSTEALCTRA:

l. Cemaxa wa #osell 3JeMeHT (w3} A0MKHA NPHCRALBATLCA
W24 mext, KpoMe caydas, Koraa Cilkeox eme uyer, Jas npo-
CTOTH H uc]Jt})eKTHBHOCTH Mbl IpeARoUlTaeM He HCNOAL3OBATD
A5 IPOBEACHAA 3TOTG PasviivuA YCI0BHHI onepaTop. EAurH-
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CcTBeHHBll croco®  nsfeskath 3TOro — ZoOaBHTE B 11a4a.10
CONCKA (PHKTHBHLIA 37deMenT.

2, Ilpoxol mo CICKY ¢ JABYMS CCBLIKAMH, COYCKaloUlMMIed iHa
paccrofnnil B 0AHH wWar, TpcdyeT, yrodul CHHCOK coleprian 1o
MCHIECH Mepe oann aaeMent (Kposxce duxtesroro). Ilostomy
SHJ0oueHHe IePBOro 31eMCHTA cJedyeT NPOBOJIHTL HHAle, 4o
NoeX OCTANLHITY.

Myouenypa, HOCTpocHHAA B COQTBETCTBHM ¢ ITHMI Via3a-
iz, npueenena » (4.23), Oua wenonwsyer BCHOMOraT 1LY

e ¥t
e \ N
i —pe ‘\\ _'}
. l‘--—u~ 5 N e
[ 5
.—/»’u LLRY 12
T -
wi T ni
wl

Pic. 4.10. Brawucnie s ynopaaouednsdl crHCOK.

npoueaypy insert («sxaroueruer), KOTOPYIO HY:KHO JOKAAbHQ
culcate B searci. Ona pasMmeulaeT B maMaTH H HHHUKEDYET HO-

sl 2aeMeHT w3, TakluM ofpazomM:

procedure insert(w: ref’);
var w3: ref;
begin new(w3);
nith w31 de
begin key 1= x; count := 1; next ;= w
end ;
w2 next ;= w3
end {inserr}

(4.22)

Hunnnauusa «reet ;= nil» o nporpamme 4.1 coorTBeTcTBCHIIG 3a-
meHaeTea Ha

newl(roof); root.next = nil

B coorBeTeTBHE ¢ plic. 4.10 Mbl onpeAcIseM YCAOBHE Nepexosii
K CAeayWeMy 3JeMeRTy NPH IDpocMOTpe CHANCKA; OHO COCTOUT
1i3 ABYX 4acTel, a [HMenno:

(w1} .key < x) A (wit .next #=nil)
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Huxe npupencna npouenypa noHcKa:

praceduce search(x: infeger; var root: ref );
var wl,w2: ref’

begin w2 1= roof; wl 1= w2i.nexi;
it wl = nil then insert (uil} else

Dregin
while (wllkey < x) A (wll.mext % nil) do
begin w2 ;= wl; wl i= w2l.next (4.23)
end ;
if wlfkey = x them wlt.count ;= wit.count - 1 else
insert{wli
end

end {scarch} ;

K coxanenuwo, HECMOTPA HA BCIO HALLY OCTOPOXKHOCTL, CIOAA
BRpajach oluOKa. Mol npepsaraeM YuTaTenlo, Npexie 4eil ABU-
raTbcs Hdafblie, HAHTH 3Jech NOTHYeCKHil noisox. Tem ke, KTo
npeAnounTacT nabeikars aToH paBoTw AETCKTHBA, AOCTATOYND
cKa3aTe, yte (4.23) Gyaer Beeraa NpPOTAJKHBATL BRAKYERHDLLE
NepBLIM 3MeMEeHT B KOHEL cliHcKka. OWHOKY MOWHO HETPABHTS,
YKAa3ag, Y10, ecAHd IOUCK 33K4HYHBAETCR IPH HEBHIIQJHEHHNH BTO-
PO YacTH yCJIOBHA, HOBBI 3JeMEHT HYXHO BRAKOYaTe nocie wl 1,
a ne neped unm. CnegoparteirHo, oneparop «inserf (wl)» zame-
HAeTCS Ha

begin il w1l.zext = nil then
begin w2 = wl; wl := ni}
end; {4.24}
insert(wl)
end

VBB, AcBepudBHIi YHTaTeNb BHGBbL BBeReH B 3aliy#AcHHe, Tak
Kak aaropury (4.24) no-npexneMy Hepeped. UrcOn obnapyxiTh
OUIOKY, NPCANGAOKAM, HTO HOBBLA KAIOY NeIT MEXAY Lociea-
HHM H OpCANOCACAHUM KAYaMii. 3TO HPHBCACT K TOMY, 4TO ofe
AT YCAOBHA NPOAOMKENNA 1LHKIA OKRMYTCH JOKHBIME, KOTAA
OVIET AOCTHLIIVT ROHEIl CRRCKE, U, CAeZG23TeMLHO, BRAHOUEHHE
NPOH30IART NCCIE KOHeYHnIn saeMedTs. Eciil TOT e KJIWOY Ho-
ABUTCH RO37e, OH GYAET BRAIO'ICH NPABHAbLHO U, TAKIM 06pa3omM,
okaiieTen B tabaWle 0 ABYX MECTaX., 370 MOKHO HCTIPaBHTD,
3AMEHTB YLAOGBHe

wll next = nil
o (4.24} ua

wllkey << x
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Yrolul yeKopHTL NOACK, yCA0BHE NPOACJINKEHN B oNeparonse
HHLIA MOIKHO BHOBR YNPOCTHTh, HCNONB3YR Gaphep. 710 tpedyer
NPHCYTCTBHA FHATUSHOZO 3.48M8HTH KAK B HAYANE, TAK H B KOHLE.
C.e0BaTCAbHO, CTHCOK MOKEH HHHIHHDOBATBLCH CAeNyuHMIE
onepaTopamn;

fewirooty, newlsentinel);  rootl.next '= senfinel,
¥ UPOULAYPA MHOHCKA 3AMETHO YOpoluaercd, uto Buaxo us (4.25)

procedure search(x: integer; yar rool: ref);
var wl,w2 w3: ref;
begin w2 ;— roor; wl 1= w2l.mext; sentinel| key i= X3
while Wl ker =< x do
begin 12 1= wl; wl 1== w2 et

end
i (wltkey == ) A (wl == sentinel) then,
wli.count := wltcount + 1 else (4.25)

begin new(w3); {exaovenne wi mexwdy wl u w2}
with %3] de
begin key 1= x; count == 15 pext io=wl
end ;
watatext 1= w3
end
end {search}

Tenepy Nepa CHpOCHTh, KAKOTO BLINFPLIA MOAHO XKAATh OT
FeilcKa B YNOPAZOUGHHOM CIIHCKE. Y 'HITEIBAS, '1TO AOMOJHIITEN:-
HOC VONOWKHeItHe HeBeIKO, He CIeAYEeT OXIZATE KakuX-TO II-
TPICALILIN PE3YABTATOB,

Jonyeruu, uTo Bee cioBA BCTPEUAIOTCA B TCKCTC € ONIHAKD-
noii yactoToli. B aToM cayuae, Kak TOJIBKO BCE CAOBA OKAKYTCs
B CRICKE, BHUTPBI, IAGCTHTHYTWI NPH noMou AckcHkorpadil-
YECKOro VHOpAT10ueH s, dakriueckil Oyaer BNUTO®Red; 3aech Mo-
SHONST CIOBA He HMeef 3HAUeRIA, NOCKOJLKY BaMHA Jlib CYyMMA
BCEX ATOR H BCC CJACBA HULYTCS ¢ oAHIakopoil yactotoll. Guitaxo
BHIEFOLII JOCTUCAETCA NPH BKAKMEHHH HOBOTO cdoBa. Buecto
BOETD CHHCKA RPOCMaTPIRACTCA B CPEeAHEM TOJARKO OKOAO A0NJO-
BiHe cuieKda, CAenoBATCABHY, BL/IGHENHIA LB VHOPHAOUCHHLIT
CHHCOK CTOUT NCTOAB30BATE JHIL B CAYYAL, KOFAZ HY/KiQ no-
CTPONTE C2¢Bapb © GOMpuIHAM  UYHCAOM PE3TIHEEY  CA0B, N0
cpaBHeHi0o ¢ uactoTofl noasnchig, TToatomy npreeienrue Brile
TPOLEAYPLl CIVRAT B OCHOBUOM B KAYLCTEE YHPAMHeHN{ B Opo-
CPasMMHPOBAHIN, O 1€ AAA IPAXTHICCKOFO NPHMEHEHUY,

[Momemars Aalyule B8 CRA3ARNBIT  CONHCOK  POKOMCIILYCTed
B TOM CHAVUAC, UM UNCIO 3TeMOHTOB MAA0 {ckamem, <100},
zapapee HeilssecTRo B, Bosce TOro, HET HUKAKOOD HHQopMawi
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0 4acToTe 0&palenta k UUM, Tumausnil npusMep — 1ab.aima umeH
B TRPAHCJIATOPAX ¢ H3LIKOB HAporpamMupoBanns, Kak Toavko
BCTpEYaeTeR (nucaHne, HOBOE NMA A0OABARETCH X CONCKY, A nipd
BHIX0/AE K3 0GI4CTE AElICTBHA OTHCAHUA HMA VIAJAASTCH E3 Cnid-
cka, [TpocTble CBA3aHHLIE COHCKH CTONT HCTIOJABL3OBATH, €CJAH peub
HAET O CPABNNTEARNUC KOPOTKHX nporpaMvax. Jame ¥ b stoMm
cayliae MOIKHG 3HAMHTENLHO BOBRICHTH 3PPEeKTHRUCCTL ROCTYOA
014r0apPA OUEHR IPOCTOMY DPHEMY, KOTODPLH MBL 3j1ecCh eule pas
paccMoTipHM B [EPBYIQ 0Uepeik B CBA3H ¢ TEM, 4YTO OH CAYMKOT
XOPOUIEM NPHMEPOM  AJA  ACMOHCTPANHU THOKOCTH CTPYRTYPH
CBRIANNOND CHHCKA.

1 r—-—:l—» =1
root 3
e U2 sentinel

E/ ez

nil

Pie. 411, Coucok 20 RepeymopaloveHus,

LIS TereTa EporpaMM XapakTepHo YACTOe CKOMGEHHE 0IHOTO
I TOUO e MASHTH(¢HKATOPI, T. €. 24 OJHIM BXOH{AEHHEM YacTo
CieAYeT 0NHO HIH 00J¢E OBTODHLIN BROKICHHA TOTO KE CAOBA.
3]‘0 HABOJAUT Hia MBICAL PCOPTAHU3OBATH CHNCOK TMOCTE KAaAICr0
ofpauleHis, nepecTanpaad HARILIIOe €A0BO B HAYAA0 CNHCKE,
TAK KIAK T€M CaMBIM MUHLUMHIUDPVETCH AMHHA NPOX01a 0O CMHCKY
TpIl CASAYIONEM NOHCKe TOro e CA0Ba. JTOT MeToJ HA3KWBAETCH
ROUCKOM MO CRUCKY ¢ nepeyaopsoaesies, Nl — HECKOIbEO fpe-
TeHUAQINQ ~— COMOOPEQHUIYIOERMNCA  NTOUCKOM 10 CRUCKY, OIII-I‘
CLIBAR COOTBCTCTBYICILNIT aATOPHTM B GHAC APOUCAYPLL. KOTOPYIO
MOKID HDOICTABITE B TPOTPaMMy 4.1, Mpl vuTeM OpeablaAyuini
ONLIT M € camoro Hauala peelem fHaprep. HellcTBHTEARHO, €0
HJHUIIE B 2T0M GAYYAC HE T0SBKE YCKOpAET NOMCK, HO K YIpg-
lacT nporpaMmy. £ caMOro Havada CHHCOK 1¢ MYCT, 4 yiKe Co-
acpuT Gaperep. Havanbiiele ongpartopsl cieaviollne:

new{sentinely;  root ;== senfinel,

33ME‘T]1}\-I. UTo QCHORNOe paammue MedAly HOBBLIM amopmmom
H ODOCTHM TOlCKoM no coHeky (4.21)— mepeynopanouente npu
HaxoaeHHn saeMedTtd. Ha#aeHubill 3JeMeHT OTHENsCTCH, HAll
VASASCTCST €O CBOCTO CTAPOFC MECTa B BCTABAALTCH B [HAYAAD.
3to yianexne ¢1oa TPeOYeT HCNOAb30BAHHA IBYX CCHLIOK NpH
foUCKe, YTOOH MOMKHO OO YCTAHOBHTE MECTOHAXOMILHHE 37e-
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meuta w24, npeaulecteyiowero HafiaerHoMy sneMeHTy wlf, uTo
B CBOI0 0Yepenh TpebyeT ocoboro ofpalleHus ¢ NePBHIM aeMel-
TOM (T. €. ¢ MYCThIM CIHCEOM). UT00BI YIIT4TeAb MOr HAMVIAAHO
NpCcACTABHTL cefc Hpolece H3IMCHCHHA CBA3CH, ML OTCLIACM
ero K puc. 411. Ha Hem H3006paiKeHrl NBe CCHLIXH B MOMEHT,
korna wit onosian B Kavectee NCkoMoOro snemMenta, Kondiry-
pauHA COHCKE DOCIe COOTBETCTBYHILUErD Niepeynopsaouedns no-
Ka3aHa Ha pne. 4.12, a vopas npoueaypa NOHCKA [EJIIKOM ONH-
cang HuKe:

procedure scarch(n: infeger) var roof: refy:
var wlwl: rof;
begin wl == root; seminclt fey ;= x;
if wl == sentinel then
begin {nepasiii aaesenm) new(roon:;
with root” do
begin Ley 1= x; count 1= 13 next,"== seniinel
end
end else
Lt wltkey = x then wlt.count ;== wlt.count -+ 1 else
begin {scarch}
repeat wl i= wl; wl 1= wl st
until wlf.hey = x; (4.26)
if wl = sentinel then
begin {gKaroventie}
w2 1= root; new{roor);
with rooz] do

begin Koy 122 Xy cound J== 1 pext 1= w2
end
end else
begin (waitden, meneps nepeyYHOPIOOYHOGHUE CIUCKA )
wll.count s= wiiceunt - 1:
w2iarext i vl tment; wllmext 1= root] root 1= wl
cnd
end

end {search)

BrrpHlr Bpu T3KOM METoe NONCKA ¢HAplI0 3aBHCHT 0T ¢Te-
nmeHH CKONAEHNA BXoJRuy Aamiax. Ipu sanannow wosddunuente
CHOTWICHNS yavulleHHe 60J¢e olyTHMO B chydae GoAsLINX cid-
ckoB. Jlag Toro urcOul DOAYUYHTL fipelcTaBiaeHHe o [PHMepHOH
BEeIHUNHE BLIHTPLILLNE, KOTOPBIA MOXHAC QWHEAATL, OuLlAHW Opose-
ACHLT 2MIRPHUYCCKNEC HE3MTRIHITA. HF:?BDJEHHaH BLILEC npnrpamwa
COCTARNCHNIA UACTOTIOND CA0BapH BRHMENSAECE K BOPOTKHY
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il OTHOCNTEALIO RMHHHLIM TEKCTAM, 34TeM CpaBuKDBaAlich MeTOLul
MuHefinoro yuopaaoueHna (4.21) u nepeynopsAOUEHRA CRHCKOB

=T )

root 3 _
— ez

L | sentinel
> p
[i— AQ .

k [ .__l_) nil

w2 wi

R,
[e=]
r
[y
o

|
2

Pae. €12, Cnirgo nocTe nepaynonaIoyeyus,

(4.26). Peayavratel tuvmepenuil npuponates s tadn. 4.2, K co-
q{agCcHIID, HanOoIbLI A Bb]IIFPbILT_I JOLTHraeTcd B caydanx, Korja

TaGauna 4.2, CpasHelime METOXOB NOHCKA Mo CHHCKY

Teer ] Teer 2
Unpcan pasMHiEyg Kmotuc b3 582
Hueno noagtedni kmouedl 315 14 341
Bpens ooucka ¢ YRopsLoueniied 6207 3200622
Bpeva nodcka c nepeynopAajouenies 4 529 631 084
Kosepuntuent yayuitenin 1.37 4,70

nousuy-nubo Tpedyeres APYran Opradu3alllia jgaHuuix. Met Bep-
HEMCR K 9TOMY ApHMepy B pasd. 4.4.

4.3.3. NpunoMeHHe: TONOROTHYECKAR COPTHPGBXA

Xopournft npuMep HCHOADL3OBAlA THOKHX, AHIAMHYECKHX
CTPYKTYP HMAHHEIX -— IpOUeCe Tonoaceiueckoll coprupossi, Ume-
eTCsl B BHAY COPTHPOBKA %71CMEHTOB, A8 KOTOPHX OIpelefen
weCTRRHDE NOpPROOK, T. €. VIOPHALOYEH!e 3a]4HO He Ha BCex,
a TO,TbKD HA HEKOTODHhIX Napax 3/1eMeHTOB. 370 AOBOJbHO THIHY-
nag curyvaiig, TIpuredes neckoaeKo TaKux NPUMEPOB.

1. B TOonKCROM CAOBape C10BA ONPEIe ATCH ¢ MOMOLIBI APYIHX
c¢aos. Ecar caoso v QUpEeneJgeHO ¢ NOMOLLKD 2PYTOro CJoBa ,
M 08031AYHM 3TO Kak t'<t{-‘," Tononoruyeccxas COPTHPOBEKA
CJ10R B CJ0Bape 03HAYALT PACNOTOMKEHNE X B TAKOM MOPIAIKE,
yTOOH BCE choBa, vaacTeywuine B QupeisaeHdn JaHEOro cad-
B3, NAXCAAANCE PalbLIe €TI0 B CAOEape,
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2. 3apava (HanpuMmep, TeXHEMYeCKHI NPOEKT) pasdupaercs wa
pan Mmofd3anau. Bunorrenng oflHIUX N0OA3a1ay 0GBUHO JOJHKHO
OpefileCTBOBATE BBITOAHCHHIO APYTHX noaszadad. Eciil noa-
3ajpava v NOAKHA OpPCALICCTBOBATb NOA3SARAYE &, MBI IHUIEM
v<w. Tonosornuseckan copTUpOBKA 03HANAET BHNCJAHEHHE
NoA33afay B TaKOM DOpAAKe, UTOOH Mepen HauaaoM BLIMOJAHE-
HMA KAa)KAGH 110A3alaul Bee HenOXOZNMBbIE ANA 3TOFO 10434«
Dadl GL1AM yiKe BbLIMOMHEHbD,

3. B yauBepcuTeTcROR HPOTPaMMC OANH MPEAMCTH ONHPAIOTCA a
MATEPHAA APYTHX, TNOCHTOMY HEKOTOPHE KYPCH CTYACHTH
JOJKHE IPOCAYIIATE paHblle APYTHX. ECIH Kype U CONCPHUT
MatepHan Ins Kypea @, Mbl nuweM v <z, Tomoforuyeckas
COPTHPOBEA O3HAYAET YTEHHC KYPCOB B TAKOM DOpPAAKE, Yrolsl
HH OJJIH KYPC He UHTAJcd paHellie TOTQ, HA MaTepliagde KoTo-
pore OH OCHOBAK.

4. B nporpaMMe HEKOTCpEE NPOUEAYPH MOTYT COAEDKATH Bbl-
30Bbl ApYrux npoueayp. Ecnn npoueaypa v BuabiBaeTcd B Opo-
teaype w, mMun ofosnaiacm 210 Kax v w. Toncaoruueckas
COPTHPOBKA NMPEANOAATAST PACTIOJIONKEHHE ONUCAHRE MpoUelyp
B TAKOM TOpPsAKe, UTOOL BLI3LIRAEMBblE TIPOLEAYPH ONHCKBA-
JHChH paHbille TeX, KOTOPLIE HX BHI3HIBAWT *).

B ofmieM BHOe YacTHYHBH NMOPRAOK HA MHOMHECTBe S — aTo
OTHOLIEHHE MERAY HIEMEHTAMH 3TOro MHeKectea, Ouo ofosna-
yaeTes CHMBOMIOM <, UHTACTCA IpelllecTBYeTs H YIOBACTBOPART
TPEeM CJelYIOUIRM ¢BORCTEAM (aKCHOMAM) AAA JAOGHY DA3AHYHLIX
SJEMEHTOB X, Y H Z B3 S

(1} ecn x <Ly 1 y<<z, To x <2 {(TPAaHINTHBHOCTE},
{2) ecan x <y, to He y < x (acumMyverpuynocTb),  {4.27)
(3) me x < x (uppedaeKCHBHOCTD).

Mo DOHATHEM cO00DAXENIaM Mbl OYVIeM CUIlITATh, UTO MHO-
HECTBO S, KOTGPOE HVKHO TONOJIOIHYECKH PACCOPTHPOBATL, A3~
AAETCH  KOHeunbiM, [lO3TOMY CTHOIMECHIE YacTHYHOTO AOpRIxa
MOKIIO TTPOUAAIOCTPUPOBATL C MOMOLILIO AHATPaMMBLl Bl rpada,
B HOTOPOM BepillHHH 00034AUYAIOT 3J€MEHTB S, 2 CTPCAKN H30-
OpaxaoT oTHOWeHHe nopsika. IIpiuvep npieeaen va pic. 4.13.

lleAb TOOOIOrHYECKOli COPTIPOBRII — NPEOOPA3OBATE YACTHYs
vufl nopadok B Jauiciinudt, Tpaduueckn sTo o3Havaer pacno-
JOAEHHe BepwiH rpada B pad Tax, uytofw BCe CTPEAKH OLLAH
HaMpARJEHLl BNIPABO, KAK moxa3zano na pie. 414, Crofierea (1)
H {2) uacTHYHOro LOPHAKA O0DSCHOMHBAT OTCYTICTRHE LNEIOB.
DT0 KaK Pas M €CcTh TO HEOOXOINMOE YCI0BHe, NPl KOTOPOM BO3-
MO0 npcofpazopanne K AHEeIHOMY TOPSIKY,

*) OueBHANG, YT0 UCNOAbICEAHUE PEKYPTHL J€1AET HEBOIMGKREIM TAKOE
ynopanouenie, — Tpux, nepea.
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Kaw #a#th 0AHO B3 BOSMOXMHBIX JAUHEHHBIX YIOPSAQUCHHI?
Penent aocratouno npocT. Mpl RauKnaeMm ¢ 1010, ute BLIHpaeM
KaKOH-160 2nemeHT, KOTOPOMY He NpeaLUecTBYST HUKAKONR Ipy-
rofl (XoTs Gbf OAMH TAKOH 3MEMEHT CYLIECTBYET, HHAUe HMeacs
Obi LHKA). DTOT NEMEHT TOMELLALTCA B HAYAIU COHCKA 1 HCKIi0-
4aeTCA K3 MHOMecTBA S. OCTaBUICECA MHOMKECTBO TMO-NPEMKHEMy

~GY

\J
Pue. 4.13 HMactyuno ynopuposennoe MHomec1Bo,

SACTHYIIO YBOPALOUCHO; TakiM O6PA30M, MOXKHO BHOBb TIPHMS-
HHTB TOT 3Ke COMbIi AATOPHUTM, MOKA MOOMKCCTBO i€ CTaHCT
NYCTHIM.

Jaga tore uTo6ul noapoGHee cHOPMYAHPOBATL 3TOT AATOPHTM,
HYXHO ONUCATb CTPYKTYPH AAHHBIX, @ TAKKe BLIGPaTh NpPeAcTas-
Jerue S 3 OTHONIEHNA NOPSAKa. ITO NPRACTABACHIC 3aBUCHT OT

6§ qfopb 5

Puc. 414, Huuelinoe pacrododccnue UacTiino YROPSIOURIHOrD MHOKeSTEa,
npuselersorn va pre, 4.13.

BLSIOAHHEM LY " ACHCTBHHA, 0CO0CHHO OT Onepaulll BOIGOpa 3n0-
Medra Bes npcmpectderniikoB. [lostomy kamawf  saement
}’ILOGHO ARCACTABNTL TPCMS XApPaRTCDHCTIIRD ML H,El(.‘]l’l‘ll{i)liu,ll'
PYIOMAM KMIOUOM, MHOKECTBOM CJACAYIOMEX 34 HHM 3AeMEHTCB
(«HOCJ!E‘ROBQTE.HE]‘}»} H CYCTUNKOM npenutecmywumx SNEMBRTON
(«upeamectBenunkos»). [ToCKOARKY A — UNCJO 371eMeHTOB B S
HC 3a71aHG 4 priori, T0 MIOAECTE0 YA0GHO OPranu3osaTh B BIIE
CRAZaNICro CnickKa, CJIC,[[OBE]TC.?}MIO, K.’.l}l{ﬂb[ﬁ ACCRPURTOR aae-
MENTA CORXCDIKHT Clle noJae, CBRA3ILIBAWUIEE €70 0 CNEeAYIOMIM
AEMEHTOM CnNcKs, Myl OyZeM cUHTaTh, 3T0 KJIKGUH — 9TO [IENHL
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micaa (HeoBAsaTedawpllo nocacaoBateauibe of | e #). Avaao-
THYHO MHOXECTBO MNOCACAOBATENell KAMIOND 3JAEMEHTA MOMHHO
npencTaBuTh B BILAE CBA3AHHOTO chittcka. Kawnwili  saeMent
clCKa nocacdosatedell  nexiM  00paseM  HASHTHOUUUPORAH
H CBH3AR CO CACAYIOULIM SMEMEATONM 3TOF0 clicka. Eca mo na-
30BCM ACCKPHITOPL TAABIOTO CIICKA, B KOTOPOM KaX(AbIl 970-
MEHT 13 S COAGPWHTEA POBHO 0ank pa3y, gedyuumn (leadersy,
a ACCKPHNTOPE CHHCKA nocaeiosatededl sedoxman (irailers), 10
Mbl LIGAYUHM TAKLe ONHCAINRA THROB AAaHHLIX:

type lref = [leader;
ref = Tirailer:
leader = recovd key, cotnt: infeger;
trail: tref;
nexts Iref (4.28)
end;
irgiler = record id; Iref,
rext: tref
end

TIpeanosoKuM, YTO MHUNKECTBO S H OTHOINGHHR MOPAAKE HA HEM
TepEOHAUYANLRO 33aHp B Rile NOCACKOBATENLHOCTR Nap KA0-
yedl BO BxoAHOM (daline, Bxoaunle pawduLC ANA MpiMeDpa, u30-
OpaxenHoro Ha puc. 4.13, norasausl B (4.29), rne cumeonn =<
goGaBaeHbl 215 ACHOCTH:

1<2 2<4 4<6 2<10 4<8 6 <3
1<3 3<5 B<8 7<5 7«9 9«4  (4.29)
9 <10

ITeppan 4acTe TporpaMMul  TOMOJAGTHYCCKOH  COPTHPOBKK
Aca¥Kia OpoydTaTh BXogHef daida w ompeofpasoBari BXOAHLIC
KAHHBIE B CTPYKTYPY CTHCKEA. JTO NPOUIBOAHTCH NOCNSA0BATERL-
HeM urentiem nap kawuefl x 1 ¢ (x < y). O003HAYHM CCBLAKH
HA 1iX NPeICTABAEHHR B CIHCKe BEAYWHX 4H9epe3 g W g, I1y
BANMHCH HILAYTCA B CIOHCKe H, €CAH UX TaMm HeT, A06aBasioTcA
% ueMmMy. 2Ty 2agavy pomoaideT  dyukulia, iaspipacmas L
(located). 3ateM K cnncky BeilOMBIX ANA MeMeHTa X nobas-
JAeTCH MORB TeCcKpHOTOP, MASHTH(HIHPOBAHHHIA KaK Y, Cuer-
UHK LIpeAMICCTBEHHHKGB a4 y veeaHynsaerca Ha 1, Taxoh anro-
PUTM COOTBeTCTBYeT ¢hase ¢soda (4.30). Ha pue, 4.15 noxasaua
CTpYETYpa, cdopmupopaHnad npu o6palboTKe BXOARBIX AaHHBIX
{4.29) ¢ nomouwso anroputMa (4.30). B stoM ¢parmedie upo-
_TpAMMBl ecTh 06pauiedna K GyHKNHH L(w), aamwied couliky 1a
KOMIIOHEHTY Cillicka ¢ kmovosm @ (cm. taxwe oporpammy 4.2),
My npeanonaraes, 470 DOCACHOBATSALEOCT, BXOAHULX HAP KO-
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YOH 3AKAHUHBASTCA AOMOJAHHTCILHLIM HyacM.

{Pasa eeooa] read(x),
newl(head); tail 1= head;, z 1= 0,
while x = 0 do
begin read(y); p 1 L(x); q 1= L(y); (4.30)
new(); i1.id 1= q; fT.next ;= pt.trail; o
pharail := t; gl.count := glcoumt 4 1;
read(x)
end
ITocne Toro xax Ha ¢ase BBOAa NOCTPoEla CTPYKTYpA LAHHBIX,
norazadnas ua pue. 415, MOMHO MpOBecTH Cauy TOR0AOrHYE-
CKVIO COPTHPOBKY, OMHCAAHYI0 BHWE, Ho Aock0abKy OHa cOCTOUT
B NIOCAHEA0BATENRHDN BbIGOPE 3[eMEHTE C HYACBLIM CYETYHKOM
LpSAECTRCHANKOB, BHANMO, pasyMHO BEadaac cobpar, Boe

1 7 4—-—[— ]
0 0 head
nil |+

| l

b

Pac. 416, Cancox BEAYIHE ¢ RyICHLMA CUSTUHRA ML,

TAKHE JNCMCUTL b CBA3ANHYI uenoury, IlockoqbKy il 3uacw,
UTO HCXOAHASA HEeNOUKA BeAVIMHX BHOCAeXCTBHH He noHaxoGurcs,
TO WE CaMoe NoJIe Aext MOMKHG ICHONTh30BATh NTOBTOPHG JLAA CRA-
SLIBAHHA B UENOYKY BEAYUIHX, He UMELWIX NPeAlecTBeHHKOB.
Takaa saveida o/IHOR LeNQUKK Ha IPYTyI0 4acTo BCTpedaeTca NpH
pabore co cmhckami. Jro noapobuo omucano o (4.31); anda ynob-
CTBA HOBAS UCNOUKA CTPOITCS B 0BparHoM nopadse.

fnouck sedyupux ¢ O npeONIECMSeRuKoe )
P = head; head ;= nil,;
while p = il do
begin g := p; p 1= g .nmext;
i gT.count P: 0 then ’ (4.31)
begin [examouenue gt 6 HoBYIO yenouxy)
gli.next 1= head; head i= ¢
end
end

Ecan ofpatuteest k puc. 4.15, To Mb YBUANHM, 4TO Lenowka
nex! BelyILHX 32MEHSETEH MHa LEMouKy, R3o0pakenHywo Ha
puc. 4.16. Csasy, OTCYTCTBYIOMHE HAa 3TOM PUCYHKE, OCTAJHCh
npesHHIMH,
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[Tocne scex »Tnx noaroToBHTENbHBIX AeHCTBHE, HANpaBaeH-
HLIX 112 TO, 4T06K BuipaboTaTi NOAXOAAUIES NPeACTABJACHHC Yac-
THUHO YNOPAAGUEHHOTO MHOIKECTBA S, MBl MOXKeM, HakOHel, na-
peATH K COGCTBEHHO TONOJOTHYCCKOW COPTHPOBKE, T. ¢ dopMu-
POBAHHIY BRIXOAHON 1OCAeloBaTenbHoctn. B mepsom, rpydom
npnGanAe i 3T0 MONKHO ONHCATL CACAYIOIIM obpa3oM:

q .= head,;

while g==nil do

begin {sotgecru 3707 3a8MenT, IATEM UCKAIOUITS €20)
wrifetr{gt key), z:==2 —1; (4.32)
i :=gq T.trail; ¢q:== gt.next;
«YyMeHBIUUTE CYETYRK MpellilecTBEHHHKOB ¥ BCEX erg mocJe-
BoBateaell B CIHCKE BeOOMLIK {5 €CJH KakoH-JHOO CUeTHHK
crai papen 0, noGaBuTE 3TOT SAEMEHNT K CIIMCKY BEIYIIHY 4%

end

Onepatop 8 (4.32), KOTOpHI OCTEAOCHh YTOUHHTL, OCYILECTR-
AHET elle OAHN Hpoxon no cnucky [cu. cxemy (4.17)]. Ha xkam-
JOM lare BCOOMOraTebHad NepeMeHHas p ykasbBacT Ha Beay-
WHA AUCKPHATOP, CUCTUAK KOTOPOro HYIKHO YMEUbLHITSL U RPO-
BCPHTh KA PABEHCTRBO HYJIH.

while ¢ -« nil do
begin p 1= 11.id; pl.count 1= pTl.count—1;
if pt.count = 0O then
begin {exarovenue pt @ cnucox eedyujiix)
pluext i= g q:=p
end;
:== tt.next

{1.33)

end

Ha 3Tom 3aBepwdaeTtcs paspaGorka DPOrpaMME TONONOCHYEs
cKkoil coprhpoeks, Q6paTHTE BHUMAHNE, ATO HblJ1 BBEAEH CYETUHK
Z AAd noJeuera BeAYLLNX JeCHPHNTOPOB, ChOpMHPOBAHHBLIX 1A
dase BBofa. ITOT CUCTUMK yMeHbIIaeTCa Kax Al pas, Koraa se-
AYWSMA JecKPHNTOp BHBOAHTCA Ha (haze suBoia. [TosToMy OH
AoJxeH BHOBh C€TaTbh paBHelM O B KOHIe paduTH NPOrpaMmMbl.
Ecan on He cmor BepRyTbea K 0, 3T0 YKa3HBaeT, YTO B CTPYKTYpE
QCTAJHCH HACMLHTE H CpeAH 1INX [Ie€T TAKHX, Y KOTO])IJI)( OTCYT-
CTBYIOT NpeMlEeCTReNHHKH. OueBHIHO, UTO B 3TOM CIyYae MHO-
HECTBO S He ARAGeTCs 2ACTHYIUO YIOPKEAOUEHHLIM.

INpusesesHas uille NporpaMma (Pasbl BHBOLA CAYKHT NPH-
MEPOM pafoThi €O CNHCKOM, KOTOpWH <«nysibCcHPyeT», T, €, 3Je-
MCHTM KOTOPOro ,EROE)&BJH[}OTCF[ H }-’;’J,&.T[H!OTCH B [IENpeICKA3YeMOM
nopaake., CrefoBATENBHO, 3TC NPHMeD [pOlecca, HOAHOCTHIO



program fopsori(input,onipul);
type lref = Uleader;
tref = Yrailer;
leader = record key; infcger;
count: infeger;
trail;  iref,
nexty lref;
end ;
frailer = vecord id: lref;
next: tref
end ;
var head, tail, pg: lref;
i dref; zi integer;
x,y. infeger;
function LOw: integer): Iref;
{cevtaka va sedyiye20 ¢ K1ovoM W)
var h: Iref;
begin 1 1= head; tailt key 1= w;
while hkey == w do h := hlwext;
if i = fail then
begin (& cnucxe nem 3nemMenma ¢ RAIOYOM W)
new(tail); z t== Z41;
Eb.count 1= 0; A drail 1= mily hlaext i= fwl
end ?
L:i=h
end {L};
begin {LnliyuayUA CRUCKE 6eOVIUN HURMHSHBIM BAeMeHMO08 )
new(head); fafl 1= lread; = (== 0
[ fiaza esgoda) read(x);
while v = 0 do
begin read(y); writeln(x,p);
pi= Lx); ¢ = L)
new (1); t1.0d 1= ¢q; tt.next 1= phiranl;
pharail == 1; gt.count 1= g% count -+ 1}
read(x)
end ;
{noner sedymux co cvenmukom-0)
p = head; head 1= nif;
while p = fail do
bepin ¢ 1= p; p = ptaexs
if gtieount = 0 then
begin ¢tnexs i= lead; head i= ¢
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cnd
end 3
fbasa avreoda) q = head;
while ¢ 5= nil do
begin writeln(q] key); z == z--1;
t = qldrails ¢ (== y5aext;
while # = nil do
begin p 1= 1id; pteount 1= pl.count — 13
if pt.count = 0 then
begin (sxuouerte pl s G-Cricox
prawext = qg; ¢ 1= p
cnd
t = thnext
end
end ;
if 2 24 QO then writelt (THIS SET 1S NOT PARTIALLY ORDERED')
end .
[Mporpavma 4.2, Tononorndeckan COPTHPOBKA.

HCnoAb3YUero rulKOCTb, KOTOPYle o0eCHeynBaeT $BHO CBA3AL-
BB CNHCOXK.

4.4, APERQAUHLIE CTPYKTYPH
4.4.1. OCHOBRLIE NOHATHA M ONpejeneHus

Mp BHZENH, UTO MOCACAOBATCJLHOCTI W CNHCKH MOMHO onpe-
AenuTh cneAyiouM ofpasom: aw6an nocAelOBaTeILHOCTE (CNil-
<0k} ¢ GazopuM THNoM T — s10 NHGo:

1) nycTas NOCACAOBATEALUOCTL (CAHCOR); Aubo
2} KongaTenauus (uenoyka) u3 3aemedra Tama T W nocaeacpa-
TeJLHOCTH ¢ HA3ORKM TItnOM 7.

3aech ANA ONpefeeHns OPHRLEIOB CTPYKTYpHpPOBalHa (cae-
JAopaHva HA# liTepallBH) Henoabsyered pekypcHs, Caeaopauie
H UTepauda BCTPeYRETCA HACTOALKO YacTo, UTO HX COLIYHO ¢Hll-
TawT (PYHIAMEHTANLHLIMH «00pa3aMH> KAK CTPYKTYP JAaHHLIX,
TaKk H <«ynpasaeHug» B nporpammax. OaHako eceria caegyer
NOMIHTE, UTO ¢ RBOMOLLLIO ]}EK}J']](‘]IIUI 11X TOJBRD MHOMHO OI'[p(?IlE*
JATh, HO PEKYPCME MOMHO PPERTHBHO H JECAHTHO IICTOJb30-
BaTh AJ# onpejpenenns Honee caoKHBIX CTPVKTYP.

Xopowe npecTHHM NpHMepoM caymar AepeBbd. [lycrs ape-
BOBHAHAA CTPYWTYPa ORPCACAACTCA CACAYOWHM ofipaszoMm: Jdpe-
soeudHaa cTpykrTypa ¢ 6a20Bb0M THIOM T — 270 1u00:

1) nycras crpyxtypa; AnGo
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2) ysen tuna T, ¢ KOTOPLIM CBA33HO KOHEUHOE UHCAD A{EBOBUA-
HBlX CTpYKTyp ¢ OasoeeiM TumoMm 7T, HasbiBaeMbix Hoddz-
pegenmic

I3 ¢xomcTBa peKypPCHBHBIX ORpeneSieHHl N0CeA0BaTENBHO-
€Tell H APeBOBHAHLIX CTPYKTYP BHAHO, YTO HCCAEA0BATENLHOCTH
(cmncok) ecTo ApeBOBMAHAA CTPYKTYPA, ¥ KOTOPOIl KaikAblil y3es
IMeeT He Gosee oaxoro «noanepenas. Ilostomy ocnesoBaresn-
HOCTH (COHCOK) 1la3miBaeTes TaxiKe sotpoxcdennnim depeaom.

CyWeCTBYET HECKOABLKO COco00B H300paKeHun APeBOBHAHOR
cTpykTypul. Hanpumep, nycte GasoBuiéi tun T ecTh MHOXKeCTEO
OyKB; Taxas APEBOBHJHAA CTPYKTYPA pasuBMu cnocofamn H3o-
Opaxkena wa puc. 4.17. Bee 2TH npeAcTaBAeHUsT AEMOHCTPHPYIOT
OANY H TY MC CTPYKTYPY H DNOITOMY IKBHBAJEHTHH. C ROMOILLIO
rpada MOMHO HAMAAAHO NPEACTABUTL PA3BETEAAWUILUECH CBA3N,
KOTOPHE N0 MOHATHLIM NPHYHHAM NpHBCAH K ollcynoTpeGHTCAL-
HOMY TepMHHY «JepeBo», OjpHako DOBOALHO CTPAHHO, 4TQ JAg-
peBbS NPHHRTO DPHCOBATH NEPEBEPHYTHIMH HJIH — eClH  KTO-TO
IEPEANOYHTACT HHAYE BHIPA3HTL 3T0T (AKT — W300paxats KOpHH
pepena. Ho nocacaunn (opmyadpoBka BBOAHT B3 3abayimacide,
TaK Kak BepxHHH ysen (A} oOblyHO Ha3BIBAIOT KopHem. XOTH Mbl
CO3HAEM, NTO B TPHPOAE AepeBby NpeAcTasAqAwT coboli He-
CROALED (oNee CaowHube 00pa3oBakna, weMm wauiv abeTpaxuun,
Mbl OyAcM B JAadbHellleM APeBOBHAHLIC CTPYKTYPL HasuiBaTh
npocre Jepeseamni.

¥nopadouennoe Gepead — 310 JepeBo, ¥ KOTOPOLO BETBY KANK-
NOre yana  ynopsajoyedns. CneAOBATEAbHO, HBA  YOOPAAGHeH-
HbX fepeBa Ha puc, 4.18 — 370 ocolble, oTAMSHbIE APYT OT ApYra
ZepeBpsl. Yaeh gy, KOTODBLIH HAXQAHTCA HENOCPEACTBEHHO I
¥3A0M X, HA3EBAETCA (HENOCHRACTBERHNMM) HOTOMKOM X €CAN A
HAXOAHTCA Ha yposHe i, TG I'OBOPAT, YTO y—Ha ypoBehe i+ 1.
[TacGopoT, yses X HazbiBaeTca (HENOCPLACTBEHHBIM) rpedroM if.
Cunraercs, UTO KOPeHb AepeBsa pacnoacKen na yposre [ Makcu-
Maablplil YpOBEHE KAKOTO-A1150 3/AEMeHTa AepeBa HA3LBAETCA ero
2AYyDIROL IR 86ICOTOA.

Ecait »heMeHT He fMECT OOTOMKOB, OH HA3BLIBACTCA TepMu-
HOALHOLM PACMEHTOM AN ANCTOM, @ 3/eMeHT, He aBAAwMAcs
TEpD.-iIlIIa."IbeIM, Ha3bIBACTCA SHYTPEHHUM Y3IROM, YUucno (HQITO-
CPeACTBRHHBIX) [OTOMKOB BHYTPEHHEro Vala HasbiBaercs ero
crenenvro. MakcumaibHag CTeNeHb BCEX Y3/CB €CTh CTENeHL ge-
peea. Hueao seToedl, wal pefep, KOTOPLIC NYMXUo MPOATI, YToGH
NPOABHHYTLCA OT KOPHA K ¥34Y X, HA3LBACTCA dANHON nyTd K a.
KopeRt, HMeeT AAUHY NyTH 1, €ro HemocpeICTBEHHLIC HOTOMKN —
LJAeHY IYyTH 2 u 1. A, BooCQwe, y3en na ypoBhe | umeer Juuiny
bvra § Jauda NyTE Acpesa ompeiciAcicad KAk CyMMa AJHH Ty-
Teit Beex ero yanos. Oua Tagaie HAIWBAeTeA ANURCH ErYTpeN-
Heoo nyri. Hanpumep, ARIHA BHYTPeHHEro MyTu Aepesa, H308pa-
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Puc. 4.17. Npencrasnensa ApesosHasoll cTpyaTypen (a) BAOMKEHHLIE MHOMKe-
cTRa; (b) paomennse croGku; (¢} gomanas mocacacpaTenvliceTr; (d} rpadh
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HEHHOrO Ha puc. 4.17, pasna 32. OQueBHAHO, UTO CReAHAR AMIHA
nyTH P; ectb
i .
P; —HZn( v iy i334)
+

T4 fi; — MiCA0 y310n Ha YpoBie 4 Jaa toro 4tofu OmpeacanTs,
UTO HA3LIBARTCA NAUION BHEIIHEro NYTH, Mul OView LONOAMATL
AepeBO CHEUHANBHBLIM Y3JM0M Ra)Aelil pa3, koria B HeM Beipe-
4aeTCA HyaeBoe Huijdepeso. [1pu 3TOM Mbl CUWTEEM, YTC BCE Y37bY
AGRKHE] HMETL 03HY H Ty e CTCNCIDb — ¢TCnCUb Acpena. Chiclo-
BATENbHO, WOAOGHOe pacWinpesde IopeBd DPeIosaraeT 3anof-

Pac. 418, Tpa pazanunuy GRHAPHBIX Acpesa.

Herie HYCTHX BBTBCE, pa3ymecTcs, IpPH 3TOM CHCLHAABHBIS y3ih
He IIMeRT RaabHelimy motomMikoB. Hepeso Ha puc. 4.17, nonoda-
HeHHOE CHeNNAAbHBIME Y3aaMIi, N10X23aH0 Ha pic. 4.19, rae cne-
UHAJLHEE V316 U306PAXeHH KBALIPATHEAMN.

Pue. 4.19. Tepuaplios Aepera co CREMAALiBIME Y2AaMu.

A ilna sHeNe20 nyTy Teneph OUPeIeIReTCA KaK ¢y MMa MK
nyTeil Beex CMeutadbhbiX y3n08. EcAH YHCJIO CIeUNAbHDIX Y3108
Ha ypoBUE { €CTb My, TO CPEaHsa AJiHA BueilHero nyTH Fg
pasia

Pe= 7;— Z I/ 7RER (4.35)
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Y nepepa, RPHBEIeHHOrO Ha pHe, 419, AAUHZ BUeILHEro MyTH
pasHa 153,

Uneao cmellanbHbiX Y3A0B m1, KOTOPhe HYHHO AofaButh
K JEpERY CTENEHN d, HelOCPeACTBeHHO 3ABHCHT OT HIHANA A L.
XOAHBIX Y3I0B. 3aMOTHM, 4T0 HA KAKAHH y3€J YKA3BIBAET POBHO
01Ha BerBb. CNedoBaTCAbHO, B PACWIIPCHIOM NOAJCPEBE HMEETCH
m -+ n perveell, C Apvroli cTOPORE, H3 KaXkJIOr0 HCXOAHOrO ¥y3.1a
BRIXOAAT ¢ BeTBeil, a 13 cOeliajbHBX Y3J10B — HH oigHof, [lo-
3TOMY BCero naeerca da - | serselt (1 A4CT BETBb, VKaZbiBAIO-
YW Ha KopeHs). H3 5THX ABYX QOPMYA MBI [OAyYaeM CASAYIO-
liee PAaBEHCTBO MEZKIY THCAOM #1 CNCHHAJLHLIX ¥3J0B H A HCX0I-
HEIX y3a0B: dn 41 ==m - n, nau

m=(d—Dn- 1. (4.36)

MakcHManbROE wHCTO ¥3JA0E B AepebBe 3alaHHOH BbICOTH &
AOCTHTAETCA B <hydac, KOrJa BCe Y3Je HMeloT ¢ NOAJEpeBhEs,
KpPOMEe y3/10B YPOBHA f, He HMeloUlX HH opnoro. Toraa B gepeBe
cTenely d NepBHIT YPOBEHb COREDINUT 1 y3en (KopeHs), ypoBeHb 2
COAEPHHT  €r0 MOTOMKOB, YPOBEHb 3 COAPMHT &7 TNOTOMKOR
¢ ya1oe ypoBHA 2 H T. A. IT0 HACT CASAYWLLYIO BETHUHHY:

h=1

Nymy=14d+d+ ... —i—a‘f“l=‘ZEid‘ (4.37)

B Ka'eCTBe MAKCHMAJAbHOTO 4Ilcaa V3IIOB ANd JepeBa ¢ BRICOTOH
A 1 ctenenslo d. Mpu d = 2 mbl noayuwaem
h=1
N,(h) = 20 2 =0r |, (4.38)
=

¥YaopdagoyeHHbe Aepesbd cTemeHd 2 HrpaioT ocofo BAaXKAYIO
poabk, OHI HASHBAWTCA SuAaprbimy depespamu. Mbl onpefensen
VIOPAZOUEHHOE ONHAPHOE IePeB0 KAK KOHEUHOE MHONECTEO 3a8-
MERTO8 (yaaos), kaxloil 113 roTopelx aubo nycr, aubo cocrour
13 KOPHA {Y34a), CERAZAHHO20 € OSYMRE PASAUHHOIML CURATHAMY
depesdoAny, Ha3HBACMBIAN A€8UM H Apageim noddepesom KopHi.
B caenyiomix nyHKTax 370TO pasjena Mu GyieM paccMaTpuBath
HCKIOUNTeEHe OMHApHHE AepeBbd W TO2TOMY OyaeM ynoTped-
MATh CAOBG «IepPeBds, HMER B BIAY «YNOPAAOUeHHOe GHHApHDE
ilepeBo», Mepesss, nMeiiide ¢TCHeHb O0JIplIe 2, HA3LIBAOTCA
citaeno GeTemuumica OGepeosasmu (multiway frees), ouit pac-
CMATPHBAIOTCA B pasia. b >1oll rnavn,

JHAKOMBIMIT OpHMePaMil GUHAPHUY JepeBbeB aABlAwTca (Pa-
MIJIBHOR (I'eHeadoriyeckoe) AepeBo ¢ OTIUOM N MaTePbio 4eNoBeKa
B KavecTBe Cio MOTOMKOB {!), LCTGPIUA TCHUWHCHOro Typuapa, ras
¥Y23,10M ABNAETCHA KAXKAAA HIrpa, onpeAeancMan ee nodelrenew,
a MoepeRbAMII— RBe NpelulAyille HIPE CONePHHKOB: apli§Me-
THUECKOE BLIDAMKEHHE ¢ IBYXMECTHbIMIl DilepALNAMH, TAC KaXKAad
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oHCpalia MpeacTaBIaer colofl BeTnaAlLAlcs vien ¢ oncpaHaamu
B KayecTee nojncpesbes {cM. pric, 4.20).

Teneps Mul oGpataMed K npofneme NpeicTasiedns AepeBhes.
flero, 4TO 11300paMenNe TAKHX PEKVPCMBHLIX CTPYKTYP (Touhes,
peKypCHBHO oNpelesleHHBIX. — [lpum. ped.) ¢ DAasBeTBACHHAMIT
npeaAnoAaraeT NCNoOJL3cBanlie CCBNGK, O‘]E’HH,&HO, MTO He HueeT
CMEICIA ONHCHIBATE NepeMeHHile ¢ GHKCHPOBAHUON ApeBOBRAHOM
CTPYKTYPUH, BMECTO 3TUTD Y316t OHPEASIRIOTCS KaK nepeMentble

Pue. 4.20. Bupamenne (2 -+ bjc)*(d — e*]}. npescrasrenioe 5 nufe Acpeda.

¢ dukcupoBangoll CTpyKTypoil, T. €. GHKCHPOBAHHOTrO THIA, rie
CTenmeéHb JepeRa OnpeleffeT YHCIN KOMNOHEHT-CCHAOK, YKa3bl-
BAKIINX HA NOLACPERLA ZAHHOTO ¥3Jaa. HCHO, 9To CCLLIKA HA nye-
TO€ noulepeBo obosnavactca qepes nil. Caegosateanho, nepeso
Ha pic. 4.20 cOCTORT 113 KOMOOHCHT TEKOTO THRA:

type node=—=record op: char;
ieft, right: } node (4.39)
end

H MOXKET CTROHThCH, RAK Noxasado #a pue. 4.21.
flcHO, YTO CYMECTBYIOT C€H0cC0B NPCACTABICHAA abcTpakt-
HO[ APeBOBMAHOHA CTOVKTYDB B T@PMHHAX ADPYIMX THIOR KAHRLIX,
HALPHMCP TaKHX, KAK MacCHB. 2TO— CHUENPHHATHI ¢Nocob Bo
BCEX A3LIKAX, rAE HCT CPeiCTB LMH2MHUECKOTO DPa3MellieHHA KOM-
TCHEHT # YRA3aHUS MY ¢ NOMOWBLIY cebiok. B sToM cayuze ae-
peso na puc, 4.20 MOMKHO NPeNCTABHTE NEPEMEHHOH-MACCHBOM,
OLnHCaHAGH Kak
f; array[l..1[] of
record op: char;
lefi, right: infeger {4.40}
end

H QO GBAUCHNAMH KOMNOHENT, NPHBCACHHRMH B Tabn. 4.3,
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XoTs U0ApASYMEBALTCH, YTO MACCHS f npencTanaser aderpant-
HYIO CTRYKTYDY GePeBa, Ml Oy 4eM Wa3bIBATH €r0 BCe IKC He Aepe-
BOM, & MACCHBOM COLJIACHO SIBHOMY CHOpcAededilo. Mul e Gyie
ofcyHAATE IPYrie BO3MOKHBIE DPeICTaBIeHUA LepeBbeB B CH-
cTeMax, TAe OTCYTCTBYeET AWHaMHueckae pacnperefenHe MAMATH,

= ==

/

| i~ 1 ‘ '/"‘I"\\
/ \ ¥ v

| 1 | f

Ppe, 420, Jlepesn, npelcTaBlenioe KAK CTPYKTYPA ARHELIX.

NOCKO/BKY Mbi CUHTAEM, UTQ CHCTEME! MPOTPAMMHPOBAHNA H S3b-
KH, UMeIoliiie 9To CEBGICTBO, ABASIOTCH WM CTAHYT WHPOKO pac-
NpOCTPaEEHHLIM,

Tabauna 4.3, Jlepteo, NPLACTABISHIGE ¢ HOMOILLID MAacCHEA

1 * 2 3
2 1+ 6 a4
3 — 9 5
4 17 7 8
s 0 e 10 11 |
o o 0 )]
7 18 0 0
3 ¢ 0 0
5 | 4 o 0
10 [ e o6 o
i1 f 0 0

[Mpemae yem o6cyikAath, KAK AyUIe HCNOABIOBATH AEPCBLA
B K2K BHINOJHATH GEEpallyd ¢ AEpCBbRMH, Mbl TOKAMCM HA HpH-
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Nepe, KAK [POrpaMMa MOXeT CTPOWTh Jjepero. Tlpeanosoxxiiy,
NTO HYZKHO cQOPMHPOBATL AeDeBO, coAepiKalliee Y3/bl THIA, ONK-
canHoro B {4.39), a 3HAueHUAMH Y3108 OVAVT n ducen, MpouH-
TARUHIX U3 Broauoro daina. daa yeaoxuenus 3ajauy noTpe-
fyeM TOCTPONTB AGDPEBO € /2 Y3JaMH 1 MHHNMAALHOR BICOTOI.
UTo6sl 20CTHYL MHHHMANBHON BBICOTH NPH AAHHOM YHcAe
y3A08, HYXKHO pacnojaraTb MaKcHMAaJbHO BO3SMOMKHOC YUCAO y3-
N0B HA BCEX YPOBHAX, KPOME CAMOTO HUKHEro, 3T0 MOXKHO cle-
JAATh QUEHDL HPOCTO, 0T PACHPENCAATh BCE NMOCTYNAKNIHE Yanu

4o
W iy 4

Pac. 4.22. Uacaavgo cSanaicapoesamiue icpesbs.

=
13
w

NOPOBHY CeBa K COPaBa 0T KAXKAOro ysna. B pesyartate mo-
CTPUEHHOE AEPEBO NpPH AAHHOM A WMEeT BHA, KaK NOKAIAKO H3
puc. 422 iaan=1,..., 7,

TIpaBrao paBHOMEPHOrO PACHPEAEACHES IPH HIBCCTHOM THCJE
V3JI0B 1 JTygtile Beero GoOpMyaHpYerca ¢ MOMOLIBK PEKypPCUH:

. B3ATh 0ANH y3€1 B KA4LCTBE KOPHA.

2 Moctponts sesoc noaxepceo ¢ nl == ndiv2? yanamu TeM xe
cnocoBoM.

3. INocTponTe Opasoe MOAAePeBO C 7 = n—nl— 1 yamamu tem
He cnocobom.

2T0 BpaBHNO ONHcaNO pekypcHsHOfl npoueaypoil free, Bxo-
asmelt B aporpamMmy 4.3, koTopas uHraeT BXoAHON dafin u crponT
ni1ea blo chanadnupoBaHnoe Aepero. Mol noayyaem Takoe anpe-
Lenedne:
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progran, buildtree(input,output) ;
type ref == jriode;

node = yecord kev: dnteger;
left, vight ref
end ;
yar u: infeger; root: ref;

function freele: integer): ref;
yar newnode: ref;
x, nl, nr: integer;
begin {nocmpoerue noeaabio cbarancuposannozo depesa ¢ n y3aami ]
it n = Q then free i= nil ¢lse
begin #d 1= n div 2; wr 1= n—nl-1;
read(x); new(newnode);
with newnode] do
begin key 1= x; left 1= tree(td); vight i= tree(nr)
end ;
free (= newnode
ond
end {irec} 3
procedure printtrec(t: xefy bt infeger);
yar It infeger;
begin {nevame depeaa t co coeticom )
if # == nil then
with /7 do
begin printiveelleft, h-+1);
for { ;=1 to & do wrire(’ JH
writeln (key);
printiree(right, B-4-1)
end
end {printtree} ;
begin (nepeoe yeaoe wicAo ecite YUC0 Y3108}
read(n};
ropt == free(n):
printiree(root,0)
end .

Oporpaxua 4.3. [locTpoenke nacanvio cOanancHpOBaHROIO Aepena,
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Uepero ubdearbro cOarqHcuposaHe, €M BAS KaXAOTG Cro
Y3Ra KONWUeCTRA YAJNOB B JEBOM H NpagoM Noilepese pas-
JinuawTes ge QoJsee yes Ha 1.

ﬂpeanonomnm, HANPHMCP, YTO HMQIOTCA CACAYHOIWHE BRAOANLIC
nannime gaa aepesa ¢ 21 ysnowm:
2108 91115192021 732165
6413 14 10 12 17 16 18

Toraa nporpamma 4.3 cTponT HACAALHO cOanaHchHpoBALIHOS RS-
DEBO, NoKa3zarHoe Ha puc, 4.23.

Pue. 423, Nepeso, mocrpoeAkoe ¢ NMOMOWILIG nporpamel 4.3,

OTMeTHM NPOCTOTY H SICHOCTH 3TOM NPOTPaMMBl, AOCTHLHYTEHIC
613aroaapa UCNONB20BAHIG PEKYPCHBHBIX npouedyp. Quesnauo,
YTC PeKypCiiBHEe AJTOPHTMH 0COGEHHO YMECTHBI, KOTaa npo-
rpaMmMa A0KHA 00palaThiBaTe AARHBE, CTPYKTYPa KOTOPBIX
onpcieacHa pekypensuo. 370 BHODb OTPAXACTCA B MNpOHSRYDe
printiree, KOTOpas MeuaTaeT NMOJYUYEHHOE AEPEBO; 1IYCTOe AepeBo
He nNedaTaeTes 148 NMOAASpERd YPOBHA L, a4 BHAJYAJie NMeyaraercs
Cro JIEnoe NMoARepeBO, 3aTeM Y30, KOTOPI:-Iﬁ BblaeHeTed Opeje-
cTRYIOUIMMIL L mpoloenaMy, H, HaKoHel, NeYaTAGTCA €D MPABHe
noJaepeso.

TIpeHMYHIECTEO PEKYPCHBHOTO aAr0pHTME OCOBCHHO HATAAAND
0O CPUBHOHNIO © €r0 HePeXVPCHBHOR GopMyAHposkoR. WitaTenn
npeanaraeTcH HDOHBI'I'TI; CBOK ]-I30ﬁpeTaT€}.-'IbHOCTb H HanHCdrb
HEPehVPCHBHYIO NporpaMmy, CTPOHMVIC TaxkHe K ATPCBLH,
npe: le dem cMoTpers Ha {4.41), 3ta nporpamma mpuBeseHa Hea
,CLaJleeﬁl[IIiX KOMMEITAPHEE 1 MOMeT CaYVIKHTh VOpaKHCHREN
AAA UHTATeN, E,-\-l}f NMpeanaraercs BbISCHUTH, hdK H HOoYeMy ola
paboraet.
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program buildiree(input,outpur);
type ref = lnode;
rode = record key: infeger;
left, right: ref
end ;
yar ianlnrx integer:
root,p,q.r.dmy: ref;
st array [1..30] of {emex)
record n: integer; rft ref
_end ;
begin {nepeoe yenoe uucao ecmv wcao yinod)
reaa'(n) new(roor); new(dmy); {Puxmuenoili snemerin)
= 1; s[l]n 1= n; s{l].0f 1= root; (4.41)
repeat woi= s g ri= Si] s i te i1 (13 cmexa)
if #n = 0 then r1.right ;= nil else
begin p 1= dmy;
repeat nl ;= n div 2; ¥ 1= n—nl—~1;
read(x); new(q); gl.key 1== x}
it= i+1; sfijn 1= nr; s[i] rfim 43 (@ cmex}
ni=nl plieft:=gq; p:

until # = 0;
gT.deft 1= nil; riright 1= dmyt.left
end
until §{ = 0;
printtree (root!.right,0)

end .

4.4.1. OcuoBtibie onepaymu ¢ CHHAPHLIMK AepeBbAMK

Huyeeres Mioro 3aa4, KOTOPHE MOAKHO BHOOAUATL HA APEBO-
BHAHO{ CTPYKTIYpe, pacnpocTpaHeHHas 2ajaya-— BHIIQJHCHHE
aafganrofl ollepaliin P ¢ KaXKAbIM dJeMEHTOM fepesa.. 3pece P
PACCHATPUBACTCA KAK Rapamerp Oonee obwiell 3agaun nocepe-
HKA BCCX Y3J0B, K, KAK 3T0 60uIY10 Ha3biBAOT, 0dxoda depesa.

Ecau paccmarpiBaTe 3TY 3ajaudy Kak eAMHbA Dociegosa-
TeALHBIH Apolece, TO OTAEALHBE Y3s NOCEMAIDTCH B HEKOTOPOM
onpese/IeHAOM HOpHIKke H MOTYT CHHTATLOH pacniomMeH HbIM I
JAnHEHHO. B camom iene, oOHCaHNe MHOTHX a/ArOpHTMOB CYyile-
CTBCHHO YNPOoUWLACTes, CCAH MOMIC TOBOPHTL O Ne¢peXxode K eI
LYVIOULEMY 3JIeMEHTY Jepepa, UMesa B BHAY HEKoTOpoe ynopsi-
AoueHue.

CyulecTBYOT TPH NPHHUHOA YNOPHAAQUSHHSA, KOTOPLIC @CTe-
CTBCHHO BHTEKAOT B3 CTVPYKTYps Aepespes. Tak e Kak M ¢aMmy
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APEBUBRAHYID CTPYKTYPY, WX YA0OHO BhpasuTb C IOMCILIO pe-
kypcun. ObGpamancs ¥ GuHapnoMy aAepesy na pnc. 4.24, rpe R
oGosHavaeT KOpenb, @ A ¥ B —sepoe n mpaBoe NoaRepeBbA, ME
MOMEM onpe,ae.ru{Tb TdKHe TPH YOOPALOYEHHA:

1. Ceepxy ernuz: R, A, B (nocetuTh xopeHs do NOAAepeBLEB)
2. Caesa nanpaso: 4, R, B

3. Cuuay esepx: A, B, R (nocetuts KOpeHb n0cCAe fOALEs
penuen)

O6xoan pepeso na puc. 4.20 1 BrNKCHBAR CHMBOJL, HAXO4A
mHecs B y3nax, 8 ToM OOPHAAKe, B KOTODOM OHH BCTpeualoTcd,
MBE NOJAYYaEM CJeAYIeliie DOCHAe 0BaTENbHOCTH,

1. Ceepxy enus: s+ a/bc—dref
2. Caesa ranpase: a4 bjced—esf
3. Cuuay esepx: abe/ - def s —«

Mp ysnaem Tpn Gopmbl 3anucH BolpadeHnii: ob6x08 C<Bepxy
BHN3 AaeT apeduKcHyio 3anicy, 0OX04 CHH3Y BBEPX — ROCTHuUKC-

A

Pue. 4.24, Banapuoe nepeno.

KyK 3annch, a 00xon cneBa Banpapo JaeT NPHBLIYNYIO HHUKEC-
H 3aNACh, X0TA N 0e3 cKoOoK, HeOBXOIMMBIX RJA OlipenrencHus
NOp9AKa BHIOJNHERHN ollepankil.

Teneps BHPasUM 2T TpH Meroda o0XoAa Xax TPH KOHKpeET-
Hble DpOTpaMMb ¢ ABHLIM NapaMeTpoM f, 03HaYalUinM AEPEBO,
€ KOTOPHM OHH KMEIOT AeJi0, K HesBHEIM DapameTpoMm P, osna-
YRIOWHM ONEPAUHIc, ROTOPYIO HYHHO BHINONHHTD ¢ KAMIAWM y3-
JoM. Boeaem caeayollne onpeieiesun:

type ref = lnode
Rl == reeord , {4.42)
left right: rof
end

ITH TPH MeToAa Jerko ¢ hOpMYyJHpoBaTth B BHAE PEKYPCHBHBIX
IPOneAYD: GHA BAOBL CiyMAT DBpIMepoM TOro, UTo AeicTaid
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¢ PCKYPCHBHO OOPEASNeHHBIMM CTIPYKTYPAMH HAHMBIX Aydule
BCEr0 OMHCHBAKTCH PEKYPCHBHBIMH aAFOPHTMAME.

procedure preorder(t: ref);
begin if ¢ 3% nil then
begin P(f); -
preorder(¢f Jeft); {4.43)
preorder(t].right) '
end .

end

procedure postorder(t: ref )
begin if ¢ 5% nil then

begin postorder(it Joft);
postorder(i] right)} {4.44)
2()
end
end

procedure jnorder(t: ref);
begin if ¢ == nil then
begin intorder(t] Jeft); .
P(); ' (4.45)
inorder(tt right)

end

OtmeTnM, 4T0 cCHAKa [ MepefaeTcst Kak TapaMerp-3Havenite.
D1 oTpamaer TOT HAKT, 4TO 34eCh CYUIECTBEHHA CaMa clulika
(ykasaHue) Ha paccMATpHBAEMO® MONIepeBO, 2 HE mepeMeHHad,
3HaYEHHE KOTOPOH ccThb 2Ta cCHlAKA M KOTOPaa Moraa Ob Hame-
HUTH 3HaueHwe, ecad 6w [ Nepepapancs KaK mapamerp-nepe-
MeHHAS.

[Tpumep moanporpammbl, OCYIeCTBAAIIEH 00X0L Aepesa, --
5TO MOANPOrpAMMA ACYATH ACPEBA ¢ COOTDETCTRYICILNM CABHTOM,
BLLAGASIOUIHM KaXKALHT ypoeeHb y3a0B (cM. nporpammy 4.3},

BUHApHHE HePeBhS YACTO HCMOXLIYIOTCA AMA TPEJCTaBNCHHA
MHOMKeCTB JAHHBIX, 3]€MeHTH KOTOPBIX HULYTCS 110 YHHKA/NBHOMY,
TOMBKO HM NPHCYUEMY KAy, Ecan aepeBo OpranH3oBako TaxHM
ofipa3oMm, YTO ARA KaMAOro ya/ia {; nec KAWYH B JeBoM NOAHe-
pese MeHblle KIOUa f; a KANYH B NpaBoM noafepene Goakine
KIwua £, TO 3TO0 NepeBo HaswBaerces depesosm noticka. B aepese
TIOKCKA MOMHO H2liTH MEecTe KakAoro KIioya, ABHrasich HAYHHAA
OT KOpHA © Mepexolf Ha JE€BOE WKW MpaBoc NMOAAePEBO KaMAOro
¥ana B 34BHCHMOCTH OT 3HA4YeHWs ero Kawua. Kak M BHAenh,
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7 3NeMEHTOR MOMHO OPFraH)308aTh B GHHAPHOC AEPEBO € BBICOTOH
e 6once dem logn. IlostoMy AAs NoHCKA cperl A 3JIeMENTOR
MOeT NoTpeloBaThes He Oomee log s cpapHennii, ecnH Aepero
upeaibHo chHanaucHpopano. OueBUIHO, UTO AEPeRO -— HAMHOTO
Oostee noaAxoAquLasy GopMa CPrarH3aAUMKE TAKOTO MHOMXecTBa Aal-
HBIX, 4€M JRHERHLIf CNBCOK, KOTOPHt paccMaTpABaNca B npeibl-
AyIew pashcdc. '

t

T— 4

N/
iz

Puc. 4.25, Hepceo noucka ¢ Gapoepom.

- Tak ®ak 3TOT NMOHCK MPOXOAHT NO eAHHCTBEHHOMY TYTH 5T
KOPHS K KCKOMOMY Y3JY, er0 MOXXHO 3aNporpaMMHPOBAThL ¢ mo-
MOLELIO Hrepauud (4.46);

fumetion Joc(x: integer; . ref): ref;
vax found, boolean;
~ begin found ;= false;
while (¢ £ nil) A —found do
begin (4.46)
it 1t.key = x then found := true else
il (T.key > x them ¢ ;= ¢}.Jeft else ¢ 1= t].right
end;
foc = ¢
end
dyrkumna foc(x, {} AMeeT sHavenue nil, ecad B AEpeBE € KOP~

Hes { He HapJdcHO KAKYa ¢o 3HAaYeHHCM ¥, TaK e Kak B CaAYUHac
MOHCKA 16 CNHCKY, CAQKHOCTL YCIOBHA OKOH'lAMIIA LHEAG 3a-
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cTapIfeT HMCKaTh Jyumlee pewiedue. [Ipd  MOHCKe -0 eMHCKY
B KOHILE ero NOMellaeTCh fapoep. DTOT NPHEM MOMHHO TIPHMEHRHThH
1 B cayyae noncka no gepesy. Hcnoansosanue coplick mo3so-
Jf2T CBA3ATL BCC TEPMUNANLULIE Y3JAL JePeBa ¢ OLIIM H TCM Ke
GzpbepoM. 1lonyueHsas ¢cTpyKTYpa — 2T0 ¥ie He NMPOCTO 1epesq,
a cropee, RPEBO, Bce HHCThA KOTOPOTQ fPHIECTTCH B BHH3Y K ON-
HuMy fkopto (cM. puc. 4.23), Dappep MomxHO TakKe cufTaTb
o6UlyM OPCACTARACHHCM BCCX BUCHIHIX (CNCUHAABHLIX) Y3J0B,
KOTOPBIMI JoMOonUseTcd HCXOIHoe fepeBo (em. puc. 4.19). [lo-
JIYUEHHAS B PesynbTate YUPOMLEHRAS Npollelypa NONCKE OUACAHA
HIDKe:

function Joe(x: mreger, 2 ref): ref,
begin st.key 1= x; {Gapoep)
Whl!e J'T k\‘.’y # X do (4 47)
1f x < fT key then ¢ 1= ¢} fefr else ¢ ;= 1{.right;
foé == ¢
cnd . . L .- . PR LR T R t

OTMETHM, UTC CCal B ACPCBC C KOpUeM [ li¢ NafiAcHO KAmda
C 3HAMGHHEM X, TO B 3TOM cayuae [oc{x, !} npuduMaer suaye-
HIe §, T. &. CCWAKH Ha Gapbep. CC]:IJ‘IKEI Ha 5 NpPOCTO NPHHHMAET
By celn ponib coolikd ail.

4.4.3. Nomner no pepeny ¢ BRAIOUEHWEM -

BO3MOMHOCTIE TEXHHKI ILHHEIMHLIECKDFQ pasMelleHus nepe-
MUHHBX © BOCTYNOM K HHM YEPC3 CCHVIKH BPAA JH NOJHOCTHID
NPOABAAIOTCA B TCX NPUMEPax, TAe MOCTPoCHIAA CTPYKTYpA AAH-
HEIX ocTaeTcd iensMenHoll. DBofee neaxoasmiumu npuMepamu
CAVAET 3a0aMNI, B KDTOpr\ caMa CTPpYKTYpa JAepeBa HIMEHASTCH,
T8, AEPEeDO pACTeT I‘E/IITHI YMEHBIIACTCH BO BEPEMHA BbLINOAHSHHA
nporpaMsbl, 310 TaKKE -CAYYAH, KOTAR APYTRE APCACTABACHHR
JAaHHLIX, TAKHEe, KAK MACCHB, HEC NOJAXCAAT I KOTAZ AepeBo ¢ 3J8-
MeHTAMH, CBA3AHHLIMY CCHIAKAMH, KaK a3 1 ecTh DOAX0ZANan
CTPVKTYypa.

]._lp(f}K,ﬂ,C BCEro paccmo‘rpnm C«"I}"lilloi NOCTOAHHO paCTymero, i
nikoria He ySbiBaouwero Aepesa. XOpOoWwilM OPHMEpOM 3TOTO
ABNASTCA 3a4a4a NOCTPOENHA WMacTOTHOr(Q CNORAPR, KOTOPAA yiKe
pasblpaniach, KOrRa pedb Wia O cBA3ddHbX cnuckax. BepHepcn
K nefl cuosa. B 510l 3apade saflasa HOCAeI0BATENLHOCTL CJOB
¥ OVIKHO YOTAQWOBHTb UMCAO TNOSBACHHH KaXAOTo CNOBA. -IT0
03HAYaeT, YTo, HAYUHHAA C TYCTOrO JepeBa, KAaXaoe CJ0Bo HILETCH
B AepeEke. Ecau oo Hﬂﬁﬂ.CHO, yBeJAHIHBAETCA ero CUeTHHK NOABIS-
HiH, €C/IH HeT — B [JepeBO BCTAB/ACTCR HOBOE CAOBO {¢ HaudAR-
HbiM 3IAYEHHEM CYeTUMKa, PAsHLIM 1), Mu ta3biBaeM aTy:324auy
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nouckom no depesy ¢ axarouenuen, Ipeanonaraiores caeayiowse
ONHCAKHA THAOB:

type ref” = tword;
word = record
Key: integer; (4.48)
count: integers ’
left, right: ref
emd

CunTan, KPOMC TOPO, MTO ¥ Hac eCTh MCXOAnWA dalkia whoved [,
# NepeMeHHan rool YRasbiBAeT HA KOPEHb AepeBa HOHCKA, MEl
MOKEM 3ANHCATL DPOTPAMMY CHeRYIOMNM O6Pa3OM:

reset(f);
while —eof(f) do {4.49)
begin read(f, x): search(x,root) end _

Onpegenenne nyTd noucka saech BHOBE oueenano. Ho ecan
OH MPKBORHT B «TYMUK», T. &. K NyCTOMY noaaepesy, o6o3naved-

l

Normal 2

- | —

orge| 1 Peter l 2

1 N

/
¢
N

Ann ] 5 Mary, 3 i-Pau -E-1 i Walterl 4
SRR -
O O i O

Pue. 4.26. BrioucHue B ynopRaoUenHoe GHHAPHOE AEpeso.

HOMY CCHJIOYHEIM 3HayeHHeM nil, TO ZauBoe€ CACBO HYMIO BCTa-
BHTh B AepPeBO Ha MecTo nyctoro moiaepeBa. Paccmorpim, na-
nprmep, OHHADHOE LEPEBO, MOKF3aHHOE HA pHe. 4.26, W BRAAe-
Hue p Hero caoBa «Pauls, PeayibTaT NOKa3a8 NYHKTAPALIMU JU-
HUAMB K3 TOM Ke pHCYHRe,

Ilennkom pabora anropnTMa npuBejena B nporpamme 4.4,
Ilpoilecc moBCKa mpeAcTaBien B BUAE PEKYPEHBHOW NPOUEAYPH.
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OTmeTim, 470 ee NapameTp p NepefleTed kak Napamerp-mepe-
MEHHAR, 4 He KaK Napamerp-3sHaueHuwe. 370 CyUWeCTBEHHO, NO-
CKOMbKY B CAYYae BKAOUEUHS nNepeMmeHsofl NOJIKHO TpHCBAH-
BATECA HEKOTOPOE HOBOE 3HAYEHHE CCHIAAKE, KOTOPAs Nepes STuM
1Menaa aHavyende nil. JIna BXOXHOR MOCNGAORATENBHOCTH, ¢OCTOR-
wei n3 21 uywena, xoropas obpabaThiBanack ¢ NOMOHIBK TpO-
rpammbl 4.3, noctpouswed gepeso Ha puc. 4.23, nporpamma 4.4
CTPOHT GHNMapuOe AEePEBO NOHCKE, MOKa3aHHoe Ha pue. 4.27,

Puc. 427. Hepeao moMcKa, nocTpoeHHOE ¢ MOMOWLK fporpamms 4.4,

HcioanaoBaune OGapbepa BHOBL HECKONBKO YOPOULAST 32434y,
4To nokasano B (4.50). [ToKATHO, YTO B Hauade mporpaMsl ne-
peMedHan roo! ADMMHA WHULMAPOBATBCA CCLIVIKON Ha Gapmep,
a He 3WaueHHeM nil, ¥ MePeA KaKADIM TOHCKOM 0UepPeAHOro CloBa
NCKOMOe 3HaYeHHe x JAOJUKHO NPHCRAHBATLCA LGOI  KJAOYA
B Dapsepe

procedure searchi{x: integer; var p: ref),;
begin
if x << pt.key then search(x, pt.left) else
H x = ptkey them search(x, pt.right) else
if p = s then pt.count := pt.count 4 1 else

begin [ sxaroventie) new(p); {4.50)
with p7 do
begin key 1= x; left :="s; right := s; count i= 1.
end

end

end
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progeam Ireesearch(inpul,ouiput);
[nouck ¢ eraioNeruem no OBOHYROMY depeay)
type ref = {word;
word = record key: integei;
couni: integer;
left, right: ref;
: end ;
Yar root: ref k: integer;

procedure printiree(w: ref; I: infeger)y
Yar i; integer;
begin if w == nil then
with wl do
begin printiree(feft, 1--1);
for i := 1 to ! dowrite" ')}
writeln(key);
printiree(right, 14-1)
end
end 3
procedure search(x: infeger; vyar p: ref);
‘begin
if p = nil then _
begin {ca0aa vem e depeae; exarouimb €20}
new (p);
" with pt do
begin key 1= x; count != 13 left 1= nmil; right 1= nil
. end
. end else _
if x << pt.key then searchix, p).lefi) else
if x 3 ptl.key then search(x, pt.right) else
pheount i pteount + 1
end {search]} ;
begin root 1= nil;
while —eof (input) do
begin read(k); search(k, root)
end ;
printiree(root, 0}
end

Mporpamma 4.4, TIOHCK ¢ BRIOUEHRAME,
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Eme pas, Tenepb yike nocaelHNi, AOCTPOHM albTEPHATHBIYD
EEPCHI0 3TOIl BPOTPaMMbI, OTKA3aBHIHChE OT ICHOTh3OBAHNA pe-
nyperd. Ho cefivac nsbeikarte peKypeHd He Tak NPoCTo, Kax
B Caydae 503 BKIWYEHHA, TAK KAK AAA TOrO, YTOOB NPOH3BOAHTL
ERJAUeHHE, HYKHO NOMHATH ApolifeHHbtd TyTh NO KpafiHel Mepe
ya oMK ar #asaja B nporpamme 4.4 oH 3anoMilHAeTCs aBTOMA-
THYECKH [PH UCHCGAB30BAHAH TapaMeTpa-lepeMenHok.

Urofel MpaBHJABHO RPHBA3ATH BKJAIYAECMYIO KOMIOHCHTY, Ml
NOBAKHB HMETh CCHIIKY Ha €@ NMpedKa H 3HATh, BKIOYaeTcA OHA
B KAYECTBE NPABOro WJH Jeporo noifepera. Jlna sToro pBOASTCA
IBe nepeMeddble; P2 0 d (115 HanpaBagsua):

procedure search(x: integer; rool: ref};
var pl.p2: ref; d: integer;
begin p2 1= roor; pl == p2i.right; d ;- 1
while (pl=£nil) A (d==0) do
begin p2 1= pl:
if x << plt.key then
begin pl 1=« pli.eft; d :== —1 end else
it x o- plf.key then
begin pi 1= pli.right; d = 1 end elsa
di=0
end ;
if-d = O then p1i.count 1~ plt.commt - 1 else
begin [exarouenne} new(ply;
with pl7 do
begin key @ x; left 1= nil} right ;== mil; count 1= 1
end ;
if o < O then p2*.Jeft 1= pl clse p2t.right .= pl
end

*
x

end
(4.50)

Kak H B cayyae NOHCKA C BEAIOYEHHEM TNO CHHCRY, HCHOMbL3YIOTCA
ape coplIkH pl v p2, TaxkMe, uTo B nponecce noucka p2 Beerua
VvKa3biBaeT Ha npeauxat plt. Urobn y10BAeTBOPUTL 3TOMY yeao-
BHIO B Ma4aje [OHCKA, BBOZHTCA BCHOMOrareibHbld QHKTHBHDIHA
JIEMEHT, Ha KOTOpHIA yrasweaer roof. Havano QeficTBHTEABHOTO
AcpeBa MoucKd 00603i1auaeTes cCulIKoH reolt.right, TloatoMy npo-
rpaMma TOMKHA HAURHATLCA OTepaATOPAMH

new(rooty, rootf.right := nil
BMeCTO Haya/bHOro HpHCBAHBAHNAA

root :=nil
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XoTa 3agaua 3TOTC ANCOPHTMA — NMOUCK, €0 MOWKHO NpHMe-
HHTE 1II JAH COpTHpOBK]I. B cdMOoM Imeqae, OH OJeHbL HAOMHHAST
METOL COPTHPCBKH BKJIOYEH#eN, a MOCKOJBKY BMECTO MaCcCHBI
ICHOAL3VETCH JEePLB0, NPGNAjacT HCOOXOZUMOCTE TepeMelledda
KOMNOHEHT BHIIE MecTa BrJAWueRus. COPTUPOBKY ¢ NOMOLLbIO
JepeRa  MOMHG 3a0POrPAMMHPOBATL NOYTH CTOML e S(hdek-
TIIBHO, K4K H JAyULIHE METOAB COPYHPOBKH MaccusoB, Ho Hebxo-
JAWMO NPHHATH HEKOTOPBIE Mephl ApeloctopomAccTH, Pasvmeercs,
OpH TONBJICIHA ONXHNAKOBEIX KMOMedl, TeNepb NAA0 NOCTYRATH
iHave, Ecan B cayuae x == pt.key aaropurum paboTaer TakK xKe,
KdK W B &nydae x => pt.key, 10 OR MpercTaBANET METOH YCTOH-
UHBOCH COPTHPOBKH, T. €. JIeMEHTH ¢ DLHHAKOBHIME KJOYaMU
NORBARIOTCA B TOIT ¢ MOCAEZOBATCIABNOCTH NPT 06BIYHOM obxo/e
Aepesa, ITO H B IIPoliecce HX BKJIOHEHHS B OePeBc.

Boofime rorops, WMRIOTCS nyuinne cnrocobHl COPTUPOBKH, HO
B 3alayaX, rie Tpedyercs W NONCK, H COPTHPOBKA, ANTOPHTM
NOHCKZ MO JlepeBY C BKIIOUeHHeM BeckMa pekoMmernyercd., Ou
AeHCTBHTCALHO OUCHE HACTO TPUMCHNACTCA B TRAACAATOPAX H NPO-
rpamMsMax paboTel ¢ GaHKaMII ZaHHBIX AA OPTaHU3aunIT cOBEKTOB,
KOTOpPRE HYIHO XPBHHTh N HCKATE B MAMATH. HDJIXO,ELRI]_LH?! I‘Ip[{-
Mel — NoCTpoeHHe TAGAHUD fIEPCKPECTHRIX CCLUVIOK UAd 3daal-
Horo texcra. Fecaeayvem sty 3al1avy nmolpodno.

Hama nenb - nanncats NporpaMMy, kotopas (uuras Teker f
H negartas erc ¢ A00aBAeHHEM ROCNEIOBATebHBIX HOMEpPOR
CTpOK) cofupaer Bee ¢JIOBA& ITOMO TEHCTA, COXPAHAA fIPH 3TOM
HOMEpa CTPOK, B KOTOPEIX ©HH BeTpevanhch. Korpa srtor nipo-
CMOTP 3aKOHUKTCH, [YKAO NOCTPONTE Tab/july, coleprKallyio
Bce cofpaHHble ¢aBa B aahaBNTHOM NOPAAKE, CO CHHCKAMHE CO0T-
BETCTRVIDULIX CTPOK,

OreBLAIG, YTU J1epeBO MOIICKA (Ha3LlBdeMOe TaKXe AeKCHKO-
epOPUUECKIM AepeBOM) JIyuile BCero MoAxoJHT AAf NpeicTas-
JEHNA CR0B, BCTPEUAOWHXCS B TexeTe. Tenepb KawALH y3en He
TOJBKO COAEp:HUT CHOBO B KAuecTRe 3HAYEHHA KJAIO%a, HO OAHO-
ppeMeHHo npefacTaBageT cobcll HAYalo Cnlicka HOMEpPOB CTPOK.
Kamavio 3anick HOMepa ¢TPOKH Mbl OVJeM HAa3blBaTh OTHETKOH,
CaeaoBaTEeNbHO, B 3TOM NPHMCPC MBI BCTpCYacst 1l ePCeBbA, 11 -
nefnpie cnickn, [IporpaMma cocTOMT N2 ABYX OCHOBHMIX acTell
{cM. nporpamMmy 4.5): da3pl UTEHHS TeKeTa Il NOCTPOeHNS Aepera
# dasu nevatd Tabmiubl. ScHO, YTO NOCACAHAS ABNASTCH vacT-
HHM Cayu2eM npoueavpu obxoda Hdepepa, TIe NOCEHIEHHE KaM»
JAOTO Y3Ja npeanoaaraeT mevaTh 3iadeHHA KTi04a ¢AoBa H Opo-
XOJ NO CBA3AHHOMY € HHM CHIICKY HOMEPOB CTPOX (OTMETOK),
Kpome Toro, mofeans NpHEECTH ellle HeKOTOPHe HOACHEHWS, 0T+
HOCHWecn K nporpaMme 4.5:

1, Cnosowm cuntaetcst aw@as nocaenoparedbaocth 6ykB u uudp,
HaypHaowanca ¢ OyKBH,



yprogeam crossref (foulput)?
{ nocHIpoerIe MGBAUYBI NEPERPECINHBIX COIAOK € HEROALIDAUNLICM
080LYHO20 Qepesd)
const ¢l = 10;  [Onuna cavea)
¢l = 8 {Koauuecmeo €06 8 cmpoxe)
3 = 6 {koaudeceo yugp 6 uucae)
e == 0999  {MarcurtaapHbill HOMED CIMPOKE}
type alfe = packed avray [l .. 1] of char;
wordref = Tword;
itemref = item;
word == xecord Key: alfu;
Jirst, last: itenuef;
left, vight: wordre?
cnd ; '
ifemi = packed record
he: 0..d4;
next: itentref
end ;
¥ar roof: wordref;
kKL integer;
n; infeger; {HOMeD HIERYItiCH CHIPOKY )
id: alfu;
I otext;
a; array [1..cl] of chur;
procedure search (var wl: wordref);
Yar wi wordref; x: ifemiref;
bezin w 1= wl;
if w == nil then
begin fen () ; new(:);
with wi do
begin key 1= id; loft 1= nil? pight 1= nil}
Jiest = x; last 1= x
end ;
XTno == ny xTaext = pily wioc-
end else
if id ~C wi.kep then search(wi.left) else
if id > wi.kep then search{w].right) else
begin new(x); x{.lno 1= ny xfaext 1= nil}
widasttaext 1= x; wildast 1= x
ond
end {search} ;
procedure priniiree(w, wordref);



procedure priniword(w: word);
var I infeger; x: ilemrcf
begin write (¢ 7, wher);
X 1= wjirsi; 4= 0
repeat if [ = ¢2 then
begin writelu;
Fos Op write ¢ "iclR1)
end ;
o= 1515 write (x).no:¢3); & 1= xtnext
unfil v = nil;
Wwritein
end {printword} ;
Begin if w == nil then
begin printtrec(wi.left):
printword(w?); printtree(w’ yight)
end
end {printtrecy ; _
begin rogt :=— nil; n == 0; k1 1= ¢I;
page (ouwtpury; reset(f);
while —eof {1} do
begin if # == ¢4 then n = 0;
noi= n--1; write (n:c3); {credviomas cmpokal
write (' )3
while —eoln () do
begin {npocmomp Henycmoti cmpoki )
i€ i ['a". .72 then”
begin & 1= 0;
repeat if & < ¢l then
begin L 1= k-1 alk] t= f1;
end ;
write (D zer (F)
mntil —{(77 in ['a".."2,'0".."9]);
if > K1 then k1 := F else
repeat afkl) := "' ’; kl:= kl1-1
until k1 = &} ’
pack (a,3,idy; searchiroot)
end else
begin {nposepra Ha Kagoruxy Uit KOMMeHmapnui}
it £1 = ' then
repeat write{ £1); get( f}
until £ - 77 else
it T = { then
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repeat wn'te( f T), get(f)
until ft =
write (/1); get 03
end
end ;
writeln; get(f)
end ;
page(ouiput); prinfiree(roor);
end
Tporpamva 4.5 Tocrpoenne Tadminy MepekpecTHUIR CCLITOK,

2. B KauyecTBE¢ Kmoua XpaHATCA TOJbKO nepBue ¢l CHMBOOB.
Taxum oGpasoM, ABA ¢N0Ba, ¥ KOTODLIX HepBoie ¢l CHMBOAOB
e pasnHualnTes, CTHTAINTCA OINEAKOBLIMA.

3. 3tr cl cxuMBOIOB YyNaKkoBHEAXTCA B Maccus id (tnma alfa).
Ecau ¢l A0CTATOYHO MAAQ, BO MHOTHX BBIUHCTUTEABHLIX Wa-
DIHAY TAKEE YHAKOBAHHBIE MaCCHBB  MOFYT CPasuHBaThcs
¢ NOMOIILIO GLIOH KOMaILL

4. TTepeMmenHan 21 —>T0 HHAEKC, KOTOPBIT HCNONAB3YeTCS B ClIe-
AVIOWEM HHBADHAHTHOM YCJIOBHI, KacawieMmes Gydepa cum-
BOJAOB ¢ '

alil]="" nna i=kl-+1...cl

STO 0IHAYAET, UTO CROBA, COCTOALLEE H3 MEHee yeM ¢} CHmBO-
JOB, EOTICAHSTCA COOTBETCTBYIOIINM KOJHUGCTEOM Mpobenon.

5. JKeaarenpno, yToObl HOMEPA CTPOK B TabJjnle NMepeKkpecTHbX
CCBIIOK TEYaTadiichk B BoapactaioiieM nopanse, [TostoMy emn-
COK OTMETOR AoJAMer (JOpMUPOBATECA B TOM ME MOPAAKE,
B KAKOM OHI meqaTarwTes. 2to TpefuBaiMe nNpelnoaaraer ue-
MONb3OBAHHE B KAKIOM CIOBe-y3Je ABYX CCLIIOR, H3 KOTOPHIX
O/IH2 VKa3uBACT Ha NepBHIl, a BTOPaf — HA NOCACAHHH 3ae-
MeHT CTHCKA UTMETOK.

G. CraHep cCTpONTCA TakHM o0pa3cM, 4YTO CAOBa B KABBIYKAX
W BIIYIpH KOMMEHTapleB lie BLAWYAINTCA B Tadauuy ncpe-
KPECTHBIX CCHIIOK; HPH 3TOM NPEANONAraetcs, YTO KaBbIMKH
1 KOMMEHTapIN He NepexoldT qyepe3 KOHULI CTPOK.

B 1ala. 4.4 nokasaH pesyabTaT 00pafoTKH HEKOTOpPOro TeK-
CTa APOrpaMMul,

4.4.4, YpaneHme us aepeea

Teneps MB MNepexoAHM K 3ajade, o0paTHOH BKAKUEHHO,
a UMEHHO YAaneHRo, HaM HyXHO MOCTPOHTB airopHTV AAd yAa-
JCHHA Y342 ¢ KIIOUOM ¥ H3 NCPeBA ¢ yIopaloiellHBIMH KI0UYaMH.
K comanentio, yAanentie 3NeMeHTa 00BHYHO HE TAK NPOCTO, Kax
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Tabanua 4.4, [lpumep pacnesatks, nodydendcfi B pezyabtate padornt

ARRAY
A

BEGIN
CONST
Do
EILSE
END
FOR

H
INTEGER
i

b1

2
3
F
E
L]
7
8
9

10
11

42
13
14
15
16
17
18
13
20
21

22
23
24
25
26
27
28

aporpamme 4.5.

PROGRAM. PERMUTE {OUTPUT);
CONST N = 4;
VAR 1: INTEGER;
A: ARRAY {1..N] OF INTEGER;
PROCEDURE PRINT;
VAR I: INTEGER:
BEGIN FOR | := 1 TO N DO WRIE (A[]:3)?
WRITELN
END (PRINT} ;
PROCEDURE PERM (K; INTEGER);
VAR §,X: INTEGER;
BEGIN
{F X = 1 THEN PRINT ELSE
BEGIN PERM (K-1);
FOR } := 1 TO K~1 DO
BEGIN X := A[l]; A[I} := A[K}; A[X] = X;
PERM (K-1):
X := Al]; AD] := ALK]; AIK] := X3
END
END
END {PERM] ;
BEGIN
FOR | 1= 1 7O N DO Afl} := 1
PERM (N)
END ,
4
4 g 1% 18 18 18 2

20 20 25
8 14 16 18 25

10 21 22 23 28
] 17 26

15
3 4 7 12 13
3 7 8 8 13 17 18

20 20 26 2§ 26

20

18
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K

N

DF

DUTPUT

PERMUTE

PERM

PRINT

PROCEDURE

PROGRAM

THEN

TO

VAR

WRITELN
"WRITE

X

Ty =
RO

—_

-
W Wwwow w2 dm R -

13

15

16
15
12

18

16

19

26
13

ig

MpoaoaweHns

17 18 18 13 20
28 27

27

20 20

Bhawyerie, OHO NMpoCcTO B CAydae, KOria }{,H,&JIH&MHI?{ aneMeHT

ABJIASTCA TepMHIHAALHMM Y3A0M

HAH HMeeT O0IForo MOTOMEE.

1_

{ct

{e}

Puc. 4.28. ¥naneuue a3 mepesa,

TpyaHocTs 3aKAKUACTCA B YAANCHHH DJIEMEHTOR ¢ ABYMHA IOTOM-
KAMH, TOCKORLKY ME He MOMeM YKa3blBaTh ORHOH CCHUIKGH Ha
I1Ba Hanpapjenusa. B atom cayyae ylanaeMmblii 31eMeHT HYXKHO
3aMelHTL aufo 1ua camulfi RpasHi 3JEMEHT €ro JNeBOre Nopge-
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pcBa, aH60 Ha camblil AcBLil 3ACMCNT ero NPaBoro NoJIicpeBa.
}]CHO, UYTQ Takhe 3JEeMEHTHl He MOIYT HMETbE Bosiee QIHOrD o
ToMK2. [ToapobHo 3Te ROKasaHO B pekypCHBHOD Dponeaype, Ha-
aukaemofl delefe (4.52). Ova pazanuaer Tpu chyyas:

1. KOMIDHEHTE ¢ KJIOUOM, PABHBLIM X, HET.
2. KoMnoHenTa ¢ KJAWY0M X liMeeT He 60aee GAHOID HOTOMKA.
3. KoMnOoHEHTa ¢ KAIUOM X HMeeT AnYX NOTOMKOS,

procedure delete (x: integer; var p: ref);

var q: ref;
procedure del (var r: ref);
begin if ri.right w= nil thea del (r1.right) else
begin gl.key 1= rl.key; q?.counr rl.count; i
Lo

= r{ti=rllfd ? yNW

end ;
begin {delete}

if p = nil then writeln (" WORD 1S NOT IN TREE') else (4.52)

if x < pt.key then delete(x, pl.left) else

if x > pt.key then delete(x, pT.right) else

begin {delete p1} ¢ :=p; .
if gt.right = nil then p := g{.Jeft else )
if g1.Jeft = nil then p := g1, rtghf else del (g1 .left);
{dispose(g)} : [ <)

end W

end {delete) ;}MW muw ey aﬁw

BenoMorareasnas penypumnaa npoueavpa del BL3bIBAET:H
T0NbKO B 3-M caydae. (ia «cmyckacToa» BROADL camoll npasoel
BETBY JEBOTO NOIJEPEBA YAAAASMOrD yana ¢} 1 aateM aaMmenser
cymecTseHnyo HRpopMammo {KIY [ cierddk) B gt cooTmer-
CTBYIOUIRMI 3HaUeHHAMH caMof NpaBoll KoMmoHeHTH r1 3TGro
NEBOro NOAACPCBA, NGCIC Yero or r1 MOXkio ocBofoaHTsed. Tpo-
ueaAypy dispose(q) mMowlip paccMmaTpuBaTe Kak ofpatHyw npo-
uepype tew{g). Iocaeinan 3aHnmMaeT namaATh AAS HOBOW KOM-
IOHEHTB, d NCPBAY MOMET NPHMEHSTHCR LIS VKAZAHIA BBIYHCIII-
TeABHOH CICTCME, 4TO MAMATL, KOTOPYK 3alnMaer ¢}, momno
0CBOBOANTL 11 NOTOM BHOBB HCMO/1630BATL (HEKOTOPBIT BUA YICT-
Ki NaMBTH).

[as wamoecrpanud patotsl Gpoueaypsl (4.52) Mbl ¢TCBIHEM
yuTaTeaa K puc. 4.28. Jazano hayanbHoe acpeso {a), H3 KOTO-
POTC NOCAELOBATENLHY YAJAATCA y3abl ¢ Kmouamy 13, 15, 5,
10. TlonyueHHBe JepeBbs nOKasadbl Ha puc. 4.28 (b-n-e)
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4.4.5. AHENKI NOWCKA ¢ AKMIOHEHHAMN NG JepeBy

JLOBOALHO eCTeCTBEHHO HCILITHBATE HEKOTOPOE Helosepue
K ANTOPHTMY [0HCKA NO JAepeBy ¢ BKJIIYEHHSMH, Bo BCHKOM
cayyae, 40 TeX NOp, MOKa Mpl He Y3Haem Gogee JETaNbio O ero
paboTe, Mu OyAeM HCOLITHIBATL HEKOTOpHIe coMHeHHR, [lpexae
RCEF0 MHOTHX NPOEPAMMUCTOR HECTIOKORAT TO, YTO OGHUHO MK He
3H3€M, KaKuM o0pasom OyAeT pacTu JAepeBo, H He HMEeM HUKA-
KOFO NPCACTABAENHA O (OPMe, KOTOPYIO ¢HO ApuMeT. Mu anusb
MOMKeM KorapaTscf, YTo OHO, CKopee BCerc, He GyideT HIeaJLHO
cOanaHcHpoBaHHEM, TIOCKOABKY cpeilHee uUCAO CPaBHeHuN, He-
o0X0AHMBIX AJA HAXCKACHHH KAwua B uleadpHo cOamaHceupo-
BaHHOM Je€peBe € n y3AaMH, TPHOAH3HTEIbHO paBHO fi = logn,
TO HMHCAQ cpaBlcHHE B depene, CPOPMUPOBARHOM ITHM AAropaT-
MoM, Oyret Boastie A, Ho Hackoabko G0sbile?

' A D

Jlpexnpe Beero serxo WadTH pauxyAwvi cayuad. Jomyerua,
YTO KJIOUY TOCTYIAIOT YXKe B CTPOro BO3PacTAIIIEM (HAH y6ui-
palomed) mnopAfke. Torja KamAwH KAOY BCTABAASTCA Hemo-
epeacTBesto cripasa (iad cleba) OT NPefUIECTBYIOUCTo, H #0-
CTPOCRHOE ASPEBe OKAILIBAETCHA NOJROCTLI) BLIDOMACHHLIM, T, €,
OHO NpenpallaeTen B NMHefHLI cnHcoK. B 31om cayuae cpennue
3aTparTsl Ha NOKCK paBnbl n/2 cpaBueHnam, OueBHAHO, YTO B Ta-
KOM HanmxyhueM cAydae aaropaATM TNOMCKa MansoadpeKTHBEH, R,
Ka3X€TCd, UTO Halli COMHeHua onpaBabiBatotcs. Koneudo, BeTaer
BORPOC, HACKONBKO RepostTeN Takol cayuai. Tounee, Mm xo-
TeAH Gt 3HATH AJWHY d, IIYTH TIONCKY, YCPEeLHEHBYIO [10 BLEM X
KJAK04aM W YCPeJHCHBYW TG BceM a! JCPEBbAM, KOTOpLE Ro-
JAYNATCA B PE3YJIbTATE #! NEPECTAHOBOK /1 HCXOAHKIX PASHIRKK
wniouedl, 3Ta 3aasua aRAIW3a ANTOPUTMOR OKA3HBaETCA A0CTa-
TOUHC TPOCTOH H TPHBOAMTCH 31€Ch HE TOABKO KaK THIIMYHBL
TIPHMEP TAKOTO aHANHAA, HO U H3-3a HPAKTHYECKOH BaXKHOCTH No-
JYUEIIHOTO PC3YNLTATA,

[lycTp Aauw f pasauybblx KiuQuedl co 3mauenuamum 1, 2, ...
..., n. TlpeanonoxuMm, 49TO OHE NOABASIOTCA B CAYHAfROM TO-
puike. BeposTHOCTE TOCO, WT0 MepBhl KN10Y, KOTOpHH cTano-
BHTCH KODHEBHIM YasoM, OyieT MMCTh 3naucnue £, ects I/n. Ero
NeBoe TIOAAEPEBO B KoHue paborst Gyfer cojepxare f-—1 yz.
JI0B, 3 MPABOE NOAAEDEBO — 71— i yaaoB {cM. pic. 4.29}. Ilyerb
cpenHssi ABMHA DYTH B JIEBOM [IOAAepeBe 0GO3Hauaercs yepes

Puc. 4.29. Pacnpenenenne
BECOB MO BCTBAM,
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0:—, A B NpaBuM HoaAepese a._,. BHOBb 1peamonaraerca, 4yrto
BC2 BOZMOMHBIE QPECTAHOBKH OCTABINHXCA 72 =— | KOUCH paBHO-
pepoATHL. CpeiHAs ANKHA NMYTH B AepeBe € /1 y3IaMd DaBHa
CYMMC NPOH3BEACHHT YPOBHA KAMKIOTO Y31a # BCPORTHOCTH of-
paimenns k heMy. EcAn NpeANosomuTL, YTO Bee ya.nu HULYTCS
C ONHHAKOBON BEPORTHOCTHIO, TO

i
! oo
wE= P, (4.53)
[=l
rac p; eCTs AAUEA NYTH RO y3na i,
B nepeBe Ha puc. 4.29 MB pasgenseM YafAw Ha TPHA Kaacca:
l.i—1 ysqg0oB B /eBOM NOAACPCBC HMCWOT CPEAHG AAaHY
nyTe .y 4 1.
2. KopeHs HMeeT AJURY MyTH, pasHyw 1.
3. n—1{ y310B B NPaBOM LIOAJEPEBE HUMEIOT CPEAHIOI LAHHY MYTH

a-n_f+ 1.

Crepogatentbuo, (4.53) MONHO NPENCTABHTe B BHAC CYMMLL Tpex
CAAraaMbIx:

@p=(a_ + 1) 5 U (e, + D) 2L (459

Hceromasa BelTHYHHA 4, TCMEpb NOAYHACTCA KAK CpeAHce fl‘

Ann Beex f==1, ..., n, T. € MR BCEX LCPEBLEB C KAIUAMH
1, 2,...,nBKc>pHe.

-3

=1 or ) = Dty + (2 — D, ] = (4.55)

=i

n n=4
=14 LY ¢~ Da_ =1+ i-a,.
i=l i=t
Ypapuenne (4.535) npencrasnser coboli peKKYpeHTHOE coOT-
Houiese AAA @, BHAA f.= fi{ay, @2 ..., 8.). OTCI0H2 MH
MOMeM NONYHHTh Oofee [POCTOE PEKKYPEHTHOR COOQTHOMIRHHE
BUAA Qg == Jz{dney)} CACAYIOUIUM OGPAZOM:
Mz (4.55) venocpeacTREeHHO MOAYUACM

T+ @+ )=

n-?

2 - 2 2 .
M) ap= 4 Y o=l —Nayhor ) i
I-i

iml

-2
2 ;
{2) Q=1 -i-*m;-; i~ Oy
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Yunomup (2) na (n—1/n)2 Mb noayunM
-2 e
2 o
3 23 i-a=""
i=

#, ogcrannp {3} B {1), noayunm

o= (1% — 1), - 21— 1), (4.56)

Oxa3HpaeTcsa, YTC &, MOXHO RPeiCTaBHTh B HepeKYPCHBROH, 3a-
KpRTOoi $opme ¢ NOMOINLIO TapMOHNUECKOH dYHKINAH

Hi=l+5+3+. .+

(4.57)
a,=2- ”T“H H,—3.
‘fHeacpepunpmii untatens MoxeT npoeeputs, wro {4.57) yron-
JAETROPAET PERYPCUBHOMY COOTHOWEHNKY (4.56).)
Ha dopmyan Dhnepa (Hcnonbaya wosctanty y == 0,577)

n=\’+l“(n)+Tr;;lT+--'

ME NOAYYaeM AA9 GOABRINK 1 COOTHOHICHHE
a,=x2[n(n)+y]—3=2Ink —c¢

Flockonbyy cpegnss AnNBa NYTY B HAEAALHO c6aNanCHPOBAHHOM
AepeBe NPpUGAN3NTENbHO PABKAE

= log (n) — 1, (4.58)

ONYEKaA NOCTOAHNOE CNaracMoe, KOTOpoe (CTanOBATCHA He3Ha'ul-
TOALHLIM AN GONBLINX 7, MEL noAyYaeM

b 22 = 2180 o 0 2-=1.586. (4.59)

e &, TogA

Y10 apdeT HaM pe3yAbTAT 3TOr0 aHainsa (4.59)? Ha nero
ME MOXeM CLesaTb BHBO], YTC, CIapasich BCerja CTPOMTL Hie-
aabil0 cHANARCHPORAHHOC JACPCBO BMECTO <«CAyUaifitoro» nepena,
AoJyuaeMoro nporpaMmod 4.4, Mm Moran O»l, no-IpexHeMy
Npeanonaras, uTO Bee XAIGUN NOABAKIOTCH ¢ NPABHOH 8epoal-
HOUTBIO, QIKHAATL CPEJHEr0 BHUIPHIUIA B AJHHE NYTH [OHCKA HE
oaee 39 %. Yaapenne caelyeT thenarb Ha CAOBE CPCAHCIOY,
NOCKOMbKY, Pa3yMeeTes, BRHFPEN MOXeT OHTh HAMHOTO Goablle
B HEYRAYHOM C€Ryyae, Kofla GopMHpyeMoe AepeBd MONHOCTLIO
BHPOMAAECTCA B CAUCOK, HO BEPOATHOCThL 3TOIV CYYAR HeweJHKa
{ecan Bce NEpPeCTAHOBKYM 1t KAKUYeH paBRoBepoATHW)}., B cpasu
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C ITHM CACAYRT OTMETRTH, YTO OXKUAACMAR CPEAHAA ANHHA RyTH
B «CAY44ITHOM» JACPEBe PACTeT TOHE CTPOrQ JorapuMHUecKH
NG OTHOUICHHIO K YHC/Y €[0 Y308, HECMOTPN HA TO 4TO B Xy1-
nieM CRyyac AJHNa NyTH  YBCAHYHBACTCA DB JAuHeHHol 3apy-
CHMOCTH.

Hudpa 39 % naxkaaasipaeT orpadvuedun Ha oGbeM AONCNHHA-
TENbIBIX 3ATPAT, KOTOPHE HMEeT CMbICH BKAAABBATD B KKy~
AuGo AONCPCCTPOAKY CTPYKTYP ACPeBa NPH BHJWYEHUH 340-
MEHTOB. PasyMeeTcsl, OTHOLIEHHe ¢ MEXKAY UacTOTOA obpaulenud
(uoreka) K ys3aaMm (WHPopMAUUE) ¥ 4acTOTOR BEAKYEHHE Oyl
CTBCHHO BANSET Ha CPanily, N0 AOCTHIKEHHA KOTOpOH 3TH 3as
Tpatl BuLrodku. Yem Goasuie 370T KoddruuMedT, ToM Goablie
BLIEIDLIL OT Takell mpouedypst mepectpoiikn, Ilndipa 399, ao-
CTATONHO Hil3Ka, 11 B OOABIEMHCTEBE CIYYACB GHHTPLIN OT Takof
IPOUEIYPH B0 CPABRERNIO € HPOCTBIM AATOPHTMOM BRJIIDUEHIS
B JlePCBO He ONpaBALIRAET 3a4TPar, €CNH TOJbKO YHKIQ Y3ROB
H COOTHOWCHNC MEMAY TOHCKOM N BK/IOHCHHCM HE OKa3bBAIOTLH
BeStHEH (HAH @¢JI MOMGHO HE QNACATLCR xyﬂ,urcro chyvas),

4,4.6. CBanaicHposaHtbie Acpebui

M3 npeablayIiux paccy:KAeHuit SCHO, 4To° TIPOLEAYPa BKAL0-
yedds, BOCCTAHABAHBRIGILAA RAZATLHYID COANAHCHPOBAHHOCTL
CIPYKTYDht L€pesa, BPAA B OYAeT BuirGLHa, GUCKOABKY Takoe
BOCCTAHOBCHHE NOCAE CAYMARHOrG BKIOUEHRA — AOBONBHO CHOXS-
naa oncpaund. Ho ec MoXHO yupocrute, echiv AaTh Mclee CTpo-
roe oapefenenie «c0a1aHCcHPOBARHOCTY», Takoll HecoBepuUIeHHbL
Kpurepiil cO6a aHeHPOBAHHOCTH MOKET .MOTPeboBaTh: fojee Npe-
croff nepectpefikn AepeBa UpH HeOOALLUIOM YMCHLLWIEHHK CPEL-
Hero OBICTPOISeACTRHR HOHCKA.

Oanro Takoe onpeaencure cHanancHpPOBAHROCT HLA0 A3HO
Azenpconon-Beaseckum n Jlanaucom [4.1). Kpnrepuii céananca-
DORAHHAOCTH CAEAYIOUIHA:

Hepepo apfaeTea c6a qncdposansotst TOrAA 1 TOMLKO Toraa,

KOFAA AJIA KAXACTQ Y3Jd BLICOTA €ro ABYX nmlﬂepeaben paa-

7uaeTCH He Ooaee sem Ha 1.

Jepcebs, YLOBJAETBOPAIOLLHE 3TOMY YCACGBHW, 4acTO Ha3ut-
patwoT ABJl-aepenpavu (no damnauam ux usobperarenedi). Muw
GvaeM HA3bIBATE HX HPOCTO CHAAAHCUPOBAKHBIMY Jepeabamu,
Tax K3k HA KPHTepAA ¢OaI3HCHPOBAHHOCTH OKa3dbwiBaercs Haudo-
Jaee NOAXORAw MM, {OTMEeTHM, YTO BCe UAeaIbHO COANaHCHPOBaH-
Heic pepeBbn aBagiores Tawwe ABJl-clanaucHpopanuniMn}

Dro onpefesienHe He TONLKO NpOCTOe, HO TAKMe NPHUBOAHT
K Jerxko BLITOAHHMON GANMAHCUPOBKe, & CPEAHHR AMHHA NOWCKA
OCTAETCA NPakTHUECKH TAKOH ke, Kax ¥ uieanbHe charanciipo:
BauHOTO AepeBa. ' -
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Co cHaJaNCHPOBANNLIMH ACPCBLANH MOKIO BUNOAUIATH CAL-
avwmpe onepanky 3a O{logn) enunuuy speMeHM Jake B XyA-
pIEM chyvae:

1. Hafitn y3ca ¢ AanULM KAI0%0M,
2.  BKnoaiaTe V3641 ¢ AAHHBIM KII040M.
3. ¥naante y3esa ¢ AARHBIM KJIOUOM,

"IITO  ABMHETCH MPAMEIM  CACACTBHEM TEOPEMH, NOKA3dHHO
Aneanconon-Benbckun 1 JlasancoMm, KoTopas yTeepilaer, uTo
cBaJaHCuPOBANIIOS ACPCBO BAKOTAA 11e Oyaer Jonee yeM na 45 %
BHIIE COOTECTCTBYIOUWIErD WALaAbLHO ¢0anancHpoBAHHOrD JepeBa
He3aBHCHMO OT KOJANUeCTRAa yanoB. Eciu mnt ofio3naunM BHICOTY
cOANANCHPOBAHHOr0 NEPEBA € p yadaMu ucpes Ay{a), 70

log (n+ 1) < Ay () << 1.4404 - log (n 4 2) — 0.328  (4.60)

Paaymcercs, onTnMyM AOCTHTACTCA, COH AEPCBO HACaAbLHO cHa-
JAaucupoeang, npu n = 2*—1, Ho kxaxkcea ¢TpyxTypa Bauxyi-
uréro ABJT-¢c6anancuposarioro nepepa?

CrYHroGel Bafith MaKCHMalbHYIo BHCOTY AR Beex cGanadciipo-
BAMHBIX QE€PEBLEB € 1 Y3J5aM#, BO3bMEM (HKCHpPOBaHHOe A M HO-
npofiyem NoCTPonTE ¢HaNaHClpOBallIoe AEPEBC ¢ MHHHMAJALIILIM
KONUYeCTROM ¥240B, Takan CTpaTerds pexOMeHAYeTCSH, MOCKO b
KY, KaK 1 B €AY4dae MHHHMAJBKOrO f1, 3T0 3HaueHHe MOMeET OHITh
JOCTATHYTO TGABLKO NPH HEKOTOPEIX, ONPeAe/eHHEX 3Ha'IeHUAX A,

T

PLII.C_ 4.30. Mepepna $ubonavuyn BrcoTol 2, 3 n 4,

Q6o3nayuM Taxee aepeRe ¢ BeicoTOR fi uepes Tn. OueBnaHo, uTO
To— nyctoe aepepo, a T — AepeBo ¢ oanum y3aoM. YroSw no-
cTpohTh aepepo T, ans A > 1, MM 3ananuM KOpeHb ¢ ABYMA
NOAAEPEBLAMHE, KOTODhlE TaKKe HMEIOT MUHHMAJLHOE YMClo
y3aos, CaeacBaTelbHo, NOAAEPEBBA  TaKKe ABAAIOTCH T-a8-
peabamn, OQueBHAINO, 4To OANO NOZACPEBO OOA3AHO HMETH BU-
cory A— 1, a ApYroMy mO3BONIEHO HMETE BEICOTY H2 eRHHHIY
Menbine, . e A— 2, Ha puc. 4.30 nokasantl A2peBha BEICOTON 2,
3 H 4, TIOCKONBKY APHHUAN HX Oprasu3auMH HaNOMMHAET NPHH-
uun nocrpoeddn uucen Pubonawy, nopobHple AepeBbA HA3LI-
BawTcs Jepessami Pubonawiy, Onu onpeaealoTes CISAYIOUINM
abpaaoMm:

1. Tlyctoe nepeBo ecTb AcpeBo PubGonawdd ¢ BRICOTOR 0.
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2. Qaun yaca ccrb acpeso Pudonavyu ¢ Bueotoil 1.

3. Ecom Tyoy v Typ— Hepespn @ubonauud ¢ poicoredi f— |
W h—2 10 Tp={(Tw x Taa) ecrs pepero Oubowauun
€ BEICOTOH f.

4, Huxakne apyrue jaepesba He ABAANOTCH AepeBbaMH Pubo-
(EUCHE

Yncno yanes B T, ONpeaennercest HPOCTLIM PeKYPPEHTHHM
COOTHOILEHHEM
No=0, N =1,
Ny=Ny + 14 Ny_z

N:— 5T0 KOAH%ECTBA Y3/I0B, ANA KOTOPLIX MOMKHO MOJMYYHTH HAH+
XyRumii cnyuah (Bepxuiio rpanuny k) us (4.60).

'(4.61)

4.4.7. BrmioueHne B cSanaHcHposannoe gepeso

[TocMoTpHM, 4TO MOMKET NMpPOM3OHTH, KOrAa B cGanalCHPOBAH-
Hoe Aepeso BkMO4aercs HoBbl y3enm. IlycTe gaw xopeHs r ¢ ae-
BHM ¥ mpapmiM noifepeseami L u R. [lpesnonomum, wro B L

Puc 4.3, CHanaHcHpoBaHHOE Aepeso.

BHAOUAETCA HOBLIK y3¢J, BM3bIBaA YBEJHUEHHE €ro BBICOTH Ha 1,
Bo3MoMNbl TPH cayqas:

l. A, = hg: L B R cTagOBATCA HepaBHON BBICOTH, HO KPHTEpPRHA
¢6a/ aHCHPOBAHHOCTH He apyiIasTes.

2. he < he: L v R npHOOpCTAXT paBHyO BLICOTY, T. ¢, cbajaH-
CHPOBAHHOCTD AAXe YYYUIAeTCA.

3. hy = hpt kpuTEpHN c6ANAHCUPORAMHOCTH WapyulaeTcs, I fe-
PeBO HyXHO NePecTpansathb.

PaccMoTpuM AepeBo Ha puc. 4.31. Vanw ¢ kawdgama 9 n 11
MOIKHO BCTaBHTL Ge3 BamancHpoBRY, ZcpeBo ¢ xopuem 10 cra-
HOBHTCA OZHOcTOpoHHEM (caywafl 1}, a ¢ KopHem 8 yavuwaer
croto cOanancHpoBadnocTs (caydail 2). OJnako BkAOueHHe y3-
aor 1, 8, B mnn 7 Tpebyer mnocaenyioWled GanaHCHpPOBKH.

fIpn BHRMATENBHOM H3YYCHAN 3TOH CHTYaLHH MOMHO o0HApY-
KHTb, 4TO HMEIOTCSE JHLIb JABE CYIECTBEHHO Pa3iiHdHLIe BO3MOMK-



4.4. Opeecaudnvie crpyxryput 251

HotTh, Tpelyloltne HHAMBHAYANbHOFG NoAaxoda. OcrasuiHecs Mo-
FYT OHTE NOAYYEHB CAMMETPHIHBIMK OpPeOBPASOGBAHUAMM 3THX
AByX. Cayuaii | onpejpensercd prJOyeHHem Kawuya 1| wiad 3
B Aepeeo Ha puc. 431, cayyail 2 — BrawuendeM ysna D nan 7,

Cayvali 1 Crysant 2

Pne. 432 HecGapaneHpoRanHOCTh, BOJNNRAWWAR TP BEMCUEHHA.

2T asa cayyvad B o0leM BiAe noxajann ua puc. 4.32, rae
nopjepeBba 0603HAYEHN NMPAMOYMrOJbLRUKAMY, 3 yBEJUYEHHE Bbl-
COTL TIPH BKJAIOUEHHH YKA3aHO NEPEYePKHYTLIMH XBAaapaTaMmH.
[pocTeie npeofpascpabus 3TAX ABYX CTPYKLYP BOCCTAHABANBAIOT

Cnvdai 2
Cnymain { 4

B

e

\

.
- “Q“ b o

Puc. 4.33. Boccranosacise Gananca.

HyxHyto cBGaraHcHpoBaHHOCTb. MX  peaysbraT DppuBeaés Ha
puc. 4.33; OTMETHM, 4TO AONYCKAIOTCS AepeMemlelda Jhlls B BEp-
TUKAGLHOM HILPABMCHUA, B TO BPEMS KaK OTHOCHTELBHOE TOPH-
30HTANDHOE PAcOOA0XKeHHe MNOKaszalliniX Y3A0B H NOANEpeBbes
ROMKIC 0CTaRATHCA Oed HaMeHeHHH,

ApnroputM BEMICUeHMA © GamanCHPOBKH NOJHOCTBIO ONpeae-
ndetca cnocofoM XpaHesMd RHpopMauuy o cfataHCHPOBAdHOCTH
pepesa. Kpafinee pemenye cocTOHT B XpaHeRMH SToi Hadopma-
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145 MOJHOCTBIO HesBHO B camoll eTpykTtype Aepesa. Ho © svom
clvuyae NOKazaTefie ¢6anaHCHPOBAHHOCTH ¥31a A0JXKeH 3aHOBO
BLIMHCAATLCA KAMIBIA DPas, KOTRA Y3eq 3aTParHBATCA BKJAKUE-
HHeM, YTO NPHBOAHT K 4YPE3BLYARHO BBlCOKMM 3arpaTam, [py-
rag Kpafinoclb — ABHO XPAHHTL NOKA3aTenb ¢Sa/laHCHPOBAHHOCTH
B yHopmaNyK, cBA3AHHOR ¢ KAKALIM y3/10M, Toraa onpeaenenne
(4.48) Tana yana pacurppsiercd A0

type node = record key: integer; \
count: inleger;
Teft,right: ref; (4.62)
bal: —1..41
end

B naaphediniem Mb GyAeM RHTEPNPEeTHPOBATH NOKa3aTeab ca-
ASHCHPOBAKHOCTH Y314 KAK BLICOTY ©ro Npaporo NoAASpeRa MH-
H¥C BBICGTA €r0 J1eBOr0 ModAcpeBa B §yAeM CTPOHTL ANTOPHTM,
HCXOOS U3 Y3A0B OIHHCAHHOCG B (4.62) Tuma.

B oGWHX uepTax Npouece BKJAKYEHHA Y342 COCTORT W3 OOC/Ie-
ACBATENLHGCTH TAKHX TPpeX 2TanoB:

l. CnegoBath Mo NYTH NOHCKA, TIOK2 He OKaXercd, UTO KJIoda
HET B aepese,

2. BrawyHTs HOBBEIA Y3e4 H QNpCAeAHTb HOBHIH Noxasatenv cOa-
NAHCHPOBAHKOCTH.

3. Tlpoditd 06paTHO NO NYTH MOUCKA W OPOBEPUTL NOKA3ATelb
cOaNAHCHDOBARROCTH ¥ KANIOIo y3aa.

XoT1a 3T0T MeTod TpedOyeT HCKOTOPOY H30OMTOYHOH NPoBepKH
(ceqi cBanalcHpoBaHuOCTL YCTANCBACHA, TO A NPesKon COOT-
BETCTBYIOLWIEre y3/a € MPOBePATL yie He Haao), Muel Oylem
BHAUAJE APIIePIHHEATLCA 3TOH, OUERHAHO, KOPPEKTHOH CXeMul,
TAK KaK €€ MOM{HO PeaJH30BATb € MOMOIULIO [IPOCTOrO paclinpe-
i yXe paspaboTaniofl APOHCAYPL NMOMCKA ¢ BKMIOUCLHEM H3
nporpaMmMil 4.4, 31a NpoueAypa OMUCLIBAET ONEPALHIO NOHUKA
JIG BAMIONs OTASABHOrO Vida, U 60arofapsa pekypeasuoi dop-
L YAIPOBKE €€ MOIKUO AONOAHHTE Orepalied,  BHNOAKSeMOR €l
AGpOTe ¥a3ad BAOAL NYTH NoHcka», Ha kamaom ulare 104amHa
nepeaasatecst HAPOPMALHA O TOM, YBeJARUMIACKH JI BLICOTA [10]1-
Zepesa (B KOTOpOe NPOM3BeseHO BKAWueHue). IlosTomy Mb A0-
GaBnM K COMCKY NapaMeTpoB Npouelype OyneBCKYIO DEPeMEHBYID
h, osavamowyio «sucora noddepesa yeeauwwaacs». QUeBnaHo,
y1o ki AMOAMHA OHTL NApAMETPOM-NepeMeHHoll, MockoaLKy uc-
noAb3yercs ANd Nepejaull pe3yabrata,

Teneps HPeRANMOAGHHM, UTO AATOPUTM BOIBPALIARTCA K V3NV
¢ Jaesoi seTpd (cm, puc, 4.32) ¢ yxasangen, 4TO e€¢ BLICOTA yBe-
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AKuAachk. Mbl BOMKHD PasiMyaTh TPH BOIMOMHBIE CUTYaUKH
B 3aBHCHMOCTIL OT BHICOTH MOAAEPEBLEB [CPen BKAIYCHHEM:

1. hy <Che, plbal= 41, npenslaymias kecHalaHCUpoBaNHOCTD
B P YPaBHOBEUIHBAETCA.

2. hiL == g, pt.bal =0, Bec cKIOHUACA BACB.

3. ki = hg pt.bal = —1, necdxonuma GanancHposka,

B tpetuem cavuac nokasareaw ¢§aaancupoBaHnocTH KOPHA Jo-
BOro mnoazepesa (cxawes, pli.bai) onpedeiser, koropuii wa
cayuaes (| mam 2 wa pue. 4.32) mdeet aecto. Ecmi aesoe noa-
ABPEBO FTOIO ¥343 TOMHE BUILE (IPEBOTY, TO Mbl HMEEM M0 Co
caydaeM 1, niade —co cayuaex 2. (¥YOeautecn, 4To B ITOM CAy-
Y4 JMEBOC NOAAEPeBO KOPHA He MOMEeT HMeTh NoKazarens cBa-
JAHCHPOBAHHOCTH, paBHblt 0.) Hecdxoaumune omepaunu Ganan-
CHPOBKN II0AHOCTLKY 3aKALUAINTCA B OOMEHEe 3HaUeHHAMI CCbi-
20K, PaKTRUSCKH CCLAKN oOMEHHBAIOTCA IHAYCHHAMI O Kpyry,
YTC TIPHBOAHT K OIIMOKPATHGMY IWH ABYHPATIIOMY «NODOPOTY»
AByX BIN Tpex vanoB. Kpomo «BpalieHnds CCHJIOK Clelyer
TAKKE N3MEHHTH COOTBATCTBVIOLLIE NOKAZATe 1l COAAAHCHPOBAH-
HocTil y3a0B. [loaposto 370 NOKAa3aHo B Mpoueavpe MOMCKa,
prajoucnus u Sapaicuponkn {4.63).

[Tpuuuin padoTs! aaropuTMa mOKasad Ha pHe, 4.34, PaceMot-
pitm GaHapHoe aAepern (a), KOTOPOE COCTOHT TOABKO H3 JABYX
y3408, BrAwacHIe Kaioua 7 BHadvade AaeT HecHadlauclpoBaHHOE
Jepeso {1. <. auncfinmé crmucox), Ero Ganancuponra Tpebyer
olHokpaThoro ‘npasore (RR) nosopoTa, dapaa B pesyaeTare
IeadbHo chHadakckpoBaHHoe jepepo (b). [Tocaenywinee BKIIO-
yedne y3308 2 0 1 gaet secbanadHenpoBanuoe Mollepeso ¢ Kop-
Hem 4. 270 00AAcpeBo G2aaMCHPYCTCA OMUOKPATHLIM ASBLIM
(LL) mosoportom (d). Hanee BraAWUeHHE KA0M4 3 cpaly Hapy-
Iaet KpuTepHi cOHATAHCHPOBAHHOCTH B KOPHeRoM yvaae 3. CHa-
JAAHCIPOBAHHOCTE TEUEPs BOCCTAHABILIBACTCH ¢ 1TOMOUBIO 0Jee
CJAOYKHOTP ABYKPATHOIO HIOBOpOTAa HaJdeBo H aaupaso (LR); pe-
ZvapTATOM ABAALTCA lepeBo (e). Teneph NpH €ae1YIOLEM BKIMO-
UeHNU NOTEPSTE COATAHCNPOBAHHOCTEL MOXeT Jmub y3en 5. Jeit-
CTRITEIBHY, BRIOUCHHS ¥31a O A0JIAHO NPUBECTH K QeTBEPTUMY
Bray fanaHCcHpoBKH, omicansoMy B {4.63}: asykparHomy MoBO-
peTy HAmPaBO If Halepo {(RL). OxonnaTtenbioe 1epeBo NMOKAZAHO
na pue. 4.34 (1}, C 3dhdexkTHRHOCTRIO aATOPHTME BKAIOYEHUS
B ¢0aJaHCHPOBAHHOE [EPEBO CBA3LUM  CacAylonve asa ocobo
HIITepeCHBIX BORpoca:

i. Ecan nce n! nepectanosok n Kawdell nospaawTcs ¢ OAHHA-
KOBOH BEPOATHOCTLI0, TO KAKORA OMMIAEMas BHICOTA (OPMH-
pyemMoro cHagdalcUpoBAHHOIO Aepepar?

2. KaroBa BepOATHOCTb, UTO BK/WOWEeHle TPHBLACT X Dajaucu-
poBKe?



procedure search(x: integer; var p: ref; var ket boolean);
var pl,p2. ref; = fulse}
begin
if p = nil then
begin (croeua new 6 Depege, SRAIOHUNIDL €20)
new(p); h 1e= true;
with p! do
begin key 1= x; conni == 1;
lefe = mil; right 1= nil; bal == 0
end
end else
if x < pi.key then
hegin search{x, p*.left, 1},
if s then (ebrpocaa aecan eemeae)
case pt.bal of
1: begin pibal 1= 0; h 1= false
end ;
0 prbali= —L;
~—-1: begin §Sarancuposral pl i= plleft;
if plt.bal = —1 then
hegin [odnoxpamuoili LL-nogopom}
phleft 1= plturight; pltright 1= p;
prbali=0; pi= pl
end else _
begin {dsyxparmmneni LR-nosopom} p2 = pli.right;
pllturight 1= p2t.left; pdieft i= pl;
plileft 1= p2Y.right; p2}.right ;= p;
if p2t.bal = —1 then ptbal := +1 else pl.bui 1= 0;
if p2t.bal = 1 then plf.bal 1= —1 else pll.bal = 0;

pi=pl
end ; .
plbal ;= 0; h .= false
end
end
end else

if x > pt.key then
begin search(x, pt.right, h);
if & then { svipocna npaeas ecmiey )
cage pl. bal of
—1: begin pi.baf := 0; & 1= false
end ;
0 p?.ba! = +1;
1t begin {Baaancuposka} plk .= pl.right;
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i plt.bal = -1 then

begin {odHorpamubiit RR-noaopom)
pl.right 1= pltleft; pltleft 1= p;
phbal :=0; p 1= pl

end else

begin [dsykpammuprii RL-noeopom) p2 1= plt.lefts
plrleft ;= p2twight;, pltright 1= pl;
ptright 1= p2tleft; p2Adeft := p:
if p27.6al = -1 then pt.bal := —1 else pt.bal 1= O
if p21.bal = —1 then plt.bal := -1 else pl}.bal 1= 0;

pi=p2
end
pldal ;== 0; b i= false
end
end

end
else
begin pt.count ;= pt.eount -+ 1; h ;= false
end

end {search}
{1.63)

MaTteMaTnyecKHi dHAAW3 3TOrO CAONCHOID AJITOPUTMA NOKA He
npoH3BelleH, JuNyUpHUECKUe NPOBEPKH ONPABAMBAIT NPeANoso-
KeHHe, YTO QxlimacMas BeicoTa ¢GaNaNCHPOBAHHOrO BepeBa, Ko-
Topoe crpoltes B {4.63), papHa i = log(n)+ ¢, rae ¢-- Manas
roHeTanTa (c 2= 0,25). 310 3Ha¥NuT, 40 Ha npakTHre ABJI-c6a-
JAHCHDOBAHHELIE LepeBbd BeAYyT cels Tak Ke, KaK HieanapHo cOa-
JAHCHPOBAHEBIE GEPEBbA, XOTA ¢ HHMH HaMHOTO Jerde padoTaTh.
IMNEPHYCCKH MOMXKHO TAaKiKe NPeANo]OKHTE, Y10 B cpeanem Oa-
AAHCHPOBKA HeOOXOANMA NPUONM3HTENEHO OJHH PA3 Ha KaxKAble
ARA BRmipuerdsa. [IpH 3TOM O1HOKPATHH B HBVKPaTHRIE! MMOBO-
poTH 0AHHZKOBO BeposaTHul. Tlplimep va pHe. 4.34 sapHo ObID
TULATEAbHO ToJodpan, UTOGL NOKa3aTe Kak MOMHG Qodbiie TIO-
COPOTODR HpH MINHMAMBIGYH YHCAC EK.IIOUe I,

3-3a coomuocTil oflepauiit GANaHCIPOBKH CYHTAETCA, YTO
CE‘)&"]BHCHPDBBHHBIE AepeBrA CJAEAYET HCNONB30BATE NHILL B TOM
cAygae, KOraa 1LOUCK I[H(’[JOI)TIEII.[HH NPONCXONNT 3HAYHATeNBHO
Haule, 4€M BEJIYCHHE. STO, 8 4YaCTHOCTH, DCPHO NIGTOMY, 49TO
V3JbLl TAKHX J¢pEeBbLEDR MNOHCKA O6‘bl‘ll-[0 N5 SKOHOMHMH TMaMATH
PEannzyIoTe Kax MJIOTHO VNAKOBAHHHE 3amlicH, «CKOPOCTL®
H3veHeH#s nokasatedefl cHaNAHCHPOBAHHOCTH, 3dHHMAKILHX
TOMLKO MO ABA PA3PRAA KAMKALIA, A OOpAILEHHA K HAM YacTo A6-
JACTCA pellaioniiiy GakTopoM, cnpeAendiomiM 2PHEKTHBHOCTE
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onepaniny nepefanaucHpoBKi. IDMNApIUecKie OUEHKH [OBOPSAT,
uTO ¢faAHCHPOBAHNHBle JePeRbS TEPHRIOT HOaAbULVID 4acTe cpoei]
OPIBJCKATENLHOCTH, €CJH HYHBA TOTHAA YIAKOBKA 3anucl.

‘dl le) {f}

e, 4.34. Brmodenre B c0alancupoBaniog gepeno.

B caMoM dcne, TPYAHO MPeB3CHTH DPOCTOH H OUCBHANWR aaro-
D5ITM BRIAIOYEHHS B Aepepo!

4,4.9. ¥Ypanenme wa cGanRaHCHPOBAHHOTO flepesa

YuuThiBas Hail OOHT ¢ VIajeHHeM H3 Jepepa, Mbl MOXKeM
NPeLNnoNGiKNTb, 4T0 B ¢ayvae clalanCHPOBAHRLIX AEPEBLEB Vili-
JCUHC GyleT cule §OJce CROMUDIM, UCM BKAtOUeiHe. J10 BEPHO,
x0T onepalund 8aNAHCHPOBKH OCTAETCA B OCHOBHOM TAKOH Ke,
uTe U MpH BRJAKMEHHH. B 4acTHOCTH, GaMaHCHPOBKA COCTOHT H3
OAHOKPATHOTO HJH JABYKPATHOTO NOBOPOTZ Y3J0B,

Vaasense n3 cfanancHpoBannoro ACpeBa OCHOBANO Ha aaro-
putme (4.52). [NpocteMu caydasiMp aBAAIOTCH YJAaJaeHHe Tep-
MHHAABHEIX Y¥310B H ¥310B ¢ OAHNIM NoTOMkOM. Ecan e ysea,
ROTOPBI HYA{HO yAaJaHTh, HMeeT ABa {10AJepeBa, Mbl BHOBb Oy-
AeM 3aMCHATDL ©F0 CambiM TPaBLIM y3a0M BEBOFO noajepesa. Kak
K B chyyae BRoueHud (4.63), nobSaeiarercA Gy/eBCcKHA napa-
MeTp-TlepeMeHHasl ft, O3HavaloUHH, uTo «BHICOTA T0L1epera
yMeHblIacey. Bonpoc o nepefamancipoBke paccmaTphBaercHd
TONBKO NpH A = frue. 3HadeHnc frue NpHCBaHBacTCA A npu ia-
XOMARHHN H YAAAEHRYE yala WAl echH caMa $a.IaHCHPOBKA YMEHb-
wacr pelcoty nojdepepa. B aporpamse (4.64} mur BROINM ARe
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{CUMNETPHUYHLIC) ONCcpauly OanaHcHPOBKY B BHAg npouenyp,
1aK Kak B aJrOPHTMe YAAASHHA K HHM 00pallajoTes Heckobxo
pa3. OTMeTHM, 4T0 balance | NCNoab3yeTes, KOFAA yMeHblIaeTca
ERICOTA A€BOTG, & balance 2— npasoro noaizpera.

® O (&)

g} ih)

e, ¢35, Yianenna u3 cOaTAHCHPOBANHOMY ACPERA,

PaGota Hamei Npouedyvpel HaACTpApyercs wa puc. 4.30.
Ecnu samano cBasadcuposalioe Acpeso (a), To noCACACBATAIL-
HOR vAaaleHle vsaop ¢ wawaamu 4, & 6, 5, 2, 1 v 7 naer ne-
peeba (b), ..., (h).

Yaanedie kmova 4 came o cefe npocTe, TE4K KAK OH Npeid-
crTaBasger cobOH TepMunainimi vied OQIrako npu ITOM IOSD-
AsIeTen NecbadancHpeBaniocTs B yaie 3. Ero fasuncupoBka Tpe-
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OyeT OAHOKPATHOrG OBOPCGTA Hadepo. BajaBcHpoBKa BHOBb ¢Ti-
HOBNTCA Heodxoaumoft mocae ymaaeHnsa yana 6 Ha srtor pas
Mpagoe MOANLN2R0 KOPHSI BaNaHCUPYETCH ORHOKPATHRIM TOBOPA-
TOM Hampaeo. ¥ l1aMeHHe yaja 2, XoTa caMo no cede npocTo, Tax
KAK OH 1IIMeeT TQ15KO OIHOTO ROTOMKA, BbI3HBACT CNOKHBIA 1B} -
KPaTHWA nopopos nanpano n nanene, M uetBopTuik cayualt: aBy-
KPATHHIl NMOBOPOT HAaneBO H HANp4BO BLI3LIBAETCA yAaJeHHeM
y3da 7, KOTOPLIA NPexc1e 3aMeHaeTed CaMHM TPABHM 3eMEHTOM
JIEROrO Ti011epena, T. e, ¥3I0M ¢ KIIodoM 3.

procedure defete(x: fnteger; Yar p; rof; var L boolean);
yat q; ref; h = fulsc}
procedure balanccl(var p: rof; var h: boolear);
var pl,p2: ref; BLE2: —1,, 41;
begin {4- truc, nesaq semas cmana vopoye}
case ph.bal of
—1: ptr.bal i= 0
0: begin pi.bal ;= -F1; h == fulse
end ;
1: begin {6asancuposra) pl = pl.right; bl 1= pit.bal;
if 31 == 0 then
begin {oonoxpamuuiii RR-1tosopom)
piright 1= pli.lefi; pLT.left 1= p;
i b1 == 0 then .
begin pt.bal = 4-1; pit.bal i= ~14 B '= false
£nd else
begin pi.bal 1= 0; pl.bal 1= 0
end ¢
pi=pl
end else
begin {deyapamnbzﬁ RL -noeapom)
p2 = pl} k’ﬂ 2 = pZ‘ bal;
Pl Ieft v== pdhoright; p2toright i== pl3

prrght 1= pd*left; pZ* h ft 1= p;
i B2 == -‘—1 thcn phbal 1= —1 clse pi.bal 1= 0;
i 52 = —1 then pl*dal 1= -1 clse pllbal 1= 0
P i= p2; p2hbal ;= 0
end
end
cnd

end {balance 1} ;



procedure balancel(var p: ref; var kit boolean);
var pl,p2: rof; b1,02: —1., +1;
begin {/- frue, npacaa senter cmana Kopovel
case pT.baI of
1: plbal 1= 0;
0: begin pl.bal 1= —1; &k t= false
end ;
—1I: begin {6aaancuposka) pl 1= phleft; bl 1= pli.bal;
if 51 =< O then
begin { odnoxpamuerit LL-noeopom)
plleft 1= pltaight; pltright i= p;
if #1 = 0 then
begin pibal 1= —1; plt.bal := 15 &b := false
cnd else
begin pl.bal 1== 0; plt.bal := 0
cnd ;
pi=pl
end else
begin {osyupemuniti LR-nogopom}
p2 i= plt.right; b2 1= p2t.bal;
plyright 1= pAtleft: p2T.left 1=
pdeft = p2toright; p2lright 1== p;
if b2 = —1 then pt.bal := +1 else pt.bal 1= 0;
if 52 = 41 then plt.bal 1= =1 else plf.bal 3= ©;
p = p2; p2t.bal t== 0
end
ond
end
end {balance} ;
procedure del(vax r: rof; vor ke boolean);
begin {.-‘1 = false}
if #{.right == nil then
begin dei(rt.right,h); i & then balance(r, h)
and else
hegin gtKey 1= r'key; qi.cowzt 1= ri.counts

ri= rl.left; I 1= trie
end

end :
begin {delete}
if p = nil then

begin writels (KEY 1S NOT IN TREE); & += jJalse
end else
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if x < pl.key then
begin delete(x, pl.left.i); if h then balancel(p, k)
end else
if x > pf.key then
begin delete(x, pt.right,hy; if k then balance2(p, k)
end else .
begin { voaaenue ptt g := p:
if gi.right = nil then
begin p == gt.eft; it 1= trie
end else (4.64)
if gt.Jeft = nil then
begin p := gl.right; i 1= true
end else .
begin del(q1.Jeft, )2
if h then balancel(p, k)
end ;
{dispose(q)}
end

end {delete}

Oucprane, 4To YAaacHHe 3aAeMcnTa B ¢BanaHCUpOBAHHOM
AcpeBe MOMeT Takxe OBITHL BHIIOJHEHO 3a (B XvimleM ciyuae)
O{logn) marop. Tem He MeHee He cfelveT YMVCKATh H3 BHUAY
CYLUECTBEHHYIC DA3HILY B BHAQJHEHRH INPOLEAYP BKAKYEHHA
W yianeHda., B To BpeMA Kak BK/KUEHNE QIHOID KAXUYA MOXKET
BbI3RATL CamMoe GoabIiée oANH HOBOPOT (ABYX BAN TpeX Y3A0B},
VA2J2ANe MOKeT NoTPeBOB4TH NMOBOPOTA B HAMIAOM V3Je BIOJb
nyTH noucka, PaccMoTpum, Hanpumep, yLRanesue ¢aMoro npagoro
y3aa B nepese DndoHauwyy. ¥YianeHwe Moboro ysaa B Aepese
drdorayun BL3BIBACT YMCHBUICHHC €re BLICOTH, & YilameHie
€aMoro nMpaporo yana TpefyeT MAKcHMANEHOrO YNCTa NOBOPOTOR.
TakuM 0OPaA3OM, ME NOJNYHHIN CaMO& HEYAAUHOR cOMETanlle: Hai-
Xyamnf sp6op y3na B HauGonee NAOXOM BapHaHTe <BaaaHcHpo-
pauncro Acpesal Ho mackesabnko BooSie DepoaTill MOBOPOTL?
VANBNTENLHDLIT pe3yA6TAT SMIUPIUeCKHY NPOBEPOK [OKA3AN, UTO
P TO BpeMf KaK OANH TNOBOPOT BHI3BIBAETCA DPHANHIUTENLHO
KAKABIMH [BYMA BRIIQUEHHIMH, TeM He MeHee IpH YAaleHAH
MLl HMeeM ZSN0 ¢ OJIHM MOBOPOTOM Ha HenuX OAThL yAadeHHit.
[TosToMy yaaneHne 13 c5a1aHCHPORAHNOrO Aepera NMPUMEpPHO Tak
JKe fIpoeTo — WA TAK We TPYAHO, — KaK H BHIWOUCHHE,

4.4.9. OnTHManeneie fePeebr NOHCKA

,[10 CUX I“{Clp B HAWIUX ]’)aCC}-'}I{,[LF:Ill!HK ob opranusauma -
pesbeR NONCKA MBl HCXOAHAIL H3Y OPeANONOXeHHd, HTO HaCToTa
O0pallleHWA KO BCeM y3laM ONHHAKOBA, T. € Y4TO BCe KIIGUYH
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¢ paBHOA BEPOATHOCTBIO CTAHOBATCA ApPryMeHTaMH moucka. [lo-
BHAHMOMY, 3TO-— HAMAYYIICE HAONYMWICHHE, eCAH HeT CBefeHNH
0 pacrupeaeneHnd dacToTe obpawennii, Ho cymectryror cayyan
(cknpee HCK/IIOYWeHHe, YeM NPABHI0), KOLa HMeeTcAa HHbOpMma-
LA O BEPOATHOCTH OOpallieHsii K OTANbBHYIM kAYaM. au
Tanix chyuaes OOBIYHO XKapakTepHa, 7O KJAKYH GCTROTCA Mo-
CTOANHBIMH, T. €. ACPCBO NOHCKA HC NOABCPTACTCA HH BEAKYE-
HIIAM, HU YAAJEHHAM, & COXpaHAeT MOCTOAHHYI cTpykrypy. Tu-
THYHBIM npumepow CAYHHT CKAHED TPAHCAATOpA, KOTOPHIA ANS
Ka} 1010 c10Ba (uXeHTH(HKATOPA) onpenensaeT, ABASETCA JAH OHO

LAY

Puc. 4.36. ﬂ.epeﬁbﬂ NOHCKA ¢ TPeMA ¥31uMH.

24pelepPBHPORAHALIM (KAKYEBLIM) ci0BOM. CraTHCTHUCCKWE H3-
MepeHHA, NPOBEAeHHME Ha COTHAX TPAHCAHUPYeMbIX NPOTPAMM,
MOrYT B 3TOM cAy%ae AaTh TOYHLIE CBEACHMH O YaCTOTE [OABJE-
HUsl OTAEJLHLIX KAueH H, cAeloBaTeNbHo, O BEPOATHOCTH o6pa-
IEHHA K HIM,

ITpeanonoKnM, HTO p; — BEPOATHOCTs OGPALUEHHA K Y3y B
JepeBe IOHCKA:

Prig=h}=p, 2 p=1 (4.65)

Tenept MBI XOTHM OPraHM30BaTh [AepeBO IMOHCKA TaK, 4YToOW
oHuee uucAo fitarod ndUCKA, NOACUHTAHHOS JAS AOCTATOUHO HOML-
UG K JHYeCTBA oNbtoB, OHA0 MUHNMAABHBLIM. Tlnd 2TOrO MpH-
niineM KamjoMy ysay B ofipegeneHny AAHHE NyTH (4.34) Heko-
TOpulll sec. YaAn, K KOTOPHIM uacTo 0f6paulalorTcsd, CUMTAIOTCS
';[‘H}KE:‘.;']UI\-HI, a nocelaeMple pelKO — JICTKHMHY, TOI‘}I& BICCLHICHHKHONA
Bauna nyra ecTh CYMMa BCEX NYTEN 0T KOPHA K KANCAOMY Y3ny,
YMHOMEHHBIX HA BepOATHOCTL OOPAILGHHS K 3ITOMY Y3IY:

n
Pr= X, pih, (4.68)
h; — ypoBeHs y3Ja { (HIH €ro paccTosHde or xopHa --1). Hama

LCNb -~ MUAUMUSEPOGATs G38elueHtyio Gauny nyTy AN JAHHOrO
pacnpefencHus pepoaThOCTel,
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B xavectee npuMepa paccMOTPilM MUOKECTBO kalovedt |, 2, 3
¢ BEPOATHOCTAMHU oOOpallenns py == 1/7, p,=2/T u ps= 4/7.
BTH TPH KAKMYA MOMHQO PAacloJOXHTL B BHAE ACRERREB MONCKa
NATLIO PA3IHEHBEIME cnocobamnl (cM. pue. 4.36).

BspetleHHble AAHHB NYTH 3THX A€PEBbEB BHUNCAAKNTCA B CO-
OTBETCTEHH ¢ {4.66).

PP==(1-3+2-2+4-1)=

PP=2(1-2+2-344 ==,

p50\=]7(1-2+2-1+4—2)=—“-

g

— = —
e Tl IS

PO=1(1-1+2-34+4 2=

-]

|
I

PO= (1 14+2.244.8) =",

Hrak, 3 9roM MpHMepe ONMTAMANbUBIM OKA3WBAETCS HE WACATLHO
¢6aNaHCHPOPAHHOE ACPEBO, A BbIPOKALHHOE,

[Mpumep crkavepa B TPAHCAATOPC CPa3y HaBOAMT Ha MLICIL,
4TO 3Ty NpOBAEMY clAeRyeT pacCMAaTPHBATL NPH HCCKOABKO Bonce
o0LLEM YCJIOBHH: CJIOBA, BCTPEYAIOLKeCH B HCXOAHOM TEKCTE, He
BCerla sIBARKIOTCH 32pe3epBHPOBAHHLIME CAOBAMM; B MEHCTEN-
TeAbHOCTH 9TO CKOPEE HCKJHOYEHHe, ueM npaBujo. Bhiackenhe
TOT@, 4TO L&IHOC CIGBO Ue ABASETCA KAWIGM B jepede MOLCKA,
MOIKHO PaccMaTpHBaTh KAK OOpalHEHNe K FHIOTETHYECKOMY «Che-
HHAJBHOMY Y3ay», BCTABACHHOMY MeXKAY MeHbMIHM W 0oabLilinm
kawdamu (cm, puc. 4.19) i HMeIOWIEMY COOTBETCTBYIQLLYIO AANHY
BHeLIHero nyTH. ECAN H3BCCTRA TAKIKC BCPOATIOCTD §; TOTQ, HTO
APFYMCHT TOUCKA X JEXHT MCHAY RBYMA Kawouami ki & Ri.: 10
5TC MOMKET CYHLECTBEHHO TOBJAHATL Ha CTPYKTYPY ONTHMAJALHOIO
AepeBa no¥cka. HosTomy Mb 0000UIRM 3afady, yuuTnipas it ne-
yAauHbIe TOACKH.

O61an B3BewleHHas AJNIHA HMEET Teneph CACAYIOWUR BAL:

n 1t
P= 3 pih+ th,f;;, (4.67)
1=l Je

The o
;Z;1 P+ ;ﬂ‘h: 1,

h,— ypoBeHb BHYTPEHHCFO y3da §, A, — YPOBeHb BiCulierc yaia
j. Cpennioo BIBCLIGHHYIO ANHHY AYTH MOXKHO I123BaTb <«UeHOIl>
JlepeBa MONCKA, TaK KAK OHA ABASETCH MEPOR OMHAIEMOro Ku-
ANVEeCTBA 3aTpaT Ha NOHCK. JLepeBo NOMCKa, CTPYKTYpa KoToporo
26T MPHAMABHYIO LEHY AJA BCeX ASPEBLEB ¢ 3ALaHHLIM MHO-
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MECTBOM KJloueil &; U BepOATHOCTAMH py H ¢; OOpaUweyd Hasnt-
BuCTCA OATUMBABHBIM OepesoM. ’

0as HaXOMAEHHA ONTHMATLHOTO Aepesa He 06szareabio,
yTolu CyMMa Beex p B g paeHaaack 1. Ha caMoMm fefe zpavenus
BCPOATHOCTEH OOBIUHO HAXOAATCA ¢ NOMOWIBIO SKCIEDHMEHTOB,
B KOTOPUWX MOACUNTHIBAIOTCA OGpalleiHa K y3lam. Buecro Bes
PUATHOCTE# P; H ¢; Mbl B AaJLHeRem OyaeM HCNONB30BaTh moKa-
aaTelt YACTOTHL ofpalieHiil, KOTopele 0003HAUHM KAk

@, = YHCAG NOHCKOB ¢ APTYMCHTOM X, PABHHM &,

Bj == UNCJIO TOUCKOB, KOTAAd APTYMEHT X JeMHT Meway k; W
B

ITo cornauweHHd Hy ecTh YUCAO HOUCKOB, KOIAA X Meuplie &,
g h.--4aCTOTa TOMCKOB, Koraa x Goablie £, (CM. pue. 4.37).

Prc. 4.37. Hepeso moncKa © yKazaHHeM 9acvOTH OBpalicnyf,

B 1aapueiiwiem Mut Syaem uepes P oGoanauate oBuUlylo papeme-
HVIO UTHHY NyTH BMECTO CpPeHedl NIHHBL MY TH:

13 n
pP= g,l ah, + j;ub,h:,. (4.68)

ritak, Gaarogap HCMOAb3OBAHNIO 3. "MIEPHMCHTANBLHO W3MepeH-
HLIX 14CTOT MBI He TOALKO H20ABUAHCL OT HEODXOAHMOCTY BRtqHC-
AATH BEPOATHOCTSL, HO H NOJNYYHAH BO3MO! '0CTh HMOTL Reso
TOMLEQ ¢ USABIMH MHCAUMH OpH HAWEM OO4CKE ONTHMAALHORG
Aerrea.

Ecan yuecTbh, UTO UHCAG BOIMOMULIX kOUBHLYPaumh nsz n
YAI03 DACTeT SKCMOHEHUHANLHO BMECTe © A, 32/1aUa HAXomaednd
OaTINMY M2 NpY BOJBIIHX 11 KAKETCS COBEPINCHHO Oe3uanemuol.
QAKGKO ONTHMA/BHBE AEPEBbA HMEWT OIHO BAXKHOE CRORCTRO,
KOTODOEe MOMOTAeT HX HAXOANTR! BCC MX MOAAEPRBLA TO}xe AB-
ARoTCA onTUMAdbLHBIME. Hanpumep, ecnn AepeBo Ha puc. 437
ONTHMAABHO NJA JAHHBIX @ H H, TO NOAAEPEBD C KAlysMH by
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H Ay, KaK W3BECTHO, TakKe ORTHMAJBHO. JTAa OCOOEHUOCTL Lipes-
NONATAET aJIFOPHTH, KOTOPHL! CHCTCMATHYCCKA HAXOART BCe GAA DL
wie n 64NbLIne AepeBbA, HAUNHAA ¢ OTACAbHBIX Y3JM0B KaK Hal-
MEHBUIUX  BO3MOXKHHX MNoLZepeBbes. Takum o08pasom, Aepero
PACTET «OT JHCTLRE K KOPHIO®, 4TQ HBAHEICHA, NOCKOABKY ML
DPHBLIKAN PHCOBATDL JAEPEBLSA CBEPXKY BHIL3, HAMpPaBAEHHEM «CHITXY
BBepx>» [4.6].

3cHOBOH  HAWETO AnrepUTMa CAYKNT  ypaBHenlle  {4.5%9),
IMycts P —Bamemenhaa ARUHA NyTii aepera, a £o U P — B3Re-
WI€HHLIE GANIHB JEBOTO ¥ NMPABOTO NoAJepeBLeB €ro kopna. tlo-
HATHO, 4TO P — 310 cymMa Py, Pr ¥ yncia caydaen, Koraa noiick
NPOXOANT N0 ¢AHHCTBEHHOMY NYTH K KOPHK, YTO ABJASETCA Npo-
¢ro nbGIuM yncaom W cayuaen fMOHCKa,

P=P; + W+ Pp, (4.69)
W= Zj} & +§ub,,. {4.70)

Mu uasmeaem W gecosm mepera, Torna ero cpefHAR IAHUA OyTH
6yaetr P/W.

Hs atux paccy:kaenufi BHIHO, uTO HEOGXOAUMO OGO3HAUINTh
Becad W AJHHE NYTH NOAJePERbLER, COCTOAUMY W3 KAKCTO-To uHcAa
kawoueil. TlyeTs wiy o0o3vavaeT Bec, 2 pi; — AJUAY NYTH ORTI-
MaJpHere noaaepeea 7y, COCTOSULETO M3 Y3J0B C KIOUAMH K41,
Rite, ..., kj. OTH BCAHUHULI ONPEACTAIOTCA PEKYPPCHTHEIMU COOT-
womennaMn {4.71) 1 (4.72);

w;;zbg (UQLQR), (471}
W = wy, j_|+a;'+bf (0"“-<-.£<Jr£n)l .

g 0<i<n), |
R i 0=i=<n) (4.72)

Pi=wy+ min P+ py) (O f<n)
! R |

Tlocacauee pasoicTBO HENQCPCACTBCHIIO caedyeT u3a {(4.69) wu
OOpeAeNeHHS ONTHM &JLHOCTH.

Mockeavky cyitecteyer npubausntenndo (1/2)a? 3navenuit
pi; B orak kak (4.72) tpebyer BubGopa cpeau O < j—{ = n 3ta-
yeHN#H, NOHCK MUHKMMYMA zadser npubananteibdo (176)n® omne-
paunil. Kuyr nokasan, 4re mpH BOMOHIH CASAYIOLIHX paceyi-
BeuHll MOXHO H3BABUTLCA OT MHOMHTENA n N TAKHM ofpazoM
COXPAHHUTL NPAKTHYECKYIO LEHHOCTh STOTO ANTOPHTME,

MNycrs rj— 3Hauenke &, NpH KOTOPOM JAOCTHIAETCH MHHHMYM
8 (4.72}. MoxHe orpagHyunTh AOHCK 7y; HAMHOTO MeNBIIAM HH-
TepBaaoM, T. €. YMEHBLHTE 4HC/0 OURHOUHBIX AroB j-—i 70
OCHOBSHO HA CJAEAYIOINeM HAOMOASHUH: €CNH Mbt HALLIH KOpeHh
ri; onTuMaabHore nogaepesa T, TO HU poOaBneHMe K Aepeuy
CMpaBa Kakoro-fAHGO Y3Ja, HH YaafeHHe ero caMolo Jesoro ya,ia
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—

§i.i0I 1A HE CMOTYT CABUHYTh 3TOT KOPEHb BJEBO. D710 CRONCTRO
MOAKHO NPEACTABUTL KaK

T el S Py St (4.73)

01 OUPaNMUHBART HOWCK BOSMOKHBIX 3HAYCHMH ri;y AHAUA30HOM
Foiicie «ees Fipt,y W paeT oblice 4UCAO 3AEMEHTAPHLIYX Warop
¢in?y, Tenepb MOXKHO TNOCTPOHTL QAFOPHTM ONTHMU3AIMA <O
pooMi Aeranami. Mul nenoassyem  CAeAyrOIHe  OnpepeseHns

7 —oHnTEManLiLle ALPeBbR, COCTOAWLHE H3 YII0B C KAOUAMM
;\'.-;_—I, Py k;’:

] @.:4acToTa TMoucKa k..

2. bl yacToTa HOHCKA apryMenTa X, Jemallero Mexay R n ki
]

wi Bee T

4 p:;: B3BELIEHHARN ANUHA NYTH B Ty
b, ry: unjesc kopua Ty
T.con aan

type index=0..n
Mid ONMCHIBASM CJTEA}’[OUM!& MAaCcCHBbHI:

a: areay[l..n) of juteger; _
b: areaylindex] of integer;

pw. areaylindex,index] of integer; (479
r: arraylindex,index] of index

TpeanonokuM, 4To Bec Wy NOJAYUEH U3 @ H O OUERHJHWM CNOCO-
Gom {cM. 4.71). PaccMOTPpUNM Tenephb 1w KaK apryMenT Mpouemyptt,
KUTOPYIO Mbl BOJIKHBL HaOucaTb, a r Oylem CUMTATH ee Desy.b-
TaTOM, Tak KAK F MOJHOCTbIO ONUCHBaeT CTIPYKTYpPy. Ilepemen-
NV P MOMHO DACCMATPHBATH KaX NPOMeNyTOuHuH pesynbrar.
Haunnas paceMoTpesne ¢ HaHMeHbUIHX BO3MOMKHEIX TIOLIEPEBbeD,
T. e, He COREPKAUNX Booblie HHUKAKNX Y3AOB, MH NePeXodHM
Ko Bee Gopbmum H Goéaepmmm  gepesbaM. OO03HAYUM LIMDHHY
j— i noagepcsa Ty wepe3d k. Torka Mul MomeM TPOCTLIM €MOCO-
6oy HafiTH 3HAUEHHA p AR BeeX nepesbes ¢ A = 0 cormacHo
{4.72): . o
for i:=0 to n do pli, i} :=wli, i) (4.75)

B cayuae ii= 1 MU HMCCM A0 ¢ ALPEBLAMH, COCTOMLGHMH H3
0JHOTO Y314, KOTOPHIA, pasyMeeTcd, AsafeTca kopuem (puc. 4£.38):

for '=0to n—1 do

begin ji={+ 1; pli, jli=pli, 14001, b rlé, 1:=7 (4.76)
end
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3aMeTum, uto i 0003HaudeT MeBYIO, A j-— NPAaBYI0 FPAHHUY slH-
AEKCOB B paccmartpueaemoM nepese T Ilag cayuaes fi > 1 Ml
HCIIOAb3YEM OnepaTep nMK/Aa ¢ DapaMeTpoM A, BPHHHMAICIM
3Havennn oT 2 A0 n, NpHYeM cayuyadl h = # TepCKpLIBACT BCE
zepero To, .. B xaxloMm caytde MHEEMAJbHAA AMHHZ NYTH P
H COOTBETCTByFOHlHﬁ HHAEEKC KODHA r;; ONPelelldATCs TNPOCTBIM

By by

w
Wit -1
\ _ J

e
Wi.1,)

Pue. 4.38. Ontamansuoe pepeso ¢ OAHIM YINOM.

OflepaToOM HUKJAA ¢ NapaMeTpoM; HHAeKC B NPUHUMAET 3HAYE-
HUA Ha HuTepBajae, 3aaadHoM B (4.73):

or h:=2 to n do

for i:=0 to n— A do

begin j:=i+k; (477}
«naiita m w min= vunnwymipli, m — H+ plm, i) nan
Bcex m, Takux, 9ro rli, f— 1] <Sm<Crli 41, i pli, ] =

min ¥ wli, jk rli, j}:=m
end

,:'leTa.an{)e GIIHCAHHE OHeparopd, 3dKAIOMEHHOrO B KABLIUKI,
MOKHO RaiiTH B nporpaMme 4.6. Cpennas phuHa nyrtH B To, . te-
nepe onpeaensercd KOsOQHUNRENTOM o n/we, ny, O CTO KOPEHL CLIb
y3eql ¢ HHIEKCOM Fg, n.

Ha aaropnTMa (4.77) BUAHO, WTO 3aTpaTh Ha ONpejetciie
ONYEMaNBHOH CTPYKTYRBL HMElT nopaiok O (n°), oGbeM HeeGXo-
BHMON NaMATH cocTaBnfcT Taxwe O(n?), 310 HENpHeMAC MO,
ecnyl n oueup bBesnko. [ToateMmy rkpaiiHe KemaTebHL ANTGPHTMI
¢ Goabiuel spPekTBHOCTRIO. OJIHH 1'3 HAX — 3JITOPHUTM, pa3ba-
Goranunit Xy u Taxkepou [4.3], kotopufl Tpedyer ToanKe O4in)
oOkema Hamsth H O(n-logn) epuecaennds, Ho on nogxoaur
TCARKO AAA CAYyYaeB, KOTEA KAKUYM HMCIOT HYACBYI) YacToTy
{@,=0), T. e. KOTAZ YYHTHBAIOTCA TOALKO HeyAAUHBE €AyuaM
noucka. [pyroii anroputM, Takke Tpebywumufi O(n) eaunuy
namatk ¥ O(n-logn) BbiyHcaeHu#i, Obl ONHCAH YOJKEpOM
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u Foraudom [4.11]). OaKako ¢ NOMOIUBIO 3TOrG AATOPUTMA MONK-
HO HOCTPONTL HE ONTHMAJMBHOe, a JHIE NOYTH ONTHMAALHOE Ae-
peso. HOBTOMy Ol MOMET GCHOBLIBATHCH HA IBPUCTHUCLKUY NpuH-
yunax, OCHOBHAA WAEH CNeAYIOMAA:

[Tpennonosus, 41O ¥3apl (HacTOAUIHE H clelHanbHuE) pacs
npeiededsl Ha JHHeHON [IKaae ¢ BecaMfl, COOTBETCTBYiOUIHMY
ux wactotam {(MAu BepoarHocTam) obpamenna, Halizem ysesn,
Gomkafinit K «UeHTpY TANKeCTH». IDTOT y3ed HA3HBACTCH
HEHTPOHOM # HMeeT HHIeKC

%(Zf-af—s-z,f-b,). (4.78)
f=0

{1

OKpyracHHMA 1o Gruxafwero uesaoro. Ecau Bce y3lsl uUMeOT
CIMHAKOBBIt Bec, TO KOPCHb HCKOMOIC ONTHMAJbHOTO Aepesa
OUeBHAHLIM 06Pa30M CORTIAAACT C ULHTPOHAOM N — KAK HAM mpen-
CTABJAASTCA — B OOMLIUHHCTRE CJAYU2ER OYAST HAXOAATECA B
0.1M3KOM COCE/ICTBe € UENTPOUAOM. Tormza Ha OrPaHHUEHHOM M-
TepBaie HILETCA JIOKAAbHBIE OMTHMYM, NOCAe Yero 3Ita Ke Apo-
HeAvpa OPpUMOHAETCA K ABYM MOAVUeHHBIM nodiepensam. Bepoar-
HOCTH TOTO, YTO KOPEeHb HAXOIUTCA OUeHb BJH3KO OT UEHTPOHAS,
BO3PACTART C yBeNHUYeHHEM pa3Mepa fepesa n. Kak roiexo mon-
JepeBbi ROCTHrAT «0G03PHMOrO» PasMepa, HX OMTHMYM MOMWHO
ONpedefifiTh ¢ MOMOLWBIY OMHCAHIOTO BRllle TOUHONO afropHTMAa,

4.4.10. M3oGpawenne ApeBOBHAHOH CTRYKTYPL

Teneps Mb mepefinem K conyTeTeyomed 3apade: kaxk cdop-
MHEPOBATE BHXOAHROR (hafi1, KOTOPLIA #306paxcaer cTPYRTYpY Ae-
peBpa 8 JIOCTATOYHO SICHON, Tpapuueckoit dopme, eCaH B HaLEM
PacHOPHMKEHHH YMEeTCH TOMbKG 00bYHOE NedaTalouee ycTpod-
¢7pe? Huave ropopd, Mul XxoTean On HADHCOBATL AepeBo, NMedaTas
EISIONIN B DUHAE Y3J0B H COCAHHAA WX COOTBOTCTREHHO TOPHAIOH-
TANLIILKI H BEPTHKANGHBIMHA JHHHAMI.

Hla ycrpolicTBe NOCTPOHHO{l MewaTH, BXOMAHLIE [AHHBIE KOTO-
DO OPCACTABAAITCA B BHAe Texctomoro daftna, T. . b BHAS
LOCICAOBATEIBIIOCTH CHMBOOB, Mul MONeM <ABHIaTbCA» JHIUL
CTPOFO NOCACADBATENBHO cAeBa Hanpapo U ceepXy BHKI. [Tostomy
KayeTcA PASYMHBM BHadalle MOCTPOHTL TpeicTasaeHue Odepesdy,
REOTOPpOe DAN3KO COOTBETCTBYET €r0 TOMOIOTHUecKol cTpyKType.
3atem Ha cacAYIOWICM STalle HYKNEO YNOPSIOUEHO OTOOpasurs
TY KAPTHHY Ha MeHATASMYI0 CTPAHMUY W BBYHCAWTE TOUHE
KOOPIXHATH V308 H AYT.

JAR penieHna OepBofl 3adaudH Mbi MOMEM BOCROJDB30BATLCA
sanmM onuroM pafoT ¢ aaropuTMaMn GOPMHPOBAHHA [epena,
i NosToMy M Ges KoneGaHHA BuOHpaeM peKYPCHBHOE DELieHH?
DEKYPCHREO NOCTagjdeHHol 3aaaul. Mol CTPOHM (PYHKUHID, HA3H-



268 4. Hunasudecius anfopyaaguonnse CTpyciypo

Baemywr #ree, nololHyo TOH, KOTOpas HCROAb30Bajkack B Npo-
rpamme 4.3, Tlapamerpbt i H | OrpaHHYHBAKIT JHAYEHHS HHAERCOD
y3A0B, KOTOpLIC NpHAaaexKatT aepesy. Ero kopeun onpejengercs
KaK y3el ¢ HHAEKCOM ri;. HO npexje BCero HaM HYKHO oRlCcaTh
THIt MepeMEHHBIX, NPEACTABSAIOWHX y3ae. OHH ACNMHE Coaep-
KaThb ABC CCHLIKH [1a MOAAepeBbA H woUu yana, Jdas neael, korto-
prte GvayT 00CYyIKAATLCA HA CNCAYIOLIEM 2Talle, BBOAATCS TaKKe
[BA AONOMHUTERLHLIX HOAN, HazbBaembule pos i fink. Onucauns
THAOB Noxasakw B (4.79), 8 npoueaypa-pyHKUMA BRAICUSHA
p nporpammy 4.6.

type ref =1 node;
node =recaord key: alfa;
pos: lineposilion; 4.79)
left, right, link: ref
end

OTMeTHM, uTQ 3Ta NPOHCIYPA HOLCUlTHBAST YHCAO (oM~
PYEMBEIX Y3J0B € NOMOWGIO rA0GaAbR0I NepeMeHROH-CUeTUHKA £,
R-My y3ay NPUCBAHBACTCA £-H KMAKOY, a MOCKONLKY KAWL YOG 4-
JOUCHH B aidaBHTHOM NOpPSALKe, £, YMHOKEHHOC HA NOCTOAHALA
MACIHTAGHLI KOZhPHIUHEHAT, AaeT FOPHIOHTANLHYID KOOPAHHATY
KEMAOID KJ/AI0UA; 30 3HAUCHIte CPa3y 33lNOMHHAETCA BMECTE
€ OCTAJLAGH HEGOPMALKCH. JaMeTHM TaK#C, 9TO MBEl OTKA3AAHCH
OF cOrAidlleHNs, UTQ KJAOUH SBAAIOTCA LEALIMI 9ICAAMIL, H CHilp
TARM, YTO OWN OTHOCHTCS K THOY alfa, o3uauaouemy Macchazpl
CHMBOJIOB OUPEALASHROIO (MaxCHMIJLHOTO) pa3Mepa, Ha KoTo-
pbix 3203l angaBHTHRU DOpAIOK,

Yrobum sicllo mpeAacTaBuTh cede, 1TO Ml TCHEPhb [IOAYHiIAIN,
paccMoTpiM  pic. 4.39. Ecan faHo MHOMKECTBO U3 A/ KAWQUER
H BHYIC/AeMAT MATPHILA #ij, TO ONCPATODH

ki=10; roof:={treell,n)

chOpMHPYIOT CBA3AHHYIO APEROBHAHYIO CTPYKTYPY € TOpH3QH-
TAABHBMH MO3HLUHAMHA V3IL0B, COIEPHRAILUNMHCA B WX 3ARMCAX,
H BePTHKAJLHLIMH NO3HUNAMH, HeABHO 3AL04HHLIMH HX VPOBHEM
B Jepese.

Teneps MBI MOX(EM NCPEATH K caelylollemy »vany: otobpa-
JKEHIIO AepeBa Ha cTpamiuy. B 5TOM CTYYae Mbl ACAMKHE IPO-
RBHIATHCA CTROTO NMOCASLOBATEBHO OT YPOBHA KOpHA BHR3. Ha
KaxaoM uiare obpadaTeBaerca olid naa (ypobkeds) yaaos. llo
KaKIM 00paszeM MLl HAXOZHM Y3Jb!, JAeXallfle B 0AUOM pazy?
Jlia 910N uean, a MMeHHO CEA3LIBAHHAA BMECTS YRI0B, Haxend-
WHICA HA OINOM VPOBHE, PAHEC MLl BBeJN NOJSC 35NMCH, HASH-
Baemoe [ink. YcTapapauBacMbie CBA3H NOKa3aHH NYIIKYHPHBIMK
Anhnunvy na pue. 439 Ha xampowm stane paform npeaneiay
raercs HalHUHe LENOYKH, CBA3MBAIOWICH Y3/bl, KOTCPHE HYAKHI
HameyaTaTh B OAROM TOPHICHTAABHGM pAay. Mo nasnBacMm 3Ty
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nenoury cerrenf {Texyllefl). PaceMatpubast Rambiii yies, mMub
ofnpejedden ero NOTOMKOB (€CJAH OHM 1iMeoTCa) M CBA3LIBae
HX BO BTOPYIO LENOYKY, KOTOPVIO Mbl uashBaeM next (chaeiyio-
weft), Koraa mel NPOABLTAEMCA HA ONMH YDPOBEHb BHHUS, UCTIOYKA
ricyl CTAHOBHTCA UCNOUKON currenf, a next npucaalwae*mﬂ 3Ha-
yenne nil.

oot~
TTRARIET
20
— e e e e e !
——

.l LONDON ZURICH

10 40
— ] — e nil

n it} " l

Pue. o9 Sepeso, Haplespllmoe ¢ HoMOoULIo Aporpamsiy 4.6,

Floapofuo »10T anropiys: onicail B nporpasme 4.6, Creaymo-
LHE 3aMerada MOTYT NPOACHITE HCKOTOPBIC MOMEHTHL:

1. Cunekn {LenodKy) Y3108, H3XOUALLIXCH HE OLHOM YpOBHR,
GOPMUPYVIOTCA CJEBA HANPABO, B PC3VILTATC CAMBIf 2enbli
VAQI (RadHBaeTea nocaeaHnM. [Toekoasky vaiol poLeHs! Je-
HSTATLCR B OOPAAKC MOARAGHIS, CIHHCON HYMEQ HHBEDTHUPO-
BaTh. T0 UPOHCXCANT B 70T 3OMEHT, KOLAA HELoYR4 nexf cTa-
POSEYCH MeTONKeT cureént,

2 Crpoxs. B LOTODOI NQUATAHOTICN KIOUH (reazigag crvona),
COIOPAIT TAKMHE TOPHIOKTANBHBE BACTH €AY » (Ci. pHEC, 4.4},
Oepesentipre wi, 02, 43, ¢4 0O03HARAWT HAYWNILHEBIC U KOHCY-
HLAC HOLIERI JeBBRX H OPaBLIN TOPIIONTATBNLIN AT V3.

G, Kauacd riapnoll oThore OpeilIceTvICT TPE CTPUKK, 1H300a-
HAIOLIHE BOPTARAILHYE YalTH IV

Tenepp OMURer CIPYETYPY nporpay-iu 4.8 Ee ase oCHOBHBIC
COCTABAAMLIIE — 0 NHULELVEY TOCTPOCHLA ONTHMAABHOIG Be-
PORA MOHCKA JIPH 3ATAHHON [ACHPCICAcHnTi BCCOB & U HpOielypa
usadpameniia Aepesi ¢ 30AdHHEMM KEleKCAMH Y3u0B r, Bes
NPOrpaMMi HpeTHasiautiaa 104 0GraduTkE TeRCIOR PO pamy,
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B MACTHOCTH HanicanHsx Ha aAsvike Hackane, Takas nporpamma
pHavyane YNTALTCH, €& HH@HTH@HKTOpbi It 3apesepBUPOBaHHLIE
CN0B& DPACNOZHAWTCA C YCTAHOBKOH CURTYHKOB ¢: H &, mpu Ha-
KOKIASHIN 23Pe3cpBUPOBAHHOTO CA0BA & W HicHTHGNKaTOpOS
MeKAY R U Ajpy. [Jocse Te4aTil WACTOTHOM CTATHCTUKL fpo-
I‘paMMa IepexoilT K BHIUNCACHNIO AAHAN IYTH HACANLHD coanan-
CUPOBAHHOIO Iepesa, ONpeAeNsis KOPHH ero nodixepeBses. [locae
5TOID NEYaTaeTcs cpeAHAn AJNHA NYTH H H300paKaeTcsa uoay-
YeHHOC ACPLBO,

Tadnmua 4.5, Jacrotu nossrcindl KI0MEs0K CRAoY

4 7 ARRAY
14 27 BEGIN
19 O CASE
15 2 CONST

8 5 DIV

o 0 DOWNTO
[+] 20 DO

o 8 ELSE

o 28 END

1 0 FILE

0 12 FOR

o 2 FUNCTION
0 ¢ GOTO

9 13 IF

23 2N

208 0 LABEL
22 0 MOD
17 10 NIL
24 7 OF
17 2 PROCEDURE

0 1 PROGRAM

B3 1 RECORD

g 8 REPEAT
16 0 SET

10 13 THEN

0 12 TO

8 2 TYPE

1 8 UNTIL
39 5 VAR

0 £ WHILE
0 0 WITH
37

549 203




Cprogeam opiintaltree(input,onipul);
comst 4 == 31; fuucto warouelt}
kin = 105 {maxcumaavras onuna RAIOYA )
type index = 0, .m;
alfa — packed array [1 .. kin] of char;
yar i char;
kl, k2 integer;
id: alfa; {udenmuguramop 1au enymebroe c106o)
Buft array [L..kin] of char;  {O¥dep cumeoroe}
key: array [1..n] of alfer;
i, j, k2 integer;
a: array [L..n] of infeger;
b: array [index] of integer;
b areay {index,index] of infeger;
r: array [index,index) of index;
suma, simb: infeger
function baliree(i,j: index): inleger;
var k: integer;
begin k 1= (i4/+1) div 2; i j] := K,
i i > j then baltrec == b[k] else
baltree 1= balirec(ik—1) -b baltreelk,jy -+ wii,j]
end (baltree} ;
procedure optiree;
Yar x, mint integer;
ik index;
begin {apeymenm: w, pezyavmant' p, 1)
for i := 0 to n do plii] := wlidl; {wmupuna Qepesa b = 0]
for i ;1= 0 to n—1 do {wnpuna oepesa b = 1}
begin j 1= i+1;
Pl = plid} + plijls rijli=J

end ;

for f:= 2 to n do { h-tuupuna mexyyezo depesal

for i ;= 0 to nu~f da fi-neerrit unoerc mexywezo depesa)
hegin j := i+A; [Jj-npaseli uHOeKC mekyuje2o depeed

m i i j=1); min = plim—1] -+ plm, jl;
for & :== m+1 to r[i+1,]j] do
begin x := p[ik—1] + ptk, j1;
if x << min then
begin m1 1= k; min = x
end
end ;
Pl il i= min + wlijl; rijli=m
end



end {opttree} ;

procedure priptirec;
const w = 120;  (pasmep empory ALY
type rof = trode;
lineposition == 0., lw;
node = record ker: alfu;
pos: lineposition;
Ieft, vight, Tink: ref
end ;
yar roof, current, next: ref;
¢,q94,021 ref;
i ki integer;
u, ul, u2, u3, ud: lincposition;
function tree(l, f: index): ref;
var p: ref;
begin if i = j then p := nil else
begin new(p);
plIeft 1= tree(i, rli, j1—1);
phopos 1= trunc((w—kliek/(n—=1)) + (kin div 2); & 1= k13
plkes 1= keylr[i,jll:
phright 1= tree(r[i,j], 13
end
treg 1= p
end ;
begin k i= 0; root ;== tree(0,n);
ctirvent 1= root; root ik 1= nil;
next 1= nil;
while current = nif do
hegin [npodsuwentie eru3, CHauara nevams eepMUKAAbHBIX CHIDOK )
for i:=1 to 3 do
begin u :== 0; ¢ i== current;
repeat ul 1= g%, pos;
repeat writef’ '); u is= n-1
ontil 4 = wl;
write(’|; w = utl; g 1= g} link
wmtil g = nil;
. writeln
end ;
{ nevamo 2aaeHOl CIHPORY;! COOPRA UX NOMOMKOS, CRYCKAACH
FO Y310M MeKyec0 CRUCKa,y [fopmupoaaie caedyoueec
cnucka)



gt~ curreni; ¥ 1= 0}
repeat unpack(g”.key, buf, 13!

(yermpanbrbili garou) | 1= kin;

while bufi] = * * do .= i—1I;

u2 = gl.pos — ((i—1) div 2); ud 1= u2-+i;
gl 1= ql.left; q2 1= ql.right;

if gl = nil then 11 ;= 42 else

end ;
if g2 = pil then ¥4 ;= w3 else
begin ud 1 2% pos-+1; o2V Ik (= next; next 1= g2
end ;
i= 0
while 4 <C 4l de begin writet” '), w 1= u+1 end ;
while u < 22 do begin write("—"); 4 1= u+1 end ;
while y <2 3 do begin  := i+-1; write(buf[i}; u :— u+1 end ;
while 1 <7 ud4 do begin write("—’}; v ;= u+-} end ;

g = gt.link
wntil g = nil;
writeln;
{ uneepmuposanlie CALOPIONE20 CHUCKA i NPpeepaljere e20
g Meryiini
current 1= nil;
while next = nil do

end
end {print
Mogin {um
keyi 1]
key[ 3]
kexl 8

ket 7] o
key[ 9] ¢
key[l1] ;-
key[13} ¢
keyfis] -
Fev[17] :
kev]19] :
kevi21] :
kev[23)
Key[25] -

gr.limk :
end

CLHYPENE, CHFFERE == g

treel ;

HYUQUYUS WetB.i83 bl KAFONET U CHCINYLR0E )
1= 'ARRAY]  key[ 2] 1= 'BEGIN';
T 'CASET key[ 4] 1== rconsT;
tre D Eevl 61 == 'DOWNTO
- 'DO% kevl 8] == ELSE;
== 'END; Jeey[10] re= piLEr;
= FOR'; Fer[12] 1o+ 'FUNCTION']
= ‘GOTO"; Leritd] == ap;
= N Kkav[16) 1w s ppni
= ‘MOD'; Key[¥8] == mNIL;
= 'QF; forf20) 1= 'PROCEDURE'
= 'PROGUAM'; Kor[22] (== 'RECORD';
= CREPEAT;  Fren[2d] ie- e
= THEM Lopnal o - o



key[27) 1= '1vPE; key]28] 1=s uNTIL;
key[29] == waAR; key(30] == wHiLE;
key(31] 1= win;
fori =1 to n do

begin aff] := 0; b[i} :== 0

end ;
b[0] := 0; k2 1= king
{npocmomp sxoanoeo mexcina i onpedenerte a i b}
while —weof (input) do
begin read (ch);

if chim A7, ,'2'] then

begin {udenmubuxamop v caymebuoe crogoj ki s

repeat if A1 - kin then
begin kI ;== k1-}-1; buf[kl] 1= ch
end ;
read (ch)
unttl —oh in A", .2, 07,9,
if k1 > k2 then k2 :== k1 else
repeat buf[k2] 1= ' '; k2 1= k2—1
until X2 = kI;
pack(buf, Sd);
Pi==1; fi=n
repeat k = (:—I—;) div 2;
if key[f] = 3d then § 1= k+1;
if keylk] = id then j ;= k—1;
il § = j;
if key[k] == id then a[k] :== alk] + 1 else
begin & 1= (i4)) div 2; bk] := #fh]~1

end
cnd cise
if ¢h — """ then
repeatmad(ch) until ¢t = 77 else

if eh = '[" then
repeat read(ch) wntil ofi = 'Y

cnd ;
writeln {'KEYS AND FREQUENCIES OF OCCURRENCE:)}
st s== Q) sumb == H0];
for i :;:= ] to n da
begin st 2= suma--alil; sumb = snb-i-biil;
- writeln(bli—1], alil, 7 7y key[i])
end 3
writeln{b{n]}

-
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writein{’ };
writeln(sumb, suma);
{onpedenernye w us a u B
for { ;== (0 to n do
begin v/ ;= 5{;
for j := i+1 to n do w{i,;j] 1= wii,j—1] 4 alj] -+ Bj]
end ;
write¢AVERAGE PATH LENGTH OF BALANCED TREE= K
writeln(baltree(0,m/w0,n]:6:3); printtree;
opliree;
Write(AVERAGE PATH LENGTH OF OPTIMAL TREE= *);
writeln( pl0n)/wl0,m]:6:3):  printtree:
{uccaedosanue monvko caymebuwmyx cros, yemanoang b = 0)
for 1 ;= 0 to n do
begin wlii] := 0
for j i== i+1 to n do w[i,j] 1= w[i,j—1] 4+ a/]
fnd ;
optiree;
writeln('OPTIMAL TREE CONSIDERING KEYS ONLY?);
printtres
end
MporpaMua 4.6, [FocTpoewse ORT#MAALHOTO fepera MOHCKA.

Ha Tpelnem sTane Bu3LBaeTCH npoueaypa oplirce, KoTopad
CTPOHT ONTHMAAbHOC AEPeBC NOKCKA, 3aTeM NocaefHee H300pa-
waerca, M HAROKEL, TC KE TWPOUCLYPH HEMOALIYIOTCA AR GO-
cTpoeHHs H u306pPaXKEHUA ONTHMAJLHOLO AEPeBa ¢ YYeTOM JHUlb
yacToT CHPallen il K KANDUaM.

B rta6n. 4.5 n Ha puc, 4.40—4.42 nprsenenw pesynnrat,
nonyderHsie nporpammofi 4.6 npy ofpafoTke ce cofcTaciHore
Tekera, [Paaandua tpex pucyYHKOB NMOKA3MBAIOT, UTO ¢Haraucupo-
BAHHOE JIePeBC HefAb3fl CUNTATh Aaxe OAHAKHM K ONTHMANLHOMY
U UTG 4YacTOTh! NONCKA He3apeieDBHPOBAHHBIX CJAOR  CHARHO
BJAHAT HA BhIOOP ONTHMANbHOE CTPYKTYPH.

4.5. CUNLHO BETBAILMECA QEPERLA

Jlo ¢Hy mop MBl OTPAHMUHBAAH HAIIH PACCYIACHHA Aepesbi-
ML, H KOTOPWX Kam g ¥3en HMLET Camoe Oovibilee ABYX TIOTOM-
KOoB, T. € 6}IHHPHHMH AepeBLAMI. STUFO BOGSINE BOCTATOUIND,
CCJH, HanpHMep, MEB XOTHM DPelCTABHTE POACTREHHLIE OTHOLIC-
HHA ¢ OpednOUTEHHEM «ROCKOARILEi JHHHE», T. & Korga And
K2 A0r0 YejI0BeKA YKA3BIBAOTCA erp poauTesH. B KoHle KOHUOB,
HU ¥ KOFD He ObisaeT Gonee Asyx poauteaeh. Ho xak Svito Tomy,
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KTU NPEANOYHTALT H3OGPAKATD «HHCXOARILYIO THHIO»? EMY npu-
ACTCA CTOAKHYTLCA € TeéM PAKTOM, YTQ HEKOTOPEIC JHOLH HMEIOT
Gonee ABYX AeTell, MOITOMY €ro AepeRbs OVAYT COTepIKaTh y3.Thi
cO MHOTHMH BETBAMH. 32 HEHMEHUEM JAVUIero TePMilHA M 6y-
ACM Ha3LIBaTh HX CUABHO BETBRUUMUCH QepesbaniL.

PasymeeTcd, B TAKHX CTPYRTYpPaXx HET LHYETS NeoOLIYHOTO,
MLl ViKe Bcrpeqa.;rm Rce CPEJlCTBa MPOrpaMMypOBalig U 0GHCAHHA
AANIRX, HYIKHBE ARg TOro, TGO CIPABATLCH ¢ TAKHMR CHTYA-
unamu, Ecau, Hanpumep, 324383 aGCOJMIOTHAA BEPXHAA rpAHULA
KOAHYeCTBa AeTeft (uTd, NO-BHIMMOMY, ABARETCA HEKHM QyTYpH-
CTHUCCKHM TNPEANONOKEeHHeM), TO MOMKHO GpPeACTABHTL Aered
B BPHAE KOMMOWGHTHI-MACCHB2 B 3aNHCH, NpeicraBadiomeit weno-
pexa. Ho ecan queno gerell ¥ pasHHX JAW0Aell CHIbHO Bapbi-
pyeICs, TO 3TO MOXKeT NPHBECTH K HE3KOHOMHOMY Ppacxoly na-
MATH. B 3TOM cayuac HAMHOTO NPaBAABHCC PACNOAGHHTL NOTOM-
CTBO B BHAE AHHEHHOrQ CIICKA €O CChilkCH B 3amHcd poadTeell
Ha CaMOro Maaailers (WP CaMoro CTapuern} oTnpeicka. Bos-
MOMHOE ORHCAHHE THRA AAR TAKOIG cayuas noxkasano B (4.80},
a BOSMOMHAR CTPYKTYPa NAHKLIX NpHEeAeHa Ha pHe, 4.43.

type person = xecord name: alfa;
sibling: 1 person; {4.80}
offspring: 1 person
end

Mut 3aMmevaem, 4TO NPH NOBOPOTE 3TOTO PHCYHKZ Ha 45° on
OyAeT BHIAAAeTh Kak naeaawuoe OuHapHoe nepeeo ™). Ho 370
HeBEpHAM TOMKA 3PeHusa, MOCKOAbKY (yHKUHOHAALHO 3TH JBe
CCLIMKE HMCIOT COBCPWIEHIG pasnaHenoe 3Hadenue. QOLIYHO Heas3n
ofpamartsea ¢ GpaToM, KAK ¢ CHHOM, NOSTOMY TaK He caexyer
TOCTYNIATh JAXKe NPH ONUCZHKE IRIGHHWXK., DTOT INpPHMEP JAerko
MOMHO 00 Gbl pacHPOCTPaHHTD M Ha O0aee cAoMHBE CTpYkK-
TYPH ARHHBIX, BKIIOYHB elU¢ KAKUC-TO KOMIIOHEHTH B 3a0Hchy AN
KAMAOTO NHUA; TAKHM o0pasoM MomHo Owao Gb HaobpamaTth
Epyr¥e poACTBeHHHle ¢Bfad, OJHA N3 TaKHX ceasell, KOTOpYO
Heab3f 8 DPHHLHIE BbIBECTM M3 OTHOILEHHWH OparteTBa H HOTOM-
CTBa, — 3TO CBA3b MEMAY MYMeM N jKeHoit wan odparHoe OTHO-
WwcHHe OTLOBCTBA H MaTepHicToa. Takad cTpyKTYpa OuicTpo pas-
pacTaeTcs B CAMHKHBIH, PeNsUMOHnLT «0aHK AAHHEIX®, KOTOpbIK
MOKET OTODPAMATLER B HECKOABKO AepeBnel. Anropdtmel, pabo-
TAWHe C TAKHMH CTPYKTYPaMH, TeCHO CBH3aHH C UX OMmica-
HHAMH; BO3TOMY He nAMeeT CMBICAa CNpeieSATh 118 HEX KakHe-

Mi16o obuine npabBuaa HAH MeToab padoThl,
0}1]—1&](0 HMEeeTCa npamu%cm QueHsL BamxHAA 00a4C¢Th Il])ﬁ*
MOHERUA CHALHO BeTBSIILLUXCA JEPEBLER, KOTOPAd ApedcTasiscT

*y O GHRApPHOCTH CKOpee CBHASTENLCTBYET HAARINe ABYX cewsior. — flpuu.
peo.
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ofwmnit narepec. 70— GOPMUPOBAHHE K HCNONBb3OBAHNEE KPYNHO
MACHITAOHHX fIePERbeB NOHCK2, B KOTOPHX HeoOXOAWMBEl H BK/HO-
yenlis, H YASJIeHHH, HO AA4 KOTOPBIX Oe€paTHBHAH NAMATH He-
JOCTATOYHG BeJHKa WAH CIHIIKOM AQpPOTOCTOALLA, YTA0B HCnoabe
S0BAThL €¢ ANA A0ATOBPEMEeHHOTO XPAHeNINA.

peanononiis, 410 Y306 JepeBa AGURHB  XPaHHTLCR Ha
GHELWNEM 3ATOMRHAILEeM ycTpoileTee, TaKOM, Kax ANCK. Beeacia-
B¢ B 9TON TaBe AMHAMHYeCKI® CTPYKTYPH AANHLIX ocofeiso
TOAXOAAT H AAA XPAHCHUS HA BICLIHHUX 3AN0OMUHAIOWEX YCTPoil-
crpax. [IpuHOIANNANDHO HOBDE — 3TO JiHIb TO, UIC CCHIAKA 1Tpel-
CcTABAAIOT coOOH afpeca Ha JMCKE, a HE ajpeca ONepaTHBHO

Pue. 4.44. Buuapnoe Acpeso, paijedcHHoe Ha  «CTpaHHLL».

MaMaATH. ECai MIOMCCTBO JallBLIX, COCTOfLLEe, HanpHMep, H3
MUAMHOHA /1€MEHTOB, XpaHNTca 8 Bujle OHHapRoro uepesa, To
AJsl noncka sneMenTa notpebyercs B cpenneM okoao logy 106 2«
ex 20 warop novcky. [ocKoaBRY TeNICPhL waXAbli AT BKAKMYACT
ofpallenlie K ARCKY {¢ cofcTBeHHBIM JaTeHTHLIM Bpemenem}, Gy-
JCT BOCBMO ¥CAaTenbla Opralu3auna NaMsaTn, Tpedyouas Meln-
ure obpautesuil. CHabLEO BeTssllleecs JepPEBO ABAASTCA HAEANbe
HEM peulesueM 3Tol npobaexn. Ecaw npouexomir odpalieHne
K HEKOTOPOMY ORHROUHOMY 3JEMCHTY, PACNTOAOKEHHOMY Ha BUENI-
HeM ycTpolicTse, TO 6€3 GOABIENX AONONHUTEIbHEIX 3ATPAT MOKHO
oOpALLATLCS TaKXe K nenoll rpynnoe 3aementoB. OTcioda caelyer,
WTO AEpeBd HYXHO PazfelnTh Ha NOLJePeBLd, CIHTAd, 410 Bee
3TH NOJAEPEBLA ONIHOBPEMEHND [IOJIHOCTRIG ACCTYTHH, Mul Gyaenm
HaIBIBAT TaRHe NoaAepeRba crparkuyamu. Ha puc. 4.44 nokasado
OMHapHOe HEpeBO, pasfenenHoe Ha CTpPaHBUL, COCTOALLHe H3
7 y310B Kaxmaoan.

Ymenplnenne KoapuecTsa o0pallesnt K ZHCKY — 2 Temephb
obpaiienne ® Kawjoll cTpannle npeinoaaraer ofpalienue
W JIHCKY —- MOWKCET GbiTh 3HAUHTENbHBIM, [Ipefnoqomus, HT0 ML
pewiHAn  nomeitaTe Ha crpannue 100 vanos (9T0 PasyMHasn
Lidpa), TOPAa HEPEBO NMOHCKA, COACPIKALILEE MBAAHOH IAEMEHTOB,
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notpebyeT B cpedyem Toavko logine 10° = 3 ofpautenust x crpa-
Hinan BMecto 20 Ho kodeyHo, ecan Jepeso pacTeT «cayqafiHeiM
o0pazoM», T0 dadxyswrdf cayvuafl Momer noorpefopath Aame
10* vopatiedné! TIOHATHO, YTO B CAYyYae CHABHO BeTBAIMKXCH Ae-
pedLes NOuTH 06A3aTeqdbIa CXeMa YRPaBJACHHR HX POCTOM.

4.5.1. b-aepennn

Tipr nouncke KPHTEPHR YOPaBaACMOro pOCTa HYMKHO Cpasy
OTBEPTHYTH HACARBHYIO cOANAHCHPORAHHOCTE, TAK KAK OHA Tpe-
fyeT CAHUWIKOM BOMBIMHX 3aTpatT Ha HanaHcHpoBky. (QueBuIHO,
YTQ MPaBHA HEOOXOAHMO HeCKOJBKO CMAI4HTh, QueHb pasyMusil
kputepuit 6uia copmyauposan P. Beficpom [42]: kamaan crpa-
HHLA {KPOME OAHOH) COASPMHT OT A X0 27 y3J0B MPH 3aAAHHOM
focToRHEoM H. ChAefoBaTenkio, B Aepese ¢ N 3feMeHTAMU W
MAKCHMAJBHBIM PA3MEPOM CTPAHHObLL 2/ Y3JI0B HANXYLHIHE CHYy-
gafi norpebyer log, N obpamenuit ¥ CTPRHHUAM, a o0pauleHHA
K CTpaHHlaM COCTaBAAWT, KaK H3BECTHD, OCHOBHYD 4acTh 3a-
TpaT Ha ROHCK. Kposme TOro, BAaHBLIA KOIDHLHEHT HCHONS-
JoBAHUS DAMATH COCTABAMET He MmeHee 00 %, Tak KaK CTpanniw
aanojHedsl xoTA 0w HanoiosuHy. [1pm Bcex aTHX npenmMyie-
CTBAX A3HHAN CXeMa TpefyeT CPaBHHTE/NLHO NPOCTHIX anropnt-
MOB IOHCKA, BKJIOHeHHS U yRadenns. B nanvHefiweM Mot noapob-
HO HX H3IYUHM.

PaccmarprBaemsie CTPYKTYDPbi IOAHHLIX Has3uBalTtes B-de-
PEGBAMI W KMSIOT caefyiolmie cBofictsa (n HasumBaeTca nopAad-
kom B-gepesa):

1. Kampas crpasiua cofepsnr he Gosee 211 saeMentos (k-
qeft}).

2, Kawpan crpanuia, KPoMe KOPHEBOWH, COAS)IKHT HE MeHee n
31eMEHTOB.

3. Kakaan crpadoua fAeasferca Jubo JHCTOM, T. €. He HMeer
MOTOMKOB, AUd0 uMesT m -+ | NOTOMKOD, PIS M — YHCAD HaxX)-
BAIHNCA 2 gell Kaoyed,

4. Bee AWCTHA HEXOIRTCR HA ONHOM H TOM e ypORHE.

Ha puec. 4.45 nokaszano B-nepeso nopAnka 2 ¢ 3 yposnaMu.
Bee crpawnunt coxepaxat 2, 3 man 4 saesmenta. Mcernwverues
ABARAETCA KOPeHb, KOTOPOMY Ppa3pelIaeTcs COLEpPXaTe TOAbKO
OAHH »ieMeHT. Bee nueTha HaxoaaTcs Ha ypoBHe 3. Koyl pac-
ICA0KeHE B BOIPACTAIOUIEM MIOPAAKE CIEBA HANPABO, el CHpO-
CKTHPOBATL QePEBO HA OANHE YPOBEHD, BCTABNAS [OTOMKOB MeXAY
KJAIOTaMH, HAXOAAWNMUCR HA CTpayuue-npeake. Takoe pacmonao-
HeHne NpeicTaBanet eCTeCTBeUHHOS pajBHTHE NPHULANA OLTAHH-
sandu CHHAPHBIX IepeBbeB {IOMCKA M ONPeNeAdeT MeToR NMOMCKA
IeMeHTa € 3AMAHHBIM KN04OM. PaccMOTPHM CTpaHKlly, HMeto-
Iy BHJ, KaK nOKazauo ua puc. 4.46, i Aycro 3agan aprymeHr
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noncka x. flpeanosaras, ¥To CIpakHU@ CuNTaBa B OREPATHBNYIO
NaMATh, Mbl MOMCM HCNOSB3OBATL HIBCCTHLIC METOAN NOHCKA
cpedH Kawyen Ry, ..., Rn Ecan m noctatouno pennko, Momuo
npUMEHUTE OHHAPHLIT NOHCK, €Ol 0HO CPABRITEABHO HeSoNRILIGE,
NOAOHACT OPOCIOil NOCJEAGRATENbEA RGHCK. (3ameTum, uio

l

25

1020 3040

(278 7 s lignaisis) (2324 | |282728 | [B23538 | [4142 4546

Pae. 445, B-fepeno uopalsa 2

gpems, Tpebywonieecs AAR TOHCKA B onepaTupuolt namard, pe-
POATHO, NPeHeGPeIRUMO MANG N0 CPABHEIHID CO BPEMEHeM, KOTO-
poe 3aHHMAaeT CUlTLIBAHIE CTJaHHUB ¢ BHEIIHerQ YCTpolicTsa

Puc, 4.46. Crpannua D-aepesa, cogepmalian m gNio4ei.

B onepaTHBHYI0 naMATh). ECAH MOMCK Heylaven, Mbi liMeeM 0aHY
H3 CACAYIOUIHX CHTYaUui:

1 ki << x < Ripy AN 15 i=<{m. Mp OPOAOEMAEM NOHCK HAE
crpanuie p;t,

2. kp << x. Tlonck mpoaonkacTea Ha cTpavule pmt.

3. x << k. Touck npogoaskaercs Ha cTpanhtle pot.

Ecan B KAKOM-TO Cayuade CCRSAKG PaBHA nil, T. €. AeT cooTeer-
ETBYIOMIETD NOTOMKA, TO JAEMEHTA ¢ KJHOYOM X HeT HO BCeM Je-
peBe B BONCK 3aKanvyHBacTCw.

K YARBACILHIG, BHJAINCHHC B B-ﬂepcﬂo Tadinie DMHOIHAETLR
CpABHUTCABHO NpocTO, Eeau sneMenT BCTaRIfeTC B CTPaHHUY,
COROPHALIYIO M < Zn 2NEMEHTCR, TO nNponece BRAWOUEHHR orpa-
HHYNBaeTCq 9TOH C'l‘p&HHu@ﬁ‘ JIMUIb BENMYenHe B yAHe 34N0AHeil
HYIG CTPRHALY BJAHAET 1& CTPYKTYPY ACPCBa H MOMCT BLI3BATL
noasacitHe NOBHX cTpanimi, YTobl noHATb, UYTO IPOHCXOAHT
8 3TOM caydae, paccMOTpuM puc. 4.47, na KOTOPOM NOKA3uHO
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BEAMEHNe Kaoua 22 8 D-gepeBo nopraka 2. Oup coctodr 3
CNCAYIOULHX BT AMOR!

1. BuiAcuaetca, uro ka4 22 oreyrersyer. Brawouedoe B cTpa-
Hitny C HeBO3MONHO, TaK KaK { yxe 3anonHeHa,

2. Crpannua € paclUemIfeTca Wa 8¢ CTPAHAUM, T. €, Da3Me-

1,aeTes nopasd crpanma .

Konuueerso m 41 xouefl noponny pacupepenneres #a C

¥ D, a cpegsdil KAy NepeMeNiaeTCA Ha ORUl YPOBEHb BBEPX,

Ha crpadkuy-nipegka A. '

Lz

D71a pechbMa »IEraHTHAR CKeMA COXPAHART BCE OCHOBHBIC CBOMH-
ctBa B-pepesses, B 4acTHOCTH, TPH pacuienneHHd NOYIAOTCH

A [20 A {2030

¥ — ) .
[7 10758} [26303540] [7 1015 18] [2226 ] [3540 |
B ¢ 8 3 D

Puc, 447, Braowense xmova 22 8 B-nepepo,

CTPalIL, ¢OACPHIAILNC POBHO A ACMEHTOD, PasyMeeTcA, BRAIO-
YEHHE PNeMCHT2 B CTPAHNLY-NPEAKA MOMCT BHOBL BbI3DATH Mepe-
MOJHEHUe 3TOH CTPAHIUL!, UTO NPHREART K JUCHPOCTHRHEHUQ pac-
wenaenus. B 3KCTPeMAabHOM CJV4A€ OHO MOMKET PacipocTpa-
HHTLCR 10 KOPHAR, JTO Ul €CTh GAHHCTRCHHBI cayyal ypeandenuq
suicotel B-aepesa. Cregosatensho, B-nepeso pacrer ctpauHbiM
CHOLODOM: OT JUCTHEB K KOPHI.

Tenepb Ha ocHOBE 3THY NPHONMIATEABHBIX ONHCAHHN MB pas-
paGoraem ZETAALHYI0 HpOrpaMMy. ¥Yike ACHO, 4To 3HeChb AYulLe
pcero nogofiier pexyperBras (POPMYSNHPOBKA, TAK KAaK NPOUCec
paclefiiedn MOMET PaclpocTPaHATLCA HA3RA BISAR NYTUH NO-
neka. OO0WAS CTPYKTYpa OporpaMMbl 0y0eT CXOAHA CO CTPYETY-
pofl NPorpaMMel BKAOYeHnsl B cOanaBCUPOBRHHOC HEpPeBo, XOTH
JeTaditl 63-’,3,}"[‘ OTAWRYATLCH, )

Ilpexcae Bcero my=:HO CPOPMYRUEOBATL OMHCaBHe CTPAHMLB,
Mpl puifBpaeM pacniofoyKeHte 2.7eMeHTOB B BHIE MacCHBA:

bype poge == record wr! index;)
P02 ref; (4.81)

e: arreyll . mn) of jfem
end .
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rae

const nn = 2xn;

type ref = 1page;
index = 0..m

type item: — record key: integer; ,
P ref; (4.52)
count: integer

end

3Aech BHOBb KOMWOHEHTA ¢OWUN 3aMEHAST BCEBOIMOKIIYIR
NPouyio HHPOPMALKIO, KOTOPAs MOMKET OuiTh CBA3AHA ¢ KAMKABLIM
3/1CMEHTOM, HO He HrpaeT HHKAKOH POAM B CAMOM [polecce Mo-
HeKa, 3aMCTHM, YTC KaMAaA CTPaHHOA COASPHKHT NPOCTPAHCTRO
AJs 2n 3nemedToB, [lone m yka3biBaeT, CKOJIBKO 3/1€MEHTOB pas-
MellleHo B AeficTBuTeInAOCTH. Tlockoasky m 2= n (33 HeRAwMe-
HIEM CTPAHHULI-KOPHA), HCNOJAb30BAHHE HAMATH TdPAHTHPYETCS
no kparineil mepe na 50 %.

AaropuTM TONCKa ¢ BRAQUeHHeM no DB-aepeBy sasaserca
QaACThio MpOTpaMMe 4.7; o4 oGopMIeH B BHAe NPOLey Pl search,
Ero ocuoBHAR CTPYRTYDPE NpOCTA 0 HANOMHHACT CTPYKTYPY TpO-
CTOr0 NOHCKA Mo OHHapHOMY Acpesy, ¢ TOf pasHuiledi, yto 1afb-
neiluté NyTh BHIOHPAeTSH He M3 JBYX BO3MOXHBIX Berpeil
BMecTa 9TOTO «IIOHCK BHYTPH CTPaHHIB>» opopmaer kak GHHap-
HBIf fIOHCK B MacclBe.

AnropuTs BKIIOUEHHA ¢hOPMYAIPOBAR B BLiJe OTICABHON NPO-
LCAYPH JHILE A5 ACHoCTH. 3Ta npeiledypa Bbi3bBaeTcd Mocae
TGO, KaK szarch YKA3HBAET, UTC 3JICMEeHT HVKHO nepe;‘za'rb BBEI')X
N0 NepeBy (B HANpaBAeHHH K KOPH0). AAf vKasaHHA HCNOb-
aveTes Oya2BeKill napaMeTp-pe3ybTaT A, OH HTDAET PONh, T0-
nobnyio A B anaropHIMe BKAIOUeHNR B cdanaliclipoBanHOe Lepeso,
ide o coofluiaer, 4To N0JJepebd BHPOCAo., Ecan A HCTHHHG, TO
BTOPOR  TapaMmeTp-pesydbTaT o IpelcTaBifer nepelaBacMblii
Brepx zaeMedT, QTMeT!M, YTC BKJIKUEHHe HAULHAETCA ¢ FHIOTE-
THYECKHY CTPaMHL, @ IlMEHHO <«CHCHHANBELIX Y3J0B» (oM.
plic. 4.19); uHoBRII AeMeHT CPasy GTNPABAALTCA UENE3 HapaMeTp
11 132 CTPAHRILY-TTICT 478 BRAYeHHa. HabpotoK cXeMbl NPrBeREH
B (4.83).

Ecan nocie Bpi3oBa search B OCHOBHOH NMpOrpaMMe AapaMmcTp
h veTiden, 3T0 03HAyaer paciienaesue crpaHuup-kopuda. [lo-
CKONBLKY 3TA CTPanlila HrpaeT ocobyid poldh, UpoUece HYHHO
S4NPOrpaMMHUpPOBATE OTJAeNBHO. OH COCTOUT W3 pasmelleHdd Ho-
BGH KOpHeBOH CTpaHUUS! H BRKAYEHHA B HEE OLHOFC 3AEMEHT4,
nepepakiore yepes mapamerp . C/AeaoBaTeNbHO, HOBAaA CTpa-
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procedure search(x: integer; a: ref; var h: boolean; var u: item);
Yegin if o = wil then
begin [x Hem 8 depese}
Hpuceoentie 3HaveRuA X IAEMEHMY H, YCiaHoeKa 1t 6 lrue,
YKazLigas, WNe 32eMeHnt i nepecaemict Geepx no oepesy
end else
with a1 do
begin (nouck x na cmpanuye at '}
DGOUUMBIEL NOUCK 8 MACCHEE,
if Halidero then
Yeaquuenue cuemuyra nOgeAeHIl 1aemenma else
begin search (x, nomosor, K, 1)
if A then {nepedaua sgepx anemerima 1}
if (uucao anemenmos Ha at) < 2n then
araiodene u ¢ cmpanliyy al u yemarioeka i @ false
else pacujenaentie cmpanuybt 1t nepedaua seepx
CPEGHE20 IeMEHING
end
end
end

(4.83)

HHELA- KOpéHb COﬂ.eszHT TOABKSG OAlH ZMeMcCHT, ﬂeramr MQOH RO
NoCMOTpeTh B Mporpavse 4.7.

Ha puc. 4.48 nokasan pesyaprar paforw uporpaMMer 4.7 np
NMOCFPOCHIH D-gepesa €0 cedylowlesl  NOCICA0BATNbHOCTHIO
BCTARJIAOMBIX KAWLl

20; 40 10 30 15; 35 7 26 18 22; 5; 42 13
16 27 8 32; 38 24 45 25;

Touke ¢ 3anaATell yRasnBaoT MOMEHTH PAsMCLUICHNA NOBLX CTPpa-
i, Bralouerne nocJeHero KI0YA BbI3LBAET J1BA PaclielieH s
H pasMelleHHe Tpex HOBEIX CTpaHull.

O1meram ocolyio POAL B ITOH RpOrpaMpe ONEPaTOpPa NPHCO-
eannenun with, 2to suaaoe yxue o {4.83). B pepsyio ouepeny on
O2HAUAET, 1TO BHYTPH ONEPaTOPa, Neped KOTOPLIM CTOHT COOTBET-
CTBYIOLUNE  33TOJOBOK, WIEHTI(QHKATOPL KOMNOMCHT (moJeti)
CEpakMUb  IBTOMaTHUECKH OTHOcATCH Kk erpamine al. Ecan
peanbHO CTPAHHLbLI Pa3MellaloTcA BO BHEltHed NaMATH, YTO, pa-
IYMEETCA, Heoﬁxoﬂnmo D Q0JABUINK CHCTEMaX faHKos AAHHELX, TO
onepatop with JIononputesnpHo O3HAYAeT [MEpeiavy VKaszanHoH
CTPAHAIS B ORCRATHBHYIO MaMATs. [osToMy Kamioe obpautente
K search npeindnaraeT pasMelieHue B ONEpPaTHsHON NaMATH
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OZHOU CTpaHHLDLL, BCCTO JHC 1E00XCAHMO camoe Goqbplce £ ==
= log, N pekypcusHux ofpailentifl. CneaosaTeapHo, ecan xe-
PeBO COMEPAT N 2NeMEHTOB, MK AOAXKHH HMETH BOSMOKHOCTDL
[A3MECTHTD B ONIePaTIBROA NaMATH k cTPAHIN, DT0 HAKAAAWBALT

8
(o)
10 15| (30 40 |

te)

7 1015 18] [22

26 ] [ 35_ 40 |

{d}
f'5 7 |15 18] [ 22
te) i 10 20 30 40
I—Ef—?ﬁsmi [22 26 27| [32 35 | [92 45 |
{f)

A
8113 15 18] [ 22

Pie, 4.48. Poct B-aegens ropuiks 2

[ 75

24 | 26 27 |32 35 agl]42 45 46

orpaHHycHHEC lia pasmep crpaniub 2n. Ha camom dese wam
Y0 IMETh BO3IMOMHOCTD PAa3MeCcTHTL Jaxe OOJblLIe, 4YeM
k cTpanul, TaK KaK BKJAYEHHE MOIKET BH3IBATLH HX pacliefsicHHe,
EcTectBento, YTo KOpHeBY10 CTPAHHIY Aydlle NOCTOAHHO XPaHHTDL
B GiepaTHBHON maMATi, MOCKOIBKY KaAL NOHNCK BCerga Hayu-
HACTCA ¢ KOPHA.

Eile oaMo nosomuTensHoe KayecTBo D-AepeBbeB — 3To nx
YA00CTBO H IKOHOMHUYHOCTE B CIyHAE YHCTO MOCASAOBATEALHOMD
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M3xEHeHNA Beero Canka aannuX, [Ipu oT0M Kakaas crpanuuna
BH3LIBA€TCH B OHEPATHBHYIO N&MATL POBHO OIUH PA3.

Yoa.tenie 3NeMeHTOB B3 D-depesd oueHb HpocTo B OGUILX Yeu-
Tax, HO CI0KIO 3 leTadasx. Mbl MOMCY DLIACAHTL B2 PAIANY-
UBIX CYTIAf:

1. DaemedT, I‘LU'[O'pbllul HY AAHO YAAJIHTE, HAXOZNTCH HA CTpaniig-
ARCTE, TOIa aArcpiT™ YiadeHHA NPpOCT H OYEBHICH.

2. I1or saement ue ug CTRRUUUS-JHCTS] TOCAE CTO UYIHIQ 3aMe-
HETHL bBa OAHR WAl 3Ba HEKClIKOFpaQ‘!HlIECKH CMEeRHBIN e
MEHTd, KOTODbIZ HAXOIATCH HA CTPAHHUAX-MUCThIN H KGTOPHE
JAerke yAaJNnTh,

B cayyae 2 nonck cMemHoro KaWdAa aHAJOTHYEH OOHCKY
TAKOTQ e KAua NpH yiaaaeHEH n3 Ounapnelx hdepesnes. Mu
CNYCKAGMCS [0 CAMBIM MPaBLIM YKAIATSAAM BHU3 K JuCTYy P, 3a-
MeHseM YRANSeMBIT SMeMEHT Ha caMuill npassil anesent P u sa-
TeM VMeHblIaeM pasmep P na 1,

I3 moGom cayyae MOCe yMEHBUICHIN pasMepa HYWHo Rpose-
PUTE MHCAC SMEMEHTOB #i Ha YMEHbLUGHHOH CTPRHIILE, TAK Kak,
cean m < n, Oyaer HADYHIGHO OCHORHOe C¢ROHCTBO B-tcperpes,
Ecay 9T0 NpoH30LEN0, RYMHHO COBEPILMTE HeKoTopLle LCNONHY-
TedbHbe JelCTBIA; 3TO yC10BHe Hedocratia o0ushazaercd Oy-
ACBCKOi NCPCMCHIICA-NapAMCTPOM A,

Eauncrteennnit BHIX0D — OAOMUKHTE 1M OTOSPATL 2AeMEHT
¢ oddHofl H3 coCeNHAY CTPaHUL, 4 HOCKOALKY 3T0 Tpedyer Beisopa
cTpanlUE @ B ONCPATHBHYIO NAaMAThL— OTHOCHTEALHG A0POro-
CTOAMeH ONEpPanRK, — TO Mkl NONLITAEMCA HAUAYYWHM obpasoM
BOCMOJL3EBATLCA 3TOR HeKeAaTeABHON cHTvannell H zabepewm
¢pazy Gosplue oanoro sdededta, Obuudo zdeventst P Q mo-
POBHY pacrpeieqdlores Ha ofie CTPAHUIE. IDTO HA3LIBAETCA Oud-
AUHCUPOBEON.

PasyMeercs, MOMET OKa3aTbeA, HTO ¢ @ Heiab3A 3abuparh
9JeMEHTDl, TAK K&K CHA TOIKe Yie TOCTHIAR CBOEeTD MHHMAMb-
Horo pasmepa #. B stoM ciayvuae obniee witesao 3jdemeHToB Ha £
1 panio 2n— 1, # Mul MOXeM CIR1b 3TH AB2 CTPALEUL B OAHY,
p0064aBHB CpeAll 3ACMCHT CO CTpasuuu-iipeska P 1 (), a satem
MOMEeM [I0JHOCTBIO PAaCHogaarati ¢Tpagunci Q. 3710 —- npouecy,
B TOuHoeTL ©0paTHEI pacumienyennio erpannn, Ero smoxuo na-
Gao4ath, paccMatpuBaa yiaaledile Kious 22 ga pic. 4.47,

VaaneHile ¢pelHero K11o0ua Ha CTPAHHIE-ADe Ke MOMKEeT BHOBL
VYMCHLHIHTD @€ DasMep Hiale 10nycTHMOfl rpaduuu £, Tpedya Tem
caMblM  1aaslefHINX  CHCUEAJLHMY Mep  {GanaucnpoBri  Wau
canAHaA} Ha Gogee BHICOKOM ypoBHe, B axerpemannbHOM ¢ayuae
cAusHHE CTPAHHL MOMET PACOPOCTPARHTECH MO BCEMY TVIH
K KopHiIo. Eciy xopeHs vMmeHbliaercs (0 pavepa 0, oH via-
ANETCH, YT0 BHI3biBACT YMEHDLICHKE BHCOTH B-aspesa. D10 civd:
cTBeHHER ¢ayuafl, xoraa phicoTa B-acpeba MOMKET yMEHLILHTLCA
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Ha puc. 449 nokasan noctenenunidl pacnaa bB-aepesa
¢ puc. 4.48 NpA NocNeAOBATENBHOM YARJIEHHK KAKYel:

25 45 24; 38 32; 8 27 46 13 42; 5 22 18 26;
7 35 15;

Toukn ¢ 3anaTot CHOBAa YKA3HBAOT MECTA «CKAUYKOB», T. €. OCBO-
BOMILHHA CTPAnHL. AATOPUTM YIAAEHHA BKJIIOUEH B NPOCPAMMY

{a)

131518 [2224 | [2627 | [323538) [424546¢]

(=] 1022 3040

9
fs 7 8 J[13151820] [2627 1323538 |[4248 |

{c} 102230

|

[67 8 [(3i51a20] [627 | B5404248)

26 303540

{710 | [203G 35 40]

(n  H0203040

Puc. 4.49. Pacnaa B-aepesa nopsaxa 2.

4.7, OcoGeHHO NPHMEUATEIBHO €70 CXOACTBO € AATOPHTMOM YAa-
JieHUd U3 c6aNaHCHPOBAKHOTC NEPeBa.

Hcuepnpigaomini  anaius cpoficts  DB-gepesBbeB  BHIOAlICH
B cTathe Bafiepa u Max-Kpefita [4.2]. B uacTHOCTH, B Heil pac-



program Brree(r‘npw,oufpm) :

tnouck, exarouenye 4 YOasenue @ EB.oepese)
const n = 2: py

4. pasmep cmpantiyor }

type ref = 1 page.
ftem = recorg key:
Pl oref
count:

integer;

integer;
end ;

page = record m:
PO: ref;
€ array [{

¥

-y fuucao 3aeMermos )

o« o) of ifem;
end

yar root, q. ref; x: fnreger;

h: boolegn; - :
procedure search (. integey: g ref, var h: boolean; var v- item);
{Touck kmova x g 5.9,

Pese ¢ koprem a; eciy Haiiden, yeeauvenye
CYermuKg, Uunaue g

Nenue & depeao raemenma C KNOYoM x 4

Ypoeery, npuceoumy,
var klr. integer;
Procedure insers;

Yar i integer: b ref:

vegin {ax1104enye U chpasq om gt. elr])
beginif m < , then

begin m :— m&l;h .

== faise;
for i := 4y dowoto r4.2 do eli] 1= efli—1);
(?[f'“i“]] ==y
end else

begin { CMpanuya gt gy

Oanena; pacwyenume ee y hpucaotims
no;’)"c'eﬂﬂblﬁ' e

MERNT V) new(b);
itr < p then
begin it r — ,, then v ; = 4 else
ibegin Yo e[n];
for ; . n downto r1+2 do eli] := ei—1];
efr+1] :—= 4
end ;
for ; .

= 1tendo bt.eli} = at.e[i+n]
end else

begin {exmouepy, |, 8 nepayio cmpanuyy)
Fo=r—n; p.= e[n4-1]:

o r—1 do bf.efi] 1= aleli-tnt11;
bliefr} 3= u;



for i := v+ 1¢0 1 do 3}.elf] 1= al.efi+n)
end ;
m = n; btam == n; bt.p0 =0 .p; v .p ;= b
end
end {with}
end {inseri} }
begin [ nouck Kawoua x Ha cmpapuye al; h-false)
if @ == nil then
begin (2aemenma ¢ Katovom x Hem ¢ depeeel i i — frue;
with v de
begin key ;= x; comnt ;== 1; p ;= ni}
end
cnd else
with a1 do
begin /1= 1; r 1= m; {deounnuiit notck 8 maccuee)
repeat k := ({+r) div 2;
if x << e[k} .key then p 1= k—1;
i x > clk] key then I ;== k{1,
wtil 7 < J;
it /-7 > 1 thea
begin Haideno} elk] .count (== efk] .count + 1; k 1e= jaise
end else '
Yegin faremenma nem na MOl empaniye}
if r == 0 then g = pO else g 1= f] .23
search(x,q,h,u); i b then insere
end
end
. end [search} ;



‘procedure delete(x: integer; a: ref: var h: boolean):
{nouck u yOanenue xmova x é b-0epeee a; ecau na crpanutfe
HE Xeamaent 3AeMeRmoe, Mo Ganancupoera ¢ cocedred cnmauuqeu,
ECTU MO BOIMONHO, HHAYE — CAUAHIE,
B = qHA CPpaRUYE a He XBAMIAENT 3AEMEHMOE» |
var ik, lLr: integer; q: ref;
procedure underflow(c,ax ref; s: integer; var h: boo!ean),
{a-crpaniya © Hexeamxol, c-cmparuya-npedox |
var b: ref; ikmbmc: integer;
begin mc := ¢t.m; {h = true, atim = n—1}
if 5 << mic then o
begin {b := cmpanuya cnpasa om ay s 1= s+1;
b= eles).p; mb = bim; k := (mb—n+1) div 2;
{ k-uucno snesMenmos Ha cocedneii cmpanuiie b
at.eln] := cl.elsh; at.eln] .p 1= b1.p0;
if £ > 0 then
begin {nepecovraxa k 3semenmos.c b na a) ,
for i ;=1 to k~1 do aj.clitn] := b}.€lil3
ctels] := bl.ekl; cl.els] .p:= b
5t.p0 = bl.elk] .p; mb := mb—k;

for i ;= 1 to mb do bl.eli} := bt.eli4-k];
bim = mb; alm i= n—14k; h = false
end else

begin- {cnuanue cmpanm; au b] |
for.i == 1 to n do at.oi-tn] := bi.ell;
for i := 5 §6 mec—1 do cl.eli] := c}.eli+1];
al.m == nn; ¢l.m ;= me—1; {dispose(b)}
he==ct m<n
end
end else
begin {b :=cmpanuye creaa om &)
if s = 1 thes b := ¢].p0 else b 1= cl.efs~1] .p;
mbh = btm - 1; k := (mb—n) div 2;

itk > 0 then
begin {nepecamxa K snemenmoe co cmpanuga b na a)
for i ;= n—1 downto 1 do at.efi+k] := aleli;

a}\e[k} = ct.els); atelk] .p i= al.p0; mb 1= mb--k;
for i ;= k—) downto 1 do at.e[i]:= bt.eli+md);
at.p0 ;= bl.dmb} . p;
ct.els] ;= btl.elmb]; ct.els] .p 1= a;
btom := mb—1; af.m = n—14k; h 1= false

end else

begin (crusnue cmparuu a u b}



BY.elmb) := ef.elsl: BY.elmb] .p 2= ab.p0;
for i ;= 1 to n—1 do bl.eli+mb] := at.efil;
bl 1= mn;. ctom 1= me—1; {dispose(a)}
hi=ct.m<n
end
ond
end {underflow} ;

procedure del(p: ref; vac h: boolean);
var q: ref { za00aqbKbi0 Q, Kk}
Yegin
with pt do
begin g := ¢[m] .p;
if ¢ = nil the
begin del(g,k); it b then underflow(p,q,mh)
end else .
begin pt.efml .p = atl.ek] .p; al.efk] := pl.en];
mi= m—1; k= m<n
» end
end
end {del} ;

begin {delete}
if ¢ = nil then
begin writeln (KEV 1$ NOT IN TREE); fr 1= falve
end else
with g1 do
begin [ := 1; ri= m; {Osouunstit nouck 6 Maccuse}
repeat k = (/4-r) div 2;
if x << elk] key then v := k—1;
if x > efk] key then ! ;= k+1;

witl [ > #;

if r==0 then g 1= p0 else g 1= elr] .p;

ifl—r > 1 then _

begin {naioer; menepo ydasenue efk]}
if ¢ = nil then

begin { a-mepmurasokan cmparuyal m o= m—=1) b i= m<n;
for [ :== k to m do efi] ;= ¢[i+1];
end else
begin del(g,h); if & then underflow(a,q,r,h)
end
end else
begin delete(x,0,h); if k then underflow(a,q,1.h)
end
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end
end {delete} ;

procedure printtree(p: ref; It integer);
Yax i: infeger;
begin i€ p 5= nil then
with pt do
beginfoxr i .= 1 to J dowrite(’ )3
for § =1 to m do write(e[ilkey: 4):
writeln;
printtree(p0,14-1);
for i := 1 to m do printireeleld] .p, 1+1)
end
end ;

. begim root 1= nil; read(x),
while x == 0 do
begin writeln(sEARCH KEY, X);
search(xroot,hu);
if 7 then
begin (axarouenue #ogol KOpHeaoii CHparibr} ¢ 1= pool; new(root)
" with roor} do
begin i 1= 1; p0 1= g; efl] i= u
end
end ;
printtrec(root,1); read(x)
end ;
read(x);
while x 32 O do
hegin writeln('DELETE KEY", X))
delete(xrooth);
if % then
 begin [ ymenven pasmep ropreeoit cnpariysr}
frootlin = 0 them .
begin ¢ 1= root; root == q1.p0; {dispose(q)}
e.'llll .

el ;
printtree(root,1); read(x)
nd

[Tporpamma 4.7, Tlonck, BxAOYeHHe 1T yaaleHne r B-pepese.
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CMATPUBAETCH BOMPOC o ONTHMaJbHOM DPa3Mepe CTPAHHLM 7,
KOTOPHIE CHALHO 3aBHUCHT OT XADAKTEPHCTHK MAMATH U BLIYHCIIH-
TCALHOA CHCTEMbL.

Bapuauns cxemol B-nepeBa o6cymaatorcs B khure Kayra
([2.7], 1. 3, ¢. 567—570). Oano BarcHOe 3aMeuaHne 3aK/OYaeT-
C5 B TOM, YTO pacllienJieHHe CTPAHHLE! CAeAYeT 3aNePH(HBATL TeM
ke cnecofOM, KaKWM 3ajlepxHBAeTCA CAMAHHe CTpatui: GanaH-
CHPOBKOfl coceaHnx cTpanni. OcransHble npeaaaracMule yayylle-
HHA, TO-BHAHMOMY, HC AJI0T HHYETE CYILeCTBEHHOTC.

4.5.2. Busapnuie B-gepesva

pz‘tSHOBHLU[DCTb B-nepcm,cn, KOTOpAaAa KajieTCa HauMelce M-
TepecHolf, — b-aepeses ttepsoro nopaaka (n==1). Ho uuoraa
c10UT OGpaTHTL BHUMAaHUe A HAa 3TOT cavdail, $HlcHo, 0AHAKO, 9TO
B-aepeBbsi nepsoro nopsiks OecnogesHbl AfS OpesCTABJIEHHA
GoTbRX, YROPAAOMCHADIX, HHACKCHPOBARIILIX MUOMECTB AAHHbBIX,
TpebyliIuX BHeldxed namMATH; NpuMepHo 50 9% scex cTpanuy Oy-
AYT CONEPKATH TOMLKD OAMH 3jeMeHT. Tloatomy Mul 2advaem o
BHelHel] HaMATH W BHOBb PUCCMOTPMM A€PeBbH NOHCKY, pacio-
NOKEHHBIE B OREPATHENOL NAMATIU.

Bunapnoe b-zepemo (BB-nepero} cocront u3z yanos {cTpa-
L) ¢ OAHHM HAH ABYMA sdemenstamH, CleaoBaTenbHo, CTpa-
inNLa COTEPUT ARE WIH TpW CCHUIKH Ha NOTOMKCB, OTCHOAA Tep-
MHH 2—3 Jepeso. (CorjaacHe onpepedcHuio B-gepesbeB, Bce
JHCTHA HAXOZATCA Ha OAHOM YPOBHe, a BCe HeTepMUHaAbHbLE
CTPAHUEL, B TOM YHC/Ie KOPeHb, 1IMEIOT ABYX WIN TPeX TOTOMKOB,
[lockonbRy Teleph MLl HMeeM Aend TOJNbKe ¢ ONepaTHBHONA ma-
MATBI, TO OGA3aTENLHO ONTHMAJABHOE HCNOALICBAHHE MAMSTH,
HO103TOMY WPeACTABJCHHE 2eMEHTOB ¥3ja B BHAe MAaCcCHBE 3eCh
He noaxodnt. AAuTepHaTHBA 3TOMY — AHHAMHHECKOE, CBA3AHHOE
pasMelieHne, T. €. BHYTPH KaXAOTO y31a HMEETCA CBA3IAHHMLIH
CNUCOK 3JeMeHTOR AAWHOH | HAH 2. TlockonbKy Kamawild yszed
MeeT He GoJee TpeX NOTOMKOB H II03TOMY AOMKEH COAEPHKATh
caMge Goabluee TPH CCHAKH, Mbl RONBITAeMCA RKOMOGUHHDOBATH
CCLIJIKH Ha TOTOMKCB I CCHAKH B CHHCKE S/eMenTOBR, KaK NoxKa-
2ano Ha puc. 4.50. Tem caMmuiM y3ea D-fiepeka Tepser crow ie-
JAOCTHOCTE, W 3JEMEHTH BHINQJHAIOT PGB Y3JI0B B OOWUHOM OH-
HapHoM aepese, [10 HeoGx0ANMO pa3fHYaTh CCHIAKA Ha MOTOMKOB
(BCPTITHAJLALIC) H CCHINIKH Ha <«GpaTeeB» — 3AeMENTHl TOH e
cTpannu (ropu3aofraieueie). [1ockoanky aumb cCblAKH HARPaBo
MOTYT ORITh TOPH3OHTAMBHLIME, N4 YKA3aHHA ITOTO PAIRHYNA
AOCTATOMHO OaHOro paspsga. [losTomy mu BeBOAuM Gynesckoe
nore h, QEKCHpYIOUIee <TopH3oHTaAb». Onuacanuwe ysia Lepesa,
OCHOBAHHOE HA TAKOM IpelcTaBiAeHHH, AaHo B (4.84). Ouo énno
npeanoxeno P. Bafiepom [4.3] B 1971 r. [epesbs mowucka, no-
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CTPORHbIE M3 TAKUX Y3J0B, F4PAHTHPYIOT MAKCHMANLHYIO ANMHY -
nytH p= 2. [log N].

type node = record key: integer;
Ieftright: refs (4.84)

k. boolean
end

Paccmarpueas npobiemy BKAIOUEHHS, CAeLyeT Pa3juyaTh ye-
THpe BO3MOMKHBIE CHTYalHH, KOTOPBIE BO3HHKAIOT NPH YBe/aHue-

o
o

A
-

Puc. 4.50. Ypeacrasienve yazoe BB-nepena.

HHH MIEBOTO MAW NPaBOT0 MOLAEPEBA. JTH YETHPE CAYMAA NOKa-
sanw Ha puc. 4.51. Bemomuum, wro B-gepesrs ofBaanator cpofi-
CTBOM PAaCTH OT AHCTLEB K KOPHIO H YTO HYIHO CAEAHTB, YTOOBLI
BCE MHCTBY GCTABAMNCH HA OJHBOM YpPOBHe,

Campil npoctofi cayuait— 310 (1), KOrZa pacrer npagoe
nogaepeso ysna A 1 goria A — eAHHCEBERHLIl Ka10d Ha (rHimo-
TeTHuecKol) cTpannue. Toraa noToMoK B fApocTe CTaHoBHT A
6])3‘1“{‘.'?\'1 A, T, B BEDTHKAJIBHAA CCHLIKE CTAHOBRTCA TOPH30HT8.-‘1b-
Hoii. Taxoii NpocToit «HOABEM» NPABOI BETBY HEBOIMMIKEN, ecau A
yxe uveet 6pata. Toraa Msl noayyaeM CTPaHHUlY € TpeMs y3Ja-
MY B AOAMIG paculennTh ee (cnyuall 2}, Ee cpeannit yzea B
nepeaeTces Ha Oanxallwki 6onee BHICOKHH YPOBeHbD.

Tencps MpeanoAcHUM, STO YBEAHYHAACH BHICOTA JeBOTD RO4-
zepera ysaa B. Ecau yaen B cHOB2 ofMH Ha cTpanuile (cayuail
3), T. e. ero npasas CcHAKAa yKa3blBaeT 11a NOTOMKA, TO JeBae
noasepeso {A) momxer crath Gpatom B. Iviken npoctoft moso-
POT CCBIJIOK, TAK KaK JCBAA CCRIAKA HE MOXKeT OLiTh [OpH3OHTA b~
uoit. Ho ecri B yxe nueer Gpara, noiwem A Jaer crpanuny
¢ TpeMd yajnaMmu, 4ro TpedyeT paciiengeHHd. JTO pacliemnenie
BRNOJAHAETCA ouenb npocTe: £ CTAHOBATCS 1TOTOMKOM B, KoTopnil
noaRvMaercs #a Sammaimuil 6onee BHICOKUN yposeHB (cayuait4),
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"

Caeayer 3aMeTHTh, YTO OPH NOHCKe KAaK42l HeT ocoGoli pas-
HiWbl, ABHrAEMCA M5 HO TOPH3OHTANLAON HJH BEPTHKANbHOMN

! |

a b G a

(3
a

R .
|

W () 0*“’ O (r)  (c)
' c d a}‘%b c d a bec d

cepsake, [MosTomy 3a607a 0 TOM, UTOGHL NeBas cCHIVIKA B caydae 3
CTAHOBMAACL TOPHIOHTANLHON, XOTA CTPAHHIA MO-(IPEKHEMY CO-
AEPHKUT He OoNee ABYX y3i0B, Kamercs waaymanuod. lefcTBu-
TEJAbHO, AATOPHTM BKJAQUEHHA NPOABAACT CTPAHHYI0 aCHMMETPHIO

Pue. 4.51. Bwaouende yanos B BB-mepeso.
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OPH yBEJHYEHHH POCT2 JIEBOFO H NPABO0 {I0RLPEBLEE, NOITOMY
opranisauun bBb-nepera xamercs HeCKOARKO _HCKYeCTBEHHO.
Y Hac Her «poKazaTesqbcTB» HEOBBIUHOCTH Takell oprannzaiiy,
M JVIMIUB HHTYHUMS FOBUPHT HAM, YTO 34ECH €UTC-TG HE TO», H HAM
caenyeT H3GABHTLEA OT TAKOH aCHMMETPHH, 3TO BeleT K NOHATHIO
cummerpunnoeo Gunaprozo' B-depesa (CBB-pepepa), kotopoe
Taxxke 6wno npepioxwenc bsftepom [44] B 1972 r, Takoe na-

s @\
" e A R

o | O
e
j (8)

,@ FRe AR

CTPOCHHE A4€T B CpedHeM HeCKoabko OoJsiee sdderTuBHble fe-
peBbA TOHCKA, HO &JITOPHTMBI BHAIGUEHHS H YAANCHHA TIPH 3TOM
HECKOAbKO coXHee, KpoMme Toro, renepe KaxXawli yaea tpeGyer
ABYX paspagoB {GyAeBckue ncpementsie A rh) AAs ofo3naue-
HHS NPHPOAH €0 CChIAOK.

[MTockoJsky MH cOGHpAEMC RETANLHO OCTAHOBHTRES HA NPOH-
JeMe BKNIOYCHHH, TO HaM Hajo elle pa3 ONpejesHTb pasaHuils
B yYeTHIpeX CAYYaAX pocTa nRomAcpepbeB. Onn  NoKazauwsl Ha
puc. 4.52, Ha KOTOpPOM HarAAAHO BMAHA NOJYYEHHAA CHMMETpUA,
3ameTum, UTO BCEMRA, KOFAA PACTeT NOAAepeso yana A, He WMelo-
mero 6paTheB, KOPeHb 3TOMG nMogjiepeBa CTAHOBHTCH OGpatem A,
D107 cayualt He RyXAAETCA B JaabHefitleM o0CyXKECHMUH,
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—

Hetwipe cayyas, npeseAciinie Ha pHc. 4.52, narioctpupywot
pepenroJHeHte CTPAHHLL H MOCAeAYIOIee ee pacliencHie. Ouu
oTMEUeHE B COOTBeTCTBHH ¢ HANPABACHUAMH TOPH3OHTANbHEIX
¢CLL0K, CBASHIBAIILKHX Tpex 6paTbeB HA DHCYHKAX B CpeiNeM
croabue. Hexoanas cHTyalua noKasana B JepoM cToable, B cpens
pey croafue nogaszaHo, 4TO y3eJ, HAXOAAWHACA BHH3Y, NMOAHH-
MAETCA ¢ POCTOM DOAREDeBA, HA PHCYHKAX BpaBOro cToabua no-
1433H Pe3yAbTAT IEPECTAHOBKH Y3J0RB NPH DACUIENIeHHH CTpa-
HIILBL.

HKeaatenopuo Gonblle He BO3BPAllATECA K MOHATHIO CTPAHHN,
1i OCHOBE KOTOPOTO pa3pafoTaHa 3Ta OPraHM3alHA, TAK KAK Bee,
F'1EMY MM CTPEMHMCA, — 3TO OTPAHUUHTLE MAKCHMANLHYIO AAHHY
IVTH TIoMcKa 3HavenneM 2-log N, Jlaa 3Toro HYXKHO TOMBKO,
utofbl HUCAE Ha NYTH NOHCKA HE BCTpPeYalHuCh ABe MOCJAS40BA-
FeibHEe TOPH30HTAaAbHEE CCHUIKH, Ho Her npHYn#m sanpeuiars
J1006e ¥3A6 ¢ FOPH3OHTANBHEIMH CCBLIKAMHE HaJeBo W Rallpano,
Iosromy Mot onpeaeiseMm CBB-aepeBo Kaxk AepeBO Co chAedyio-
HIAMH CBOACTBAMM:

1. Kamnoifi ysen cofep:HT OAUH KJAW04 M He Gonee ABYX nod-
AepeBbeR (CCHOK).

2 Kaxnaaa echiaka AxbO TOpH3oHTanRH2A, AH0D BePTHKAABHAA.
i Ba KaKoMm fyTH HOKCKA HeT ABYX NOC/IeAOBATEALHBIX TOPH-
30HTAJBHEX CCBLAOK.

3. Bce tepMuHaAbHBle y3abn (yafbl, He UMelOUlHe MOTOMKOB) Ha-
XOAATCA Ha OAHOM (TepMHHAMBHOM) YpOBHE.

13 storc onpepe/ieEHAa CcACKYET, 4T0 caMblil RAHBHHA NyTh NO-
mcKa ne 0oftee YeM B ABA pasa NpeBOCXOAHT BHICOTY fepesa. Tak
rak #uxakoe CBB-aepepo ¢ N y3name He MOXKeT HMETh BHICOTY,
cinewvio [logN], To 2-[log N] sanfercd BepxXHuMm npeaenom
IAHHG Y TH HOKCKA.

Yrodu unTaTEAb HAMAAAHO NpeAcTasHA cefe, KaK pacTyT >TH
AcpeBb, MB oTcbliacu ero K puc. 4.53. Ha Hem noxasanul name-
HeRNs UeTHPEX JepeBhes NPH MOCALAOBATENBMLIX BRAUSHAAX
3NEMEHTOB € KJIOY2MH, NEpeuHCieHHHME B cTpokax (4.85), rie
TOUKH ¢ 3a0ATOH OTMEUAIOT MOMEHTbi YBEJHYCHHA BHCOTH je-
pcsa:

(112 3,45 6 7

)54, 31276 (4.85)
362:417 3 65
442 6 17 3 5

OTH pHCYHKH ocObDeHHO HarAAAHC RAMIOCTPHPYOT Tperbe CBOfM-
crBo B-aepesben: Bce TepMHHaJMLHbBE Y3/AH RAXOAATCA HA OAHOM
yposie. [1oaToMy XoueTcs cpaABHHTL 9TH CTPYKTYPBl C TOMBKO UTO
NOZCTPHKeHHKWMHU CAJIOBEIMH KYcTapHHKam#, Mu Oyaem Hasol
BaTb TakHe CTPYKTYDB KYCTOPHUKAMU,
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ABTOpUTM ROCTPOLHUS KycTapHukob copmyinponad g (4.87}.
OHn OcHOBaH Ha onpefenesnd THna yana (4.86) ¢ apyms komno-
dentamMn (i W rfi, 0003RAYFIOULIMH TOPH3OHTAALHOCTL JEBOI
I NpaBoit cChlNOK.

type node = reeord key: integer;
Count: integer.
leftright: ref;
fhaeh: boolean
end

(4.86)

PekypcHBaadg npoueaypa seqrch BHOBb CTPONTCA [0 OCHOBHOHN
CXCME aATOPHTMA BKAOUEeHH® B OumapHoe aepeso [cM. (4.87)1.
HobaBasetca TPeTHil nmapamerp A; OH YKasHBaeT, H3MeEHHIACh
JAH CTPYKTYPA NOAAepPeBa C KOpPHEM p, H [OAHOCTBIO COOTBET-
CTBYET napamerpy h B nporpamue mouncka B B-gepepe, OnHzako
HYJKHO OTMETHTD NOCACACTBASA NPeACTABACHNA «CTPAHHLU» B BILIE
CBA3AHHBLIX COHCKOB: APOX0A JIG60H CTPAHHIE NPOUCXOIUT € NG+
MOUILIO OANOrO UWAW ABYX ofpalienufi Kk npoucaype noucka, Mul
ROMKHED Pazanuate NBa Caydas: KOrAa Nofieperd {(obosHaued-
HOe BEPTHKaABHON ccHIKOH) BBIpOCAO, H Koraa ysen-6pat (ofo-
3HaYeHHB TOPW3OHTANBHOH CCLIAKOH) HOAYYH Apyroro Gpata
H, CACAQRATSABHO, TpebyeTeq pacitenscHidc. JTa npobaeMa JAerko
pelracTCa BBELEHHEM CALAYIOUINX TpeX 3HaueHHuil fi;

1. =0 nlikaxix U3MeiCilll CTPYRTYpu Acpepa ue rpebyeTed,
2. h=1: ysen p noayunn Hpava.
3. A= 2 goanepeRc p YBEANUIAOCH B BHICOTE.

3amern™, yTo AefcTBHA, NPCANpHEHMAaeMble KIS Nepeymops-
JNOUCHHS ¥3J0B, OMCHB HANOMEHAIOT Te, KOTOpHe OnlaAl paspabo-
TaHH AA8 AJropHTMA TOHCKA B cBANAHCUPOBAHHOM Jiepene
(4.63). M3 (4.87) Buanro, 4T0 BCC YETHDE CAYUad MOMHO peann-
30BATE TMPOCTHIMH NOBOPGTAMH CCBLMOK. OJROKPaTHLIMH NOOBOPO-
TEMH HaJjepo HAH HaBpaBo 1B ABYKPaTUHHMH TOBOPOTAMM HaMeRo
W HANPABO HAM HanpaBo M Hajeso. B camom aeae, mpomedypa
(4.87) oxasbBaeTcq HECKOJALKO npolle, Yem (4.63). Hcwo, uto
CieMa KYCTapHHKOBHIX Aepesbes ABAHETCH anbTepHaTHBOR Kpi-
teputo ABJI-c6anancuposantocth, [TostoMy Bo3MOMKIIO H #Heaa-
TCARHOQ CPAaBHEHNE HX xapamepucnm.

Mbl OTKazHpaeMces OT aHaJH3a TOUHBIMH, MAaTEMaTHUSCKHMA
METOAaAMH A OGpaTHM OCHOBHOE BHHMAHHe HA HEKOTODBE cylle-
cTBeHHbIE pasanyda. Moxno aAokasats, uto ABJI-c6arancuposan-
role Oepessss REARIOTLR ROOMKONCCCTBOM KYCTAPHUKOSLLX Oe-
pesves. Taxuy obpasoM, Knace ftoclefdux wupe. Otciona cre-
DyeT, 4TO MX AAKHA NyTH B cpeineM Gonble, veM y ABJI-jge-
pesben, OTMeTHM, YTO B »TOM OTHOMIEHHH <«MaHXYAUIH{ Cay-



procedure search(x: infeger; vax p: ref; var h: integer);
" var pl,p2: ref;
“hegin
if p = nil then
begin {caosa Hemt 6 depede, acmasimy e2o)
new(p); k= 2;
with pf do
begin key := x; cownt 1= 1; feft .= mil;
right ;= nil; Ih .= false; rh .= jolse
end
end else
if x << pl.key then
begin search(x, pt.left,h);
- if 2 == 0 then
if pt.Ji then
begin pi := pileft; k= 2; pt.lh 1= false;
if pit.Jk then
begin {LL} piJeft 1= plt.right;
pltright 1= p; pltlh = false; p := pl
end else
it pl}.rh then
begin (LR} p2 == pllright; pll.el i= false;
pllright := p21.left; p2ileft 1= pl;
pldeft 1= p2t.right; p2lright 1= p; p 1= p2
end
end else
begin & ;= h—1; i€k = O then pl.M2 1= true
el
end else
if x o pi.key then
begin searchi{x, plright,h); "
if A = 0 then
if pi.rh then
begin pl ;= pluright; k1= 2; ptok 1= false;
it pit.sh then
Yegin {RR} ptright ;= pli.eft;
plideft .= p; pllrh = false; p i= pl
end clse
il pl1.ih then
begin {RL} p2 = plt.left; pliJh = false;
pliJefe i= pZl.right; p2tright i= pl;
phaight i= p2{Jeft; p2tefe = p3 p i= p2.
end
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end else
begin b ;= 2—1, i{ h 5= 0 then plrh i= frue
end

end else

begin pl.cownt i= ptcount 4- 1; h:= 0

ead

end {search}

" A S Poo
0 ONOROZOENO
GHé(f% -G

“ foRoRoXoR0
ﬁ ﬁ

o A ® O-00 O~O-O
000 PR S
“ ONORONCROFOZORO

Pidc. 4.53. Dopmuaponaane «KyCApHHKOBWX» Aépeshca NPpH LOCNELOBATENb-
dolTAx BRAcecnuil {4.80).
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uaii» -— pepeso (4) na puc. 4.53. C apyrod cropou, B xycrap-
HHKOBBIX AEDEBbAX DEPecTPONKA Y3S0B GYIeT MPOHCXOAHTD peKe,
MMostomy cOadaHCHPOBAHHBIE RepeBbA MPEAMOYTHUTENBHE B Tex
cliyyaax, KOoria OOHCK KAYel TPOHCXOAKT HAMHOrO Yalie, d4em
BrModeRde (MK yiatenne). EcIH 370 COOTHOWEHHE YMEPEHHOR,
MOKHO NIPEAMONECTh CXEMY KYCTAPHHKOBMX I€peshen,

Ouedb TPYAHO CKA3aTb, TA€ NPOXOAHT rpaavuna. JTo BO MHO-
roM 32BHCHT He TOJLKO OT COOTHOLIEHHSA Me Ay YaCTOTOR NOHCHA
H YaCTOTOH H3IMEHEHHR CTPYKTYPH, HO H QT OCoOeRHoCTed peaJts-
sauui. B yacTHOCTH, 3aMHCH Y3/IGB MOPYT HMETh HJAOTIO YNaKO-
BAaHHO® NPEACTAaRjenHe, cAeloBaTeAb O, ofpaniente K NoaaM no-
Tpebyer BHIGORKH vacTH cnopa. Bo muorux peanvaaunsx paGora
¢ GynepckiMu noaamy (th, rh B cayvwae KyCTApHHKOBBIX Ae-
PEBBEE) MOXeET ObTh Gonee sHIEKTHBHON, YeM C NOJAMH H3 TPex
snatenanit (bal B cayvae cGanancHpoOBaKNHX REPEeBLEB).

4.6. NPEOBPAIOBAHMA KRIOMA [PACCTAHOBKA |

ChopMynHpyeM oclioBHYO 3apauy, kK Kotopoli mu oGpa-
uLaemMcsd B NocaeaHeM paslene, B LONOMHEHHE K 3aZavaM, 1€MOH-
CTPUPYIOIMIHM METOM MAHHAMBYECKOTO PAIMEIUSHHA AaHHEIX:

3amgano MNOXecTBO S 3NEMCITOD, XapPaKTepH3YIOIHXCH 3Ha-
YUeHHAMH EKJ10¥efi, Ha KOTOpPHIX 3ajlaH0 OTHOWIEHHe NOPAAKA.
Kak opraHuscBaTts S, uTOBH NOWCK 3NEMEHTa ¢ 3af8aHHHIM
KAouoM £ TpeboBal Kak MOMKHO MeHblle 3aTpar?

OueBnaHo, uTo B naMmATH DBM x Kamaomy saeMeHty B LOHUE
KOHUIOB 00paIaioTes ¢ NOMOIIBIO €ro aipceca ¢ B namaATd, CJje-
AOBATEJIbHO, [MOCTABIEHHAT 3a/a44a — TG B CYLLHOCTH 3amaua
HaXoH AEHHA NOAXOAANET0 orobpamennd H rawoueii (K} 8 aa-
peca (A).

H:K— A4

B npejwrylunx pazienas ato orodpamenue Oblio peannlo-
B2HD B BHAE AJFUPHTMOB NOHCKA TG CIHCKAM W ACPEBbAM, OCHO-
BAHHBIX Ha Pa3iHYHBIX CN0CO0aX HX OpraHH3afHd. 3aech Mi
itpeasaraeM Bpyroifi, 6ojiee MpocTOH H BO MHOTHX Cly4aaX o4eHb
spdexTnpaRl noaxoA. TorT GAKT, UTO OB TAKKE HMERT HEKOTOPHIC
HelocTaTu, OyneT o6CYKAATLCR TIO3KE.

B 3TOoM MeToAe HCTONB3YETCH OPTraHH3aiya NaiHHbBX B BHEE
maccipa. [ostomy H — 370 0100pakcHHE, KOTOPOe npeobpasyer
KAOUH B MHAGKCH MAacCHBa, 4TO 1aJ0 TePMHH npeofpasosanuc
Kvoned, o6HUHO NPpuMeHseMbil 1A 0O03HAUEHHA 3TOTO fIpHEMA.
Chepyer 3dMeTHTb, YTO HAM M€ NMPHAETCH HCNOADIOBATL KAKHe-
aufo mpolefypel AHHaAMHYCCKOrO pasMClUCHAA, NOCKOALRY Madc-
¢HB — 0fHa 1i3 5A30BWIX, cTaTHUECKNX CTpyRTYP, Takum obpasou,
STOT pasfesl HECKOAbKO uyXepoaeH B IAaBe O ANBaMHUECKUX
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HYPOPMANHOHHBIX CTPYKTYpPaX, HO MOCKOJbKY IpeoGpasobBamHe
KAueR yYacto HCMOALIYRTCA B TOH Xe ofsacty, rie Hapsay
C HHM B KAyeeTBe KOHKYPCHTOB HCHOMALIYIOTCA JHPEeBOBHAHLIC
CTPYKTYDEI, T0, NO-BHAUMOMY, ero oO0CyMASHHE 31eCh YMeCTHo,

OcHOBHAR TPYAHOCTb NPeolpasoBaHHA KJAIOYeH 3aKJI10%aeTCH
B TOM, 4T0 MHOMECTEO BO3IMOKHbLIX 3HavYeHHil KAWUYLH HAMHOCQ
obipHee, 3¢M MHOXKECTBO HMEIHXCA aApecoB NAMATH (HHAEK-
¢oB Maccksa). Tunuuxbifi IpUMEp — HCNOAL3OBAKYE CJIOR ANIHO,
ckaxem, 2o 10 6yxB aapaBHTa B KayecTBe KAlOueH ANH HIEHTI-
PHKAUME HHIMBHAYYMOE B MHOXKECTBe, HanpUMep, NG ThICAUK
yenobek. CneAobateabHo, HMewTca 26'" BOAMOMHHX Kalouel,
KOTOpHle HyxKno orTofpasuts B 10° BosMomuux nugexcos, [lo-
3TOMY OYeBHANO, 4T0 H — 5To DYHKLHA, OTOBPAMAIONLAA KMHOrD
B onuk». Ecau saam sHexotopulfi Koy B, TO nepeHit 3Tanm B one-
[PALUHN [IOHCKA = 3TO BHIYHCJTEHHE COOTBETCTBYIOLIEIO HHAEKCA
h = H(k), a pTopoll — 0YeBHAHO, HEOGXOAUMBIH 3Tan — HPOBEP-
Ka, AefCTBHTENLHO JH 3JEMEHT ¢ KJOYOM A HaXOAHTCA B Mac-
cupe {rabaunue) T no azgpecy h, T. e. npoBepxa T[H(k)] key = k.
Cpasy BO3HHKAIOT ABA BONpOCA:

1. Kagyw dyukunw H cacayer HCMoaAL30BaTs?
2. Kak noctynaTe B CHTyauuH, Korfa H He maeT MecTOHAXOMNK-
JEeHHA HYIKHOFD 3JeMeHTa?

OTBeT Ha BTOPOH BONPUC 33KAKYAETCA B TOM, YTO HYXKHQ HCIOJL-
30BAaTE KakoH-TO MeTOA AJA BOJYYEHHA HOBOIO aApecd, CKAMXKEM,
¢ HHAgKCOM K, a ecaH TaM BHOBb HeT HYXKHOILC 3M€MeHTa, To
c TpeThbHM HHAekcoM A” u T. n. CAyuall, KOrAa Ha YKaRaHHOM
MeCTe HaXOAUTCH APYTok K04, a He HCKOMBIA, Ha3BIBAGTCH KoH)-
AUKTOM, 3afa4a NOAYYCHHA aNbTePHATHBHBIX HHICKCOB HA3bl
BaercA paapetwenuen Kougauxrtos, Hagee mb obcyanm BoiGop
(YHKUHH NMpeofpazoBaHHa ¥ MeTOAH pA3pelieHHA KOHGIHKTOR.

4,6.1, Buibop dywxumy npeoSpasosanus

OcnoBhoe TpeboBaHHe K xcpowel dyHRuMH npeodpazopanna
COCTOHT B TOM, WTOOH OHA Pacnpefeasia KMOUM Kak MOXHO §o-
Jege pAaBHOMEPHO MO WKahe 3HaveHnii unjekcos. Kpome BIOJ-
HeHHs 370ro TpelOBaHHA, pAacTpelencHAe HE CBAIAHO HHKAKOHA
cxeMOfi, H Jaxe XKenraTeJbHo, 4TOOBH OHO NPOHIBOAKJC Blewart-
JieHHe COBepIUeHHo cayuaitioro. Takas ocoBeHHOCTL Jlana 3TOMY
METGIY HECKOMbKO HEeHAayUuHOe HA3BaHHe «PACCTAHOBKHY» (Xelld-
poBauun), a H Haspsaercs @ynxyuett paccrasoeru™), Pasy-
MEeTCs, oHa AOMKEA I3PPCKTHBHO BHIUUCIATLEH, T. €, COCTORATL

*} Chedayer OTMeYHTL, STQ B COBETCKOH JIHTEPATYPEe BICPBEE 3TOT METOA
Goln onncan A, TI. EpmioBeM A Hadsad HM <PYHKUHAMHE PACCTAHOBKHD. —
Tpun. peod.
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B3 OueHb HeGOJBLLIOTO YHCAA OCHOBHMX apH{Mmerndyeckux nmeir-
CTBHA.

IMpeanoncuum, uro umeerea QyRxuHn ord(k), KOTOPaR onpe-
AensieT NOPHAKOBLIL HOMED KAKYA % BO MHOMECTBE BCeX BOJ-
MOXHBIX 3HayeHHd knwodvel. [TpeinonoxuM Aanaee, uTo HHACKCH
MacCHBA 3aHMMAIOT HHTEPBAX Heanlx yHces O ... N —1, rae N —
pa3mep MaccHBa, Toraa oYeBHIHHM PellleHHEM ABAHETCH

i (R} = ord(k) mod N (4.88)

312 GYHKUNA obnafaer Tem CBOHCTBOM, YTO 3HAYEHHA KJAMo4el
P4BHOMEDHO PACHPEACAAIOTCA HA BCeM HHTEPBANE MHACKCOB, HO-
TOMY OHA CAYKIT 0¢HO2OH 6OJLUMIHHCTBA NpeolpasoBaHuil KaIO-
wed, Kpome toro, oHa oueHs 3ddekTHBHO Bouncngercs npu N,
paBHoM cTeuenn ABofiku, Ho kak pas sroro cnyyad caegyer H3-
Geratb, €CAH KAOMH ABJAAIOTCA MOCACHOBATENBHOCTAMH OYKB.
Ipcanodaoenue, Y10 BCe KAKYH PaBIOBEPOATHH, B 3TOM CAyae
coeepuleHHe ownbouno. B pesyawTare ¢/10Ba, pasfHuamunect
JHUTE HECKOMBKHMH CHMBOAAMH, OyAyT ¢ GOJILLION BePOATHOCTHIO
U'l'UﬁpﬂH(aTbCFl B OIMHAKOBBIE HHIEKCH!, Y9TO OPHBCICT K 4YPE3BbLI-
yalifo HepaBHOMEpHOMY pacnpefiencHHo. [lostomy peroMeu-
ayerca, urobu N B (4.88) Ovino npocreem wucrom [4.7]. Orciona
cleayer, UTo []PHJI'ETCH BLINOAHATE onepaumo uenoro Jeqaedun,
KOTOPYI0 HCMb3A 3aMCHMThL HPOCTHM MAacKHPOBAHUEM RBOHYHBIX
pa3psinos, 1o 210 He ABTAETCA NPeNATCTBHEM A5 OGALIIHHCTEA
COBDEMEHHEDIX BOIVHCIHTCAbHHX MaIllHH, KOTOPHE HMEIOT BCTPOCH-
HYI0 KOMaHAY OeJCHHA.

Uszero ynotpebasieTes CBepTKa, COCTOAULAS K3 BHOOAHEHUA
JOTHUECKHY OfNepauiil, TaKHX, KaK «HCKAWUAIWEee HAH» HA He-
KOTOpPLIX YacTAX KJioua, NpeicTaBAeHHoOro NocAeR0BaTCIbHOCTHIO
APOHUNLIX Oudp. ITH ONepausi Ha HEKOTOPWX MallHHAX MOryT
BETOAHATLCA OLlCTpee, YeM AeAeHHe, HO He BCerfa MOMHO GbiTh
YBEPeHHLIM, UTO OHH PABHOMEPHO PACTPENSNIAIT KAIOYH HA HH-
Teppase uuiekcon. [TosroMy Mbl He Gynem noapoGHo obcyx-
A2Tb TaK#Ae MeTo/bl.

4.6.2. Paipeiliedia KOHDRKKTOR

Ecau ¢Tpoka B TafJke, COOTBETCTRYI0ULAN 32 AARHOMY KUY,
HE COAEPIKMT HYXHBIA 3JIEMEHT, TO NMeeT MecTo KOHQJHKT, T. €.
IB3 37AeMCITa HMCIOT KAQuH,0Tobpakawiliiecd B CAKH H TOT e
uiigeke, HyxHa sropad ripofa ¢ HUCTogb3OBaH#eM APYrOro HH-
nekca, KOTOpPWE OKHO3HAYHO NoJiydaercd Ha OCHOBE AAHHOIO
kaoua. CylMecTByeT HECHONBKO METOEOB NONYYEHHA TAKHX BTO-
PHUHBIX MHAekcoB. OueBHARBIA H > GeKTHBHEI METOA *)}— cBa-

#) 3o, KollCUHO, MeTOM paspeitielns KOBGUINKTOB, 4 He METOM NOAY4eHUA
BTOPHIHBIX ARAcKkcos. — [Tpum. ped. .
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3biBAHHE B HENOYKY BCEX FEMEHIOB ¢ OAHHAKOBRIM NEPBHYHBIM
nagekcoM H (k). 3ToT nNpHeM HalmiBaetcs HenocpedcTsennoin
cyenagnen. JAEMENTH TAKOTO CIHCKA MOTYT JAHGO HAXOZHTLCH
B nepsuqHol Tabanuue, JHOO HET, B TOCTeTHEM CAyJYae MAMATSH,
B KOTOPOH OHHM pasMelllaloTcd, HasuiBaercs 00AQCTeir nepenoa-
Henud, DTOT MeTOoL ACBOMBHO 3(MpeKTHBEH, XOTA ON HMeeT TOT
HeAOCTATOK, UTO HYMHO BeCTH BTODHuHBIE CIHCKH W 4FO Kamupasn
CTPOKA A0JXKA COAePHATL TNPOCTPAHCTBO JAR CCWAKN (HAH
HHAEKCA) HA CAHCOK SJeMEHTOB, BCTYNAULHA C HUM B KOHGJIMKT.
Jpyroii mMeton pazpelieHAN KOHQPAHKTOB COCTOHT B TOM,
wTo0bl NOAHOCTBIO OTKA3ATHCA OT CCHJIOK H NPOCTO ApoCMaTpH-
BaTb OAHE 33 ApYTHM PAasAHUHHKE 3NEMCHTLE Taﬁ.l']l'll.lbl, MnoKa He
6yner nafijleH HYMHBIE JEMENT HIEH He BCTPeTHTCA cBOBOHOE
MECTO, HTO O3HAYAET OTCYTCTBHE B TabJille JAHHOrO Kaouya, 3ToT
MeTON HasWBaeTcs oTkpettod adpecayueir [4.9). Pazymeercs,
NOCAeA0BATENLHOCTD HHAEKCUB NPH BTOPHYHMX Npodax LAA OaH-
HOTO KJI0Ya JIOJKHSE ObTh Beerja oasol H To# ke, MoxHo Ha-
6pocaTk NpHMEPHO TAKOH anTOpPHTM FIPOCMOTPa TabaMOE:

h:=H(); i =0
repeat
it T[h).key =k then saemenr nabdden else
if T14).key = csofodno  then saemenra ner a
rafauge else (4.89)
begin {xongpruxr}
i=i+ 1, hi=H{k)+ GE)
end
until randen uan Her & rabauye (W Tabaltie noana)

JAaa paspewledds KOHQAHKTOE B JuTepaType NpelAaramucl
pasanuHple gynkuun. O6zop aTofi Temm Mopphncom B 1968 r,
(4.8] cTUMyaHpOBaX aKTHBHYIO ACATENBLHOCTH B 2TOH 0GMaCTH.
[TpocTefiunit Metoa — 3710, cuHTan, ure TalIHOA KpyroBas, He-
Clie/lOBaTh CNEAYIOINee MecTo W TaK A0 TeX NOp, ROKa He Oyaer
HaiiAen 3AeMEHT € 34JaHHBIM KJIOUOM HJIH HE BCTPETHTCA CBoO-
Sognoe Mmecto. Chenopatenbho, §({)==¢, URAeKCH &, HCTOJb-
ayeMHe JJf NMOHCKA, B 3TOM CAYYyae HMEIOT BHA

hy=H (&), ,
hy==(f,+)mod N, i=1,..N— 1.

DTOT METOJ HAa3blBABTCA AlKelnoM onpobuposarnuem, OH HMeeT
TOT HELOCTATOK, YTO 3JeMCHTH OOLIUHO CKAlJHWDAIGTCA BOKPYI
NepBHUHBIX KAIOYEH (KAKOUEH, APH KOTOPHIX Mbl HE CTOJMKHY/HCD
¢ KOH(QIMKTOM npH BKIloYeHHu). B uneane, womeuHo, cieayer
BLGHPaTh Takyw dydkuHdic ¢, KoTopas BUOBL pABHOMEpHO pac-
CeHBAET KJAKHH HA OCTABLNEMCH NMPOCTPAHRCTBE. Ho na HpanTike
sT0 Tpebyer cAMIIKOM OGOMALIIHX 3aTpaT, h NPEANOYTeHHC OT-

(4.90)
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H3eTCA METOAAM, NPeACTAB/AIOLINM KOMApoMace;, Gyaydn npo-
CTHIMH ANd DLIUHCMAEHHA, OBM BCe JKe Jyulle NHHeiHoR YHKIHU
(4.90). OgaH #3 HUX COCTOMT B HCHOJALIOBAHHH KBAJAPATHYRON
(YURLUAH, TAKOM, YTO NOCACAOBATCALHOCTb HIACKCOB AJA onposGu-
pPOBAHHA €CTh

hy=H (k),

= (hy-+ F)mod N (i > 0).
OTMEeTHM, YTO BLIUHCNEHHE CAGAYIOU\ETO KHHAeKca He Tpebyer

BO3BEREHUS] B KBAAPAT, eCAN HCIOJNb30BATh PEKYPPEHTHOE COOT-
Bowenue (4.92) ans h; = fndi=2i+1:

hio=h+d;
diyy=d;+2

(4.91)

i >0 (4.92)

¢ ho= 011 dy = 1. DTOT MeTOA HA3LIBALTCH K8AOPATUYHAIM ONPO-
Guposaries, OK YCNElHO NO3BoAART H30eXKaTh NePBHUYAOrO CKON-
JCHHA, XOTA NPAKTHECCKH L TpCﬁ)’CT HHKAKHX AOHOHHTEABHLIX
puitHenennit, Heboasimoi HEAOCTATOK 3aKAIOUACTCHA B TOM, Y70
GPH ONpOGHPOBAHYH PACCMATPHEAKITCH HE BCe CTPOKH Tabauis,
T4K UTO TP BRJAKOYEHHH MOMKHO HE BCTPETHTh cBOGOUHOTO MecTa,
XOTH TaKHe MeCcTa elle OCTAXTCA. QaxTHUecK ecNH ee pasmep
N —npocToe 4HeIo, TO NPH KBAAPATHYIIOM ONPOGHPOBANIMH He-
noNbLayercs Mo MeHsilefi Mepe NOJOBHHA TaluHubl. ITO MONKHO
TOAYHHTE H3 CNEAYIOUIHX paccymAenuli: ecnnt i H j-9 npobw
NPUBOAAT K OAHOM 1t TOR Ke CTpoKe TabAHLb, TO CNPaBefNHBO
paBeHcTRO
i*mod N = f*fmod N

"

2 — == 0 (mod N),

Pa36npand pasHOCTh HAa ABA MHOMKHTENS, M NOAYYaeM
(i + j} i — y=0{mod N).

TIOCKOMBRY { == j, MBI BUAMM, uTO AHOG {, ArGO j NOJAKHO OMTS
se Menee N/2, urobel noayunts { + [ = cN, rae ¢ — nesoe uncio.

Ha GPAKTHRKE 3TOT HEAOCTATOK He TaK CYLULeCTBeHeH, NO-
CKOJIBKY ReOGXOUHMOCTh BHIAOAHATE N/2 Bropuunbix npod AR
paspelleHHa KOH(MIHKTOR BCTPRYAETCH OYEHb DEAKO M ML
B TOM cilyyade, KOrAd TalJuua yiKe [OUTH 3af0/HeHa,

Yrolpl HA OpUMepe [IPOASMOHCTPHPOBATL METOHA paccefiHnux
Tabauy, M Hepenicaaun nporpammy 4.5-— dropmuposasyie 1al-
AHLGF NEPEKPECTHLIX CCHIIOK — B BHie nporpammel 4.8, [Tpurun-
IHANLHOR OTAWYEE 3axaloudercAd B (POPMYAHPOBKE NpOUEYpPH
oucKa (search) W B 3aMeHe CCHIOYHOTO THRA wordref Tabauuei
ciop 7. OyukuHA paccTaHOBKH ff ecrb Moiayan paaMepa rtaf-
ANUB, AR PASpeIUSHHA KOHGAHKTOB BHIOpaHO KBAAPRTHYHOS



program crossref ( Foutput)?
{nocmpoerntie madauitpl NepeKPecMHBIX CCbIAOK ¢ UCHOABI08AHIEA
Paccmanoexu} '
label 13;
comst ¢l = 10;  {dauna caoea)
c2 = §; {Konuuecmao 06 & cmpoie
3 6;  |Kkoauvecmeo yugp e uucae)
c4 = 9999; [ Maxcumaavubili Homep cmpoxi
p o= 997; {apochioe wucao}
Jree == °
type index = 0..p;
' ftemref == litem;
word -~ record key: alfa;
Srst, last: itemref ;
Sfol: index
end
item == packed record
o 0,.cd;
next: itemref
end :
yar j, top: index;
kKl integer;

!

Bl nteger { HoMep meryuell cinporul

id: alfa;

J texi;

a: array [1..cl] of char;

£: array {0, . p] of word; {Maccus 048 paccmgroski}

procedure scarch;
var hdi: indox;
x: itemref;, [+ boolean;
[2n06anbupie nepemennbie: [, id, top}
begin A 1= ord(id) mod p;
f = false; o i= 1;
new(x); xt.lne 1= n; xl.next ;= nil;
repeat
if f[h.key = id then
begin {naiidenc) f:= true;
i[A) Jastlmext 1= x; i[hlJdast ;= x
end else
if f{hl.key = free then
begin {roswili snemenm} f == true;
with ([4] do
begin key == id; first (== x; last ;= x; fol i= lop’



end ;
rop = h
end else
begin [korgauxm} b i= htd;, d 1= d12;
ifh>pthenkhi= h—p;
if d =~ p then
begin writeln('TABLE QVERFLOW'); goto 13
end
end
wntil f
ond {search] ;
- procedure prinitable;
var i,jm: index;
procedure printword(w: word);
var [ integer; x: itemref,
begin write{' ', w.key);
X = wjfirst; 1:= 0;
repeat if / = 2 then
begin writeln;
D= 0; write( "icl4-1)

end ;
D= 141; write(xt.lnoiwed); x 1= x}next
until x = wnil;

writeln
end {printword} ;
Degin i 1= t0p;
while / = p do
begin {#POCMOMP CORIGHHOZO CRUCKA 1 NOUCK MUNUMELHO2Q KIOUA]
m = {; j = tfi].fol;
while 7 7= p do
begin if /[j].key < t[m]key then m == j,
Ji= tjl.rel
end ;
printword(i[ml);
il 1z 5= i then
begin f[ml.key = tlil.key;
tm] first == 1{i] first; {mllast = i} dast
end ;
ii= i[i] fol
end
end {printtable] o _
begin 1 := 0; k1 := cl; top i= p; reses(f);
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for i ;- ¥ to p do flilkey ;= free;
while ~—cof (f) do
beginif o == ¢4 then n ;= 0;
n = nl-1; write(nic3);  fcaedyroupan cmpora)l
write( *); )
while ——eoln(f) do
begin (npocsomp renrycmoli cmpoki}
it /7 in A, .72Z7] then
begin k 1— O;
repeat if k <X ¢] then
begin k ;o= k-+-1; alk] s f1
end ;
write(f1); get(/)
until —(f1 in (A’ .7Z', 0", ,'9]);
it ke > k1 then k1 := k else
repeat @kl := " 7; k1 := k11

until k1 = £;
pack(a,1,id); search;
end else

begin (nposepxa na Kasbiuxky uan Kommenmaputt}
if fT ="" then
repeat write(f1); gef(f)
until /1 =~ " else
It yt = '{' then
repeat write(f1); get(f)
wntil [ — '} '
write(f1); get(f)
£nd
end ;
writehr; gei())
end ;
13; page; printable
end .,

Tporpauma 4.8. [TocTpoeune Ta6NUIN MePeXPecTHMY CCBIMON ¢ HOMOALIOBAUHAM
DYHRIEH PacCTAHOBKH,

onpobupopanne. OTmerum, uro Ass >3dextusiofi paboTH cyilie-
CTBEHHO, YTOGHM pasMep TAGIHUL OhiM MPOCTHIM UHCIOM.
HecMmoTpa Ha TO uTO MeTO RPpeOlpPa30BaHNA KAOUZ B 3TOM
caAy4ae oyelb 3¢rpeKTHREH — HAMHOIO 3peKTHBHER, Yem HCROJb-
30BAKHME [IepeBhen, — O HMeer Henocratok. [locne mpocmorps
TexcTa M BEGOpPA CAOB ME XOTHM DACKOJOXHTL 3TH CAOBA
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p andasutHoM nopaAxe. Ilpu paGoTe ¢ nepeppsiMH 3T0 Ouedb
MPOCTO, TAK KaK B HX OCHOBE YXKe JeXHT YNOpsRoYeHHocTsh, Ho
370 He Tak B caydae apeofpaszosannd kawya. Bor szece n cka-
auBacTeA, YTo Tabawiun — «pacceanupiey. [lostomy nedartn Tab-
JHUB AORIKHA MPeALeCTROBATL COPTHPOBKA (AN TPOCTOTH B
nporpamume 4.8 nenonn3yeTca COPTHPOBKA MPOCTHIM BHIGOPOM); ho
KpOME TOFO, 0Ka3HBAETCA [IOSL3HEIM COXPAHATHL HCTOPHIO BKAIO-
YeHHA MEMEHTOB, AJA YCr0 OHH CBA3HBAIOTCA B CMEUdaNbHMi
cimucok. THosToMy mpeuMylllecTBa MeTola PAaccTaHOBKE NMpH ho-
HCKE OTYACTH YMEHLIIATCA H3-32 HeoGX0AUMOCTH AOMOJHUTEND-
HLIX DEACTBHR NPH BHIOOJHEHHN Beeld 3aAadd j0CTpoeHus Vnops-
AOMCHHOHA TalAHNL NEPeKpecTHBIX CCHUIOK,

4.6.3, Auank3 merosa npecbpazosanus KMoYa

OueBHAHO, YTO B HAHXYAIIEM CJHYYA€ BRJIIOYEHME H JIOHCK TIpH
HCOOMB30BAHMHE METOAA PACCTAHOBKH OVAYT HMeETE OveHL NJIOXHe
XapakrepUcTHKH, Befp BNosHe MomeT ObiTe, 4TO apryMenT NO-
HeRA OyRerT Takum, uTo Bee Dpobut 6ynyT NONAAATL Kak pas na
3aEATHIE MecTa U NPoIYCKaTh HYMHbEe (#anm cBofoanbie}. B ca-
MOM JeJe, TOMY, KTO HCHOML3YET MCTOA, PACCTANGBKH, HYMKHO
CBATO BEDUTH B TEODHIO BepoATHOCTeH. Be€, B ueM Mbl XOTHM
GuITh yBepeHHHIMK, — 3TO UTO & cpeddem uncio npob mano. Cne-
AYIOlUHEe BePOATHOCTHHE DACCyXAeHUsi TNOKa3bIBAKT, - YIo OHO
AaxKe Ouens MA.10.

BHoBe npennodosuM, YTO BCE BOSMOMKHBIE KJWYH PaBHOBe-
POATHEL H (PYHKHHA paccTaHoBkd H PaBHOMEPHO PACCEHBAET X
no BCEMY HHTEPBAAY HHACKCOB. 3aTeM NPELNOAOHHM, 4T0 HYXKHO
BCTABHTD KJY B TAOJHIY PA3MEPOM /I, KOTOpasd yXe COACPKHT
& saemedtoB. BeposiTiocTh neonaganks HA CBOOOAHOC MeCTO
¢ Nepeoro pasa B 3TOM cayuae paBHa 1 —k/n. ORHOBpeMeHHO
3T0 €CTh BEPOSATHOCTE Py TOrO, 4T0 NoTRedyeTcs TOABKO OIHO
cpaBHeHle. BepoATHoCcTb, YTO NOHAAOOHTCA POBHO OAHA BTOpan
npobGa, papHa BEPOATIOCTH KOUQPAHKTA IIPK NepBoil NONHTKE,
YMHOMKEHHOR Ha BepOATHOCTL NONAJaHHA HA cBODOAHOE MeCTo
B creayioniMi pas. B ieroM Mu AoAyu3deM BEpOATHOCTL p; TOTO,
YTO BKJOYeHue norpedyer i npod;

n—=%
hh=—"7""
_h a—k
Pr= =
£k k—1 n—#k (4.93)
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CrenoBaTeqasHo, cpeliee 3HAaUYeHHe yHcla Tpo6, TPelyouwuXcH
npu seraske (k <4~ 1)-ro wiwoua, pasHo

kel "
- n.‘-
E;H_lzzl"pl'_ m=1 +
i=l
kE R—1 k-2 1 a1
-«-+(k+l)‘(g'nul°aa—-2 n—'k+i)_n—k+l'
{4.94)

fTockoabky uncAo Mpod NpH BKJAIOYEHHH J1eMEHTAa PABHO YHC/Y
npod npw ero noucke, pesyaerar (4.94) MomHO Wenonb3oBaThb
AAs BHIYHCIEHUs ¢peanero yucna £ npob, Tpebyiouinxes npu 06-
pallleNid K NPON3BOARHOMY KJOUY B Tadanie. BroBs cBozHagnuM
epes n pasmep TaGAHUBL, 4 uyepes m — AHCAQ KIueH, HaXo-
Aawuxca s Tabanue. Torna

m

a1 1 _n + i
m Z £y = m kzl n—k+2 Hasi — Ha_miid,
(4.95)

1 1
rae Ho=14+++ ... 4+ — rapmonuyeckana bvakuua, Pyux-
HHIO f{, MUXHO AONPOKCUMHPOBATL CASAYINUUM 00pasoM: H, =
= In{n)+ y, rae y—3fiacposa koncranta. Eciad, kpome TOro,
p (4.95) m/{n 4+ 1) 3aMeliHTL HA &, TO Mbl HOJAYYHM

E=%(in(ﬂ+1)—1n(n—m+l))=

n41
nd1—m

—1

=71-|l'l =T[ﬂ(l-*ﬂ), (4.96)
rae & NPHOJKH3HTeALHO PABHO OTHULIEH ) 3aHATOH H UMeoULeiich
NaMATH, Ha3bBAeMOMY KoadtiguenTon 3sonoanedtd, o =10
npenno.aaraeT nyctyie tabauny, « = n/(n -+ 1)— 3anoanenuyw
rabauuny, Cpefnee agauenue £ uncna npod npy GOMCKE HIN BKAK.
ueHHH CJAYYAIHO BbIBPAaHHOrD KAIOYZ2 KAaK (QYHKUHH OT KO3~
LHEHTA JATIONIHEHANT & HpHBeseno B Tada. 4.6.

Tafanua 4.6. Cpeguee suavenve wncna npod
Kak PyHEUHA OT KOMDPHUHEHTA 3ATDPYIKH

o E
[IR] 1,08
0,25 1,15
0,5 1,39
0,75 1,85
09 2,56
0,95 315

099 4,56
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[loayuennbte YHeaa AeHCTBHTEREHO BRI3LIBAIOT VAHBJGHHE: OHI
NOKA3BBAIOT YPE3BLIYAHHO BRICOKYIO 3P(PEKTHBHOCTE METOAA Tpe-
ofipasoBanna kawda. Jaxe ecan tabndua samomHeHa na 90 9,
noHaaoOHNTea B cpelineM Toabko 2,56 npobel, uTolnm AKGO 03Ha-
PYAHTL MECTONOJOMEHHe KA0ua, AnGo HafTH CBOGONHOe MecTol
QOcolio oTMeTHM, YTO 3Ta UHPPA He 3ARHCHT 0T ABCONIOTHOFD
MACTA BMEWHIRXCA KAo4wel, a 3aBHCHT AHWEB oT Kosdduntienra
32M0NHEHHA.

IlpoBeaennbifi Bhlle aHafM3 OCHOBAH HA MCAOJbL3OBaHHU Me-
TOAE paspeiienus KOH(GIHKTOB, KOTOPHH PABHOMEDPHD paccedBaeT
WI09H HA OCTABLIEMCH I1IPOCTPAHCTBE. MeToRbl, NpuMeAdeMuLIC
1a NpakKTHKe, HECKOALKO Menee ¢deKTHBHR. [loapobHplil aHann3
Aunelinozo onpobuposanun paer caepyioilee (4.97) cpeitnee 3ii-
uenne uneaa npob [4.10]:

E— 1 — a2
l—c

(4.97}

HekoTtopble 3uavedma E(o) nepegwciensl B Taba. 4.7. Pesyin-
14TH, NOAYHCHHBIE Lase NPH XYAIWIEM MeTOAe paspellenns KoHd-
JIKTOB, TAK BBICOKH, UTO BO3HHKAET COBMA3ZH pACCMATPHBITH
NpeobpasoBaHna KA4eH (PaccTAHOBKY) Kak BceoblLyio mana-
eto. Beab 3(peKTHBHOCTH 3TOTO MeToia JAdike Bulille, UeM ¥ ca-
Mpl YTOHYEHHBIX METOAOB OPraln3alisn JepeBbeB, KOTOPHe 34eCh
[4CCMATPHBAJNCE, BO BCAKOM CAYYAC, eCyli CPAaBHABATL KOJHYC-
CTBO WIATOB, HEOGXOANMBIX ANA WONcKa H BEAoYeHud. IlosTomy
BANKHO OTUETVIHRO MPEICTABAATE cefic HEKOTOPBE HEMDCTATKH M-
TOEA PACCTAHOBKY, KOTOPHE OUEBHAKbL TPH OECnpiICTPACTHOM
HIYYEHBH,

TFadanua 4.7. Cpednee anaueHlie YAcaa npob
NPH FHHEHHOM onpoBUpoBaHus

a E
0,1 1,06
0,25 1,17
0,5 1,50
0,75 2,50
0,9 5,50
0,95 10,50

Pasymeetcs, oCHOBHO{l HEJOCTATOR MO CPABHEHNUIO C METOAAMHN,
NCNOSB3VIOWEMH AHHAMHYSCKO® pasMelliedHe, cOCTOUT B TOM, 4TO
paamep Tabauyst urkcuposan ¥ He MOMeT TPHcnocaGaHBATBHCA
¥ pefieTBHTeLILIM HoTpeGHocTamM. [lozToMy HeoBXxoakMo Aocra-
TQUHO XOpPOWY ONEHHTb & priori KOAHYecTBo KIACCHQUUHPYEMBIX
2IEMCHTOB [AHHBIX, €CAH Ml XOTHM H30eKaTh HEIKOHOMHOIO
HCNONb30BAHHA HNaMHTH, d TAKMe HH3KOI 3¢ {eKTHBHOCTH {uau
Adrie mepeirloffeiHa TaGauue), Jlame ecaH 4HCAO 3MeMeHTOn
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TOMHO H3BECTHO, YTO OblBaeT KpaiiHe PelKO, AAY MOAYUEHHH XO-
poumredi 9hEKTHBHOCTE HYMKHO, 4TOOL pa3sMmep TabaHuu Ouia
HeCKONBKO Hoablite {ckaxewm, na 10 %),

Bropo# rnaBHBIT HEROCTATOX METOLA PACCEAHHOH MAMSITH cTa-
HOBMTCH OMEBHAHBM, €CHAH KJIOYH Halo HE TOIbKO BCTABAATDH
H Pas3sICKHBATE, HO H YAaiAThb, TAK Kak yilaJeHHe A3 Talanuu
O4YeHb 3ATPYLHEHO, €CAiH He RCENOAbAYeTCH NPAMOe CBAILIBAHNE
B LENOUKY 3AeMenToB U3 obpacrd nepenonHenus. Mrax, cnpaeen-
JHBOCTL TPeGyeT OTMETHTb, YTO APEBOBHAHLIE CTPYKTYDH He Te-
pAIT CBOEH TpPHBJACKATENbLHOCTH H B CaAMOM Aefle OpeiROYTH-
TeNBHE, €C1H 00beM AAHHLIX CHALHO BapLHPYCTCR H BPCMEHAMH
Aaxe yMEHbLIAeTCs.

YIOPAXHEHHUHA

4.1, BseacM NOHATHE PEXypruan0s THNA
rectype T =Ty

Kax o0LeARHeHHa MROXecTaa anavenni, onpegenetdox TaooM Ty ¢ eaya-
CTESHHEM 3HAYCHHEM NONE cHAYTO», T. &

T =T, U {nonel.

Cnpegenennte tana ped [em. {4.3}] mowuo, nanpumep, yIpocTaTh 10

rectype ped = record nome: alla;
father, mother: ped
end

Kak pa&nonaraercn B aMATH PeKV]CHBHAA CIPYKTYDA, COOTBETCTRYIOIEAN
pue. 4.27

BepcATHO, pEANH3AUAA TakoR CTPYKTYPRo OyAeT OCHOBAHA Ua Ciee
AHHAMUYECKOTO pACTPEAGREHHA NaMaTH, W NOAA, Hazppaewue fafher
molher 0 npHBeICiHOM BHIe MPHMepe, SyLyT COZEPHATD CCbIMK, noay-
YaeMBle HRTOMITUYECKE. EBO CKPWMTHE oT nporpamicra. Kakwe Tpyano-
CTH BCTDPETRTCH NPH PCLAHZALHN TAKOH CTPYKTYpLI?

4.2, OnpependtTe CIPYKTYpH MAHEWX, OlHCannwe B NOGIEAHeM ftaparpade
paza. 4.2, r TepMHHAX zanucedl n cchack, MoxHo AW Kpome Tora, mnped-
CTABHTD TAKYI) POACTBEHHYK (OBOKYNHOCTh € MOMOLIBIY DEXYPCHBHBLK
THIIOB, OPEANOMCHHEX B TPeALIOVIUEM VAPAATHEHHN?

A3, TlpeanomoxcM, UTD GHepelE «IEDBEIM BOMICN — NEPBHM BRIems G ¢ ade-
MenTaMHd THia Ty peadH3opaa B BHAC ¢BA3aHMoro cmilcka, Onpenedure
COOTRETCTBYIOWYIO CTPYKTYDY AAHHLIX, MPOUeTYPbl BKANYeHHA H ynane-
uug sacmenta a2 Q@ w PYBKUEIO, HPOBEPSIOUIYIO, TIYCTa RJH UET 04CPCAb.
B npomeaypax A0LKITB UMCTECR COOCTBCHHME CPRACTBA AAR FKOHOMIOTO
HOPEIICI'IO."IB3OHHIIHF{ TamaTi.

4.4. Tlpeanonoxun, 9T4 3aNACK b CBA3AINNOM CRICKE COASPHAT KAID4EBOS honae
THIa infeger. HammiunTe MporpaMMy COPTHPOBKH CMIICKA B MOPAAKE BO3-
pacrtaliwa suavennit xhodell. 3atem chopMynEpYATE TPOUELYDY, POPMH-
PYWLULYIO CLUCOK, B KOTOPOM 3EMEHTH PALIDAOHEHH B OGPATHOM NOpALKE,

4.5. [ngmngeckie cnuckH (cm. puc. 4.54) obuydo GOpMupyIOTCR € TaK #a-
BHBACMBIM JA20408K04 cAHCKA. KAaKoRl CMBCA HMEST HCTONL3ORAHHC Ta-
KOO 3arodoska? Hawuwute npoilesypu BKIIOMEHAR, YABACHHA H DOHCKA
aNeMenTa ¢ aXsHHEM KawowoM. Clena@Te 570, Kak Npexnofaras Cyime-
CTBOBAHHE 32TOMOLKKA, TAlK H 0€3 Hero.
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Pue. 4.54. Kpyrosoit cmuenk.

4.6.

47,

48,

49,

4.10.

4.11.

442,

4.13.
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Pac, 4.55 IuyHanpasaeHhHA CNHCOK.

Beynanpassennoii CRUCOK — 5TO CTIICOK 3NEMEHTOB, KOTOPhe CBAZaHM ¢
oBeux cropoH (oM. pue. 4.55). Ofe cpA3M HexeRAT H3 3arofosxa. Avano-
FHUHO NPEABNAYIEMY YIPAXMHEHHIO HANHILHTE OAKET Rpouedyp iAs 0o-
HCKA, DKAIOYEHHA H YOAJICHNA 3NEMEHTOB.

Bymer &n nmporpamma 4.2 mpapHabie paloTaTh, €cAH HEKOTOpasA napa
{X, ¥> BCYDLTHTCR BO BxOAHUM hafae Oodee DARLID pada?

Coobinenne «THES SET 15 NOT PARTIALLY ORDERED'» (« HAHHOE
MHOXECTBO HE ABJMETCH YACTHUHO YTOPAROYEHHBIM:)
B rnporpamde 4.2 BO MHOMUN cay2asy MajodHbopmarnsno, [omoawmrre
NpOrpaMMy, 4ToOH DHA PLIZARAAA NOCNEROBATEALHOCTL INEMEHTOB, KOTO-
pole o0pA3YIOT LHK.T, BCHH OH ITMEeeTCH.

Hanmupte AporpaMuy, KOTOpas 4UTIET TEHCT NPOTPAMM, HAXOLET Boe
anpeAefelldS H BH3OBL NPGUECAY) NOANPOTPAMM K TNHETAETCR YCTAHOBIETH
ToNoACryuecKoe yoopaacuenne Ha noanporpamsax, Tlyers P <{@Q BH-
noJHAETER ecna P BblabibacTcs B Q.

HapHeyiite Iepepo, KOTOpoe nocTpout mporpadsa 4.3, comd sxomued
Gaiin coctour w3 n - §wicem n, 1, 2,3, ...,

B kakoM nNopadke BCTpeyatoTcs y3aw nmpu ofiofe Aepepa Ha pHe. 4.23
¢BepXy BHIA, ¢CBA HANMPABO H CHH3Y BBepX?

Hafigare nmpapinao MOCTpooNNg MOCAEA0BATCALIOCTH H3 /& MHOE], LIS KO-
Topol mporpamMma 4.4 chopMupyeT vaeanbHo cGanaHCUPOBAHROE AEPERO.

Pacemorpim n2a mopanka ofxona SwHapHelX Jepesben;
{a

{1) OBolita spapoe RonAEpeEEO,

(2) Iocetnrs Kopens.

(3} OGoiitn AeBoe Nofnepeso.

(b}
{1} TloceTHTe KOpeHs,

2) OUofiTH mpaeoe NONAEPEBHO.
3). QJSofiTH AeBOS NOLNEpEDO,
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4. Runasneckue unGopRayUORKBE CTRYKTYpol

4.14,

4.15,

4.16,

417

T 4.18,

4.19.

4.20.

4.21.

4.22.

HyewTes An xdakye-ni6o NpocTee COOTHOWENHT MEXLY NOCICAOBATCAL-
OCTAME Y3M0B, NOAYYaeMHMH NpH STHX mopalKax 06X00a U TeMH, KOTO-
pHe IawT TPH NMOopAAka, onpelicicidibe BUlic B FERCTE?

OnpegeSdTe CTPYKTYPY JaHHWIX ANA [IpeACTaB/eHHS R-3pHBIX ACREDLCB.
3aTeM RANMILKTE WPOULLYPY, KOTOPAT OBXONAT KH-aDHOE Aepeso U dopMu-
pyer BuHapiioe Aicpeno, cOAcPIKallce Te Ae aeMedTe. Tlpeanonoxim, 4ro
KJHoW, DACROJOMENHEti B aneMeHTe, 3aNAMaeT & CHOB ¥ KaX(lan cChaka
saHnMaeT odHo cnoso mamaTd. Kakosa Oyner sKoHOMHS TaMATH Npd we-
NOABIOBANMN DUHAPHOTG LepeRa NQ CPABHEHHIO ¢ A-ADHLIM?

TpenoosoxditM, 4T0 Aepeso NOCTPOSHO HA OCHOBE CAEMYIOULEr0o Oflpcatns
PEKYPCHEHON CTPYKTYPR Aanheix (oM. ynp, 4.1):

reckype tree =record x: infeger;
feft, right. tree
end

CHOpMYARPYHETE NPOBCAYPY, KOTOPAA HAXOAHT JAEMEHT € 32QAHHBIM KO-
4O0M T 4 BHIIOAHAET ONEPALHI0 P C 3THM 3JIEMEHTOM.

B daiinopoit cxcreMe Kartasor $afizop OPranH3csaH B BHEE YNopRAoyei-
Horo GrHapmHoro depeba. [(axamit ysex obozmauaer dalin 0 cogepmiur
kg akifia, @ TAKHE CPedH UPOYEre AATY AOCNERHErO QOpalueHus K Hewy,
3AKOMIPOBAHIY IO B BHEE LEAOrO YHCAA,

Haouuiure mnporpadimy, ®oTOpan OOXOAVMT ARPeBOD M YAAARET BCE
thafian, nocaennce ofpallienie K KOTOPEIM MPOMCXOMMIO KO OfpeleAeHHDIT
daTHe,

B HekoTOpoii APCBOBNIHON CTPYRTYpe 4acToTa ofpalleHMA K Kamnowy
PREMEHTY  HIMEPACTCA  SMIMPUYECKY — NPHTHCHIBAHHEM RAMAOMY  y3I¥
ceTyiKa oOpamenyii. Uepes onpefenennuil HITEPBAN BPEMCHH Opramisa-
047 IePeBa HIMEeHAeICH RPH MOMOULH 00Xela BCero Jepesa H (popMHPG-
BaHWA HOBOTO Nepeps C WCUOMbloBanuesm nporpaMusl 4.4, kotopas peran-
JIAeT 3leMEHTH B HOpAlke yGmBaHMA CUETYHKOB yacToTw obGpatiennd. Ha-
REWHTE NPOrPAMMY, KOTOPas BLIMGAHAET STY Peoprannzauilw. Byaer nw
CpeaNas LAHUA {I¥TH B 9TOM ACPCBC PAaBHA, XYiKe BIH BAMHOFD XYHE, 4oM
B ORTHMAALHOM Aepepe?

MeToR aHanH3a ANropHTMA BKAIMEHHS B AepeBO, OnuCAHNBA B pazt. 4.5,
MOKEO TAKMWC ICRONL30BATD ANA BLYNCICHHA CPCAHHY 3HAYEHHA AaA
yucna cpasHenuil C, o udcla nepecHAoK (oxenos) M,, Roropue shimoa-
HAKTCA € HOMOWBIO aArOPHTM2 Gbicrpoll copTHpOBKH (mporpamMma 2.10)
npH o6paloTKe A 3/1EMCHTOB MACCHBA, CYHTAA, MTO EBCE 71! NepecTaHoBOX

n kmoued {1, 2, ..., n} passopepoaTntl. Haliante amamormo u ompeze-
ante Cn 1 Ma,

Hapucyiite cOananchpopalicee fepeso ¢ 12 ysaamn, HMeollee MAaKCIMaT-
HYIO BHCOTY cpells Beex c0alTaHCHpOBaRHbIX RepeBsen ¢ 12 yalamu. B ka-
KO MOCAedoBATCABHOCTH HY7EHO  BKMAIOYaTh Y34, MICOM OpPoUSLYDA
(4.63) cthopuMposana 3To depeps?

Hafiaste Takylo NOCACAOBATEARHGETh H3 M BRJKYABMEIX 3J0MEHTOB, HTQ-
6ol mpoueaypa (4.63) BHIOMHANZ KAKIOE W3 4eTHpex AcHCTBHA Gafads
cuposkn (LL, RR, RL, LR) no xpaline#t mepe oaun paz. Kakosa mumys
MasLH2ad AAHHA 22 TAaxed NoCAcAcBaTeILIOCTHY

Hafigure cBanaucupopamioc Zepeso ¢ Kaouamn 1...n W NepecraHoBKy
3TUX XAWYeli, Takne, utofu Tpa pabote npouenypw yaanenws {4.64) ona
BEIMOMHAIQ KAMAYH H3 HeThipeX OGANPOTpaMM GadalicHPOBKI no Kpaii-

IIEI"; M::Pe OARH pas. Kakosa NOCARADBATEABHOCTL ¢ MHNMMANLHOE 17-
HOH 1!

Kakopa cpeanns annua nyra B aepene Sudonandn Ta?
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4.23.

4.24.

4,25,

1.26.

4,27,

4.28.

4.29.

4.30,

4.31

4.33,

4,33

Hamywyte nporpaMmy, KOTOPAR QOPMEPYUI ACpusD, $an3K0C K ontd-
MaABHGMY B COOTBRTCTBHH € AAFODUTMOM, OCHOBXNHKBIM Iia f‘blﬁope el
Tpoida B KavecTse Kopua (4.78).

[peanoncnm, 410 kMous |, 2, 3 ... scTagaawTcH o myctoe B-aepenn
poprixa 2 (mporpamsa 4.7). Kakue ‘wmoql BuseBaloT paciliealeltte cipa-
P KagHe K00SH BRIZHBAIT YEeAHYErH: BHCOTH Aepesa?

Ecar wnlko4i yAanaloTes 8 oM Me NOPAAKE, TO Kakue KA0UH Bm3ia-
Balor canrnke (M oCBOGOIKABAHE) CTPalivl H KiKHE K/AIOWH BHIZHBLWT
yMeHblueHne BHICOTH? OTRersTe tra 3TOT BOMpoC 104 cAydaen (a) CXesis
YHANCHHEA, HCTOAB3YWWed GanaHcHpoBKY (Kag 8 mporpamye 4.7}, n {b}
cxeMbl Ge3 Ganaticripoexd (npn venoctave Gepetca ONHH SJEMEHT ¢ CD-
cepueil CTPaNHEL),

lHandwire nporpaMmy MOHCKA, BRIQ9EHHA H YHaleHHA KNKYedl O Ghnap-
HoM bB-aepese. Hemoawayilte onpemenenuwe rtuna y3aa (4.84). Cxema
BKAIOYCHHAA NoKa3aila na pue. 451,

Hafiztre RociefoBaTensHoCTh BCTABISEMBX KAIOUER, KOTOpaw, HAYHIAR
¢ NYCTOPG CHMMOTpuuHOro GHMapHoro B-lepepa, sacTapnser Mpoucaypy
{4.87) BumonHNTL Bog ueTHIpe AcficTBnA Bamancuposru (LL, RR, LR, RL)

no I(I;&FIHEI'{ Mepe OOHH pa3. Kakoga caMad xopoTKan ROCKedOBaTENL-
HOCThL?

Hannmure npouelypy YAAACHHR 3ACMEHTOB B CHMMETDHUNOM GHIApPIOM
b-aepeee. 3aTeM HafpmHTe AEPeRO H KOPOTKYIO DOCARAOBATENBHOCTh yila-
Jll;‘klilﬁ, BLISGIBAOWYI0 NOABJAEIEHC BCCX HETHIpEX CI!T)’aI.lHI'{ ﬁa.l'laIICHpOBKI(
X0TA OB N0 OAHOMY pa3sy.

Cpagnite padoTy aAropATMa BKMOUSHHA M VEAJNeHHA AnA GAHapIBIX de-
penuen, ABJI-cSafanciposaliEx nepeBeR 0 A% CHMMeTPILUWILIK Bulap-
Hsx B-nepesved Ha puMHCANTesAuHOA Mawmue. B YacTHOCTH, HocaemyiTe
BJANAHHE YNAKOBKE AAHHBIX, T. & 3HOHOMHOrO NpeAcTaBteHust NLARHBIX €
HCHO/B30BAHACM TOJIBKO ABYX DA3DRA0B AAA XpaueHus nudopmalnn o
€86aJ2CNPOBINNGCTH KAKIAOMD Y314,

Moawmpumipyiite aaropurM Newatn B nporpamme 4.6 rtaxum oBpasom,
410Gl €D MOMHO GhA0 HCNOMB30BATh AJAA HIOOPANEHHA CHMMCETPHYIINK
61IHapALK D-AepeBReB ¢ TOPH3OHTAARHEIMU H BepTUKAABHEIMH BeTBAMIL

Ecng woanuectso AHpOPMALRN, CBAIARHOR ¢ KAWIEIM KNOUOM, GTHOCH-
TEeJABHD BEMIKO (M0 CPABHEHHIO ¢ caMdM KAYGM), 3TY HHbOpMauno He
PEKOMEHAYETCA NOMEHaTh B paccesniyw Tabadny. O6bacHdTe mOoueMy n
NPEANDAINTE CXeMY A DSACTABIEHRA TAKOTQ MHUMKECTBA AAIHLX.

Pacc.\io‘rpll‘re NPEANOIKENHA & DCLISHHY npoénemm CKOONelilA ¢ ROMOULbID
ACPEBBEE TNEPENGEIHEHHA BMECTO CIOHCKOR NEPENOJACAH, T. € OprailHia-
IHIl TeX KAIoueq, KOTOpbIEe ACTYMANT B KOH(DJIHKT_ R BHAe Aepepa. Cuon-
AgBateaLto, KAaMAWA BXCGA B pACCEAHHYI® TaGNHLY MO0 paceMarpl-
BaTh KAaK Kopelb (B03M0}Kl]0\ I'I}"CTOI'O) nepesa [ﬂl}EBOBl[.lllﬂFl pacctTa-
HOBKA).

HpeAdosncnTe cheMy BHMQIHEHNA BRAWYCHRT w ydaresud B paccomnaod
Taddlne ¢ RCAAAbLOBAMKEEM KBAaJpaTuulLX OpApallenHi AaA paapeilends
kolankros. CpaBnnTe SKCOEPHMENTAMBHG 3TY CXCMY € OpocTofl opra-
Hu3amie OHHAPHONO FEpeBa, 3403BAA CAYUAHARE TMOCNefOBATeNLHOCTH
RMoUeil aaf BRMOGeNns 0 ylanennd,

OchoBreil HEAOCTATOK METOMA DACCTAHOBKH COCTOMT B TOM, 4TO Da3uep
T23NHUE AOAMEH SbITh PUKCHPOBANHEM, TOTAA KAK GHCTO HAEMEHTOB He-
uzpecTHo. FIpeinosomuM, YTO Balla BHSHCANTEAbHAA CHCTEMA COAEDPHIAT
MEXANK3M  AINAMAUCCKOTO PACADEIETEnHA MaMaTh, KOTOpuil Ro3soaser
B /OGO MOMCNT BmieAnTb haMarTb. CHEAOBATENBHO, KOFAA PACCeAkilan
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4. Quuamateciue URGOPHOLUORNLIE CTRYKTY ot

4.34.

TaGanua H sanoiHeHa (WAH NOYTR 3anoaneHa), TO GopMHPYeTCH GOan-
man tabanua MY, ¥ Bce KNwun w3 M nepecwnawmrca » HY, nocae were
RaMATL, 3alINTaA H’ BOZBPAWALTCS B pACHOpHMeHHe CHereMst. SToT npo-
Hecc MOMHO l1a3BaTe ROSTOpHoE paccTancexci. Hamumure mporpamuy,
HOTOPEA BHNOAHAET DOBTOPHYIO PaccTAMOBKY A Tabannm M pasme-
poMm f.

Ouenp ¥acTo KN0OYA ABASIOTCA He LENBMH YHCAAMH, a8 NOCAeA0BATeALHO-
CTAMH GyKB. JT0 cJ0BA MOIYT CHABHO PA3JHHATECA IO AAHNHE H NOITOMY
ne MOTYT yAOOHO H SHOHOMHO pasMEllaTscd B NOAAX PHECHDOBAINOrD
paamepa. Hannmure mporpammy, KoTopas paforaer ¢ paccesunob tal-
AnLel B Ka0qany nepemennot dauss.
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CTPYKTYPA A3bIKOB
N TPAHC AATOPHI

B 370/t riase Mbl mocTapaeMcsl pa3paboTarh TPAHCASTOpP AAA
IIPGCTOCS, «PYAHMEHTAPHAID» A3BK4 nporpamMHposanns. Taxkas
Pa3paloTKA MOMET NOCJIYHHTE JPHMEPOM CHCTEMAaTHYECKOrO,
XOPONID CEPYKTYPHPOBAHHOMO MOAXOZA NPH HANHCAHAH nipo-
rpamMbl HETPHBHAALHON cI0MHOcTH i pasMepa. [TpH aToM Moo
1IPOeMOHCTPHPOBATL NPAKTHUECKOR NPHMEHeHHe MeTOAOB, pac-
CMOTPEHHBIX B NpeAbAYILHX TrAagaXx. KpoMme TOro, ™Mb TOCTi-
pacuMca AaTh ofliee MPeACTABIEHHE O CTPYKTYPE TPaHCIAATOPOB
I npuHunmax Hx paﬁDTb!. 3HaHHe 2TOTO apeaMera no3BONHT
Aylidie pazobparhed B HCKYCCTBE MPOTPaMMHPOBAHHA Ha A3IbIKAX
BBICOKOTO YPORHA, a TaKKe OOJeruHT NPOrPAMMUCTY pa3padorky
COOCTBEIHBIX CHCOTEM, HpeJHA3HAYEHHPIX NNA KOHKPETHBIX neneit
11 ofnacred npumenenus. Ho, NOCKodbKy, Kak H3BECTHO, TEOPHS
TPRUCHATOPOB — CAGKNGIE H OBWHPHLIT HPeAMET, B 3TOM OTHO-
eHH A4HHEA IAaBa OYAET BOCHTHL JNIUB BBOAHHE I 0830pHHA
xapakrep. [lo-BUAHMOMY, FrAaBHOe, UTO CAelYyeT YACHHTh, — 3TO
UTO CTPYKTYPA TPAUCANTOPA OTPAKART CIPYKTYPY H3blKA H CHAQK-
HOCTR — HAH NPOCTOTa — A3HKa pellalolliiM 06pa‘30M BJAUACT Ha
CIOWKIOCTL ero Tpancaaropa, [Tosromy Mul Haulies ¢ ORHCAHMA
CTPOEHHA A3BIKA, a 3aTeM COCPeJOTOUHM BHHUMAHHE HCKAKUH-
TeNLHO HZ TPOCTHIX CTPYKTYDAX, AIA KOTODBIX MOIKHO TIOCTPOHTH
ITpOUTHE, MOAYJILHBIE TpaHCAATODDLI. Takue OpOCThie HA3LIKOBDhIE
KOHCTPYRLHH OKA3HBAIOTCA HOCTATOYHBIMI AJA YAOBJACTBOPEHYA
RPAKTRYECKH BeeX TNoTpelHOCTell, BOZRHKAWIWHYX MPU HCNOAB3O-
BAHIIY A3LIKOB TPCTPaAMMHDOBAHKA

5.1, ONPEAENEHHE M CTPYHTYPA AZLIKA

B ocHoBe KamJaoTO A3bKa JAeKHT CO108aps. Ero sneMenTHt
OOLIYHG HA3BIBAKT CNOBAMH, HO B TeOPHH (POPMAJBHLIX f3LIKOR
WX HA3BIBAIOT CUMBOAGMI. F3BIKM XAPAKTEPUSYIOTCH TEM, UTD
HCKQTOPBIC [OCHEA0BATENLHOCTI C/IOB CYHTATCA NpPABHJIAbHBIMY
npedioNenuamy A3blKa, @ APYTHC -— HENPABHIBLHBIMH, HAM (&
DPHAZANCKAIHMA JAHHOMY A3BIKY. Hem ke onpegenseTcd, AB-
Agercd JW HEKOTOPAA TNOCASAOBATENRHOCTh CAOB [PABRABHLIM
tipeaaoxcuneM? OO6b4H0 3TO ONpeAensieTCA rpaMMaTHKON, CHH-
TakencoM {MONHO C€KaszaTb — cTPYKTYpo#l) saswika, Cunraxcuc
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ONPCAGAACTC] KAaK MHOMKCCTBO NPaBHA HAH GopMyda, KoTopue
3a1210T MHOMecTBO ((PopMaiblto TPABHABLHEIX) NpeisIOKeHuN,
Takoe MHOXeCTBO CHHTAKCHUECKHX NPAaBUJ He TOABKO MO3BONAET
YCTAHOBHTb, HPHHAMICKHAT A1 HEKOTOpPas JajaHHAA ToCJAeA0BA-
TEAbHOCTh CAOB MHOMECTBY NPEeAJNOHeHHH A3BKA, HO OPH 3TOM
ONpeAeNNeT CTPYKTYPY MNPEAIOMEeHHs, KOTOpas YCTAHABAHBACT
ero CMhblCT, HOBTOMy ACHO, 4YTO CHHTAKCHC W CeMAHTUNRQ
{=cMbICn} TECHO CBS3abbl Mexay coGol. ChenonaTenwHo, ompe-
EeJeHHA, CBA3AHHBIE CO CTPYKTYPOH, BCerja chefyer paccMal-
pHBaTb K&l CPE,H.CTBO pacnoznaBaliHA CMbICTa, HO ITO0 He NoMe-
LH1AeT HaM H3yllHTb BHauafjie HCKIIOUHTEJBLHO CprRTy’prIe acnex-
T H3BIKA, OTBMEKIACH OT WX CBA3N CO CMBICJOM, T. €. OT HX HH-
TepnpeTaLum.

Paccmorpum, nanpumep, npeaaoerne <Kok cnats. Caoso
“ROMKH» — OANENALICe, a «CNAT» — CKadyeMoe, Pro npepao-
WEHHE NPHHAANEHKNT A3BIKY, KOTOPbII MOXHO ONHCATh, HAOpI-
Mep, TPH NOMOLMLA CACAYIOMNY CHHTAKCHYECKHX NPaBHa;

(mpeaaonerne) = (MOANE HKaALICE) {CKAIYEMOR)
{nopaexamiee) ::= gowiku | cobaxu
{cragyeMoe) 1= cnar | edar

CMEICA 3THX TPEX CTPOUCK TaKOB.

1. ITpennoxeHre cOCTOHT H3 MOANCKANIErO, 338 KOTOPHM CAedyeT
CKA3ZYEMOe,

2. Tlopnexanulee COCTONT JHGO 13 OAHOTO CAOBA «KOMKH», JHG0
H3 OAHOTO CJOBa <CO0aKH?.

3. Crasyemoe cocToHT An60 H3 caoBa «cnats, AHO6 U3 CA083
AeAT.

Haes zaxniouaetcs B T0M, UTO Riboe MPeAAOKERHE MOXKHO No-
JAYUYRTD H3 HA4AABHO20 Cuseoan {IPeLIOKeHHe) MocaeL0BaTeNp-
HbIM TPHMEHEHAEM NPasut HOOCTAROBKY,

(DOPMEIJ!HSM, HJIH HOTaLus, HCIOMbAaGRaHIi b npH HanHcanH
STHX MNPaBua, HAasbiBaeTcs OHakyec-#Hayposonr gopmod (BHDO).
Broepsple oHa OHJAQ HCAOAB30BAHA O1A ONHMcaHKA Aaronaa-60
[5.7]. ChHTaKCHYECKHE ¢RHAHUB {NpeafomkenHe}, {RopaeMallee)
n (CKEIS)’EMOC) NA3LBATCA HETCHPMUHAADHBIMYE CUMBOAGMU, CHO-
BA KOWIKH, cOGaru, CRAT U e09T — TePMUHAAGHLIME CUMBOAAMLL,
a wpapuna — noposclangumu npasuaamit, CHMBORBL [ == H | —-
3710 Meracuunsoan*) aapnka BH®. Ecan ann xpatkocTd mu Gy-
AeM MCHOAB30BaTh OTAedbHLE 3arAaeHbie GVKBol AJNA HETEpMH-
HAABHLIX CHMBOMOB, TO ,[LaHHbI[:J‘l anMép MOZKHO Hepﬂﬂl{CﬁTh cie-
AVICHIHM 0fpa3soM:

*) MeracnmBONR He npuHaAnexkaT ONHCHIBAEMOMY HIHKY, 4 OTHOCATCH K
AIRKY ONHCAHMA. MeTACHMBONAMP SBASIOTCA Fakime { ) — CKOOKH HeTepMi-
Naapllux cuMporos. — [T pus. nepes.
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IMpumep I

A A
Av=xly (8.1)
B z

H A3bIK, OnpeleNeHHufi STHM CHHTAKCHCOM, GYIET COCTOATL WI
HeTHPEX NPeANOKENHN X2, 2, XWw, yw,

Tpupenem Temepb Gollee TOUHHE, MATeMaTHUECKHE anpene-
JeHnqa:

1. Aycte sauk L= L{T, N, P, 8} aanan:
{(a) cnoeapem T TepMHHAABHEIX CHMBOJOB;
(b) mHoxecTBOM N HETePMHHANBHEIX CHMBOJOB (TpaMMaTH-
YEeCKUX HaTeropyii);
(c) MHOxecTBOM P nopomaarmux npasua (CHATaKCHCOM):
(d) cumBoaom S {u3 N), HasmBaeMBLIM HavaNbHEM CHMBOJIOM.
2. famk L{T,N, P, S} ecte MuOMecTBO nocnefobartenbHocTed
TEPMHHANBHEIX CHMROJAOB ¥, KOTOPHE MOPYT NOPOKAATHES K3
S mo npasuiy 3 (NpHBENEHHOMY HHKE):

L={t1S 2>t u teTY (5.2

(mna o6oaHaveHns NOCALLORATENLHOCTEH CHMBOROR Mbl He-
no/b3yem rpeuecikhe OykBb), T* o3Hayaer MROMECTBO Beex
NocHeAOBATEALHOCTCH cHMBOMIOB U3 T,

3. TlocnenoBaTeALHOCT O, MOKET HOPONGATHCA TOCTCAOBATENb-
HOCTBIO 6y B TOM H TOJBKC B TOM CJIyuae, eciM HMEKTCs mo-
CNeJI0BATENBHOCTH 01,0z, .. ., 0,1, TAKHE, UYTO KAJKA0E O; MO«
eT HeNoCPpeAcTBeHHO NOPOKAATHCA g NO UPaBRAY 4 (UPH-
BEACITHOMY HHKE):

(0p = 0.} {o,u,—06) mLasn i=1...n (5.3)

4. TocnenopaTeALAOCTS ¥) MOXKET #enocpedorsenno ROpoxAareca
‘MOCAEACBATENLHCCTEIO § D TOM H TONBKe B TOM ¢/1yuae, eCnH
CYLLECTBYIOT NOCNERoRATERLHOCTH o, B, B/, %, Tarne, yro:

(a) &€= al'f;

(b) m=an'f

{c) P copepkuT mopoxpammes npapuno £ r=1"
Hpumenanue. [lpasuno Buaa o= fiP2}...|B- nenonvayerca

KaK COKpalledHan 3anvch IOIA MHOMECTEA NOPONKAANIHX Rpa-«
BHA:

=R, ai=pfy ..., Go=f,

Hanpumep, moclienobaTenbHOCTs Xz M3 NpAMepa 1 MOMHO noay-
YHTb ¢ TIOMOLLBIO CACAYIOWHX IIATOBR HEMOCpedCTBEHIOTC NOPOK-

-+
aesna: S —+ AB-»iB-rxz; chefoBaTedeHo, 8> xz, B 0O-
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CKOMbKY X2 € T*, T0 A2 eCTh NPCINOMEHHE A3bKa, T, €. X2 L,
OrmersM, uTO HeTepMHHAAbLHBMe chHMBOAH A H B noasaswten
TOABKO HA NPOMEXKYTOUHHX HIATAX, 2 OKOHUATENLHHH Mar oA-
HeH JATh MOCAENOBATENBHOCTH, COCTOAIIYIO TONBKO H3 TepMil
RAALHOLX CHMBOAOB, I'paMmaTHyeckHe NpaBijia HasSHBAOTCH NO~
POXARIOUIMMH, IOTOMY 4TO OHH ONPEAeNNIOT, KAK HOBBIE NOC/ELO0-
BATENLHOCTH MOTYT (DOPMHPOBATHLA, HAH nopondarsen.

3Lk HAILBAETCH KOMTEKCTHO-CBOGOGHBIM B TOM H TOALKG
B TOM Chyuae, €ChH OH MOMeT ObTb onpenenied ¢ NOMOLILBIO KOH~
TEKCTHO-CBOGOLHOIO MHOKECTBA MOPOKAAWQWHX ApaBHa, Muoxes
CTBO IOPOXMRAICUIHX IPAaBHA KOHTEKCTHO-CBODOAHO TOTAa H TO/Ihe
KO TOTAA, KOPAa BCe Bro Wiellbl HMEKT BHE

Ax=f (A=N, Es UT)),

T. €. eCAH ero Jiegad uactTh COCTOHT H3 OAHOrO HeTepMHUHANBHOMO
CUMBOJ&, KOTODHM{ MOXKeT 34MeHAThCH HA [OCAeN0BATENLHOCTS,
CTOAILYIO B NIpaBoil 4acTd, HE3aBHCHMO OT KOHTEKCTA, B KOTOPOM
OH BCTRCHALTCA, Eecau nopowaawllee OPABUAC HMECCT BHA

aAf = o5,

TO OHO Ha3MBAETCH KOHTEKCTHO-3AJUCHMOIM, TAK KAK 3aMena A
Ha [ MOmeT HMETh MeCTO TOABKO B KOHTeKeTax « u B. Jlanece
Mbl O[PAHHUHM PacCMOTPEHME TOJIbKO KOHTEKCTHO-CBOGOAHLIMH
A3BIKAMH,

Hs nprmepa 2 BHAHO, KAaK IPH HOMOILH DEKYPCHH KOHEMHOS
MHOMXECTBO NOPOKIAIOILMX NPABH/ MOXET 3aiapaTh GeCKOHeYHOS
MHOMKECTBO NpeRNOKEHRH.

Ilpumep 2.
S = xA,

Au=2z|yA. G4

Hauanbhblt cHMBOA S MOMKET MOPOXKAATH CACAYIOLIHE TNPeadcs
WEHHA;

xz

xyz

xyyz

xyyyz

L I B |

5.2. AHANM3 NPEANOEHMI

E,anatia TPAHCAATOPOB, UMK CA3HIKOBLIX TNIPOULCCOPOBS, — ITO
B NepByio o4epefb He TOPOKACHUE, 8 PACAOINABAHUE NPEATOHKE:
HESL H HX CTPYKTYpHl. DTO 03HANaeT, NTO 1ard NOPOKASHHSA, KO-
TOphie POPMHPYIOT RpeANOKeHHe, AOKHE DPEKOHCTPYHPOBATHCA
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NpH YYeHHH NPEANMKEHHS, T. €. NPOXOAWTHCA B OGpaTHOM mo-
paake.lB NpuHLKIE 5TO OYeHb TPYAHAH, a4 HHOTAA W HEBRIMOJIHU-
Man 3apava. Ee cnoXHOCTL CHADHQ 3aBHCHT OT NPABHA NOPOK-
AeHES, KoTopHe onpefeasior a3uk.{PaspaboTka anroputMos pac-
TI03HABAHHA AJIA A3EIKOP ¢ KOCTATOUHO CAOMCHOH CTPYRTYpo# —
Jajaua TeopHH CURTAKCHUEeCKOo20 OHOAUZT. 3,!18(3[: AMe Hama
uesib — pa3paGoTaTh METOA NOCTPOSHHA AJrOPHTMOB pPAaCHO3HA-
BAHHA, AOCTATOYHO NPOCTHX H 2PPEKTHBHMX AJ9 APAKTHUYECHOTO
TNpHMeNena. DTO 3HAYHT, ITO BHIUNCINTEALHLIS 3aTpaThl Ha aHa-
NU3 NpeToXeNHS ROMMHL HaXOAWTECHA B JHHEHHON 3aBHCUMOCTH
OT AAHHLE MPERJAOXEHHR, B CAMOM XYAIEM ¢Aydae QYHKURY 3a-
BHCHMOCTH MOMeT OWTh rni-logn, rae n— QnHHA NpesgoxeHns,
Paszymeerca, MLl He MOMKEM CTABHTb 3alayy NOHCKa aaropHTMa
pacmo3naBayua ARA JIOGOFO 3aRANHOFO fA3HKa, bymem peanw-
CTaMH W HOCTYNHM HAoBOpPOT: NOCTPOHM HEKOTOpHIN 3dderTHB-
WL AaATOPHTM, 4 3aTeM ONPelefiiM, ¢ KAaKHM KJaccoM H3IHKOR
on mMoxer pabotarh [5.3].

Hs ocuoanoro 1pebonanus seKTHBHOCTR cACAyeT B NCPBYIO
ouepels, UTo KamAuil ouepennoil sram aHaInsa ROMKEH BLIGH-
paThed NHINL B 3ABHCHMOCTH OT TEKYHIEro COCTOSHUSE Tpouecca
H OT OLHOro CAEAVICINEro YNTaeMore cumeosa. [lpyroe HanGonee
BakHOe TpefoBaHne — wto0bl HH K KakoMy stany me Obio no-
BTOpHOro obpailenns, 3Ty apa TpeGOBAHAA W3BECTHH Kak TeXHH-
YeCKMIt TePMHH APOCMOTD HA O0UM Cumads eneped 06ea 803-
8paTe.

OcHOBHOR MeTOA, KOTOPHI MH 3Zech pasGepeM, HasnBaeTcH
HUCXOTAWUM TPAMMATHYECKAM DPa3fopoM, MOCKOAbLHY, RPUMEHAR
5TOT MeTOH, Msl GyfeM RpITaThCA PEKOHCTPYHPOBATH 3TAlLl NO-
POXIeHNS (KOTOPLie B NPHHHNIE 06pA3YIOT AepeBO) OT Hauang:
HOTO CHMEOJNAZ X KOHEYHOMY NDeANOXKEHHUIO, T. e. CBepXy BHH3 &
'[6.5, 5.6). BepheMmcn x npuMepy 1. HaM 0aHO TNpPeLJONKEHAHE
«Cobaku edary, U Ml AOMXHE ONPeACAHTh, HPHIARICIKHT JIH
oHO A3kKy. [To onpeasneHKK NpeANOMEHe IPHHALNEKUT AZBIKY,
TOALKO €CAM OHO MOXKeT NOPOMEATHCH M3 HAUAJLHOFO CHMBOJA
{npeatomxenne). M3 rpamMaTHuecKHX MPABHX CheAYeT, YTO npel-
JOMEHRE JIOJKHO COCTOATb H3 MOMAAEHAINIETrO, 3a KOTOPHIM Che-
ayer ckaayemoe. Tenepn M MoXeM pasielHTh 3aAady Ha Ase
NoA3aAAYH: BHAYAJE HYHHO ONpelennTh, MOXKeT JAH KaKas-nnéo
HAYANLHAA YACTh NPEJIOKEHHA ROPOMAATECT H3 CRMBoJa (a01-
Jexcamee), HelcTBuTebHO, cof@Kl MOXET HeNOCPEACTBEHHO 10-
PONKIATLCH H3 STOrO CHMBOJA, NOSTOMY MB yOHDaeM cHMBOA
coBaku M3 BXORHOTO NpPeltoeHHa (1. e. cABHraeMcs Ha oOAHY
Wwar) ¥ NepexoinM K CHellyloIned fogsajave: onpefieduts, MOXeT
AN OCTAPWIAACS YACTb NPEANOKEHNR NOPOKUATLCA H3 CHMBOJAA
(ckasyemoed. ITockoabky OTBET BHOBb RONOMHTENBHBIR, Pe3yih-
Tar aHanusa moaoxareasHwll, [lpomecc pabotui MOXHO H30Gpa-
SUTHL TakKo® CXeMO#, rae ¢Aepa MOKA3aHB CTOSALNE JAHauH,
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d ¢lpaba — €Ul He OPOYHTAHHAR HACTh BXOAHOTO OPELAQOMCHHAS

{nperroxcenne) cobaku edar
(nojnexalnee) (cxasyemoe) | cobaku edar

cobaKu (ckazyemoe) | cobaxu edar
(cKazyemoe} edar

eoRT eoAar

Bropas cxema AemoncTpupyer Npoliecc aHadu3a NpelNOKeHHR
XYyz B COOTBCICTBHY ¢ TOPOXKIAAWLNMY NpaBHAaME npuMepa 2:

A xyyz
xd xyyz
A yyz
y4 »ri

A vz
vA4 yz

4 z

z z

——

TMockoabKy '_gf:'»paTHoe npocaeHBalle 3TafoB NOPOMACHHK
Npe/IOKeHHST HA3HIBAETCH 2PAMMATUYECKUM pPa3bopoM,), ONHCaR-
HE{ BBILIe dJFOPHTM €CTb (A20PUTM 2PamMMaruveckozd pa3bopa.
B oGoux npuMepax oTAenbHBIE HOXCTAHOBKH MOIKHG MPOH3BOAHTD
OLHO3HAUHO NPH [POBCPKE GAHOTO OYEPEAHOTO CHMBOAA BO BXOA-
HOM Npeanomeduy. K coxanaewuo, 310 ne beeria OuBAeT BO3-
MONHO, YTO BHAHO H3 CAeIYHIEIETO OpHMepa:

fpumep 3:
Si=A4|8
Auv=xA|y (5.5)
Bu=uxBlz
Mul nHTaeMcs NPOAHAAH3RPOBATE NPRLIOKESHHE XXX2
S Xxx2Z
A XXXZ
xA XXXZ
A XXZ
xA XXz
A xz.
x4 Xz
A z

1 nonagaeM BNPocak. TPyAHOCTh BOSHHKHET HAa CAMOM NEPROM
uiare, Korga peweHue o saMeue S Ha A BAH B Heas3s MpURATH
Ha OCHOBE JIUINB WePBOrO CHMBOJIA, MOMXHO NDPOCJEWBATH OAHH
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U3 BOSMOMHBIX BHOOPOB, 4 3aTeM BO3BPALIATHCH, €CAH 3TOT NYTh
He RAeT HYXHOrO peutedHs. Takoe fefiCTBHE Ha3bBaeTcn ao3gpa-
rox. B f3bike npuMepa 3 4MCAO BO3MONKHLIX UIATOB, HA KOTOpble
NPHAOANTCA HHOIAQ BO3BpallaThes, He orpadndeno. [lonaTho, yro
noJo6Han CUTYalHg KpahHe HEXEAATeARHA;, CJISACRATEALHO,
HYXKHO n30eXarb TAKHK OCOGEHHOCTEH S3WKa, KOTOPbIe HPUBOAAT
K BO3BPATy [IpH rPaMMAaTHYECKOM pasﬁope.[_l]oammy MB [pUHH-
maeM peurcHHe, 4To OydeM paCCMATPHBATL TOABKO TAKHE T'PaM-
MAaTHHeCKHe CHCTEMB!, B KOTOPHIX HayaJbHEE CHMBOAL! adbTephHa-
THBHBIX MPAaBHIX YacTefl MOPOKMAAIINKX NMPABMI PA3THYHBL.

Ozpanuyenue [,
Ecnn paHo nopoxaaiotiee Hpasuno

A= E|E].. .|t

TG MHOKECTEd HAYaJbHBX CHMBOJJOB BCeX HPED.JIO)I{EHHﬁ, KOTOpHIS
MOTYT NOPOMAATDCH H3 pAIHUHBIX £i, He HOJMHBI NEPECEKATLLA,
T. €.

flest(BON first{E) == I and ecex i =,

Muoseerso firsi (&) eCTe MHOXKECTBO BCeX TEPMHHAMLHHIX CHMBO-
JOB, KOTOPHIe MOIYT BCTPEYATHCH B Hauage lIpedioxedud, nony-
yeHubix H3 £ [IycTh 3TO MHOMCCTBO BBIYHCAASTCA COMNIACHO CJie-
ZYIOLWEHM IPABHITAM:

I, EcaK nepBblli CHMBOA APCyMeHTA TePMHHAJALHBIA, TC

first (ak) == {a}.

2. Ecaun mepBblfi CHMBOJ HETEPMHHAALHBIE H CTOMT B JeBOH
JacTH NOPOIKAAUIErO NpaBuna

Av=qa|oy|,..|a,,
TO

first (Agy— first (@) U first{ea) U ... U first{a)\

B npumepe 3 MoxXHO 3amerTuts, 410 x & firsi (A} n x & first(B).
Cael0BaTeNbHO, B NEPBOM [OPOXKIAICHIEM NpaBaJe HapyuleHo
orpaniuenne 1, Ha camom neine, sierko HafiTH CHHTaKCHC Aaq
A3BIKA NpHMepa 3, YAOBAETBOPAOWNG orpanuuendo 1. Hyxuo
O1J0XHTh pa3jieeHHe HA YACTH A0 TEeX Nop, Ioka He OGyayT
npoiigeism Bee x. ChAeAyiOllHe NOPOMAAOUINE MPaBHAA IRBUGH-
aAexTHer npapunam (5.5) B TOM CMEICTE, YTO OHK TIOPOKAAKT TO

Ke MHONKECTBO Npeinomenuit:
Su==C | x§,
Cu=yglz. (5.59)

K coxanenuio, orpaniyerie | HeAOCTATOTHO CHABHO, HTOOBL Hi-
Gasuib nac o7 AanbHeRWHX HenpuATHOCTeN. PaccMoTpHM
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fIpumnep 4.
Sii== Ax,

An=1x| e (5.6)

3neck € 0603HaYAET HYAEBYIO NOCACNAOBATEABHOCTL CHMBOJIOB.
Ecan Mbl nonbiTaeMes pasoGpaTh NpeANOXeHHe X, TO MOXKEM
MONACTY: B CASAYIOLIKE «TYNHK»:

S

Ax’

Xx
x

[ & = =

TpyAHOCTL BO3HHKAET M3-3& TOFQ, UTO MH AOMXKHL 6uAM cAedo-
BaTb npaguny A == ¢ pMmecto A= x. {ITa CUTYAlHA Ha3H-
BaeTca ApofAemcd nycToud CTPOKH, OHA CBA3AHA CO Caydaew,
KOTAa HETCPMHHAJABHLIA CHMBOJA MOMET NOPOMIATL OYCTYI 0Q-
CAEACBATRNLHOCTE. UTobH e¢ H36exaTh, MH BBOARM

Qepanunenue 2.

Has awboro cumeona A <= N, xoTopuil NOpOMAaeT mycTyio
nocaeAoBaTenbHocTs (A = €), MHOKECTBO HAYAALHWX CHMBOAOB
HE AOMKHO TNEePeceKaTbts €O MHOKECTBOM CHMBOJOB, KOTOpHE
MOTYT NIOSBNATHCS B NPELTOKEHHSX A3HKA CPABA OT KAKOH-THGO

NOCNEA0BATEIBHOCTH, TOPOKAaeMOlt A (BHEILBNMH CIMBOAAMHA
Al 1. e

first(A) N follow(A) = @.

Muowmecteo follow(A) onpeaensercs Tak: HepyTes Bre NOPON-
LajoliHe DpaBuaa P; Bula

Xu=Edy,

3aTeM QIS KaXAOR TNOCJHEAOBATENbHOCTH 1), CTOSLiEH crpasa
oT A, onpeueaseICa €¢ MHOMECTBO HaYaJbHEIX CHMBOJOB S ==
= first{n;}. Muoxecrao follow(A)— cbbeAnHeHNe Bcex Takux
MHOXecTB S;. Ecay XoTs O 0JHA 7] MOXET NOPOMAATE NMYCTY!O
nocae]oBaTenbHOCTh, TO MHOMeCTBO jollow (X) caelyer Takxe
BKAWYHTE B follow (AE.E.B npeMepe 4 orpasnvyeHne 2 HapylaeTca
A8 cumBona A, DOCKOABKY

first{A) = follow(A) = {x}.

rﬂus’ropeﬂne NOACGHBIX IOC/IEROBATENbHOCTER CHMBOJAGE B
npeinomennax obLuAC 334aCTCA B NOPOKAAWIMHX NPABHAAX
¢ noMouisio perypcun. Hanpumep, nopoxnaionee npasuio

Au=Bl|AB

OTIHCHIBAET MHOKECTBO Npeanoxennit B, BB, BBB, ... , Oanaxo
HCNOAB30OBAHHE TAaKOro NPABHAA Temeps 3anpelieRo orpantye-
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HHeM 1, TAK KaK
first(B) 1\ first{AB) = }irst{B) == Q’)

Ecau Mbl 3aMeHHM 3T0 NPABHJO ero clerka MoAHGHUHpOBAHKOHA
BepcHel
Au=c¢ i AB,

nopoxaamoueii nocnegoparensHoctd €, 8, BB, BBB, ..., To Ha-
pPyWIHM oCpaHHYeHHE 2, NOCKOIbKY

first{ Ay = firsiB)
B, CNelOoBATE/LHD,

first(A) N Follow(A)s= &

OueBHaHO, YTO ABa 3TH OCPAHHYSHHSA 3AMPEHIAOT HCNOABL3OBAHHE
onpegenchull ¢ enesofi pexypcuedis. [lpocTolt cmocob H3bemaTh
TakuX popm — 310 AHOO0 HCRONB30BATH NMPARYH PEKYPCHIO

=¢|BA,

aubo pacitaputs BH®-roTaunio ¢ TeM, 9TobH oHa Aomyckana
fiBHOe Bbipadenne nosropenudi, [lostomy onpeseaum {5} kak
MHOMKECTBO NocaAeaoBaTeAblIoCTR

e, B, BB, BBB, ....

Koneuno, HYMXHO Y4HTHIBATb, YTO KAMAAA TAKAA KOHCTPYKUHA
MOXKET NOPMKIAATh NYCTYH HOCAelOBATeALHOCTb, (DPUrvpHue
ckofkn { } ABAsOTCS MerTacHmaoaaMi pacmupedHod BH®.)

ITH paccysLeHHs, a TAKME NpuMep HpeofpasoBaHHd 0POK-
paownx npaeua (5.5) B (5.5a) moryr HaBecTy Ha MHC/b, 4ro
«TPIOKH» ¢ Npechpa3oBanveM FpaMMATHK NO3BONAIOT PelINTs BCe
npobAeMbl CHATaKcHYeckoro anannsa. Ho He caeayer 3aluipath,
YTO{CTPYKTYPA NpeAIGKEH i CBA3dHA € HX CMBICAOM H 4TO CMBICA
CHH CHUECKHUX KOHCTPYKUHA OGLIYHO BHlpamaeTca Yepes CMbIcH
MX KOMMOHEHT.” PacCMOTPHM, HanpuMmep, A3bIK, COCTOALMA H3
BLIpaKeHull, KOTOPble BKAKOUAT GNEPAHAN 2, &, € H 3HAK MUHYC,
0f03HavalonIHil BHYATARME!

Su=4d|8—A4,
Au=ajb]ec.

CornacHo 3Tofi rpaMMaTHKe, NpelddoxeHHe @ —b—¢ HMeer
CTPYKTYPY, KOTOPYIO ¢ HCIOAB3OBaHHEM CKOOOK MOMHO BMPa3HTh
chepyiomaM obpazoM: ({@ — b)—¢). Ho ecnan sty rpaMmaTHky
npeo6pas3oBaTh B IKBUBAJCHTHY0, HO CBOGORHYW OT /eBOH pe-
KYpPCHH

Su=A1A-S§,

An==qlbic,
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TO 3TC K€ NPEANOMEHHE IOAYUKT APYIyl0 CIPYKTYDPY, KOTOPYO
MOXHO BHpasHtbh Kak (@ —(&—¢)). Yuutnipas npuusroe 3Ha-
“eHHe BHIMMTAHHA, MBl BHAKM, 4TC $TH ABe FOPMEL BOBCE HE IKAN-
Ba.ﬂemuu ¢ TOUKH 3PEHUSA CEMAHTUKM.

L CreayeT CAeNaTh BHIBOI, 4TO NpH ORPEACEHAN 53LIKA, 0O~
.na%mcro CMEICADOM, HYHG BCErja NMPpUHHMATL BO BHRMAHHE €TI0
CCMAHTRYECKYIO CTPYKTYPY, NOCKOJhKY CHUTAKCHC [OAMEH ee
orpa}{(a"ri:l '

53 NOCTPOZHME CHHTAKCHUYECHOFD MPAcA

B npeabAyHieM paifene Ouli CNHCAH aJropHTM HHCXOAALULETO
PACUOSNABANNS, IPEMCHAMLE K TPaMMATHKAM, KOTOPHIC Yi0BJe-
TBOPRIOT Ofpadmuennam 1 u 2. Teneps mut nepefifem xk peanu-
3aUHH 9TOTO ANTOPETMA B BHAE KOHKPeTHOH nporpaMmel. Ilpn
STOM MUMHO HCHOJB30BUTh ABA PAJHYHBEIX Meroxa. OOHH n3
#HUX — 3T0 HAITHCATh YHHBEPCAJALHYI0 MPOFpaMMY HHCXOAANECO
FPaMMAaTHYECKOTO pasbopa, NPHrOAHYI0 AJA BCEeX BO3IMOMHHX
rpaMMaTHr {VIOBASTBOPAICIUNX orpaHudenusim 1 v 2}, B stom
cllyuae KOHKPETHHE PAMMATHKK 32a1a10TCs 3TOH nporpammae
B BHAE AJHMBIX HEKOTOPOH CTPYKTYPH, KOTOPas B KaKGM-TO
cMucae ynpasaser ee pafortofl. IlostoMy tagas nporpamma ha-
supaerca rabauync-ynpasagesmod, Apyrofi meros — paspabaTe-
Bath NPorpaMMy HHCXOAAllero TpaMMaTHuecKoro pasfopa che-
NUANLHO ANA 3AJAHHOTO KOHKDPETHOMO A3BIKA; OPW 9TOM €ro cii-
TAKCHC N0 ONPEJeNCHHLIM NPABHIAM GTODOPAKIETCA B N0CAER)-
BATCABHOCTD ONEPATOPOB, T. €. B nporpammy. Mm no ouepead
pacemorTpuM ofa 9THX MeTOAA, KaXAHHK B3 KOTOpPHX HMEeT CBOH
NPLeHMyILeCcTBA H HeRoeTATRR. T1pH nocTpoeHun TpavCAATOPa And
KORKDETHOrQ A3bIKA NPOrPAMMHDPOBANNA BpAA JAH noTpebyerch
BLICOKAS IHGKOCTD M TapaMeTPH3alig, CBONCTBEHHEIE YHHBep-
canbHCH MporpaMme, TOTAa Kak TNporpaMMa IPaMMAaTHYECROTO
pasbopa, RpeiHA3HAYEHRAR CNEUHAALHO JAJR AAHHOLO M3BLKA,
aLuHo okasuipaerca Goaee sddexrtnruoR ¥ ¢ uedd nerue pabo-
TaTh, II09TOMY Taxofi NONX01 npeanouTntener. B ofoux cayvasx
LINJEe3HO DPeACTaBARTh 3aJaHHBIA CHHTAKCHC B BHIE TaK HasH-
BACMOr0 CUHTAKCHRECKGeo epagha, WAH epaha pacHO3HaBARUA.
Takch rpat orpaxaer vapaBneHue XofoMm paborul npi rpamma-
THYCCKOM aHANH3e NMpeAtosKeHHn.

Has uHcxoIZAwlero rpaMMarHueckoro pasGopa XapakTepHo,
UTO lledtb @HAMN3a M3BECTHA C CAMOTO HAawaja. JTa weab — pac-
NO3HATL NPEANORENUNS, T, €, TOCACAOBATE/ILHOCTL CHMBOMNOB, KO-
TOpaA MOMeET TOPOMKAATLCS H3 HauanbHoro cumbona. Hipumene-
KU TOPOMALICHIEro TIPABUAA, T. . 33MEHA DOHOro CHMBOJAA NO-
CJIEIOBATENBLHOCTEIO CHMBOJIOB, COOTBETCTBYET PaclleflleHiio O&-
HOH UeAH HA HEeKOTOPOS YHCNO MOJANENeH, KOTOpPHIE LOJKHB cie-
A0BaTh B ompeAcacHitom mopaake. [1os7oMy HHEXOAMBEA MCTOR
MONHO HA3HEBATH TAKKE U HeACOPUCHTUPOSAHHbM [PAMMATHYE-
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ckum paszbopom. Ilpu Roctpoenkn OporpaMMbl rpamMatHyeckoro
pa3topa MONKHO BOCMOMBL3OBATLCA 3TUM  OUEBMIHBIM COOTBRT-
CTBHEM MEeXIY HCTePMHHAJILHBIMI CHMBOJAMH 4 LeAAMU: AfH
KaK/A0TO HETePMHHEAJILHOrO CHMBOJNA CTPOHTCA CBOA Tipolefypa
rpaMmaruieckoro pas@opa. Lless kawmfofi Takoft npoueaypbs —
pacnciHaBanie 4YacTi NpellOsKeHus, KDTOpaH MOMET NOPOZK-
JATLCA N3 COOTBETCTBYIOWMEro HeTepMHHAALHOTO cHMBOAa. Tlo-
CKOMBKY MB XOTHM MNOCTPOHTH rpady, NPeACTABATOLNE BCIO Npo-
rpaMMy rpammartiucckoro pa3zdopa, 10 KamAud UeTepMUHaNb-
HBlH cHmMBoJa Oyaer orobpamarses B noArpath. [Tosromy mm np-
XOAHUM K TaKMM NPABUAAM NOCTPOEHHA CHHTAKCHUECKOro rpada:

Mpasuara nocrpoenua epaga:
Al. Kawaeifi nerepMuuanpuefi cuMeOn A ¢ comsercmy:omum
MHOKECTBOM NOPOKAAOUIHX NPaBua

An=E]El-.. |54

OTOGpaKaeTCH B CHHTARCHYCCKHA rpad A, ¢TpyKTYpa Koro-
pO[‘O OF[]}EAEJ'[HETCﬂ HPEIBOIHI HACThID nopox(uammero I{pamma
B COOTBETCTBHE ¢ A2 — AB.

A2, Kawiaoe nogsfieHHe TepMUHELI6A0S0 CHMBOJA X B & COOTBET-
CIBYET ONCPATOpPY PACND3NABAHHA 3TOIO CHMBOJIA BO BXOI-
HOM npeanoxedutt, Ha rpade 310 n3ecGpaxaerca pebpon,
ROMeUeHHBM CHMBOJIOM X, 3AKJNIOUEHHBIM B KPYIKOK,

—()—

A3, Kamzomy MOABACHUIO HETEPMURGABAOZ0 cumBoia B 8 &; co-
oTBeTcTRYeT ofpalleliHe K npoueaype pacnosnasannn 8. Ha
rpade 370 U3obpariaercA pelpoM, MOMEYEHHDIM CHMBOAOM
B, 3agmoucnneM B KBaLPaT:

— e}

A4, [Mopoxnawlues PABHAQ, HMEIOMEe BHI

o tn

oToBpaxkaercd B rpag
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FAE Kaxnoe NOAYYEHO NpHMeHeHueM npasua A2—

A6 x £
A5 Crpora ¥, nMeioas BHR
g —_ 0',1112 A (Im

orofpasaercs 8 rpad

rie Kauaoe NONYyREHO NpHMeHenHeM npapun A2—AG

K oy,
A6, Crpoka §, nMeoman Al

= {a}

moﬁpa}xaemﬂ B rpad

rae E noAyueHo npumenenxeM npasia A2—A6 & aﬁ

fTpunep 5:
Au=x|(B),
B:= AC, (5.7)
Cu={+4}

3neck «-+», ¥, {, ¥)— TepMAKaAbBbie CHMBOAK, a { B } npuHaa-
nexnut pacimpennoli BH® u, ciemopatensno, ABAAIOTCH MeTa-
cHMBONAMH. $13biKk, nOpoxAaeMuil U3 A, COCTOHT H3 BHIpaxerni
€ ONEPAHAAMH X, 3HAKOM OMEpaulm «-» M cKOOKamu, Tlpumepu
NPeANGHEHHI

X

{(x)
(x+ %)
(=)

I'padu, nonydyennue ¢ NOMOMBIO MPHMEHEHHS IIECTH HPABHA AO-
cTpoeHra rpadoe, nokasawm ua puc. 5.1, 3ameTum, uto aty
cucTeMy rpadiop MOXHO CBECTH B OBHH rpad, MOLACTARMBE COOTBET-
cteentic C B B u B s A (M. puc. 5.2).

Elnmaxcnqecxuﬁ rpad ABAAETCA SUBKHBAJIGHTHHM HpeRCcTan-
JEHYEM TPaMMATHKH A3LIKA; €r0 MOXHO HCNONL3OBATH BMECTO
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MHOMKECTB2 TOPOXA2IOWHX Hpasia BH®. 310 oyers yaoGuas
gopMa, B Bo MHOTHX (eciH He B GoapiUMHCTDE) CcAydYaee oHA
npeanouTuTeabiee BH®, Pazymeerca, rpad naer Gonee AcHoe
W TOYHOE TpefcTanfieHne O CTPYKTYpe A3kiKa, a TaKiKe NO3BOASET
nyyllle NPeACTAaBHTH cefe mpouecc rpamMarudeckoro pasbopa.

* ®T

o

Puc. 5.1. Cunrakcuqeckue rpadet AJA CHHTaxcuca mpum. 5,

Tpagh asanerca nodxodauum npedcrasicnues, KOTOROE MOseT
CAYNCUTO OTRpasRoL Toukold dar paspatiorsura A3eika.. [puMepn
MOMHDBIX OTpEAeIeHHH AILIKOA € MOMOUIbID CHHTAKCHISCKHX rpa-

tdos naum B pasa. 5.7 aan IWVI/0 4 B npunoxeuwn B a4
Tlacrans.

e T

®

Puc. 5.2, Cpoaubit cHHTAKCHUeCKHA TPad, COOTBETCTBYIOMUKA npHM,. 3.

f:,[[.!m Toro 4ToGsl ofecneddTh AeTePMEHHPOBAHHLIA rpaMMaTH-
yecKuil pasfop ¢ DpoOcMOTPOM Bhepej HA ONUH CHMBOJ, OHAN
yCTanoBAcKL orpaEHyeH#sa | H 2. Kak npossasoTca 3TH OrpaHy-
yeHus [Ipu rpaduyeckoM [PEACTABACHHH CHHTaKcHCa? 3xech
0COOCHHO HACAAAHO BHIHHW YAOOCTBO H ACHOCTL TAaKOro fped-
CPaBJIeHHA.

1. Orpannvennio I coorsercTayer tpefoBansue, 4TOOB TPH KawK-
AOM pAa3BeTBACHHH MOMKHO Obio BHOPATL BETBb, [0 KOTOPO
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Oynmer HATH fanbHeHlIHit pasfop NO odepellHOMY CHMBOJY Ha
5Tofl BeTBH. DTO OBHAYAET, YTO HHKAKHe ABe BETBUW HE HOJIKHbL
HAUHHATBCA ¢ OAHOTO H TOIO JKe CHMBOJA.

2. Orpannuennio 2 cooteeTcTByeT TpefDBaHHe, YTOOH ecAH Ka-
KOH-HO0 rpad A MOMHO TpoHTH, He yHTas Booblle HEKAKHX
PAQANHIX CUMBOJIOB, TO TAKaA «HYAeBAaA BETBb» AOMNMHA NOME-
4aTECA BCEMHM CHMBOJAMY, KOTOphe MOCYT CJAefoBaTh 33 A.
(3TO BAMAET HA peillenye O Nepexole HA 3TY BETBb.)

Jlerko nposeputs, YAOBIETHODPAST JH HEKOTOPan CHCTEMa
rpatos 3THM JBYM OrpaHducHHAM, He ofpallaicb K MpeRcTas-
JNeHHIQ rpaMMaTHKM ¢ noMmowelo BH®. B kauecrse Bcmomora-
TENBLHOrO 1Ara ANA RaXAoro rpada A onpelendiorcs MHOXKeCTBA
first{AY u follow(A). 3arem HenOCPEACTBEHHO MONKHO NPOBEPHTD
BuiNONHeHHe orpanuuertit 1 n 2. Cucremy rpados, KoTopas yaos-
JIETBOPAET 3THM IBYM OFpaHHYeHHaM, Mbl OydeM HasnBaTh de-
FEPMUHUPOBAHHBIM CURTAKCUNECKUM 2padom,’

3.4. NCCTRPOEHHE NPOTPAMMBE TPAMMATHUYECHOTO PABBOPA
AN JARAHHOIQ CHMHTAKCHCA

E:__I'Iporpztmay, KOTOpas pAacnosfaeT Kaxo#-AuBo A3HK, J1ETKO
NOCTPOKTE HA OCHOBE eT0 REeTePMHHH{OBAHHOIO CHHTAKCHUECKOTG
rpagra (ecan rakofi rpag cywecreyer). IT0T rpad (pakTHEECKR
npeacrasnaer coGofl Gaok-cxemy nporpamMel. Ho npn ee paspa-
6oTke peROMEHAYETCA CTPOre c/aeloBaTh NpaBHtam npeobpaso-
BaiHA, NONOGHHIM TEM, ¢ NMOMOLILIC KOTOPHIX MOXKHO NPEeABAPH-
TeAbHO neAyuHTh W3 BH® rpaduveckoe npenctabieHne CHHTaK-
cHca. 3TH TDPaBRAA NepedyHcaerh! Ruxe. OHH IPHMERSINTCR
B ONpejeNeHHOM KOHTEKCTE, KGTOPLIl MPeanonaracT HaXHYREe
ocHosneli nporpaMmbl, cojeprauled ApOUeAyPb, KOTOPHE COOT-
BETCTBYIOT PASAUUHLIM RQAUSAAM, a TAKXKe NMPONeIYDY nepexona
K DUepeHOMY CHMBOJY.

Jas npocToTel MB Gy A€M CUHTATD, UTO NPEAJOKEHHRE, KOTOPOE
HYKHO aHaJNH3NPOBATL, NpejcTaniene QaiioM inpuf H 4TO Tep-
MHHAALHBE CHMBOAB — OTAeNbHEE 3HaveHus Tana char. llyeto
CcHMBOABLHAS nepemeHnas ch: char Beeria COACPKHT odepeanod
yHTaeMuil chmBos. Torja nepexos K CAEAYIORIEMY CHMBOJAY Bhi-
paxaercd onepaTopoM

read(ch)

OcHosnast nporpaMsma §yder cOCTOATL H3 Oflepatopa UTeHHA
NepBOTO CHMBONA, 33 KOTOPHIM CHEAYeT Oneparop AKTHBALNH
OCHOBHOH leju rpaMmarhyeckoro pasfopa. Ornenwrue npo-
LEeAYPH, COOTBETCTBYIOLIHE UeJdAM rpaMMaTHIecKoro pasfopa Wan
rpadaM, BOAYYawTCs No caeayolkuM npasunam, [lyers onepa-
TOp, NOAYYEHHBIE ¢ HOMOWBY npecbpasoBaHus rpaga S, o6o-
anavaercsa uepea T (S).
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fTpasuaa npeoﬁpaaoeauus' epaqba' 8 RPOZPUMMY:

Bl.

B2.

B3.

B4,

B5.

CpecTH cHcTeMy rpadioB K Kak MOMXHO MeHBIIEMY uYHCAy
OTAeABHMX rpadoB ¢ NOMOUWBIY COOTBETCTBYIOILHX HOA-
CTEAHOBOK.

peoGpasocpate KamAumi rpad B onucanke mpoueaypst
B COOTBETCTBHH ¢ NPHBENCHHbIMH HINe NPABHAAMH
B3—B7.

ITocaedoaareabHocTy 2NeMEHTOB

e —

nepeBoOANTES B COCTABHOR onepaTop

begin T(S,); T(S:) ... I(S,) end

BeitGop 3neMenTOB

NEPCBOANTCA B BLIGHPAIOWNH KNH YCAOBHBIE onepaTtop

case ch of if chin L, then T(S,) else
L, T(5,); if ¢k inm Ly then T°(S;) else
L, : T(S); | e ceen

----- . if ch in L, then T(S,) else
L. :T(5) error
end

rac L; 03HATAET MHBOMKECTBO HAYaJLHBIX CHMBONOB KOH-
cTpykunn S; (Li = first(S)).

ITpumeyanne. Ecan L; COCTOMT W3 OAROrO CHMBOAA @, TO,
pa3yMeeTcA, BMecTO «chim Li» HymHO MHCATH «ch == u».

Huka puaa
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NepeBoaNUTCH B ONepaTop

while ch in I. do T(S)

rie T(S) ecty orofpamenute S B COOTBETCTBHH ¢ OpaBK~
namu B3—B7, a L ects MHOWectso L == firg{{S) (oM,
npeABaylliee TPUMeYaHue).

B6. Jaement rpada, ofo3xagaiomiii apyro#t rpad A

NepesoAUTCA B onepatop obpallennsn x npouenype A,
B7. neMeur rpada, 0603HATAWHE TepMHHAALHHE CHMBOA

)

MepPEBOAKTCSA B ONEPATOP

if ch = x then read(ch) else error

rie error — IpolleAypa, K KOTOPOA OOPAlLAIOTCH NPH [Os
ABACHHU HeNpaBhibHOH KOHCTPYKUMHK,

Teneps nokaxeM RpEMcHEHHE STHX NPABHI Ha NpHUMEpe mpe-
oBpa3oBaHus peAYHHPOBAHHOTO Tpada, H306paXKeHHOro Ha
program parse (input, output};
var ch; char,

procedure A;
begin if ch = ‘x’ then read(ch) else
if ch = (' thea

begin reqd(ch); A;
while ch = ‘4’ do
begin read(ch); 4
epd ;
if ch = ‘Y then read(ch) else error.
end else error
end
begin read(ch); A
end
TMporpamma 53.1. Tpavmathuecknd paabop AAA CHHTAKCHCA HI mpuwm. 3,

puc. 5.2 {upHmep 5), B nMporpamMmy rpammaTH4eckoro pasbopa
{nporpamsa &.1):
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Tipn 3TOM npeoGpaszoBanuy CBOGOANO NPUMCHANHCH HEKOTOPHE
OYEBHAHMIE TPaBHAA NPOrPAMMHDOBAHNS, NO3BOAAIOILME YOPO-

¢THTE nporpaMmy. Hanpumep, npu GyKBa.rIbHOM nepepose YetBep-
Tasd CTpoka uMena Obf bun

if ch = 'x' then
if ch = ’x’ then read(ch) else error
else....

fiCHO, UTO ee MOWHO COKPATHTh, KAK 3TO CAeAAHO B NpOrpamme,
OnepaTopn uTeHHs B NHTOW M CeAbMOH CTPOKAX TOME NOJYUEHH
¢ NOMOILbIC TAKOTQ e YINpPOolLeHH .

1lo-BRANMOMY, NIOIE3HO ONPEACAHTD, KOPAa Booblle BOIMMKKL
noNOGHEEe YIPOWEHUda, H NoKa3aTh 5TO HEMOCPENCTBEHHO B BUIe
rpadon. JIBa oCHOBHBIX CAYuas NOKPHEIBAIOTCH CACAYIOUUIMH AO-
TOAHHTEABHBIMUE IPABAJIAMH:

B4a _
()
©

if ch = ’x,’ then begin read(ch}; 7(S,) end else
ifch = .x; then begin read(ck); T(S;) end else

ooooooooooo

if ck == 'x, then begin read(ch); T(S,) end else error

Bba

B ©

while ch = ‘x' do
begin read(ch); T(S) end

KpoMme TOT0, 4aCTO BCTPEYAIOUIYIOCA KORCTPYRIHIO
read(chy, T(S),
while B do
begin read(ch), T(S) end
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MOXHO, p23yMeeTcs, BHpa3HTh KOpPOYe:
repeat readi{ch); T (S) until 8 (5.8)

Mul naMepenuo He onuckLiBaeM A0KA npouenypy error {«omul-
Ka»). [ockoabxy cefiyac Hac HHTePeCYeT MHIUL, KAK ONPEEIHTS,
NPpABWILHO JIH BXOXHOE NPEINOKEHNe, MbH MOMKEeM CUHTATh, 4TOD
$Ta npomesypa 3akanywpaer pabory nporpammbl. KoHeuso, na
MPAaKTHKE B CJIyd4ac TNOABMEHHS HCHAPABHALHWX KOHCTPYKUHiH
HYJKHO HCNOAL30BATL O0fee TOHKHe npuemut. OHu Gyayt p:su.~
cMaTpuBaThcH B pasa. 5.9,

5.5, MOCTPOEHME TAEBNMHHO-YNPABNAEMON NPOTPAMMB
{l PAMMATH'-IECHOI’O PASEOPA

Bmecm TOrG 9TOOB JAA KA AOr0 A3bKa COCTZBAATH CIe-
UHaJAbHYI0 MPOrpaMMY NO [PABHIAM, H3JI0KEHHBIM B MpPEAbIAY-
WeM  pasiene, MOKHO NOCTPOHTL OJHY, YHHBEPCAABHYID Npo-
rpamMmy rpamMmarhueckore pasfopa. Komkperdawmle rpaMMaTHKH
324a10T¢A STOH VHHBEPCAMbHOW NPOTPaMMe B BHAE HCXOZHBIX
NAHHEK, MPeAlIecTAYIOULHX NPelJOHeHHAM, KOTOPEle HYIKHO pa-
300patTh. YHusepcanbHasd nporpamma paGoTaeér B CTPOrOM COOP-
BCTCTBHH € METOAOM N[POCTONO HHCXOAAUIErD TPAaMMAaTHYECKOro
paabopa; NoITOMY OHAa [HOBOJBHO RPOCTA, ecld OcHOBaula ua
DeTepMHHAHPOBAHHOM CHHTAKCHUYSCKOM Tpade, T. e. ec/lH mpeano-
EeHHA MOXHO aHaJU3MPOBATs ¢ IPOCMOTDOM BReped Ha ORHH
criMBOA §e3 BO3BpPATA,

« Hrak, PpaMMaTHKa,(MH npennoJaraeM, YTO OHa MpescTas-
JeHa B Buie ZeTePMHHUPOBAHHOIO MHOMKeCTBA CHHTAKCHYECKIIX
rpactoB) npeadpasyerca B NOAXOAAULYIO CTPYKTYPY AAHHBIX, A HE
B CTPYKTYPY nporpamm [5.2]. EcrecTbennuii ciocot npeicravuto
rpag —— 310 BBECTH y3ea AJR KAXK/IOTO CHMBOJA H CBA3ATL 3TH
Y3AB ¢ NOMOWBKIC cchiok, Cnexosatennlo, «tabaHlla» — 310 He
npocto maccHB. [lpaenaa npecGpasoBaHHA QUEBHAHH W NPHBE-
ACHH HUMKE, Y3/ 3TOH CTPYKTYPH NpPeacTaBasiiorT cOGOA 3amucH
¢ BAPHAHTAME, CANH A TCPMHHAABLHOIO, a APYrofl — 4ns netep-
MHHANLHOrO cHMBOTA. [lepBulfl HAHTHOUIHPYETCA TepMUEHAIN-
HEM CAMBOJOM, KOTOpHI OH 0G03HAuAeRT, BTOPON — CCHJIKOA HA
CTPYKTYDY AAHHBIX, NMPeICTABAAIOIIYIC COOTBETCTBYIOWAA HeTep-
MuHasbHBH cuMBOd. O0a BapHaHTa CORepKaT ABe CCBUTKH: OANA
yKA3BIBACT Ha CASRAYIOULHA CHMBOM, nocaedvadreass (Suc), a Apy-
faq CBA3sHA CO CIHCKOM BOIMONHBIX gabTeprarus (alf). Quuca-
d{¥e COOTBETCTBYIOLIErO THNA LAHWHBIX NpHBeaeHO B (5.9), a rpas
PHYeCKH y3e4 MOMKHO H300pa3HTe Kak

sym

alt stic
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BLIACHACTCA, YTO eLle HYMEH JASMEeHT, NPEACTABARIOIWHA AYCTYI0
NOCACANBATEBHOCTL, CHMBOA «UyCTO», Mut 0f0o3uauyuM ero ¢ no-
MOILLIO TePMHHANBLHOTO 3/7eMeHTa, Ha3bBaeMore empiy (5.9),

type pointer == Tnode;
node ==
record sue,alt: pointer}
case lerminal: boolean of (5.9}
true: (¢sym: char);
Jalset (nsym: hpointer)
end _

Ipasuna npeo6pasopavua rpados B CTPYKTYpe AAHHHK aHANO-
4L npasunam Bi—B7.

fTpasura npeobpasosanun epagos 8 cTPYKTYPAx FGHHOLK

Cl. Ceectn cHeremy rpaoB K KaK MOIKHO MeHBLIEMY YHCAY OT-
JeNbHbLIX FPAOB ¢ MOMOWLI £OOTBETCTBYIOMWMX NOACTAHO-
BOK,

C2. IlpeobpasoBaTe KamAwid rpad B CTPYKTYPY HaHHBIX cO-
raacgo npasaaam C3—CB, npHBeacHHNIM HHME. -

C3. TMocaesopaTenehocTs 31¢MeHTOB (CM. PHCYHOK X ADABHAY
B3} npeobpasyercd B CACLYIOWHIL CNHCOK Y308 |

s, s, | 5

n

—- 1 » > l —f— s e I nil

Cd. Crucox ahbTepuaTHB (cM. pHcyHOK K npasuay B4) npeo6-
pasyercR B TAKYIQ CTPYKTYpY AaHHbIX:

nil
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C5. Hyka (cM, pHeyHox X mpasuay BD)} npecbGpasyerca B caes
AYICUIYI0 CTPYKTYDY:

e s 3
|

il L F

B kanectBe npuMepa Ha puc. 5.3 noxasana cTpyxrypa, noaye
vewHas ua rpadia, COOTBETCTRYIOINErO CHHTAKCHCY mnpuMepa 3
{pHc. 5.2),YCTpyHTYPa LaHHDIX HACHTHOHUHPYETCH Y3AOM-3020-

| )

sy | A

)

-‘—\’

{ l + 3
1 I: » N'l—l T 1 I - > n“l P
1 )  J e
X empty }
nit | nit nit | »{ nit | it

Puc. 5.3. Crpyxtyps Dnawsbx, npeAcrapaswomas rpad pue. 52.

AOSKOM, KOTOPHIl COACPKBT HMR HETCPMEHANDHOTO CHMBOMA
(ueau}, X Koropomy oTHocHTCs CTpYKTYpd, Iloka B sarososke
HEOGXOAHMOCTH HET, TaK KaK MOXHO BMECTO I0Jf LEAH YKash-
BaTh HENOCPEACTBEHHO Ha «BXOAY B COOTBETCTBYIOULYIO CTPYKTYDY.
OnHaKo 3aroJoBOK MOXHO HCHOJB30BATb [Vt XPAHEHHA BHBORB.
MOTO Ha NEYaTh HMEHH CTPYKTYPHE:

type hpointer = theader;
header = .
record entry: pointer; (5.10}
sym; char

end
‘_Ylporpamma, nponspoanman rpammarnuecknfi pasbop npea-
JAOKEHHA, NPEACTARNCHHORO B BHAE NOCNEJOBATeALHOCTH CHMBO-
JIOB BXOAHOTO <pailna, COCTOMT M3 NOBTOPHIOMErocHs ONEPATOpa,
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ONUCBHIBAIOMEre NEPEXOA OT OAHOIO y3/aa X ClielyioileMy yaay,
OHa o¢dopMJIcKEa Kak mpoliedypa, 3ajawollas HHTEDRpeTauH!d
rpada; ecau BeTpevaeTcs y3ed, NMPEACTABAAIIHA HETCPMHHAIb-
HEI CHMBOJI, TO HHTepnperanHs rpada, Ha KOTOpuIf OH cepl-
naeTca NpegllecTByeT 3aBeplliedio HHTEPNPETAUHH TeKylero
rpaa. ChaegoBaTe/bHO, MPOUEAYPA HHTEPIPETAUHH BH3LIBAETCH
pexypeusno. Ecan TeKyIHA cuMBon (sym) BxogHoro dahfaa cop-
nafaeT ¢ CHMBOJOM B TEKYWIEM Y3Je CTPYKTYpPH AAHHBIX, TO ApoO-
Legypa NepeXoAHT K Y3y, HA KOTopblil ykasnipaer noje suc,
HHaue — K yaJay, Ha KOTOpH{ yKa3bBaeT noae ait:

procedure parse(goal: hpointer; var match: boolean);
Yar & 1. pointer;
begin-s 1= goalf.entry;
repeat
i€ s{.terminal then
begin if s{.tsym == synt them
begin match 1= frue; geisym (5.11)
end '
else match 1= (st.4sym = emply):
end
else parse(st.nsym, match);
if maich then s 1= st.suc else s 1= s].alt
wntil ¢ = nit
end

Tlporpamma rpaMmaTtHueckoro pasfopa (5.11) <¢crpeMuTea»
K HoBOH noAuean @, KaK TOJbKO OHa [OABJAAETCA, He fipoBepns
Jake, CONEPAMHTC MH TEKYLINA CHMBOJ BXOSHOO $afia B MHO-
MECTBE HAYaNAbHLIX CHMBOJIOB COOTBETCTBYIOWero rpada first ().
3To npeanoaaraer, YTo B CHHTAKCHUYECKOM Tpafe He AQAMKHO Cy-
WeCTBOBATH BHIGOPA MEXIY HEeCKOABKHMH ANbTepHATHBHLIMH He-
TEPMHHAJIbHBIMH  3ReMeHTaAMH. B UacTHOCTH, echM KaKOA-NEHG0
HET€PMWHAMBHLIA CHMBOJ MOMET H0POXKAaTh NYCTYO NOCJACI0BA-
TeJibHOCTh, TO HH 00HA U3 ApPaBBHIX YacTeH COOTBETCTBYIOLIHX eMy
NOPOKAAIOULHX TIPABHA He AOMKHA HAYHHATHCA ¢ HETEPMHHAJMb-
HOT'O CHMBOJ2.

Ha ocsose (5.11) Moxuo mocTpouth GoJdee caoXKHpe Tab-
ANYHO-YIIPABAACMEIC NPOrPaMMbl TpaMMaTiieckoro pasbopa, Ko-
TOpEle MOTYT paboTate ¢ fosee WHPOKHMH Kiaccamd TPaMMATHK.
Hefonbman MOAHPHKAUMA TO3BONAET TAKNKE OCYUIECTBIATH
H BO3BPATH, HG 3TO OYAET COHPOBOXIATHCA 3HAYHTENbHOA MOTC-
peil addexTHBROCTH.

[pedcrapnenne cHHTaKcHea ¢ noMmowsio rpaga HMeeT OAHH
CYIIECTBEHHLIH HEA0CTATOK: BHUNCANTENEHBIE MAIIHHL HE MOrYT
untats rpape.. Ho mepea HayaJaoM rpaMMaTHYecKore pasbopa
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HYXHO KAKHM-TO o6pa3oM CTPOHTb CTPYKTYpPY AAHHHX, ynpas-
NAWMHEX OporpaMMmon. B 3ToM cMBlChe DpeAcTaBlIeHHE rpamma-
Tk B BH® oxaszvipaeTess HReaNLHBIM B KATECTBE HCXOAMHLX
DAHHBIX HJS YHUBEPCAJBLHONW NPOrpaMMEl TPaMMaTHUECKOTO Pas-
oopa. TlosToMy caenymufi pa3fien mocBsueH paspadoTKe Npo-
rpaMMbl, KoTopas unrtaet npasuia BH® u no npavuaam Bl1-—-B6
npeofipasyeT HX BO BEYTPEHHKIO CTPYKTYPY AaHHBIX, ¢ KOTOPOH
TO}I-(]E_T paboTaTh nmporpamMa rpaMmatHdeckoro pasbopa (5.11)
5.8].

5.6. NPEOEPA3OBAHME EHA B CTPYHTYPH AAHHLIX,
YNPABNAIOLUME TPAMMATHIECKHM PAZEOPOM

Tpancasrop, pacnosnawiunfi nopoxAaawmue npapyaa bBHQ
1 npechpasyowHi HX B KAKOE-TO APYToe NpeXCTaBNeHHe, KaK pas
CAYHRHAT OPHMEPOM NPOTPaMMbL, BXOAHLIE RAHHLIE KOTOPON MOXKHO
paccMaTpPHBATh KaK NPeANOIKeHRS, NPHHALNEKALIHE HEKOTOPOMY
f3uKy. lefictBuTensno, camy BH® MOMHO CIMTATh HEKOTOPHIM
A3EIKOM, AMelolHM cpofl COOCTBEHRLIA CHHTAKCHC, KOTOpH, pa-
3YMEeTCA, TAKHKE MOXKHO OMHCATE ¢ TOMOLLLIO TNOPOXKAAOTIHX
unpansna BH®. CaenopaTencno, ero TpaHCAATOP MOXKET CAYKHTL
ApUMEpOM PACTO3HABATENNA, KOTOPHIT NOMEMO 3TOro npeo6pasyer
BXOAHHE NaHHBIE, T, €., BooOule roBOpA, ABAAETCH HPOUESCCOPOM,
IlostoMy mul Oyiem aeficTBOBaTH CAeLYOWKMM 0GpazoM:

gz 1. OnpeneniM CHHTZKCHC METaA3bIKa, Ha3LIBAEMOro
PBEH® (pacmnupennoit BH®).

lfgz 2. TlocTpoum pacroszHalculy nporpamMmy axg PBHO a
COOTBETCTBMH ¢ TNPaBHAAMHM, TNpHBeREHHHMH B
pasn. 5.4.

Hlae 3. Paciuppue aTy nporpamMy, NpeBpaTHM ee B TpaHcIsA-
TOp M 0fbeAnMHAM ¢ . TabGAWuHO-ympaBafemMol mpo-
rpamMmoil rpaMMarthueckoro pasbopa.

I'lyc*rb METAA3BK, T. €. H3HK, Ha KOTOPOM IMHLOIYTCA CHRATAKCH-
YyeCKHe Mpapuaa, OMHCAH CACAYIIIHMH NOpOoXIalHMHE npapBhi-
AaMH:

{mpaBuao)  ={cHMBOJ) = (BHpPaMeHHE)
{nbipakenue) ;1= {Tepm) {, (Tepm)} 9
{repm) ={¢pargrop){ {Ppaxrop)} 6.12)
{dharrop) s=={cuMpom| [(Tepm)]

3amerusm, uTO B NOPOKAADUKEX NPABAJAX BXOJHOrO A3WMKa HC-
NOABIVIOTCH HHHE MeTacHMBoab, Yem B BH®, 310 nenaerca no
ABYM NPHYHHAM:

1. B (512) HYXKHO OTANYATH CHMBOAB A3BIKA OT MeTACHM-
BONOB,
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2. JenaTeNbHO HCMONBL3OBATE GOMCE NPHBLUIHNE CHMBOALI Re-
YATAOWETD YCTPOHCTBA, B YACTHOCTH HCIOAL30BATL GRARH
3HaK (=) BMecTO (i1==),

Coorsercraie mexay obviunoft BH® n naweit sx04H0it Bepcuei
nokazano B Taba, 5.1. Kpome Toro, kaxnoe Hallle TOpoXaaloliee

TaGanna 5.1, MeTacHMpoaz N CHMBROAN AYHKE
BHY PEBH<$

i

|
) }

!
MPABRAD ROMIKHO 3aKAHYMBATECA TO4KOR.' [IpH HemoabaoBanum
3TOrQ BXOJHOTO A3bIKA A ONHCARHA CHHTAKCMca npumepa H
{5.7} mbl nonygaem

— —

A=x, (B).
B=AC. (5.13)
C==[}A4).

Urobrl YNPOCTHTL NOCTPOEHHE TPAMCNATOpa, MB Dylem cum-
aTb, UTO TEPMHHAJbHLIE CHMBOAW — 3TO OTOeabrbie  GyKen
H Kamaoe MOpoMAaoilee NMpaBHIo MHUIETCA B OTACABHOIN CTPOKe.
310 n03BOASET HCNOMB30RATEL BO BXOAHOM TeKcTe Npobedn (uro-
OBl ero 6B150 YicOGHee UHTATB), KOTOPLIE TPAHCAATOP HTHOpHpYeT,
Ho Toraa onepatop read(ch) B npapune BY HyXHO 3aMeHuTb
BLI30BOM MPOUEAYPH, KOTOpas oNpefensetr ovepeanoll yuwHTH-
pacMulil CHMBOJ. 3Ta nmpolelypa-— npocTefililan PasHOBHEHOCTD
JAeKCHYMEC KOO cxanepa, HMH I]]}DCTO cKaHepa. 33)13'{3 cKaHepa—-
BHISANTs M3 BXOIHOH TOCAeAOBATENbHOCTH O0BIUHHX CHMBO/OR
OUepeRHON CiMg80.1 A3bIKA *)'.”?_910 He BCerja OGHBAET TaK JIETKO,
KaK B 1anieM NPHMepe, TOCKUIbKY MH A0 CHX NOP MpelnoJaraJy,
YT0 CHMBOAK HASHIKA-— 3TO OTAeNbHHIEe OYKBHE, a Ha caMoM
Nlene—3To 0coBBIE W Ha MpakTHKe pelxo BeTpeuatowufica
cayuaid.

HakoHel, MB MOOCTYAHPYCM, YTO B HalleM BXOJHOM S3bike
BH® HeTepMMHaAbHBIE CHMBOJL NPeACTABAATCA GykBamy
A — H, a TepMuHaAbHBIE CHMBOJH — BYKBaMH [ —Z, DTo yHCTaR
YCJOBHOCTD, HE CBASAHHAS HH C KAKHMH CePLE3HLIMH NPAYRHAMM,
Ho oxa 130aBafeT OT HEOOXOAHMOCTH 341aBaThb CA0BApH TEpMH-
HaJAbHHX H HETEPMHHAMALHBLIX CHMBOJOB nepell CNHCKOM TNOPOMK-
JAIiAX IpaBHa.

*): HanomMAnm, YTO CHMBOMA AIHKA CYFb MNOKECTIO TEPMUEAABHBIR H He-
TCPMHHAJLHEX CHMBOJOB, 4ROCTROCHALIN® H3 OOHMHO BBOLMMBEIX CHMBOJDB CH-
ereMul. — fpust. ped.
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Yoeauswucs, yto (5.12) yA0BAETBOPALT orpaduyennam | u 2,
H JAefcTBY® cTporo o npasuaam Bl-— B7, MB Hoayuyaem npas
rpaMMmy 5.2, KOTOpan pacno3nacT sA3LIK, onpeacachuui B (5.12),
JamerHm, UTO CKaHep HasniBaeTesa gefsym.

Ha rpethem mare paspaBoTku TPAHCAATOPA HYKHO NMDOUUTAH~
Hete nopoxaawmue npasuna BH®D npeobpa3eBats B CTPYKTYDY
AAHALIX, KOTOPAaf MOMET HHTISPIPETHPOBATHCH TIPOLELY PO TpaM«
MaTHueckoro pasbopa (5.11). K coxanenuio, 3707 31an He AOR«
faeTcd QOPMAAH3ALHH P OTAHYHE OT 3Tana, CBAAHHOFO C @+
CTPOEHHEM MPOrpaMMbi pacno3Hapanua. ITosTOMY MbI IPOCTO HA-
pHCYeM CTPYKTYpbl, COOTEETCTBYIOWIHE KaWIOH KOHCTPYKIIHH

MEORHTENH: po—> WM

1. symboi}

a——= |

p— term 4—*—_>
2 i T

(===l empty

Criaragnuiet
{factor-1}  .,. {factor-n}

P fac-1

q e

p | fac-1 fac-2 -~ fag-n ¢

» . nil | #—f—4= s et wmn| nil
BripaxeHiAt
iferm-1} (term-2) . term-n}

=] term-1 term-2 v | termen ey

/6



program parser(input, outpui)}
label 99;

const empty = "o’

yar sy char;

procedure gelsym;
begin

repeat read(sym); write(sym) wntit sym # ' '
end {getsym] ;

procedure error;
begin writeln;

writeln (' INCORRECT INPUT'); goto 99
end {error] ;

procedure ferm;.
procedure factor;
begin :
if symin ['A’ . . 'Z', empiy] then getsym else
if sym = '[' then
begin getsym; term;
if sym = ']’ them getsym else error
end else error
end { factor} ;
begin factor;
while sym in ['A’ ., ‘2", '[', empiy] do factor
end {term) ;

procedure expression;

begin term;
while sym = '’ do
begin getsym; term
e

end {expression) }

begin { ocnoernan npozpamma)
while —eof (inpur) do
begin geisym;
if sy in ['A’, . ‘2'] then geisym else error;
if sym = ‘=" then getsym else error;
expression;
ifsym == ' then error;
writeln; readin;
end ;
" 89: end
Pporpanma 5.2, T'paMmariuechdil pasdop ANA A3nKa [5.12).
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f3n KA. POpMHPYEMBIe CTPYKTYPH BHAAIOTCA KAK NAapaMeTpbl-pes
3YJbTaThl COOTBETCTBYIOULHX NPOUEAYP PACHO3HEBAHHA SAIBIKOs
BBHIX KOHCTPYKUHH; Takum o00pasom, 5TH TOpOUedyph mpeBpa-
AOTCA B POUEAYPH Tpancasauuu, ECTeCTSeHHO, B KauecTbe
Pe3yALTATOR NePeRAIOTCA HE CaMH CTPYKTYPH, & CCBIAKH HA
HUx p, 4. r (cM. pue. Ha ¢. 342),

fcho, wrto npoueaypa facfor GopMHPYET HOBHE 3/EMEHTH
CTPYKTYPH AAHHLIX; OCTaALHBIE e ABE OPOUEAYPH CBA3LIBAIOT
HX B JHHEHHbIe CAMCKH, TIPHU 3TOM ferm HCNOJAb3YET ANA CBAZHIBA-
HHY None suc, a expression — none alt. TloapoGrocT mokaszadst
B nporpamme 5.3.

Meton 06paloTkn HETEPMHHANLHBIX CHMBOJOE HYIKAZeTCH
B HeKOTOpoM nodcHenHH. HeTepmuuanbusiit cHMBON MOXKET BeTpe-
THTBCR B KauecTBe Qaxropa padbllle, 4eM HOABMTCA B jepoi
YacTH nopoxmawulero npasuna, Ilpoueaypa find(sym, h) nier
3404HHBA CHMBOJ SyM B NHHEHKHOM CHOHCKe, rae cobpaHdnt BCe 3a-
FOJIOBKH HETCPMHMHAMbLHHX CHMBOMOB, Eciu cHMBoi Hafimew,
CCHIJIKA Ha Hero NPHCBAaWRACTCA A, 2 eCJH OH elle He COAEPIKHTCH
B 3TOM cnHcKe, T0 AoGapaserca Kk HeMmy. B nponeaype find npu-
MeHAETCHA MeTo Gapbepa, noapoBHO olGCy K AaBWUCA B I, 4.

ITporpamma 5.3 cocTonT M3 Tpex vacTel, Kaxkaad obpabarbls
paer ONpejesiednbifi pasaea Bxoauoro dafna. Hacte | ynract
nopoxcdawue npasusa u npeobpasyer UX B COOTBETCTBYOUHE
CTPYKTYPH JaHABX, Yacte 2 uMTaeT H HASHTHOHUHPYET OAHH
CHMBOJI ~— 3T0 HA4GA6HbE CUMBOA, C KOTOPOLO HRUYHHAETCH [T0m
poxaeHue mpeasnoxentn asuika. (Emy npeatuccrsyer sHak 3,
pasrpannuusaoWni yacth | w2 BxoaMelx AaHHex.) Yaers 3
‘eCThH TpOrpaMMa FpaMmatHueckoro pasbepa (5.f1), umrawmag
ex00nbie npedaoxesys B AHANH3UPYIOUlan HX B COOTBETCTBHH CO
CTPYKTYPamMu AaHAbIX, chOpMHPOBARHBIMH B Yacty 1.

[MpraMeuatensho, wto nporpaMma 53 noayueHa mpocro c no-
MOILLI) BHAIUEHHA A00aBOUHLIX ONSPATOPOB B HEUIMEHEHHYWD
nporpammy 5.2. Crapas mporpamMma ToJAbKO paclnosHaBana npa-
BHABLHO CHOPMHPOBAHHBIE NPELNCKEHHS, Ha €e OCHOBE MOMKHO
ILOCTPOHTE HOBYIO, PACHIHPEINIYIO NPOTPAMMY, KOTOPAA HE TOJBLKO
pacno3HaeT, HO M TPAHCAHPYET npeasoxenua, Takoll meToa mo-
CTPOEHHA npoueccopoB And paboTe ¢ AILIKOM OpPH TOMDINH
ROSTANNOZG YTOYHEHUR, PAH, CKODEE, ROSTANNOEO JONOANeHus,
oueHb MoJaeseH, OH no3soaset paspaboryHKy COCPpeAOTONHTL BHIL-
MAHHC HCKAIGUHTEALHO HA KAKOM-TO ONHOM AacNerTe 06[)360“(“
A3bIKa, Mpewde YeM OOPATHTLCH K APYTHM 4CTIEKTaM, H NO3TOMY
00JieryaeT NpoBepKy NPaBHABHOCTH TPAHCAATOPA HAH, BO BCAKOM
cayuae, ofecrneddBaeT BLICOKHH YPOBEHbL HAAEMKHOCTH NPH pas-
paGotke nporpaMmbl, B Haniem A0BOJLIO NMPOCTOM NPUMEpe pad-
paboTKA TPAHCAATOPA: COCTOUT H3 JBYX 3TanoB. Boxee caoxHbie
A3LKH W GosJee CNOXHBIE 33a[aul TPacJfilii Tpedy#T 3HauH-
TeJbHG GoJbllerg HHCAAa OTACAbHBIX 3TANOB gononncmtj} Queds



ygrogram generalparser (input, outpur);

label 99,
const empty = ‘v';
type pointer = ’p.node,

hpointer = f{header;
node = record suc, all: pointer)
case ferminal: boolean of
true: (1sym: char);
Jalse: (nsym: hpointer)
end ;

header = record sym: char;
entry: pointer;
sue; hpolnter

end ;
var list, sentinel, h: hpointer;

P pointer,

sym: char;

ok: boolean:

procedure getsym;
begin '

repest read(sym); write(sym) until sym = * *
end {getsym} ;
procedure find(s: char; vax h: hpointer);
{nouck & crucke HEMEPMURGABRO20 CRMEOAL 5, €CAlL €20 Henl,
BHMIGUEHIE €20 )

var hl: hpointer;
begin 1 := list; sentinell.sym 1= §;

while 211.sym 5% s de Al 1= Alf.suc;

if AL = sentinel then

begin { sxarouenue} new (sentinel);
M t.suc ;= sentinel, kl%.entry i=
end ;

h:=hl
end {find} ;
procedure error;
begin writein;

writeln ({NCORRECT SYNTAX); goto 99
ead {error} ;

procedure ferm (vai- Dssrt pointer);
var a.bc: pointer;
proceduce factor (var p,q: pomter),



Var u, v opoiter s b pownter ;
begin if sym in [A’. . ‘Z’, empiy] then
begin { cumeon) new(a);
ifsym im A" .. 'H’) then
begin {wemepmunasbrvtit}l  find(sym, i)
af.terminal == false; af.nsym 1= h
end else
begin | mepatraasrblii ]
al.terminal 1= true; al.tsym = sym
end ;
P = a; q = a; geisym
e else
if sym = '(’ then
begin getsym; term(p,a,b); bl.suc 1= p;
new(b); bl.terminal := true; bl.tsym 1= emply;
alalt:= b; g 1= b;
if sym = ' then getsym else error
end else error
ed { factor} ;
begin fuctor(p.a); ¢ 1= a;
while sym in ['A’ ., 'Z', ', empty] do
begin factor(al.suc, 8); bl.alt ;= nil; g;= &
end ;
ri=a
-end {term} ;
procedure expression (var p,q; pointer);
var a,b,c. pointer;
begin term(p,a,c): ef.suc i= nil;
while sym = ‘', do
begin getsym;
term(at.alt, b, ¢): cltowc ;= nil; g 1= &
end ;
q:=4
end {expression} ;
procedure parse (goal: hpointer; var match: boolean)y,
Yax 5 pointer;
begin s 1= goalf.eniry;
repeat
if st.terminal then
begin if st.25ym = sym then
begin match ;= true; getsym
end
olse match := (s}.tsym = empty)



end
else parse(st nsym, match); .
if match then s ;== s}.suc else's t== s].alf
wntil ¢+ = nil
end {parse} ;
begin [ nopoxogiouie npasnaal
getsym; new(sentinel); fist 1= sentinel;
while sym = §' do
begin find(sym,h);
getsym; if sym == '==" then getsym else error;
expression (hl.entry, p); pl.alt 1= nil;
if sym = . then error;
writeln; readin; getsym
end ;
h = list; ok 1= irue; {npoeepra, éce 4u cumeoanl onpedenentl
while s == sentinel do
Yegin if AT.etry = il then
begin wrifeln( UNDEFINED SYMBOL *, Al.5ym);

ok 1= false
end ;
h == Al.sue
end ;
 if =0k then gote 99
(yean}

getsym; find(sym,h); readln; writeing
Anpedaoxcenus}
while —eof (input) do
begin write(" ); getsym; parse(h,ok);
if ok A (sym=".") then writein (' CORRECT?)
else writeln (* INCORRECT);
readin
end ;
99 end ,

Mporpamma 5.3, Tpaucaarop Ana nwxa (5.13).
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noxoxas paspaborka, cocTosluaf H3 Tpex »ranos, Gyler pac-
¢MaTpuBaTthes B pasi. 5.8—5.11

" Kak BHAHO H3 pa3spaboTKH NporpaMMu 5.3, IporpaMm,
YRPABAREMDIE CUNTAKCILCCKUMY TAGARAME, WU, BEDHEE, YOPAB.
AfeMEE CTPYKTYPO#H AaHHHX, ofecnednBalT ¢BoGOAY H CHOKOCTD,
OTCYTCTBYIONNHE B CREUKAJNBHEIX OpOrpaMMax rpaMMAaTHIECKOrd
pa3dopa. XoTs Takas AOGOAHNTENbHAA THOKOCTL B NPHHLHNE He
HY}KH&, OHd OKA3biBaeTcA BeCbMa CYWECTBEHHOR B TPaHCJIATOPAXx
A TaK UaSHBAaeMMX pacwupresoix Asoikos. Pacliupsemeie
A3BIKE MOXHO AOMOJHSTL HOBBIMH CHHTAKCHHECKHMH KOHCTPYXK-
IHAMH GoJlee HAM MeHee MO YCMOTPeHHIO nporpammucra. Tak ke
Kax BXogHoit dafln nporpammp 5.3, BXoado# dala anA TpaHe-
JAATOPE C PACIIHPAEMOrD A3MKA COACPKHT pasied, onpedeasin-
WHA paclIHpeHHs A3WKa, HCNOJAb3yeMule B MocaeAywuwel opo-
rpaMme. Bosee clioxKtble CXEMH NO3BOASKT AAXKe UIMEHATb A3HK
B Tpouecceé TPAHCJARNHY, UYepefyd UacTH TPAHCAHPYeMOH mpo-
rpaMMBbl C pasgeiaMH HOBBX GHpEAeseHnl A3bIKA, .

Quuake, XOTA 5TH HASH MOTYT MOKasaTbesl BecbMa NpHBAEKa-
TenbHBIME, MOABITKH peaAHsoBaTe NOACGHBE TPAHCAATOPH OKA-
33JIUCE JOBOABHO HEYAAUHLIMH. [J@sto B TOM, UTQ CHHTAKCHURCKHH
AHANK3 — AHIIb Y3CTH BCEH 3a84a4H TPAHCAALNH H Ha caMOM JeJje
fLa¥e He caMana CcyllecTBeHHas wacTb. Ee serde scero dpopManu-
30BATb M, CJASHOBATENIEHO, PEACTABHTE ¢ MOMOULbI) CHCTEMATHIH-
poBarHOH TabJHUHOR CTPYKTYpH. [opasiio TpyAHee (popMaau3o-
BATH CMEICE A3HKA, T, €. BHXOJ, HNH pe3ynsTaT Tpaucasu#Hn, o
CHX NOp 5Ta 3aZa4a He Obi1a CKOJIbKO-HHOYAb YAOBAETBOPHTEILHO
peHleHa, H 3THM OBBACHAETCA TO, NOYeMy pa3paboTYHKM TpaHc-
KATOPOB OTHOCATCA K PACHIMPAEMBIM #3LIKAM ¢ COPA3fo 60AL-
1ETHM 3HTY3H33MOM J0 HX PpeanHzaillH, JemM nocae. OCT&J’[I:I-I}’]O
4aCTh 3TOH raasnl Mpl NMOCBATHM PaspafoTke CKPOMHOMO TpaHc-
JARTOPA AJAf KOHKpeTHoro, HeGoMblloro A3biKa POrpaMMHpo-
BaHHA.

5.7, A3bIK NPOTPAMMHPOBAHMA NN/

OcrapiltHecA pAa3genn 9TOH CaByl NOCBRWEHH pa3paboTke
TPpaHCAATOPA ANA A3LIKA, KOTOpHA MB Hasopem [1JI1/0. TIpu coa-
JaHHH 3TOFQ A3bIKA YYHTHBAJHCL ABd YCAOBHA: BO-MEpPBHIX,
TPARCAATOP HE AOAMEH OKa3aTbeA CANIUKOM CPOMOZAKMM A
3TOH KHHTH, BO-BYOPBIX, JKeAaTedsHo OO0 NPOISMOHCTPHDPORATD
BOABUINECTRO OCHOBHBIX TPHHIMNOB TPAKCAALUH S3BKOB NpO-
rpaMMHPOBAHHA BbICOKOTO YPOBHA. HeCOMHEHHO, MOKHO GbLIO
BHOpaTh Kak Gonee npoctofl, Tak H Soaee chaoxupil Aamk, [1/1/0
ABJFETCH OLHHM K3 BOSMOMHBIX KOMMIPOMHUCCOB MERAY AIRIKAMU
AOCTATOUHO MPOCTHIMH ANl SCHOCTH HIJIOKEHUS M JOCTATOUHD
CAOKHBIMH, YTOSH HMH CTOMJIO 3aHHMATHCR, JHAYWTEaAnHO Oojce
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e

caomxupill a3k — [Nackans, Tpaucaarop aAna xoroporo Gua pas-
paboTan c npHMeHeHHeM Tex Ke meroaos. Ero cuurakene nas
B npuaoxkenun B.

Ecan rosoputh 0 crpykrype nporpammsl, to IJ1/0 aocra-
TOUHO NOAOH, KOHeuHOo, B HEM B KauecTRe QCHORHOH KOHCTPYKLKH
Ha ypoBHe S3blKAa COLepHHUTCHA oneparcp npuceampakud, Ipyrne
CTPYKTYpHLIC KOHUEMUHH — 3TO C/EAOBaHHe, YCJAQBHOE BLIOJIHE-
HAC H UMKA, MPCACTABACHHLIC 3HAKOMBIMH GopmaMu begin/end-,
if-, while. B I1JI/0 BratoyeHo TamKe u NOHATHE NOJIPOrPAMME,
¢eOBATENBHO, TAM eCTh OfMCAHNA NIPOLSAYD H ONepaTop BH30BA
npoueaypH.

Uto e xacaeTcs THROB Aamnuux, 170 I[1J1/0, 6eccnopuo, yaos-
JeTBopAeT TpefeBaHnKe NPOCTOTH: eAWHCTBEHHHH THN AaHHHX —
aT0 Uenble yucia. Pasymeercn, s [LJ1/0 npHCYTCTBYIOT 0OBIYHLIE
OREPAltHH aPUQMETHKH H CPaBHEHHUS.

Hanuune mpouenyp, 7. €. 6ojce HAY MeHee CAMOCTOATE/LILIX
yacrTefi NPOrpaMMel, AaerT BO3MOMKHOCTE BBECTH KOHUENUHIO
AOKAAGHOLTH ODDBEKTOB (KOHCTAHT, HepeMeHHbIX K MpolUedyp).
TMosToMmy B 3aroJI02xe KaKAoH NpoueAypH eCTb DIHCAHHA O0beK-
T0B; 3TH O0BEKTHl CYHTAKTCA JOKAABHLIMH /1A NPOUCIYPDI, B KO-
Topoit OHH OTHCAHH.

310 KpaTKOe BBelCHHE MO3BOAAST NPEACTARMTHL cele CHHTak-
cee TIVI/0. DroT cunrakene n3ofpaxer Ha puc. 5.4 ¢ nomowsio 7
puarpamm. [lpeoGpazopaTe AMarpaMmbi BO MHOXECTBG 3KBHBA-
JIEHTHBX nopoxaawinX npapua BH® Mu npeaocrapasem unra-
Tenio. Puc, 54 Apnserca yOeANTEAbHEM NMPHMEPOM BBIPAIHTENb-
ROCTH $THX JAHArpaMM, KOTOpble MO3BOJIAOT CHOPMYAHPOBATEH
CHHTAKCHUECKOE OHHcaHHe LeJOrc A3bKa NpOrpaMMHPOBAHHR
B CTOJL KPATKOR H XOpOLIO BOCTIPHHEMaemol dopme,

Crneaylowasa nporpamma, HanucatHaa na I1J1/0, nemoncrpu-
pyeT HEeKOTOpble CBOMNCTBA 3TOrG MRHH-A3BIKA. IJTa TpOrpaMma
COAEDIKHT 3FHAKOMBI® AATOPHTMB YMHOXEHHs, AGJeHus H Ha-
XOM(IeHRA HaubGoabliero oOINEre JeNHTERR ABYX HATYpaJibHhiX
HHCe.

3.8. MPOTPAMMA TPAMMATHYECKOTD PAIEOPA ANA NN/0

B KavecTse mepaOro 3Tafia NOCTPORHHSE TPAHCAATOpa hasd
T1J1/0 myxHo paspaloraTe NPOrpaMMy TpaMMaTHYeCKOro pas-
fopa. D710 MOXKHO C1€aTh, CTPOTO CAGRYA [PaBuJaM NOCTPOE-
tun Bl -—B7, npusenesubim B pasa. 5.4. Ho ator Meton npume-
HEM, TOJBKO CCRN CHHTAKCHC YAOBACTBOPACT orpanuyenuam 1 n 2.
Ilostomy Mut 00si3aHel NPOBEPHTE 3TO YCAOBHE B ero QOpMynH-
POBKe ANS CHATAKCHUECKHX rpados.

Orpanpuende 1 rpebyer, 4ToOp KaxAas BeTBb, BhX0asAmas
H3 pA3BETHAEHHA, BEA K OTAHYHOMY OT APYTHX HAYAJLHOMY CHM-
BONY., D10 OYeHS MNpPOCTQ {IPOBEPHTH 11O CHHTAKCHUSCKHUM NHa-
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eomstm = 7, n = §5;
Var X, ), n.q.r

procedure multiply;
var a,b;
beging :=x; b ;= y: z:= 0;
while 5 > O do
begin
ifoddbthenz := z + a;
ai= 2¢aq; b 1= bf2;
end
eud ;

procedure divide;
var w;
begnnr.ﬂx q:=0; wi=y;
while w < rdo w ;= 2+w;
while w > y do
“begin g c== 2eg; w i== W/2;
if w < r then
begin r := r—w; ¢ '= g41
end
end
end ;

procedure ged;
var f.g;
begin/ 1= x; g 1=y}
while / == g do
begin if f < g them g 1= g—f
ifg < ftheef:= f—g;

end ;
z:i=
cnd ;
begin
x 1= m; y = n; call multiply;
x == 25; y 1= 3; call divide;
X 1= 843 p 1= 36; ¢all ged;

(6.1

5.1

(5.16



b.8. [Tpoepamma epammaruneckozo pasbopa Gan 10 853

rpamMa pue. 54, llpapwio 2 o1nocircs Ko BeeM rpadam, KOTo-
pPHe MOTYT NPOXOANTBCA Ge3 utelins Kawkoro-nuGo cliMpona, Eanl-
cTBeHnLH TakoR rpad B cuurakcuce [1J1/0— s1o 10T, Koropw#
onlichipaer oneparopu. Orpasiycuue 2 tpefyer, 4ToGH Bee Ha-
4aNbHBI® CHMBOJH, KOTOphe MOTYT CTOATL Cpa3y MNoche orepa-
TOPA, OTJHYANHCL OT NAYAMBHLIX cUMBOJOR oneparopon. Ilo-
CKOJNBKY B AanbHefitlem 6YAET MOMe3HO 3HATH MHOMKECTBA HaYa/lb-
HEX H MOCABAYIOLHX CHMBOAOR ANA BeeX Tpados, MM ONpeaeanM
3TH MHOKECTBA 111 BeeX 7 HETepMHUMaJibHBEIX CHMBOJIOB (rpados)
cuurakcuca ITJI/0 (xpome «nporpammer»). Henonbaya tadn. 5.2,
MOMEHO yBeanTbeA B cOGJIOAEHIIN HYXKHOTG YCAOBHA, T. €. B TOM,
YTO MHOMKECTBA HAUAJLHHX H TIOWIEYIONIHX CHMBOJIOB ONEpaTo-
pOB He mepeceKamTcs. TeM caMbiM paspeilaeTcs TNpPHMeHeHHe
Npasga  [OCTPOEHHA HPOrpaMmbl rpamMmaradeckoro pasfopa
Bl —B7.

Ta6anug 5.2, Hagasowue g shewiie cimsoas s THTQ

Hetepun- Hauaaenpe cnyeond BretHie ¢HMBOAH
Seen S Lisy F(S)
Brox const var .
procedure udenrigurarop
if ¢all Legin while
Onepatop ndenridrurarop call .; end
begin if while
Yeaoslie odd 4 — { then do

udenTudiRarTop wucao

Bripawenne + — PR
HBEHTUHPUKATOD wHCAD end then do
Charasnoe wdenrupnrarop wucac SR+ =
end then do
Muoxureanr  udenrispusarop wucao ( YR+ —
end then do

BuuMaTenndHi ukTaTeAb A0JKeH Obi)l SAMETHTH, YTO OCHOB-
Hble cumBoan [1J1/0 He saBAfIoTCA OOBLIUALIMH OTAENbHEIMA GyK-
BaMH, KaK §uJ0 © NpeiLAylinx npnMepax. OHH MOryT SoiTh Ta-
KHMH NOCJAeA0BATeIbHOCTAMH, Kak, Hanpamep, BEGIN wan (:=).
Kak n B mporpamme 5.3, ana paboThl ¢ YUHCTO BHEUIHHMH Tpen-
CrapaeHHsaME UM NPH JeKcHueckoll o6padoTre BXoAHOR Tocaeno-
EATEJIBHOCTH CIMBOJIOB HCMOAL3YeTCH TAK HA3BIBAGMEE CKatlep.
Ou ohopMier B BHAe NpoHedypH gefsym, 3aAaua KOTOPOH — BHl-
fpaTe N3 BXoAHOTo daiiha oyepe/HON OCHOBHON cHMBOA ' Cranep
BLNOAHSAET CNeAYOUIHe ACHCTBHA:

1. [Tponyckaer pasienntenn (npodeb). .
2. Pacnosnaer sapesepBHpOBaHHbIE CJ0Ba, Tanie, xuk BEQGIN,
ENDur m '
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3. PacnosHaer HesapesepBUDOBARHbIE ¢NOBA B KauecTBe HASHTH-
¢ruxatopoB, TexrvIUHIT HAeHTH(pHKATOP NOpHCBAHBAETCA IJ0-
OansHoil nepemennofl, wasnwBaewof id.

4. Pacnosnaer NociacAOBaTCABIOCTH HH{P B Ka'ulecTBe 4YHCR.
3HaueHHe yiicha IpHCBaKRBaeTCs racdanbHol nepeMeHHOIl AL M.

b. Pacnoznaer napsl ¢neLmaALULIX 3HAKOB,
rTaKue, Kak (1=). "

[lpu arerwn BxoAHON NOCAEA0BATEND-
HOCTIl CKaHep gei‘sym HENONB3IYET NOKATb-
HYI0 npouenypy getch, KOTopas YHTaeT O4e-
peinof cnmeoa. KpoMe sToil ocHOBHOH 3a-
aaud gefch taxxke:

oneparop

1. Pacnossaer m nponyckaeT HHbOpMAaUHO
0 KCHLAX CTPOK.

2. [TepenucwBaer BXOAHON (aita B BHIXOA-
Holi, popMHpYA, TAKHM 06pa3som, pacne-
4aTKy nporpaMMol.

3. Tleuaraer B Hauanle Ka:kaoH CTPOKH ee
HoMep WAH Apyryr nogobuyr Hadop-
MAIO.

C HOMOWIBI CKAaHepa OCYLWECTRAACTCA
HEO6XOAUMBLL TPOCMOTD Bnepel Ha OAnH
cAMBOa.  KpoMe Toro, BCIOMOrateNbHas
| aponciypa gefch A0MYCKACT NPOCMOTP elle
Puc. 55. [narpamma HA OMMH BXOIHGE cuMBON. ClenoBarTensHo,

FABHCAMOCTH aas  HAIN TpaHCasTOp «3aradlblBaeT» BUEDel Ha
J1/0. _ OAHH OCHOBHOH CHMBOJ MAKC OLHH BXOZ-
- HOH CHMBOX,

L

i Ilonpo6Ho 3TY WpoUeayphl MOKA3aKBl B nporpaMme 5.4, KoTo-
pas mpeactasager ¢obolt MOAHYIG TPOrpaMMy TPaMMATHUECKOTO
pasBopa ans [LJ1/0. B 1eflcTBUTENBHOCTH OHA YIKE HECKOABKO
PACHIHpeHA B TOM CMEICJE, UMTO NONYTHO cofHpaer nieHTHOMKA-
TOPH ONHcaHHBIX KORCTAHT, NepeMeHHHX N NDpOHeryp B radauyy.
[Tpu nosBaeENy HASHTHODUKATOPE BHYTPH OuepaTopa OH HWeETCA
B 5Tofl TaBaHle, TaK Kak HYXKHO YCTAHOBHTB, OBl1 R HAeHTH(H-
KATOP AOJKHEIM 00pa3som onucad. OTCYTCTBHE TAKOTO OiHCAHHA
MOXIO PacCMaTPHBATE KAk CHHTAKCHYCCKYIO OLIHOKY, NOCKOABKY
3To opmanphad omMHGKA NPH HOCTPOCHHM TEKCTA RPOrpaMmu,
4 TMEHHO HCHONB3OBAHHE «HE3aKOHHOrO» cHMBoOna. Tor dakrt, uyro
3Ty OWHOKY MOMKHO OOHAPYMKHTIL JHUIE € IOMOWDBN XPAHEHHA
HEQopMaukl B Tabnnuc, ecTb CJICACTBHC TpHucylielt ASBIKY KO-
TEXKCTHON 3@6UCUMOCTY, TIDOABNAIIL]iCA B GIeAYVICLLeM npasuie;
BCe HAPHTH(OHKATOPH COOTBeTCTBYIOUISTO KQHTEKCTZ JLOJHHLE
SeTh onucalbl. Ha caMom fesie npakTHYECKN Bee A3LIKH (pOrpaM-
MHPOBAHUA B 3TOM CMELINJIE KOMTEKCTHO 3aBHCHMbI, TeM He MeHea
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KOHTEKCTHO-CBOGOAHLIT CHHTAKCHC NO3BOJAET HX ONHCATH HAHM-
NyumliMM o0pazomM M OYeHB TIOAE3EH TpPH TIOCTPOSHHH TpaHCnATO-
POB AAA ITHX A3LIKOB. [IpoBepkd HeKOTOPLIX KOHTEKCTHHIX 34BH-
CHMOCTEH MOART ACTKO BKMAIOYATHCR B 06ULH€. CXeMbl, TThHMEPOM
YoMy ¢AYAKNIT Henoabsopamic Tabnune! nientilikatopos B pac-
cMaTpuBaeMol NPOrpamMme.

[lepen TeM Kak CTPOHTH OT/IRIbHLIE IPOUETYPH IDaMMaTide-
cKOro pasfopa, COOTBEICTBYIOUIHE OTASAbLHBM CHHTAKCHYECKHM
rpatdam, moJAesHo YCTaHOBHTh, K2K 3TH rpadsl BIZHMOCBA3aHH,
Has sToro crposTesa Tak HasnBaeMas dna2pamMma 3a8UCKMOCTH;
oHa H3O6paKaeT CBAIW MEXAY rpadamu, T. e, LI KamIOTO
rpata G ykasmiBaeT Bee Takne rpagsl Gy ... G, € MOMOILBIO

program PLO (inpu¥, ouiput);

tmpancasmop ¢ INVI/0, moavko cunmarcuteckuti angtus)

label 99

const norw = 11; {wucao aapesepsuposarumix caos}
txmax = 100; {0auna mabauyst umen)
mmax = 14; {Marcumanbroe wuciao yudp 8 wucaax)
al = 10; {Oauna umen}

type symbol =
{nul, ident, number, plus, minus, times, slash, oddsym,
eql, neq, Iss, leq, gtr, geq, Iparen, rparen, comma, semicolon,
period, becomes, beginsym, endsyin, ifsyn, thensym,
whilesym, dosym, callsym, constsym, varsyn, procsym);
alfe = packed array [1 .. af] of char;
obfect = (constant, variable, procedure);

var ch: char; [ nocaednul npoxtmanrblii 8X0OHOH CMBON)
sym: symbol; {nocaedsuit npovumarkvtil CUMB0 33biKa)
id: alfa; {nocaednee npoyumannoe 1Mz )
num: integer; {nocaeduee npouumannoe wucao}
ce: infeger; [cuemuux cumeoiog)
Ils integer; {Qauna cmporu)

Kk: integer;
fine: arvay [1,.81) of char;
as alfa;
word: arveay [1..#orw] of alfas
wsym: areay [1 . . norw] of symbol;
ssyme: arcay [char] of symboly
table: array [0, . rxmax] of

record wame: alfa;

kinds object
end ;



procedure error (n: integer);
begin writeln (" “icc, "1, m:2); goto 99
end [arror} ;
Procedure geisyn;
var §,,k: ‘integer;
procedure gerch;
begin if cc == I then
begin if eof(input) then
begin write ¢ PROGRAM INCOMPLETE); goto 99
- end ;
Ho= 0§ cc:= 0; write(' ');
while —eoln(inpus) do
begin i := I4-1; read(ch); write(ch); linelll] = ch
end ;
writeln; Il := H+1; read{line[li])
cnd ;
o¢ 1= c¢c+1; k1= linelec)
end {getch) ;
hegin {getsym}
while ¢k = ' © do getch;
ifchin['A'..'Z'] then
begin {umsa, uau 3apesepauposantoe c.rloso] k= 0;
repeat if & < af then
begin & 1= k+1; a[k] 1= ¢k
end ;
geich
antil —(chin A", . 2,70 .. 'O
HEk = kkthenkk 1= k else
repenrt alkk] i= ' 7 kk 1= kk—1
until kk = k;
idi= a;i=1; j i= norw;
tepeat k 1= (i4-j) div 2;
Hid < wordlk] thenj := k—1}
if id > wordlk) theni ;= k-1
entil i > J;
ifi—1 > fthensym := wsym[k] else sym 1= ident
end else
if chin ['0', .“9'] then
begin {uticao) k 1== 0; num 1= 0y sym 1= mumber;
repeat pum 1= L0snum + (ord(ch)y—ord('0));
k 1= k+1; geich ’
il ~~(ch in ['0". . ‘9'D;
Wk > nmax then error (30)



end else

ifcht == 1" then

begin geich;
if ch = ‘=" then
begin sym 1= becomes; getch
end else sym 1= nul}

end clse

begin sym = sspmlch]; getch

end

end {geisym) ;

procedure block (¢x: infeger);

procedure enter (k: object);

begin {3anucs obrexma @ mabauyy)
= tx + 13
with fablelix] do
begin name 1= id; kind 1= k;
end

end {enter] ;

function position (id: alfa): integer;
var i integer;

begin {nouck umenu id 8 mabauye)
tablel0].name = id; ¥ 1= Ix;
while tablelilname = iddoi 1= i—1;
position 1= i

end { position} ;

procedure coqsideclaraiion;
begin if spm = ident then
begin getsym;
if sym = eql then
begin gefsym;
if sym = number then
begin enter {constant); getsym
end
else error (2)
end else error (3)
end else error (4)
end {constdeclaration) ;

procedure vardeclaration;

begin if sym = ident then
begin enter (varighle); getsym
end else error (4)

end {vardeclaration] ;



procedure sfafentent;
Var i: integer;
procedure expression;
proceduare rerme:
procedure facior;
var it infeger)
begin
if sym = ident then
begin i ;== position(id);
if7 = 0 then error (11) else
if tableli] kind = procedure then error (21};
gelsymt
end ¢lse
if sym = number then
begin getsym
end else
it sym = Iparen then
begin gersym; expression;
i spm = rparen then getsym else error (22)
end
else error (23)
end { factor} ;
begin {term] factor;
while sym in [times, slash] do
begin getsym; facior
end
end {ferm} ;
“begln {expression}
if sym in [ pius, mintis] then
begin geisym; term
end else ferm;
while syn: in [ plus, minus] do
begin getsym; fermn
¢nd
end {expression} ;
procedure condition;
begin
if sym = oddsyin then
begin getsym; expression
end ¢lse
begin expression;
if ~(sym in [egl, neq, Iss, leg, gtr, gegl) then
error (20) else



begin gefsyms expression
end
¢nd
end {eondition} 3
begin {statement?}
if sym = ident then
begin i :== position(id);
iti — O then error (11) else
if table [} kind # variable them error {12);
getsym; if sym = becomes then gelsym else error (13);
expression
end else
if sym = calisym then,
begin getsym;
if sy # ident then error (14) else
begin i 1= position(id);
ifi = O then crror (11) else
if table[i) Kind = procedure them.error (15);
getsym
end
end else
if sym = ifsym then
begin getsym; condition;
if sym = thensym then getsym else error (16);
Staterment;
cnd ¢lse
if spm = beginsym then
begin getsym; statement;
while sym == semicolon do
begin getsym; stetement
end ;
if sym == endsym then gefsym else error (I7T)
end else
if sym == whilesym then
begin getsym; condition;
ifsym == dosym them getsym else error (18);
Staternent
end
end {statement} ;

begin {block}
It sym = constsym then
begin geisym; constdeclaration;



while symt = comma do
vegin getsym; constdeclaration
end ;
if sym = semicolon then gefsym else error (5)
end ;
ifsym = varsym then
begin getsym; vardeclaration;
while sy = comma do
begin gersym; vardeclaration
end ; ’
i sym = semicolon then getsym ¢else error (5)
end ; '
‘while sym = procsym do
begin getsym;
if sym = ident then
begin enter (procedure); getsym

end
else error (4);
if sym = semicolon then getsym else error (5);
block (1%);
if sym = semicolon then getsym else error (5);
end ;
slatemnent
end {block} ;
begia {ocnosnan npozpammal
for ch := "A’ to ’;" do ssymichl = nul;
word[ 1] := *BEGIN *;  word[ 2] == ‘CALL 3
word] 3] := 'consr;  word] 4} 1= DO '3
word[ 5] := END *;  word[ 6] 1= IF 3
word[ 7) := opp *;  word] 8] i= 'PROCEDURE;
word[ 9] := THEN ';  word[10] ;= wAR i+
word[11] := "wWHIE *;
wsym 1] = beginsym; wsym| 2] 1= .callsym;
wsymf 3] 1= consisym; wsym[ 4] 1= dosym;

wsym| 3] i= endsym;  wsym[ 6] 1= ifsym;
wsyrnl 7] = oddsym;  wspm] 8] 1= procsym;
wsyml 9] 1= thensym;  wsym[10] := varsym;
wepmil1] = whilesym;

ssyml'+'] 1= plus; ssyml'—'] 1= minus;
ssym['*] 1= times; ssym['{'} 1= slash;
ssym['('] 1= Iparen; ssym|V'] == rparen;

aspml'="] 1= eql; - symfy] = commay
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ssym['] 1= period; ssymf's5"] 1= neg;
ssym[’ <] 1= fss; ssym['s>"] 1= ger;
ssyml' << 1= leg; ssym[ =] 1= geg:
ssyml3 7 1= semicolon;

puageloniput);

cc=x 05 = 0, chi= "7 kk i= ai; geisym;
block (0);

if sym 5= perfod then error (9);
99: writeln
end .

Nporpamma S5.4. Tpammarnvecxkuit paszGop Aas /0.

KOTOPHX onpefefded (. COOTBETCTBEHHO »TO ONPENENseT, KAKHE
Npoleayps OyayT BHIRBIBATHCH PYCHMH  nipolteaypami. [ua-
rpamma saBiacuvocty gas I1J1/0 noxasana sa prc, 5.5,

LHukawm ma puc. 55 ofosnavaioT nognacuue pexypeun, [lo-
STOMY BamHO, YT0Gb! B A3BIKE, HA KOTOPOM peasusyercd TpaHc-
aaTtop TLJ1/0, 6wna paspemena pexypeus, Kpome Toro, ana-
IpaMMa 33BHCHMOCTH MO3BOJAST CALNAThL BBOAL 0 uHepapxil-
yecKOH opranusanyy nmporpavmsl rpaMmatudeckoroe paatopa. Ha-
RPHMEP, BCE MPOUCAYPLl MCLYT cOACPIATLCA (OWTh OOHCAHB KAK
JOKANBHBIE) B NPCUSAYPe, KOTOPAs AHAJMINPYET KOHCTPYKILHIO
{nporpaMmay (Kotopad imosToMy OviaeT rhapHOH mMpoTpaMMol
B @porpaMMe rpammartiyeckoro pasbopa). IHanec, sce npo-
ucAypll, H30GpamcInbe na Adarpamme liinke {6I0K), MOTYT
ONpelenaTsCs KAK JOKAJbHBIE B NOIAPOrpaMMe, RPeacTaBaAfi-
mel nenk pazdopa (bmok). PasyMmeercs, rRce 3TH NPONEAYPH Bbl-
3LBAKT CKaHep gelsym, KOTOPHA B CBOIQ o4epellb BH3bIBAET
getch.

5.9. BOCCTAHOBAEHME FIPH CHHTAKCHMMECKMX OLUMEKAX

Mo cAx mop mporpaMma rpamMartmdMeckoro pasfopa JMIIDb
YCTAHABMIHBANA, GPHHALICHKHT JNl BXOAHAA MOCAEAOBATENBLHOCTh
CHMBOOR A3mKY. B kauecTse nofouHOTO Pe3yasTATa OHA TaKMKe
onpenedasaa CIPYRTYpy upeanokeuus. Ho ecan perpevanach He-
NPaBHABHAY KOHCTPYKIIMA, 33a7ata OpOrpaMMBl MOTAa cUNTAThCA
BEITIOGLICHION B ola Moraa 3axonunts padery. Pasymeercs, ua
NPAKTHKE TAKAS cXeMa Hemphemema. BMmecTo 31oro Tpanenarop
ACGAMEH BH1ARAThH COOTEETCTBYIOIYKY AHATHOCTHEY 00 omHbKax
Il IPOACJIKATL MPONECC TPaMMAarHyecKoro pasbopa, BOIMOMKHO
HaxomA AasusHefiune amnhii Hrobul npototmar. padoTy, iy HHo
JANgo caenath KAKHE-TO NPeANOI0NKEHHA © TOM, 410 Ha caMoM



362 5 CTpysTypa I0K06 N TAHCAATOME

Jede upea s BHAY aBTOP HENPaBIABbHOA nporpammu, nubo mpo-
IYCTHTE HEKOTOPYID MacTh BXOAHOH NOCAeA0BaTeALUOGCTH, Mo
CledaTs W TO, M apyroe. CaeaaTe GOCTATOUHO DPAa3yMHBIC Npea-
HOJIOMKEHHS) ¢ HEHCTBHTEALHBIX HAMCPEHISTX TPOrfraMMICTa ——~ 0=
EONbHO cA0XHe. JL0 CHX Nop 3T0 ie yAaBanochk (OpmatlizoBaThs,
NoCKOJAbKY GopManLnnli HOAXO4 K CHRTAKCIICY M TpaMMaiHdes
croMy pazbopy He YuHTHBaeT MEOTHE (DAKTOPHL, CINIBIO BIHSAK-
UlHe Ha deaokeycckoe coauadde. Hanpumep, pacapoerpaneHson
OWHOKCR ABJASTCH UPONYCK 3HAKOB UYHKTYaLHU, TaklX, KAy
TOYKA ¢ 3aNATCH (He TOALKO B NPOTPaMMHPOBaHHU!), HO BechbMa
MaJOoBepOATHO, YT0 KTO-TO DPONYCTUT 3UaK «<-l-» B apudvernue-
CKOM BpIpaxentl, Hag nporpaMmel rpamMatuccsore pazbopa
H TOUKa € 3anATOH, I MIOC — TPOCTO TCPMUBAABHLIE 1M BOIb
Ge3s Kaxoro-anGo CYWIeCTBEHHOIO pasauuud; a Jid  UeloBeKa
TOUKA € 3amATOH MOUTH HC HAMECT SHAYCHHA H B KOHEE CTPOKH
KamgeTeaA HaOMTOWNMOMN, Torda Kaw siaxk apuMeriyeckoll oncpa-
uuy, Geccnopro, ocmuiched ¥}, Hpy paspaborke noaxoiqdwied cu-
CTeMbl BOCCTAHORJEHNH caefyeT NPUHHMATh BO BHIIMAHHE MHOMHE
10A00HE COOOPAKEHHR, KUTOPbBE CBA3AHBL C KOHKDE IHBIM 51350
KOM M He MOTyT 0000MaThCA 1AA BCCX KOHTEKCTHO-CBOGOHHBIX
ASLIKOB.

Bee e CyMECTBYIOT HEKOTOPBIC MPARMAA 1 PEKOMEH1alLHH,
AefCTBYIGIIHE lle TOALKO B PasidX ORIOT0 S3BKY, TAKOro, Kak
{LJ1/0. flng Hux, nomanyi, xapakTepio, uTo oHU B PaBHOli mepe
CBA3alB KaK C HCXOMION Kolucounclh si3ulka, Tak H € Me-
XaHH3MOM BOCCTAHOBIEHNA B HpOrpamMMe IPAMMATHULCKOTO pas-
dopa. Ipewae Bcero cORSPIICHHO SICHO, 4TO 3hreRTIRHOC ROC-
CTEHOBJCHLE BO3NOMAKHO MAN, BO BCAKOM CAY4de, 1amuoro ofaer-
yaercs JHUIb B CAYUAe R3bka ¢ npecrold oTpyxrypod. B ouacr-
HOCTH, eCaH HpH ofnapyikeHmil oiubKI MPONyCKAaeTes KAKAA-ToO
YACTE BXOAHON NOCASAOBATENLUOCTH, TO A3BEK odA3ATONLHO 104-
WeH COAEPIKATh cAyHeHbie CA08E, HeNpaniabioe ynorpedaenye
KOTOPBIX KpajfiHe ManQoBeposATHO )i KOTOpble HOITOMY MOIYT NC-
N0Nb3CRATECA A48 B0O306IOBACIHA IpaMMaTigeckoro pasbopa,
B T1/1/0 310 mpapuno cTporo cofalojaeTcd: xamawi onepatop
HauuHaeTcs ¢ OBHOZHAUHOLO CnyxebHOre cloBa, TAKOro, Kak
begin, if, while; To Xe OTHOCUTCA K ONHCAHAAM: OHN HAUHHAKTCS)
¢ var, const aan procedure. Mo HasoBem 2T npasuIon cayxed-
HUX CACB.

Bropoe npasino Gonee HeMQCPeACTBOHHO CBAAHO ¢ MOCTpOe-
HIleM MpOrpaMubl FPAMMaTHYeCKkoro paabopa. AIa HUCXO/sIILErO

*) Momer OuTh, 3T coOSPAKEHHA IHITOAKHENT UNTATENS A MBICTh, 110
B OCOBDEMEZHMBY A3MKAX DNOTPAMMUPORALLA CRIMIKOM Vi MUOTO BUEMaNts
e yaeaeno opMAMBINf cHuTaKendecyofl npoftevarnxe. M osto wa srane,
KOULH MbY CTABHM 383anY OCUEHHE © MaLWMOi (G CelecTestuoy  fikke! -
Hppa ped,
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aHa1M3a XAPAKTEPHO, YTO UeJH PasONBATCA Ha NONIEAH; NpH
STOM NIPOUESAYPBl BHI3BIEAKT APYLHE NPOUEAVDE, COOTBETCTAVIO-
oLie 3THM noaueastM. Bropoe mpaBuao onpeneaser, dto lecau
MpOLEAYPa FPAMMATHIECKOTO Pasbopa obIapyRNBACT OWHOKY, TO
OHa He ZoaKAa mpekpallate padorty H coofmaTs 0 CAyuHBUleMcs
BLI3BABIIEH ¢e MpOLeype. Bumecto »toro oua poaxnma caMmocTtog-
TeIbHO [POROJNKETh ({POCMOTP TeRCTa O TOr'o MecTa, OTHYAA
MOXHO BO30OHOBHTE aHadl3. Mpl HasoBeM 3To npesuiom <He
noGnumaii nanuky». N3 nero caenyer, uIo M3 npoleaypsl rpaM-
MaTHYeCKOro pasdopa He MOXeT OBITE ADYToro BHIXORA, KpoMe
oﬁbmﬂoro 3aBepIIeHa paboTH,

1 JIpasaiao «He MOmHUMAA NaHHKY» MOXKHO HHTEPIIPETHPOBATh
.1en.y10u.mm ofpazoM: npi NOABICHHH HCNPABHABHON KOHCTDYK-
UHH Hpouelypa JAoaMKHa DpPONYCTHTL BXOIHON TEKCT, lOKa He
BCTpETHTCA CHMBON, KOTO])b]I':{ o nNpagHniaM MOM(eT CACAOBATE 32
TOl KOHCTPYKIHER £3blKa, KOTOPYK) OHA HHTanach 0JHapYHTh.
ITO 03HAyaeT, YTI0 Kaxaofl nponeaype rpaMMartiyeckoro pastopa
B MOMEHT TeKyU.lEFl 2€¢ AKTHBauHy JO0JXIKHO OLlTh H3BCLCTHO MHO-
HMEeCTBC BHelUHNX CHMBOJIOB.

[TostoMy Ha NepBOM ITane YTOUHEHHS (HJIH AODOAHEHHS) Mbl
CHAGAHM KaMXAYIO NMPOULAYDY I'PAMMATHYLCKOIY pasbopa ABHLIM
apaMeTpoM [sys, KOTOPLIH 3adaeT BOSMOMNMHHE BHeLIHHE CHM-
soNinl. B HOHiEe KayKioi ﬂpOIlE,Elypb[ BCTABAACTCA ABHaa Npo-
BEpXa: AHCTBHTENLHO JN CASAYIOIIH{ CMMBOX BXQAHOIO TEXKCTa
CDD_CP}KHTCH CP&’IH 3THX BHelHNX CHMBOJINEB (E‘.CIII[ ITO yHe lic
0BYCI0BAHO NOrHKOR 11pOrpaMmel) ?

Bce e ¢ Hamef cTOPOHE OBLAO B fepasynmng np# eeex of-
CTOATENILCTBAX MPONYCKATH BXO_ILHOIU{ TCKCT A0 cneayiero noian-
JASHHA TAKOro BHewHerc cumsona. B konue KOHLOB, HpOrpaMMucT
MOF N0 oloHBKe DPONYCTHTL BCEFO ORHH CHMBOJ (HANDHMED, TONKY
¢ 34N9TOM}, a HTHOPUPOBAHile TEKCTA A0 CAeIYICUIery BHEWHELD
CHMBOIA MOMCT HMCTbh CHOCABIBIE ROCICACTEHR, HOS'[‘DM)’ KO
MIOXKeCTBAM CHMBOJIOB, KOTOpDbIC NMPeKpallawT OPONyCcK TeKCTa,
ME 100aBuM cayiiefHBe CNOBA, OTMEYAIUIIE HAYANO0 KOHCTPYK-
WIH, KOTOPYIH0 HE€ CJeyeT NponyckaTh. Takmwm o0pa3soMm, CHM-
BOJIBI, NepejlaBacMble B KadecTeRe napaMerpos npolleaype rpas-
MATHIECKOTG pazbopa, — 970  CUMBOAb  GO306HOGAeRLUA, a4 He
NROCTO BHEMHHE CHMBOJAH. Mbl MOXKeM CYHTATD, UTQO MHOZKECTEA
CHMBOIGE BO30OHKOBIEHUS € CcAaMDTo HATAAa conemRaT OTAENbRbIE
caymeSHHe €A0Ba M TPH NPOXOAE HEpapXUH TOAUENEHd rpaM-
MATHYECKOro pasﬁopa HOCTEHEHHO ACNGINATES  BHEUIHHMMH
CHMBO.IAMH 3THX no:mencn ¥ Das yaoberea BBOAMTCA ofman
NnoxnporpaMmMa, uaabmaemaﬁ fe.st -— QHAa [BRNOJIHACT CNHCaH-
Hyr BEIlE npoBepxy. Ita mpoueaypa (5.17) umeer tpw mapa-
MeTpa:

I, MuomecTso sl ZONycTHMBIX CAeRVIOLlNX CHMBOTOB, €C/IH TEKY-

UIHA CHMBOX K HeMmy He NMPHHALJICKHT, TO HMEST MeCTO OlIHbKa
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2. MHOoxecTBO $2 ZONOMHHTEIbHBLIX CHMBOJIOB BO3COHOBIEHHH,
NMOSBAEHIE KOTOPEX ONpeieNeHHo ABJACTCAE OUIHOGKGCI, HO KO-
TOPUIC IIH B KOCM CAyHac 11¢ cACAYCT NPOOYCKATh.

3. Homep s, kutopuiil npiceanpaeTcs owibke, eCall DPOUCAYPa
¢e oBHApYHNT.

procedure test (s1, s2: symset; n: Integer)s
begin if —(s)# in 51} then
begin error(n}; sl 1= sl-+52; (5.17)
while —(syn in 51) do getsym
end
end

[Tpouenypy (5.17) yroGuEo HCNOAL30BATE NPH 6x00¢ B NPOULAYPY
rpaMMaTHYCCKOTO pasfiopa AJAf NpOBePKH, ABAACTCA AN TeKYILHT
CUMBOI AONVCTHMBIM HAUANbHREIM CHMBOJSIOM aHATHEHPYEMON KOH-
CTPYKINK. 310 perOMeHAyeTCHd BO RCEX CAYyUaAX, KOrha npo-
Helypd X spiapisaercs 6&35-'C.I'IUBHU, K3k B olepatope

if sym==a, then S, else

. D}

it sym=ua, then S, eise X

KOTOPHHT NOAYYSH 113 MOPOXKAAOLICIO HPABLIA
Av=aS/|...| a,S,|X. 5.18)

B s1ux caviasx napadMetp sl A0dmeH cOZepaTh MIOMECTBO
HadageHbIX CHMBOJAOQR X, A §2 — MHOMKECTBO BHOUIHHY CHMBOJIOB
A (e, taba. 5.2). [ToapobHo sTa upouUeldypa NOKA3aHA B NMPo-
rpamye 5.5, KOTopas npefcTasiadeT coOofi LONOJHEHHY K BEPCHIO
nporpaMmin 5.4, dna yaoGerba 4uTaTeN® BCs ApOrpaMma npH-
BeAeHa NOAHOCTHIO, 3@ HCKAWUEHHCM HHHUHAUNI rrobanbablx
népeMeHHLX H NMpoUeldypw gelsym, ocTaBlIuxcs De3 naMedend.

[Mpeanoaaraemas Ko CHX 1Op CXeMa RLIT2eTCH BO3OSHOBHTH
rpaMmaTtiiecknfi pasfop, BepHYTLCH Ha HPABRALHLI TIYTb, HPO-
DVCTIHE OAHH WAH GONeC ClIMBONOB BXOANOro TexeTd., Ho 310 He-
yAQUHAA CTPATerds BO BCeX CAyHAAX, KOTAa OWNOKE BH3BAIA
npofgeros CHMBONA. Onuit COBOPHT O TOM, 4TG Takle OHOKM
dGragTHuecKy ¢BA3AHLL ¢ CHMBOJAMH, BRINOAHSOINIMI YHCTO CHH-
TAKCHYECKNC DVHKWINL ¥ (1€ NpeACTaBAMIOIWAMN Kakoro-nindo aei-
creus. Hpumepom chy:RuT To9ka ¢ sanarofl 8 T1J1/0. Onmaxo,
NOCKOMBKY MHOA@CTBA BURISHHX CHMBOJOB I0AOMIEHH onpeje-
JeHHBIMH Cﬂ}-’H(QﬁElbIMH CNOBAMHN, Ha CamMOM [Jefge TpaMmaTHyo-
CKHi pasGop BoBpeMA MNMpexpallaeT IPONYCK cCHMBOJOB, T, €. Be-
ZeT ce0f Tak, gaK ecAl Obl 3a0LITEIT CHMBOI OB BITABJH. D10
BHAHO M3 TOH 4acTit nporpaMaul (3.19), KOTOpas AHAMH3HpPYCT
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coLTaBULIC ONepaTopul. QHa <BeTaBasieTs NPONYLEHHBIE TOYKH
C SAATOH nepel KJIIOYSBEIMI ¢/iosani, MHOMeCTBO, Ha3bIBaEMOE
siatbegsys, eCTb MHOMKECTBO HAYA/IBLHLIX CIIMBOJOB KOHCTPYKIMN
«OMNepaTops.
if sym = -beginsym then
begin getsym;
statement([semicolon, endsym)--fsys):
while spm in [semicalon]+-statbegsys do
begin
if sym == semicolon then getsym else error;
statentent({semicolon, endsym]-ffsys)
end;
if sym = endsym them getsym else error
end

(5.19)

O ToM, HACKOMEKO YCMEWHO 3Ta NporpaMMa oGHapymKiBaeT
CHHHTAKCRHYELKIIE OMINOKY B CHpaBﬂHETCH ¢ HeODLIUHEIM I cHrya-
HHUAMM, MOMCEO cyAnTL no nporpamwme [LJI/0 (5.20). Ee pacne-
JATKA ABAAETCA pe3yanbTatoM paboiel nporpaMmer 5.5 & B
TaG.a. 3.3 mepeuHeacHLl BO3MOMILIe cooluelHa 06 oWKbKax, co-
OTBETCTRYOLLHE HOMEpaM cmUBOK B mporpamme 5.5,

Tadnnna 5.3, Coobuwedun o6 owundkay, BEAABaeMBe TpaucnaropoM ¢ I1J1/0

= BMeCTO {==
Her uncaa noeae =

Her = pocae uienThipiKaTopa

Her naentuduraropa noede const, var, procedure
Hponyigena 3a05Taf B TOMKA © 3a0AToll

. Hepepunldi cAMBOA nOCTe OHHCAHHA TROUSLY PEI

ler onepartopa

. Hegoplplit CHMEBOAL TOCNE ONCPATOPHOH wacTH 6Ga0Ka
Her muororouns

. [TponyweHa Touka ¢ 3anAToll MexIy ONepaTopaMi

. Heonucannmil waearvaduxartop

. Heponycrumoe npacealiBaHiie KouCTauTe WAH NPOUenype.
. Tpefivercn ‘=

. Her uaenmdrratopa nocae call

. BH30B KOHCTAHTH HAH NepeMeHHol BMEeCTD MpoUesypil
. Tpedyerca then

. TpeGyercA Touka ¢ 3anAToli Han end

. Tpebyerea do

. Hesepumii cusisod nocae onepatopa

. Tpefverca cpasliede

. Bupaienne coAcpiRET HACHTH(NIKATOP NPOLELY PR

. O1cyTeTRYeT Npanad ckodra

23, Hepepnuil cuMBoa roche MuomMiTens

24 HepepHBf cHMBOJ B HEYAE BRIPAANEHHA

0. Canmxon Goapane smean

e e
b G283 O SR DS ] G0 Lk —

— ot ot
el = ]

gl N Lt
Bl b —

Mporpamma {5.20) noadyueHa B pe3yabTaTe HaMEPeHHOro BBe-
AcHs cHitTakcnueckux owiiéor s (5.14)—({5.16).



cotist 11 o= 7/, 1 o= D
VA 500

35

T3

precedure multiply;

var &,k
beging 1= w; b 1= 3} 5 =
15

111
while & > 0 do
110
begin
ifoddbdoz:=z 4 a;
116
119
ai= 2a; b == bf2;
123

end

end :
procedure divide

yar i}

15
const fwo == 2 fhree 1= 33

77

11
begin ¢ = x; ¢ 1= 0; w = p}
113
124

while w -7 #do w 1= fworip;
while w = ¥
beging 1= (+q; w 1= w/2);
118
122
123
ifw < rithen
beginr 1= r—w ¢ 1= g+1

123
end
end
end ;
procedure god;
var fg;

Yeginf = x; gi= y
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while f 5= g de
17
beginif f < gtheng 1= g/}
ifg < fthenf i=: f-g;
= f
ond ;
begin
X ;= m; ¥y = n; call multiply;
x 1= 25; y := 3; call divide;
¥ = 84; y 1= 36; call ged;
call x; x 1= ged: ged =x

115
ta1
12
£13
124
end ,
17
5
t7 (5.20)

PROGRAM INCOMPLETE
Bce e ACHO, UTO HHKAKAdA ¢Xe€Ma, KOTOpPAA HOCTHTOUHO 3d-
(EKTHBHO TPAHCANDYET MDABHALHBIE MOPEANOXKEHHA, He CMOXeT

Tak e »PYeKTHBHO CHpPABAATECH €O BCEMH BO3MOMHBIMA He-
NpaBHAbHBIMIL KOHCTpyKiugMH. Ja H Kak moxer Gurpb uHauel

_-....-[ onepaToD r > @—*
L{ onepaTop

Pue. 56, Cinrakene ¢ MOIH(PHENPORANILM COCTADHUM ONEPATUPOM,

JlioBan cxema BOCCTAHOBJCHHA, DEANHAOBAHUAA ¢ PAPAIYMHLIMH
3aTpaTaMll, NOTePIAT HeYAAuY, T. €. HE CMOMET ANeKBATHO 0Opa-
60TaTh HeknTOpLle OUNIOOUHBe KOHCTPYKOMH, {OQHaKo Xopomufi
TPARCAATOP DONIKEH O()J’[a,ﬂaTb TAKHMH BAMHBIMH CBOfICTBAMH:

1. Hukaxaa sXxoniaq nocae1osaTebHOCTh He A0MKHA TPUBORHTL

K Karacrpoge.
2. Dee KQUCTPYRUNMN, KOTOPHIE MO ONpPeAenetilo Asbika ABJAAOTCA

ROIGKOUILLIME, JOJZRIIL Oﬁﬂap)'}liHBa'IbCﬁ I OTMEYATRCH,



program PLO (fuput ,oufput):
{ripancannop ¢ TN/ ¢ soccimitogaenugst npu czmmw\mr.'ecm\ ouinbrax}
Tabel 99;
const riory = 113 {KoadecIGO 3APRICPRUPOCAHHBIX CAVE
txmax = 100; {Qauny puGagyel umen)
amax = 14; {atanctvaTon0e Koguecniso yugy @ wncaay}
al = 10; {aauna usen)
type svimbol =
(util, ident, munber, phs, winus, times, slash, oddsym,
eql, neq, lss, leg, gir, geq, lparch, rparen, copina, sepicolomn,
period, becomes, beginsym, ewdsym, ifvrm, thonsvin,
whilesym, dosym, callsyns, constsym, varsyin, procsym);
alfe == packed arcay [! .. af] of char;
object == (constanr, variuble, procedine);
symset = set of symbal;

var ch char; { nocaednud npoyumannsiil svodHoli cisaoq}
sy symibol; (rOCAEORINT NPOYIHNGHHbIN CHABO.T A30INT )
id: alfa; (HocaeOnee BpomaKiioe Ma)}
i infeger; {nocaeduee npounmanioe yneao}
cc: tnteger: {c!femrum CUMBOIO8 )
il integer; [ Qattineqr cinpory'}

Kk integer;
line: array [1.. 81] of char:
a: alfa;
word: array (1, . norn] of alfu;
waym: array {L .. norw] of svnbol;
ssyin: areay [efrar] of svathol)
declbegsys, statbegsys, facbegsys: symsel}
fable: array [0, | tamax] of
record pame: alfa;
kind: object
end
procedure error (n: fnfeger);
begin writefu(’ “ice, Uy i 2);
end [errerd s
procedure fost (31,52 sywmsety ne infeger)s
begin i —i(syn in s1) then
Begin error(n): sl = 51 -l 523
while —(sp07 in §1) do getsym
end
end {test] 3



procedure block (tx: integer; fyys: symnset);

procedure cnfer (h: vbject);

begin {3anuce o0bvekma 8 mabauyy}
X = tx + 1;
with tableftx] da
begin name 1= id; kind :(= k;
end

end {enfer} 3

function position (id: alfa): infeger;
var fi integer;

begin {rouck umeni id e mabiiye}
iablel0] .name 1= id; i 1= tx;
while table[i] name = iddo i 1== i3
Jposition ;== §

end { position} 3

proceduze constdeclaration;
begin if sym == ident then
begin gessym;
if symr in {egl, becomes] then
begin if s3m == becomes them error (1);
gelsym;
if sym = number then
begin enter (constant); getsym
end
else error (2)
end else error (3)
end else error (4)
end {constdeclaration} ;

procedure yardeclaration;
begin if sym = ident them
begin enier (variable); gelsym
end else error (4)
end {vardeclaration} ;
procedure statement (f3ys: symset);
yar J; inieger;
procedure expression (fsvs: symser);
procedure ferm (f3ys: symset);
procedure facror (fsys. symset);
Yar f. integer: .
begin test (fachegsys, fivs, 24);
while sym in fackegsys do



begin
iEsim = ident then
begin 7 = position (id);
iti = Othen error (11) else
i€ tableli] kind = procedure then error (21);
getsym
end else
if sym = number then
begin getsym;
end else
if sym = Jfparen then
begin gersym; expression ([rparen]-+f3ys):
if sym == rparcn then getsym else error (22)
end ;
test{(fxys, [Iparen], 233
end
end {facior} ;
begin {term} factor (fsys -[iimes, slash});
while sy in [times, slash] do
begia getsymy foctor(fsys-+{eimes, slash])
end
end {term} 5
begin {expression}
if symrin [plus ;minis] then
begin getsyar; terml fsys-t-[ plus, minus])
end else fermf f5ys-+[plus, minus});
while sym in [ plus, piinus] do
begin geisym; ferm{fsys-H plus, minns])
end
end {expression) ;
procedure cond'tion(f5ys: symset);
begin
if sym = oddsim then
begin gersym; expression(f5rs);
end else
begin expression (leql, neq, Iss, giv, leq, geql+fsys);
if —(syni in [eqf, neq, Iss, leq, gtr, geql) then
ervor (20) else
begin getsym; expression (fsysy
end
end
end {condition} ;



begin {sfatentent}
Mooy = Jdent then
begin i := position(id);
if i == O then error (11) else
if rable[i] kind # variable then error (12);

getsym;  sym = becomes them gefsym else error (13);

expression{ fsys):
end else
il sym = callsym then
begin getsyn;
if sym % ident then error (14) clse
begin { ;= position(id)};
if i = 0 then error (11) else
if tableli] kind == procedure then epror (15);
getsym
end
end else
if sym = ifsym then
begin geisym; condition ([thensym, dosyml+71iys);
if sym = thensynt them gersym else error (16);
statement(fsys)
end else
if sy = beginsym then )
begin geisym; statement([semicolor., endsym)-+fsvs);
while sy in [semicolon]+statbegsys do
begin
if sy = semicolon then getsym else error (10);
statement([semicolon ,endsym)1f5ys)
end ;
if sym = endsym then gefsym else error (17)
end else
if sym = ‘whilesym then
begin getsym; condition([dosym]f5ys);
if syrt = dosym then getsyin else civor (18);
statememt{fsys);
end ;
test(fsys, [ 1, 19)
end {statement} ;
begin {black}
Tepeat
ilspm = constsym then



begin gofsym
repeat canstdeckaration:
while sy~ ¢pppia do
begin getsinr; constdeckiration
end ;
if sy = semicolon then getsym else erior (5)
wntil sy == ident
o ;
if sym = varsym then
begin gersynr;
repeat vardeclaration;
while s)m = comtng do
begin gefsym; vardeclaration
end ;|
if sym == semicolon then gefsymi else error (3)
uniil sy 5= ident;
end ;
while s)9 = procsym do
begin gersyon;
if sy = ident then
begin enrer (procedure); getsym
end
else error (4);
if xym = semicolon then getsyimn else error (5);
block (ix, [semieolon]-1-f5s);
i sy = senticolon then
begin geisyn; iest(statbegsys-: {ident, proesymj, Jiys, 6)
end
élse error (3)
end ;
fest(siathegsys-+-[ident], decibegsys, 7)
until —(svm in declbegsys);
statement{[semicolon, endsym)--fovs)s
test(fsys, [ 1 8);
end {hlock] ;
begin { ocnoerns npozpara )
.. VIHHDBAUHS (CM. TIPOTPAMMY 5.4)...
ce = QO W= 0y ol o~ 77 kb al getsymn
black (0, [ period]-<-decibegsys statbegsys);
if sym = peried thea error (9);
9% writcln
end .

Tporpasau 5.5, Ppastsarndecivi pas0op g 1V ¢ nocetwsnunceied np
TR
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3. Owmbin, BCTpeyawlIMecs A0BOABHG HACTO H AeHCTBHYENLHY
ABAAILAECH OUIBGKAMI OPOTPAMMICTA (BLI3BAHMBIMH LeA0-
CMOTPOM WM HEIONONNMaNIeM), JOMAHN NPIBHALBHO AHALHO-
CTHPROBATLCH H HE BLIZKIBATL KARUK-NG0 AanbHellux OTHNO-
HeHI B padoTte TPAHCAATOPA — cOOOIEHNE 0 TaK HasbiBae-
MBIX HAGUJUHA6LX OlIGKAX,

[Ipexaaracyan cxemMa BOCCTANOBAEHNS PAloTAST VIAORACTRO
PHTERNBHO, XOTH, KAK BCCrjA, BOIMONHO ee jnaanHefilee yeoubep-
wencrsesalite. Ee ppenMymectdo §o o 1oM, 4TO $id [10CTPGEHa
CHCTEMATIMECKIM 00PA3oM HI0 HECKQULKIIM OCHOBALIM DIpasiLiam,
JTH OCHOBHRIE ILPABIAA NPOCTO Pa3palnTaHil ¢ NoMOULkI0 BHOOPA
NAPaMerpoBs, OCHOBARIOTO HY  3upHCTIMECKIX  COoBpaikeHssx
H ONLITE NPAKTIUCCKOLO 1ICNOAR30BANHT #3bIKA,,

5.10. MPOWECCOP NA/0

B camom gene, NPHUMEUATCALHO, UTO 10 CHX LIOP TPAHSIATOP
[IJI/0 pazpabaToinaaca B NOJHOM HCBCUCHNY, i RIKOR Ma-
UIHHBL GH AGMReN GropMipoBats pabouyo nporpamvy. Ja o c xa-
KOl CTaTH CTPYKTYpa MallHHB J0JAXHZ BAMATL HA CXeMY CHH-
TAKCHUECKOr0 aHaJU3a # BOCCTAHOSTenus NpH ownbrax? Donce
TOrO, OHa USHCTBHTEALHO He dosxcHe BataTh. BMecTo 3roroe cof-
CTBCNIIO CXCMI QOPMuPOBAINA KOAA L5 A000il BLIMHCANTCILIOH
MWL JOAMKHA HAKAAALBATECS 1A AJATOPITM TpaMMaTiINeckoro
pastopa METCAOM NOITANHKOFO YTOWIEHHS CYWECTBYOWeER npo-
rpavaipl, [TOCKOUBKY TE€Neps MB FOTURBE! K 2TOMY, HYKHO BRIOpats
npoLUcecop, AA8 KOTOPOro MPOM3BOANTCS TPaHC/ SIS

Yrofnl onHedlte TPAHCAATODA OCTARRXIOCH AOCTATOMHO MpPO-
CTHIM 1 ¢BOGOAINIM OT MOCTOPOHNNX CONGPAACIINE, CHAZANHNX
C KOHEPGTHBIMI DCOOCHIIOUTHME KAKOro-udo peadbiioro npouec-
COpa, MBl NPIAYCMACM CBOO COOCTREGHHVIO BLIMHICTIHTEIbHYID Ma-
amuy, cicunaanto npuenocctaennye 1an IJ1/0. 2o weruit -
NOTETHUECKITT NPOICCCOP, KOTOPLA e CYNICCTRYeT Ha CaMoM gede
(B amnapaTHOM BHAC): MB HasoseM ero nawnned 170,

B atos pazacae muone Oyden nmoipedHO OORACHATE, 1I0YEMY
ME BLIGPANK [IMCHINO TaKVIO MALHLNYIC ApXHTCKTYpy. Buecro
ITOrO JAHHBI pazgea OvaeT cayalTh PYKORBOACTEOM IO MIpOUEC:
COPY, COCTOSIIIUM H3 BBOTIHOTQ HHTYHTHBHOO QUHCAHHSA, 33 KO-
TOPLIM  OyaeT cdenopate N0APpoOHOC OUpeleeHHe MPOUeCCopa
¢ NOMOWBID AATCPHTMA, JTa GOpMANHRANNA MOKeT CIYKIUTh
NPUMEPOM AKKYPATHOIC 11 HOAPOGIIOrD OMHCAHIS AMS PEaNBbILIX
nponeccopoB. Halt aaropnTM 0CAA0BATEANHO HHTEPINETIPYeRT
komauau THJT/0 11 nazunaetca unrepaperaropom.

B wmawnuy TIJ/0 eBxoadatr ase oflacty NaMATH, PerHcTp
KOMAaHAN it TPH POTRCTPY aapecos, [Teqars Qi apoepaitsel, ia-
3LBAEMON  pabfoued npoepamaod, arpysaercd TpANCIATOPOM
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I BO BpeMH HHTEPOPETANHN NPOTPAMMEBl He H3MeHsdeTcsd. Ee
MOMHO CUHTATh NaMATHK, .IONYCKAIOWEH TOJABKO CUHTLIBAHHE,
Of.1acTe naMaTH Q4R Xpernenia OQAA6LX OPranNsoBaHa B BHAG
CTekd, 11 BCe APUGPAUCTITCCKEC AeACTDI BBIIOAHMIOTTS ¢ ABYMA
3NCMEHTARI Ha BEDNTHHE CTEKA, IPHUEM PEIYNLTAT 2ANICHBASTSY
Hd MeCTd onepuddos. Bepxnni saement aspecyercst {(UHAercl-
pyeTca} ¢ NOMOWBLIY peeucTpa sepuitinm crera T, Peauctp Komnau-
Jut [ cONCPIHT KOMALAY, KOTOPAs UHTEPIPETHPYCICH B AAHULIY
MoMeHT, Pezuctp adpeca rkomanfer P ykaswipaer cnedyGILyo
KOMaHAY, KOTOPYIO HYKHO OYJ1eT HHTepnpeTHPOBATS.

Kaxaaa npouweaypa u mawnpe [LJ1/0 moxer comepkath
noxraapibie nepemcHipie. [locKolpKy RpouUeaypH MOryT BbLIZDLI
BatLes PeKYPCHBIO, NAMATE AJA 2THX MCPCMCHAWX HEJAb3A Bh-
Aenuts Ao AelceTeHTenplere obpatlienus K npoueaype. Cneaosa-
TENhHO, CETMCHTH NRHHHX A28 OTASILHHX RPOUELYP N0CNea0Ba-
TeNbHO HoMetawics B crex S, Tak KaK BLi30BH TPOLRAYP CTPOro
MIONYUHEHE CXCME «NEPBHM BOWIEA — ROCASOHMM BbLICA», CTeK
ABASCTCS TOAXOAALLNM cnocoboM pasmettenina, Kamaan apo-
neaypa obaajer cpoeil cobereennod vagopmanucii: anpecom
KOMaH/IB ee BHI3OBA (TIK HAILIBAEMEM adpecos aoaspara),
H aApecoM CermMentTa RalHBX Br3uasuiedl ee upouesype. I 16a
afpeca HYJKHbBL /A48 NPABIILHCTO BO30OHOBAenuA paloildl npo-
rpammul Roeae zasepiiclnda padotot upoueayphl. Mx vomno pac-
CMATPUBATL KAK BAYTREHHNE, NI HESBHHIE M0KANLHLIE NEDEMEH-
HHe, TIOMEllasMhie B COrMCHTe AAHHBIY TPOHEAYPH. ME Hashl-
paeM ux adpecosm eosspara RA w dumamuwecnoi cssusroti DL.
ilavaao aMHaMOMeCKOR UENMOYKH, T. €. dIPeC PAa3MelleHHOro no-
cACAHMM CCFMCUTa AAMNNDBIX, coxpanseTcd B peracrpe Gasosoro
anpeca B.

FlockOabKy AHCTRUTCIREIOE BRUIQNERHC MaMATH -MPOHCXOLUT
BO BpeMa BLIIG/AHEHIS {HLTEPLUPETANIIN) IIPOFPAMMY), TPAHCIATOD
He MO:KeT QOpPMEPOBaTH Padoyylo MPOrpaMMy ¢ abCORIOTHHIMH
agpecamn, Ol MOMCT ABIIL 3ARATL PACMONOKEHIE HCPCMEHHBX
BHYTpPH CerMeiTa A2HILIX, TOITOMY CROCOBeH BEIAZBATL TOJLKO
oTHOCuTe ALK  adpeca. Hurteprperatop AoskeH RoGapnate
K 3TOMY TA4K HAZBIBIEMOMY cneuenio 0as0BH aupec cooTeet-
CTBYWMLUEFO cerMeHTa AaAHbIX. Ecan nepemerHas fokKasqbHa
B NpoUcAype, RNTEPADCTHPYCMON B AANibik MOMCHT, TO 3TOT
BazoBblif aapec 3ajaerca peructpoM B. B nporHBHOM cayuae ero
MOMHO TIOMYYHTE, COYCKAACH 110 [lEMOUKe CErMEHTOR JaHHLIX.
OAHAKO TPAHCAATOPY MOMKET ORITh W3BECTHA TUJILKO CTATHYeCKaf
rAyGHHA NYTH ACCTYNA K MePeMeHHON, TOrAa KAK MIHAMHKYecKas
UChoYKa (UCNoYKa ANUAMHMCCKHX CBA30K) OTPRKacT ANHAMH-
qeckyio HeropHo ofpameduil k npoiegyvpar. K coxaneumo, sti
AB& RYTU DOCTYNA HE oGA3aTe/IBHO ORUHAKOBLL.

Hanpamep. nvers npoueaypa A ofpainaetea & npoueaype B}
OMHCAaHHOR Kak JokaabHan B A, apoucavpa £ BusbBaer €, on#H-
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CAHHYIO KaK Jokaavhas B 8, a € Bu3bBaeT B pekypcusHo. Mu
roBopuM, 4to A onucasa na yposne 1, 8 —na ypopre 2, C—Ha
vposHe 3 {cm. pue, 3.7). Ecnu B B umeercs ofpalesne x nepe-
MCHHOR @, OMHCAHHOH KdK JNOKANBHAA B A, TO TPAHCEATOPY
I3BECTHO, uTO Mekay A 1 B cyluecTsyeT pa3nlna ypoBHeil, pas-
nas 1. OZnako onwmil lWar no IWHAMHYECKOHA UCNOYKE NPHBOLHT
K NnepeMeHHOH, JokanpHci B (!

DL RA Si.

L1

TepehCHHEIR,
HOEanbipble B A4

(=
(

TNEpeMEHHLIL,
TOKATBHGIE B B

— 1|
I s L,
aosanpHele & O
———

— | |

N

L

nepeMeivie,
ACKAnBYLIE B B

]
B

L

Pue, 57, Crox mawmg aag TR0,

ITosToMy ACHO, YTO HYKHG HMeTk RTOPYi0 Lenodky cpsized,
KOTOpAfl CBAJBIBAET CETMEHTh AAHHBLIX TaKHM CTNocohom, 49TobLl
TPAHCAATOD MOI IPABHALRO BOCHPHHHMATL CHTYALHG. MBI HA30-
BeM S/JeMEHTH 3TOH Uenouid ¢rariiecno ces3kofi SL.

Hrak, aapeca GopMupyioTes B Bile Rap 4HCCR, YKA3LBAIOIIHX
CTATIIYECKYH PA3HOCTE YPOGRHEH 1 OTHOCHTeNBHOE <¢MelleHne
BHYTPH CErMeNTa RanHbiX. Mbl cunTaem, yTo Kaxnas sueflka ma-
MATH MOKET COAEPMKATH AApPec Wi HeJ0s Yiesao.

Muowectso roMaun mawnnw [1J1/0 npuenocoGaeno x Tpe-
Bosaruav Aszvika [171/0. Ono copeput Takne KOMaHAwl:

3acuaki yncen {(KoHerant) B ctex (LIT).

CydTBIBAHUA NEpeMeHBHX B BepluHHY cTeka {LOD).

JankcH 3HauUeHHA, Haxoasileroca B BepmtmHe cTeka (STO),
(CooTpercTBYeT ClepaTopy NpHCBaUBaHueA.)

KoMaH1a aRTHBALIlE NOAMPOrPaMMBL, COOTBETCTIBYIOMAA 06-
palenuio K npoueivpe (CAL),

L3 bD —

.
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5. BeilenerHe naMsTH 474 CT€Ka HYTEM YBeJHUEHHA YKasaTedaa
creka T (INT).

6. Komauan ycnomnoit w Geayc/10BROI Nepefavn ynpapdeRus, He-
NORb3YeMble B YCIOBHLIX ofleparopax u uuxiax (IMP, JPC).

7. Komanna, BLnoansoman apiMeThueckie AeHCTBENA H CpaB-
wenua (OPR).

Tak Kak B KOMaHAY AOJIKHL BXOAHTE TPl KOMIOHEHTH, TO
oHa uMeeT caedyomnil gopmar (cm. puc. 5.8). 3aeck mpucyt-

f ¢ a

Puc. 5.8. dopMvat KOMAHIE.

CTBYIOT KOA onepaunu (f) w napaMerp, cocToRWNT 03 0AHOH HAH
ABYX yacredl (@ u b anrdo Teasko g)*). B cayuae xoMmanan OPR,
BHIOJAHAWIEH HEKOTOPOe AeHCTBIE, NapaMeTp ¢ 3ajaeT 3To Aeii-
CTBHC; B APYIMX caydasx 370 Jando uxcao (LIT, INT), auto
aapec B nporpaMme (JMP, JPC, CAL}, audo anpec naanblx
{LOD, STO).

TMogpobuo patora mawmnus T1J1/0 onpenessaetcs npouenypot,
HasbBaeMoH interpref, KOTopas ABASETCA YACTBIO TPorpavMb 3.6,
o6 LCAHHATOME 3AKOMYCHHDIE TPAHCJAATOP ¢ HETEPOPECTATOPOM
E CHCTeMY, KOTOpas TPaHCHAHPYeT, 4 3aTeM BHNOJAHSAET NpO-
rpammpl Ha [1J1/0. Mul npepaaraem B KayecTBe YOpaKHeHHA
MOANGHUHPOBATE 3TY MporpaMMy, YyTtoOB oHa (PopMuposana pa-
604y TPOrpaMMy A4 KAKOro-AHO0 cyecTBYIOUIEro JpolLeccopa.
HeofxopimMoe 435 9TOTe YBEIHYCHIIE MPOrpaMMbl MOXHO CUHTATD
MepoH TOro, HACKOJbKO BEIOPaHHAA BBHYHCAHTENBHAS MaIfHHI
MOAXOONUT 1A MOCTaB/JEHHOH 3anAavi.

De3ycnoBre, npeucTasiesdyio  BHYHCANTENBHYHY MALTHHY
[T71/0 moxHo GBIEO Gbl OpraHH3oBaTh 0o/ee HCKYCHO, © TeM
4TOGEI /ICKOTOPHIE OHEPaLlHN BRINONHANECE a¢pexTisyce. Hanpu-
Mep, MOMKHO Obino Obl YAYUWHTeE MexaHH3M ajapecaunu. Ilpuns-
Taf cxema Gutna BRIGPAHA H3-3a ee OPOCTOTH, a TaKIKe NOTOMY,
4T BCE YCOBEDLUEHCTBOBHHHMS AOMMHB (PAKTHUECKH OCHOBEY-
BATLCA HA Hefl H H3 Hee BHIBOAUTLCA.

541, ®OPMHPOBAHME KOMAHA

Urobbl TpaHeaaTOp MOT chHOPMHPOBATE KOMANAY, EMY AOMIKHH
OLITs M3BeCTHH €€ KOJ OflepallHH H IHapaMeTp, KOTOPRIH Iped-
ctaBjiseT coboft MO0 uHeno (caMy KOHCTakTy), aubo aapec. T
3HAUSHNA TPAHCAATOD CEASLIBACT C COOTBETCTBYKINNME HWACHTH-

¥} Ilose b v xoMange (WAR 113paAMETPC) HCHORLIYETCH A4 YRa3uliuy ypoB-
ua (fevel). — fTpum, ped.
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puxatopamit npH 00paGOTKe ONHCAHMA KOHCTAMT, MNepeMEeHHbIX
w npouenyp. Han 31ofi nean tabnrua HWACHTHOUKATOPOB AONOJL-
HeHa arpulyTaMil, NPUCYUWHMH KaXI0MY HASHTHOHKaTOpy. Ecmm
WISHTHIKATOD 00603HAYaeT KOHCTAHTY, TO ero aTpubyToM aAB-
AHETCH 3HAYEHHE 3TOH KOHUTAHTHI, €CIH MAeHTHHURATOP 0BaszHa-
10T MEPEMEHHYI0, TO er0 aTpnbyToM SIBAAETCH ee afpec, cocTod-
HADTITE CMELHCHHST H YDPODHS, & eclH OH 0003HayacT npoucaypy,
TO €r0 aTPHOYTaMH ABAANTCA aJpec BXoAa B 3TY [IPOUEAYDY H ee
ypoBeHs, PacliupenHoe cOOTRETCTRYIMIUM 06pa3oM OnHcaHHe ne-
pemennoll fable («rafauna») npokasano B nporpamme 5.6. 3710
HalMAAHBIE NPUMED NO3TANHOO YTOYHeHHA (WAW ZOMOJHEHHA)
ONHCAHHS AAHHLIX, MPOHCXOAALLErO OAHCBPEMCHH( € YTOYNCIHCM
ONepaTOPHON YACTH IPOTPaMMEL,

B 10 Bpems KAK 3HAUEHUS KOHCTAHT 3AMAKTCR B TEKCTE MPO-
IpaMMbl, ONpefeddTb aRpeca TPAHCASTOP AOMKEH CaMocTos-
reaero. flsptk [1JI/0 aocTaTouHo RPOCT, MOSTOMY HeDeMCHHBIE
H KOM3HAL Pa3MelialoTcs B NaMATH NocaeaosaTeabis. Cheiopa-
TEJBHQ, KaXA0e ONMICanHe HepeMeHHOH COnpoROMKIaeTCA }-'BEJH‘I“
yeHHeM MHAEKCA pa3mellleHns AaHAeX Ha | (Tark Kax gamjas
nepemednan ne onpejedesing mawugn [1J1/0 zanumaer posro
01HY Aveliky namaTi). Fngeke pasMewenns Zaouuix dx A00KeH
HILAILHHPOBATbCA B Hauade TpaHCAAUHH 1000/ npoueaypul, mo-
(KOJBKY £¢ CerMenT AaHHBIX NepBoHaAvaIBHO NYCT. [B ;'IF.'I"’H'.‘TBH-
TEFBHOCTH 4y NOAYUZeT HAYANLHOe 3HaveHHe 3, Tak KAK waxcAhifl
cerMeHT AAHHBIX COAGPMKHT TNO KpafiHeli Mepe Tpd BHyTperHue
nepedenapie RA, DL, SL (oM. npeawiaynust pasaen).] Coorser-
CTBYWiHE BEMHCAEHNA, MO3IBOMAKIIBE ONPELeINTE aTpulGyTHI
NAeFTAGHKATOPA, BKJOZEHE B NpoUeaypy enfer, KoTopan 1o6as-
AdeT B TaBANLY HOBRE HACHTH(PHKATOPHL

Tlpn dHanuuun 3aToH HHPopMaUun o omepaHaax KOMaHIM
bOopMHPYIOTCA ZOBOABHO MpPoCTO, Daarcaaps cTekosofi opradu-
zauny wawmne [LT/0 cymlecrByer mpakrHweckd OAHO3HAYHOS
COOTBETCTBIE ME‘.}K,IL}' oncpaniamy H OHEPHL&H?!M][ HeX0oAHOTO
43LKa, ¢ ORHON CTOPOMH, I KOMaHAaMH paGovedl nporpamMbl,
¢ ApYrof CTOPORBL}TPaHCIRTAD JINLE A0JIKel BLIOINUTL Heob-
AQIIMOE Npeodpaa0Batiie B ROCTHUACHHIO GopH OC T IKCHA
fonMa 03HAMALT, UTO 3HAKH ONEpALHN BCerAd CIeAYIOT 32 CBOHMHK
OIepaHAaMI, 4 HE BCTARJATCA MeRJIy HHMH, KaK B QOLIYHOI
srpurcnon gopae. TocTPHrcHye QopMy HHOTAA TAKAKE Hadbl-
BAIOT NONLCKOR 3aNMBCki0 (Tak Kak ce «usobpena» nonak Jlyxace-
Bity) nan Secckofonodl 3anucero, TAK KAk ola AenaeT cxolgH
saamEHaM K. [TpuMepsl cooTBeTCTRAA MeKAY HHPUKCHOR H 0CT-
GuxcHoil PopMAMA 3AMUCH BHPAMKEHN npreefeust B Tafn, S.4
(eM. Takxe pasza. 4.4.2). -

1 OueHb npocTOit CROCOG BHNOMHEHEA TAKOro npeopasoBann-
ONHcaH B HPOLEAYPaX expression W ferm w3 nporpammur 5.6. Ox
COCTONT B TOM, UTO Nepefkaya 3Haka apudMeTHYEcKoR omepauii
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Tabanua 5.4. Bupamenud s HipHKcHold M nocrgHRCHON 3anecix

Hupuxcnaz Tlocrdrrcnasg
3anuck 3AMTHCH
x+y xy 4

x—»+z xy—z4

x—(y+z) xyz+—
xo(y + Dew X¥z 4 AWk

NPOCTO 3a/lepIKURACTCG B 3TOT MOMEHT UHTATENb AOMKKEH yheo-
AATBCH, UTO BIAHMHAA C(BA3H NPOUSAYP TPAMMATHMECKOT® pai-
dopa YYHThiBAeT COOTBETCIBYIOWYID HHTEPNPETALHID [PHHATHIX
NpasIT NPHOPHTETA PasINULEX OMepalni, ..

TpaHcAALHS YCAOBHBIX ONEPATOPOB H LUHKAOB HECKOJAbKO Mu-
Hee TPHBRANRHA. B 3ToM cayvae HymHO GOpMHpPOBATH KOMAHARI
nepexend, AJA KOTOPBLIX CAM ajgpec Iepexola HHOrla eute Heus-
pected. Ecan obsasatenbno, ytobu GopuHDyesble KOMaHAL pag-
NOAAraJHCch CTPOr0 HOCJEdOBATENEBHO B BHAE BHIXOAUOrO drailaa,
To HeoOXOAMMA deynpoxoduas cxeMa TpaHeaatopa. Ha sropon
NPOXOAS HeNOAKLIE KOMaHAL TNepexcia NONONHAIOICA ajpecaw,
Hdpyroe peilense, peasiH30BAHHOE B ZAHHOM TPaHCIATOPE, — 310
noMellcHHe KOMaHAL B MACCHB, T. €. B RAMSThH C HENOCPCICTRCH -
HBEIM JOCTYHOM, YTO NO3BOJAET BCTaBAAThH HENOCTAIIIHE 2j]peca,
KaK TOJIbKO OHH CTaHOBSITCA H3BecTHH. Taxyio omepaluic HHOIAA
HasbBAWT gurcayued (fixup).

ERMHCTBeHHOR JONOJMHHTENbHOE [efiCTBHE, KOTOPOe HYHIHY
BHILICANATG NPH (POpMIPOBALKH TAaKOro Nepexoaa BHeped, — 370
3anoMHHarHe €ro MeCTONOJQMKeHHd, T, e, IIHAeKca B MAMATH AJA
nporpaMMbl. 3aTeM BO BpeMa (PUKcallli 3TOT aApec HCNoab3yered
AJIST HAXOMLeHUst HenoAHOH koManabl. [eTail 0isaTh MOMHO BH-
Aeth B nporpamve 5.6 (oM. npoueaypw, ofpadarmpawiine one-
paTopul YCIOBHA H LHKIa). Komaniwl, cOOTBETCTBYIOILHE 3ITHM
oneparopas, GOPMHpPYIOTCA Ko caeaywuiemy maGaony (L1 u L2
03HAYAIOT ajipeca KOMAaHA):

if € then S while C do §
romanaet anaa ycaosua € LI xomawusr gaa €
JPC L1 JPC L2
KoManfp oneparopa S KOMAHABLL Ja8 S
Ll:... JMP LI
L2: ...

Jna yno6crsa BBOAHTCA BCMOMOLATE/bHAA NPOLEAYPA, HA3bI-
Baemaa gen. Efi sajawTcs 7pH napamerpa, H3 KOTOPBIX OHa
dopmupyer Komanay. Ilpn »10M aBTOMaTHYECKH YBEJHYHBAETCS
HHAEKC X, YKA3LIBAIGWHA MECTO, KyAa NOMELIAETCA OYepefHas
KOMaHAa.
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Huze D MHEMOHHUSCKOR (opMe NpHBEASla LporpamMMa, [eay-
uendan TNpH TPaHCAALHM NpOUEAypbl yMHOMeHHs {D.14). Kow-
MEHTADPYH ¢ NpaBOH CTOPOHE ROGABNEHH fHLIL ANA TOACKEHHS,
2 WNT 0,5 Fuidentimp nargars duy CEA3ON H JOKCABHBIN PEDEMENHIX
3 LOD 1,3 x®
A BT0 0.3 a
5 LoD 1,4 ¥y
6 870 0,4 b
7 T 00 0
8 sTO 1,5 z
& 10D 0,4 b
v oour 0,0 o
11 OPR 0,12 >
2 JFC 0,2
13 b 04 D
14  OFR 0,7 mevemso
5 JpC 0,20
16  LOD 15
17 LOD 0,3
18 OFR 0,2
‘19 sT0 15
20 T 02
21 160 02
22 ©OPR D4
23 ST0 03
24 LOD 04
2§ HIT 0.2
26 OPR 05
27 S710 04
2 JMP DY
29 ©OPR 00  Bobpam

Pafouas nporpavva, eSotecreThyloutas npouenype IJ1/0 (5.14).

IR D KR BN

TIpn TpaHcAANNE ¢ ASHKOB NPOTPAMMHPOBAHHS OOBIYHO MPH-
XOANTICA pewarh 3HAYMTeAbHO Oonee CJAOMKHBIE 3a/1aYH, YeM Te,
KoTopLle pewmad TpancaaTop ¢ A3biKa [1J1/0 ana mawnne T171/0
[54]. BoapwnHCcTBO U3 HHX ¢ FOpa3sfc GOALIIHM TPYAOM NOA-
Lajores YeTKOR opramvzavud. Ecan unTaTeih NOmLIiTaeTea pas-
LWHPHT A3HHHH TPAHCAATOP, NPHCNOCOOHB ero JMuGo Aaa 6onee
MOIIHOTG A3bIKa, JTHOC AAd 00Jee NPHBHIYHOH BHIYNCAHTEABHON
MAIMINHLL, TO 0N BCKOpe YOeAHTCA B DpaBoTe ITOTO YTBEPKALSILHA,
Tem He MeHee OCHOBHON U3NOMEHYH 3AeCh NOAXOL K paspaborke
CHOXKHBX APOTPAMM NO-IPeXHeMY OCTAeTCA B CHNe, H ero UeH-
HOCTB AAMEe BO3PACTACT 8 caydae GoJee TOHKMX H CJOXKHBbIX 3a-
Ray, O peffcTBHTENLHO YCNEUIHO RPHMEHAACH NPH NOCTPOCHEH
KpYHBHX TpaHcaatopos [B.1, 5.9,



program PLO{input,output);
{mpancasmop ¢ IJI/Q ¢ opmuposantem paboveii npozpammbl}
label 99;

gonst norw = 1} {2ucao sapeszepeuposanibix c106)
fxmax = 1005 {dauna maGauyer umen}
mmnax = 14; { makcumanoroe Konurecmso yugp e wucaax)
al = 10; [oauna ument)
amax == 2047; { maxcumaasnotii adpec )
fevimax = 3; {Maxcumanonan 2ayBuna eaoxenrrocmu 640k06}
exmayx = 200; { pasmep maccuaa kodog |
fype srmbol =

(nuedd, ident, number,-phis, minus, tines, slash, oddsyin,
eql, neq, Iss, leq, gtr, geq, Iparen, rparen, comma, semicolont,
period, becomes, beginsynn, endsym, ifsven, thensyan,
whilesym, dosym, callsym, consisym, varsym, procsym);
alfa = packed arvay [I . 4/l of char;
object = (constant, variable, procedure);
symset = set of symbol;
Jet = (lit, opr, lod, sto, cal, int, jmup, jpe);  {Pyunyun)
instruction —= packed record
I fet; fxod dyuryuu)
I 0. levimax;  {ypogens)
a: 0, .amax; [omenfenue)

end ;
{ ur 04 : saepysxa wowcmanme! a
oprrQ,a : guinoaMerue onepayny o
LoD La 1 zacpyzxa nepemennoti La
sT0 La : 3anucey nepemexnoll La
calL La 1 evizos npoyedype! a Ha ypoene |

INT O,a @ yseauuenue i-pecucmpa Ha @

Jup a  nepexod na a
Jec Oa ¢ ycaoensiit nepexod Ha a )
yar ch: char; {nocrednus npoywmanibil exodHol ciMeon}
symr: symbol; {ROCA€OHUT NPOMUMAHHBIY CUMEOA ATbIKA )
id: alfu; { nocaednee npouumannoe uMa)
M fnteger; | nocaeoree npownmannoe SucHo)
ce: infeger; { cCuemuuK ClMB0A08 )
H: integer; {Baura cmporu)
kk, err: infeger;
cx; integer; {undexc pazmeujenun KomanQur )
linex array {1 ., 81] of char;
a: alfa;

code: array [0 .. cxmax) of instruction;



word: areay [1. . norw] of alfe;
wspar: aveay [1. . norw] of symbol;
ssym: arcay [char] of syribol;
mnemonic: array [fer] of
packed arvay [t . . 5] of char;
dectbegsys, statbegsys, fachegsys: symset,
tabie: array [0 ., formiax] of
record name: alfa;
case kind: objoct of
constant. (val: integer);
varigble, proceduwre: (level, adr: integer)
ead
proceduare crroi(n: infeger),
begin wrireful" sexx’, * 0 e, '}, Bi2); err = errtl
end {ervor} ;
proceduse gersymn;
var 7. jk: inicger;
procedure gel:r:;
begin if c¢c = i/ then
begiz if cof (input) then
begin write(: PROGRAM INCOMPLETE); goto 99
emd ;
die= 0; e = Q5 write(ex: 5, ' );
while —eol{inpui} do
begin I 1= H+1; read(ch); write(ch); line[ll] ;= ch

end
writeln; 1= N4 1, read(fine[li])
end ; .
ce 1u= cod-1; ch 1= lnefec)
end {gerch) ;
begin {gessyu)

while ch = ¢ “ do getch;
Hchin VA, . 'Z'] then
begin {nas nau sapesepsuposannoe ¢a080} k 1= 0;
vepeat if & <C ol then
begin k 1= k-+1; alk] := ch
end ;
getch
until —(chin [A’,.'Z,0..'8
if k = Lk then kk := k else
xepeat alkk] := * ‘3 kk = kk—1
wntil Kk = k; .



fd = a; ii1== 1, } 1= norw;
repeat k 1= (i-+j) div 2;
if id =% word[k] them j := k—1?
if id = word[k] then i ;= k+1
until i > j;
ifi—1 > jthen sym := wsym[k] else sym = ident
end else
if chin [0, .’9] then
begin {uvucac} k = 0; num 1= 0; sym = number;
repeat st = 104num - (ord(ch)—ord('0));
k1= k-[—l, gl?f('k
until —{(ch in [0 .. '9);
Hk > nmax then error (30)

end else
if ch = 7. then
begin geich;

if ch = '='then

begin sym = becomes; geich
end else sym 1= nul;
end else
begin spm = ssymi{ch]; getch
end
end {getsym} ;
procedure gen(x: foi; y,2: integer);
begin if cx > cxmax then
begin write(- PROGRAM TOO LONG'); goto 99
e ;
with codelex] do
beginf .= x; li=y;a:= 3
end ;
ex:=e¢x + 1
end {gen] ;

procedure tesi(s1,s2: symsef; ni integer);
begin if —(spm in s1) then
begin error(1); s1 1= sl -+ s2;
while —(syn1 in s1) do gefsym
end
end {test} ;
procedure block(lev,1x: integer; fsys: symset); o
var dx: infeger;  {UHOEKC pasmelyensn Oannbiy)
1x0: integer; { HauanbHbIll UHOexe mabauysl)
oxQ: integer;  \HGOALKBIE UNOEKE RPOZPANMYL)



procedure enfer(k: object);
begin {3anuct obvexma ¢ mabauyy)
xi=ix + 1
with {able[tx] do
begin name 1= id; kind ;== k;
case k of
constant: begin if num > amax them }
begin error (30); numt == 0 end ;
val = num
end ;
variable: begin level ;= lev; adr ;= dx; dx == dx-+1;
end ;
procedure; level 1= lev
end
end
end {enter} ;
fuaction position(id: alfa): integer;
var i! integer;
begin (nouck umenu id 6 mabauye,
table[0] name = id; i := tx;
while fableli] .name # id do i 1= i—13}
positiont 1= §
end { position} ;
procedure constdeclardtion;
begin if sym = ident then
begin getsym;
if sym im [egl becomes] then
begin if sym = becomes then error(l)}
gelsym,
if sym = number then
begin enter (constant); getsym
end
else error (2)
end else error (3)
end else error (4)
end {constdeclaration} ;

procedure vardeclaration;

begin if sym = ident then
begin enter(variable); getsym
end else error (4)

end {vardeclaration; ;



procedure lisicode;
var i} infeger,
begin
for i ;= cx0 to cx—1do
with code{i] do
writeln(i, mnemonie[ f]:5, 1:3, a.5)
end {/stcode} ;

procedure statemeni( fsys: symset);
var f,exl,ex2: integer;
procedure expression( fsys: symset);
yar addop: symbo!l;
procedure ferm( fsys: symset};
var mulop: symbol;
procedure facior (fsys: symset);
yar I, integer;
begin fest{ facbegsys, foys, 24);
while sy in fackegsys do
begin
if sym —= fdent then
begin { 1= position{(id);
if 7 = 0 then crror (11) else
with table[i] do
case kind of
counstant: gen(fit, O, val),;
vartable: genllod, lev-level, adr);
procedure; error (21)
end ;
getsym
end else
if sy = number then
begin if rumt > amax then
begin error (30); num 1= 0
end ;
genllit, O, nunny, getsym
end else
if sym = Iparen then
begin getsym; expression([rparen)--f3ys);
if sym == rparen them geisym else error (22)
end! |
test (fsys, [paren], 23)
end
end {factor} ;



Yegin {ferm) factor(fsys-[times, slash]);
while sym in [times, slash] do '
begin nmulop (= sym; gelsym; Jactor (fsys+[times, s]aslz]){
if mulop = times then gen(opr,0,4) else gen(opr,0,5)
end
end {rerm} ;
begin {expression}
if sym in [ plus, minus] then
begin addop = sym; getsym; term(fsys+[pius, minus)):
if addop = minus then gen(opr,0.1)
end else term{ fsys-[plis, minus]);
while syne in [ plus, rrinus] do
begin addop = sym; getsym; term(fsys+{plus, minusl);
if addop == piis then gen{ppr,0,2) else gen(opr,0,3)
end .
end [expression)

procedure condition{ fsys: symser);
var refop: symbol;
begin
if sym = oddsynr then
begin getsym; expression{ f515}; gen(opr,0,6)
end else
Yegin expression(leql, neq, ks, gir, leg, geql--f5vs);
if —(sym i [egl, neq, Iss, leg, gtr, geg]) then
error (20) else
begin refop (== simi; getsym; expression(f5ys)}
cise relop of
eqls gen(opr, 8Y;
neq: genfopr,0, 93
Ivs: gen(epr,0,10);
geg: genlopr,0,11);
gtr: gen(opr0,12);
leg: gen(opr0,13);
end
end
end
< end {eondition} 3
begin {statement}
if sym = ident then
begin i := position(id);
if 7 == 0 then error (11) else
i table[i] kind # variable then



begin { npuceausanue nepemennois} ervor (12); § 1= 0
end ; '
getsym; if sym = becomes then geisym else ervor (13);
expression{ fsys);
if i == 0 then
with zable[i] do gen(sto, lev-level, adr)

end else
if sy = callsym then
begin gersym;

if sym == ident then error {14) ¢lse
begin i : = position{id);
if i == O then error (11) else
with tablie[i} do 3
if kind = procedure then gen (cal, lev-level, adr)
else error (15); '
getsym
. end
end else
it sym = ifsymn then
begin getsyn; condition{[thensym, dosym)--fiys)s
if sym = thensym then getsym else error (16);
exl = ex; gen(jpc,0,0);
statement(fsys); codelexl]la = ¢x
end ¢lse
i sym = beginsym then ]
begin getsym; statement([semicolon, endsym]+15ps)s
while spm in [semicolon]{-statbegsys do
hegin
 sym = semicolon then getsym clse error (10)3
statement ([setnicolon, endsym)+f5ys)
end ;
if sym = cndsym then getsym else error (17)
end else
if sym = whilesym then
begin cxl 1= cx; getsym; condition({desym)-+-i5ys);
cx2 == cx; gen(jpc,0,0);
if syae = dosym then geisym else error (18); )
statement(fsys); gen{jmp,Qexl); codefex2).q i= cx
ead ; _
test{fsys, [ 1, 19)
end {statement} ;
Cbegin {block} dx 1= 3; 180 1= fx; fable{ix} .adr i= cx; gen(jmp,0,05;
i fev > leymayx them error (32);
Jepeat



it sym = constsym thea
begin gesynt;
repeat constdeclaration;
while syt = comma do
hegin getsym; constdeclaration
end ;
if sym = semicolon then gefsym else error (5)
until s == ident

end ;
if spm = varsym then
begin goisvin;

repeat vardeclaration
while svir = comma do
begin getsym; vardeclaration
end ;
if sy =2 semicolon then gefsym else error (5)
umtil spme & ident;
end ;
while sym = procsym do
begin geisyin;
if sym = ident then
begin einter(procedure}; geisym
end
else crror (4);
if swi == semicolon then getsym else error (5}
hlock(levs-1,0x [semicolon] 4-frvs);
if sym == semicolon then
begin getsvm; fost(statbegsys-F-lident, procsym), Jsys, 6)
end
else error (5)
end ;
test{statbegsys-lident], declbegsys, T}
until —(sym in decibegsys);
codeftablelix0].adrla = cx;
with table[tx0] do
begin adr 1= cx; {HayaneHblil adpee KoMAHO}
end ;
cxld = ¢x3 gen(int,0,dx);
statement([semicolon, endsym]-+[fsys)y
gen(opr,0,0); {return} ”
resi(favs, [ 1, 8);
Jistcode;
end {block} ;



yrocedure inferpret;
const sfacksize = 500; _
yar p,b.t; integer { pegucmp npocpammbl, pezucing ykaiamein
ciexa, Bazoeili pecucmp)
i: fustruction; {peeucmp xomarowl)
s; array [1 ., svacksize] of infeger; {namame 042 Oqiinorx )
fanction base(l: intzger): integer;
var b1 : infeger;
begin £1 = b, {nmoucrk Oazel I YrosHaMu nitxee)
while [ = 0 do
begin b1 (= s[bi]; I := -1
end ;
base := bl
end fhase} ;

begin vriteln( START PL/O);
=0 b= 1 pi= 0
1Y o= 0; s[2] 1= 0; s3] = O
xepeat i ;= codcpl; p i= pi-1;
- with { do
case fof
it begin £ == ¢4-1; s[f) o= a
e ;
opr: case a of {onepayun}
0. begin {eo3epain]
t:= b—1; p:= sfe3]; b := sl1-+21;
end
1:s[i] r== —sltl:
27 begin ¢ := 7—1; sl = slij -+ s{t+1]

e ; .

3: begin¢ := 1—1; s[f] 1= sl — s[r11)
end ;

4: begin ¢ 1= 1—1; s[f} 1= sp) % s[t+1]
end ; _

5: begint 1= 1—1; s[f] 1= sl div s[r 1]
ond ;

8: sl 1= ord{oddi(s{t]); _

8: begin £ ;= 1—1; s[f] 1= ord(s[f]=5[41])
end ; .

9: begin 1 1= 1—1; sU]) 1= ord(s[2st+1D
end ;

10: begin 7 = {—1; 5Jf] 1= ord(slt}<s[t+1])
end ;



11: begin ? 1= 1—1; 5[} := ord(s[f=s[t+1]
end ;
12: begin { := t—1; s[f] := ord(s[f]>sie4-11)
end ;
13: begin { 1= t—1; s[1] := ord(s[]=s[t+1})
end ;
end ;
lod: begin t 1~ t4-1; sfy] 1= s[base(})+al
end ;
sto: begin s[base(l}--al 1= s[d]; writein(s[}); ¢ := -1
end ;
cal: begin (@opmuposanue ommemxu 8 Hosom Baoke)
s[t--1] 1= base(Dy; s{t-+2] 1= b; s[t-1-3] := p;
b=+l pi=a ’
end ;
int: t 1= f-|-a;
Jmp: p = a; '
jpe: begm 1t's[1] = Othenp := a; ¢ = t l
end
end {wirh, case}
untilp = O;
write(’ END PL/OY);
end {inierpret} ;
begin (ocHognas npozparma}
for ¢t := ‘A’ to ;" do ssym[ch] 1= md;

word[ 1] = 'BEGIN’; word[ 2] \= -caALL -
word[ 3] 1= ‘consT;  word[ 4] = ‘3
word[ 5] 1= 'END '3  word] 6] i= :
word[ 7] = ropp ¢; word[ 3] 1= ‘PHOCEDUHE,
word[ 9} := THEN '3 word[10] := 'vaR 3
word[11] i= rwHILE"; _

wayinl 1] := beginsym; wsym| 2] := callsym;
wayml 3] 1= constsym; wsym[ 4) 1= dosym;
wsprf 51 1= endsym;  wsym[ 6) := ifsym;

weymnl 7] 1= oddsym;  wsymi 8] 1= procsym;
wsym[ 9] 1= thensym; wsym{10] ;= varsym;
wsym[L1] 1= whilesym; )

ssym[’ 4] 1= plus; ssyml —] 1= minus;

[ [!

ssym’*") 1= times;  ssymlf] = slash;
wsyml'(] = Iparen;  ssym[)] = rparen;
soml'="1 1= eql; ssyml) 1= comma;
ssrm|’'] 1= period;  ssyml's=’] 1= neq;
syl <] 1= 55 ssym['='] 1= gir;
I <] = leg; ssypml =] = geq;
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5. CTpyKTypa RIGIK08 1 TPANCAATOPLE

ssyml’y'] == semicolon;

mnemoniclit] == ‘LT r; mmemoniclopr] i= ‘OPR’;
mnemonicllod] = LoD'; mnemeonic{sto] 1= 510"}
mnemonicical] = 'caL’; mmemonicfint] 1= "INT

muemonic{jmp] 1= 1ump'; mitemonic[jpe] 1= 1pc’;

declbegsys 1= [consisym, varsym, procsym}

statbegsys 1= [beginsym, callsym, ifsym, whilesym];

Jacbegsys 1= lident, munber, lparen];

pagelontput); err 1= 0 , .
coi=0; cx 1= 0; H:=0; ch == "' kkk i= af; gelsym;
block(0,0,] period) - declbegsys T statbegsys);

if sym = period then crror (9); _
il err == 0 then jnterpref else write( ERRORS IN PL/GQ PROGRAM'

091 writely
end .
[Tporpamma 56, Tpancnatop naa [LV/0
VIOIPAMHEHHA
5.1. PacesorpuM caeayiolRit CHETAKCHS:

Karosu 33ecs vepuumateine # HevepMunaibAvie cuMeoan? Onpemenute
MHOMECTEE CAMBIX ACBBIX ¥ BRcaiEui cumpoaos L(XK) & F{X)} ana wam-«
noro HerepMiiflaanioro cameona X, [Mocrpofite ROCASAOBATENBHOCTE LiA-
FOB FpPaMMaTHUCCKOID Pa3opa AAA CAEAYIOWNX NPEAROKeRni

x+x

(x4 x) # (4 =X}

{(xs—+x)

if x4+ x then x s x else ~ x

if x then {(F— x then x else ¥4 x else x»x
if — & then x else if 1 them x 4 & else ¥

5.2, YaoRactoopaer qi rpeMmaituia ynp. 5.0 orpasusennaM 1 1 2 gaw Wi

eXOAAtIero FPAMMATHUECKOTO pa3fopa © NPOCMOTPOM shepea #a OLHH
cMeoid? Ecaw rer, naliZiiTe 3KBAnajedTALE CHHTaKcHT, KOTOpWIt yio-
ENQTROPSET FTHM OrpasHyendaM. M306paznre 3TOT cHUTAKCAC B BuAE CHA-
*raxgu;ecxoro rpaga A CTPYKTYPM ZAHBIX, HCNOABAYEMON B aparpas-
Me 5.3.



Yapamrenus R

6.3.

b4,

5.6.

5.7,

5.8

Buinoanute yop. 5.2 AaA clieAYIOWero CHHTAKCHTA:

Su=4
Ar=208|if C then A|1f C then A else A
Bu=D=C

Cu= il C then C else C|D

TlpuMexanne. Ecan 370 ReoOXGAHMO, BBl MGMETE YAAJHTh HAK 3aMe-
NRTL KAKYW0-AUGO KOHCTPYRUHK, uTOHH CHENATh NPHMEHIMEM OIAOCHM-
BONbHELH HUCXOARWAR rpaMMaThieckaii paadop.

PaccMoTpute HHCXOLALIKE TpaMsarndeckuii pasdop Als  CAEHYIUETO
¢HATAKCHEA:

Su=
A:=B-+ A|DC
B:=0D|DaB
Du=x|{T)
Cu=4x|=—x

a choabke CHEMBONOE Beped RYAKNO CMOTPETDH, NTo0R AHAM{IHPOGEATD
npenanAedds Cornacho sToMy CHHTARCUCY?

NMpeoBpasyite onmcanne TL/O (pue. 5.4) B 3KBUBANEHTHOE MHOMECTRO
nepomaawwiy npasua GHE.

Hanuunte nporpaMMy, KOTOpaA ONPEAEIAET MHOMCCTEA HAYANbHWMX 1
BHEWHHA cHMOBOAOE L{SY 1 F(S) aRa RaMAOr0 HeTEPMHHAJIBHOIO &HM-
B0A2 S B 3aZaHHOM MHOMECTBE MOpOKIAWUWIAK Npap:An.

Mpuxeyanne. Menoasaviire wacts nporpaxysl 53 ang noctpnenns
EHYTPCIETO NPCACTADACHNS CRAUTAKCHCA D DBRjAe CTPYKTYPH Aamipix, 3a-
Tem paboTafiTe ¢ 3TOH CBA3ANHDH CTPYKTYpPOIL,

Pacispete fapk TR U ero TpaveaAgTop, BKAOUMB P 1Ierd cleiyioline
ONCPATOPL:

(a} ¥cnosHBId onepatop Billa
{oneparopy 1= it {ycaosue) then {oneparop} else (onepa-
Top}

(b} Onepatop unkaa puza
{onepatop ! ::= repeat {oneparop! {; {oneparop}} until {yc-
ADEUEY

Lete au Kakne-apfio ocoBble TPYAHOCTH, HOTOPLIC Moran OR [IpIpecT:
K HIMEHEHRIO GOPME HJIA AINTeDNperaidy YRASARNEX cropatopen? Beo-
ABTH KAKHC-TO A0NMIBNTEAblEe ROMANAW B cHeTeMy Mamnitiw TL0 nic
ne LONAINGL

Pacuwmpere a3wk [1J3/0 » cro vpanenstop, no0apHn B Hero BapanmoTpul
npoueAyp. PACCMCTPATE ABA BOIVOMHLIX DEWEHHA K BuOephiTe oLHO Hi
HHX AIA pRaNU3auHn’

{a) Dapaserpor-anayenus, PanTRYCCKEC RapaMeTpsl oGpaUCHA ABIAICT-
CA BHPAKEHHAMY, 3HaAYeHHA KOTOPHX NOPHCBAHBAIDTCH JIOKAJIRITHM
TICPEMEHHEIM, NpelcTABARKUINM GopMaILHLe NapaMeTPH, 324aHRME B
3arOA0BKE NPOULAYPLI.

(b) Hapamerpoi-nepeMennnie. BaxTiveckie NapaMeTDH ABIAOTCR flepe-
mennuiMH. TIpH BH3IOBE OHY NOACTaBAAIOTCS Ha MECTO (OPMATBHLIX



o, LIpYKTHPD A3LIKOE H TPAONCARTORU

3.9,

napamerpon. [TapaMerphi-nepesenllte peamayiores ¢ NOMOULL Ne-
pefayl aipecoB (paAKTHYCCKHX NApAMETPOB 8 MeCTa, BhiIeleHHbe IAA
fopMansieix napaMerpos. Hoctyn k darTHnecknM mapamerpad ocy-
LLECTRAACTCA KOCBEHHO Yepe3 nepeianumntii adpec. CaesoBarednHo, na-
PAMETRH-NEDEMCHUBIE OOLCTRURBAIOT KOCTYH & fiepeMenuwiys, Ompene-
JIEHHBIM BHE NPOUERAYP, H NOITOMY HPABHIA OOA3CTH GupeleseHHn
MOKAG HIVEHHTbL CAEAYIOHM 06pasov: B K30 mpalledype weno-
CPeACTBCHAC MOCTYRHE TOMRKO NOKAJBHLIC NEepeMeNHBI®; ToCTYN K He-
NOKaNpHEM MEpeMeRHEIM BO3MONEH TONLKO 4epe3 napaMeTpl.

Pzewntpere assic TITI0 w oero tpamcanTop, Jobanup fepaMmednile-mac-
custa. [lycro AlialascH HHZeKCOB Takof NepeMelHON d YKAsbBaercd B ee
OMmCaHRIl KAk

var al{low; high)

Maoanguinpyite Tpawcastop TWI0, urober o  opMmuposan pabouyio
MpoTpaMMy AN HMeoWweiica y pac BHUHCAHTOALHOA MalMIHL.

{Tpuseuatie. PopMrpYRTe MPOrPAMMY Ha H3IKKe acceM{nepa, UTOOH
H3BexaTs npodneM, cBasalHbIX ¢ 3arpyskofl. Ha nepsos srame He mul-
TaliTech ONTHMAM3HPOBATE pafioyyk Nporpammy, HanpEMep HCIDAB3OBAThH
pernerpil. BozvoxHas onTHMH3aMHA ADANEA BRAWUATLCA MNLUE HA HeT-
BEPTOM ICane YTOYHEHId TpalcIaropa,

5.1, PacwitpsTe nporpanmy 5.5 B nporpammy, uasueaenywo prefiyprin («xpa-

CHBAA Neuaths), 3a0aT4 ITOA NPOrpaMMB — unTare Tekerh TUJT/0 B ome.
vaTaTh HA B (opMe, KOTOpaRs ccTecTBeHHMIM o(pa3oM OTpakaeT CTpyk-
TYPY TEKCTA MPA NOMOI CONTRETCTRYWHIIErc paznefewis A3 CTPOKH B ab-
saupt, Bravane akkyparHO oupedssHre MPADINE SENEHIA H& CTPOKH
A032LK, OCHOBanuBE Ha CcHHTakCH4ecKoN crpykrype ITJ1/0; 3arem pea-
mtayfiTe MY, DCTRBHD ONCPATOpW RevaTH B nporpayuy 5.5, (Pazymecrtea,
N3 CKAHEpa HYAHO yOpaTh ONCPATODL DEYATH.)
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MHOMKECTBO ChMBOnoa ASCII

x
y 0 1 2

3 4 5 6 7
¢ nul  di 0 @ B . p
I soh  del [ L A G a q
2 (154 dc2 i 2z B f b t
3 ek 43 #£ 3 G S ¢ s
4  got de4 b 4 D T d t
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7 hel eth ’ T e w o w
] bs can, { 8 H X [} X
9 ht ut ) - i Y i Y
10 If sub * ] J z i z
N vt e 4+ 3 X [ kK I
12 K f , = LN &
13 ¢ B3 — = M I (4] }
14 3G I3 . - N f n ~
15 si us { ? @ - a del

MopAIKOBEI HOMEP CHMBOMA QNPeIeiAercd N0 ero KoOpIHHATAM

s Tadallie KAK
ordlcy =16+ x4+ o

CHMBOAN C [oPAAKCOBHM! EHomepamu ot O o 31 n 127 —r1ak
HaJEBAeCMEe Fipastaouiile CHMBI I, IlC:’EOﬂb3}-’€MHQ AnA riepe-
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BUIM HOMepOM 32 eC1s npole.t.
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