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BeegeHune

Dra KHMra MpefHazHayeHa I TeX YMTaTelell, KTO yXe yMeeT IIMCaTh Iporpam-
Mbl HA OJHOM (MM HECKOJBbKHX) SI3bIKe MPOrpaMMHUPOBAHMS, HO IIOKA UMEeT Ma-
JIBI ONBIT MPOrPAMMUPOBAHUSA CO CAOXKHBIMU CTPYKTYpaMu OaHHBIX, XOUeT y3-
HaTh, KaK 2(pdeKTUBHO UCIIOJb30BATh PA3IMYHbIE CTPYKTYPhl JAHHBIX U KJIACCHI
MpU 00BEKTHO-OPUEHTUPOBAHHOM IIOAXOAE K MporpaMMmupoBaHulo. B obuiem, sta
KHUrA 11 TeX, KTO XOYeT MOBLICUTb CBOIO IMPOrpaMMUCTCKYI0 KBaTUUKALMIO,
MPUOOPETI HOBBIC 3HAHMI M YMEHHUS B OOJACTU TEXHOJOTHUU PabOTHI CO CIOXKHBI-
MU CTPYKTYpaMU IMPOrpaMM U JAHHbIX.

K coxaneHuto, yacto ObIBAET, YTO, HAYYMBIIUCH MUCATh MPOCTBIE MPOTPaMMBbI 1
W3YYMUB OJIMH $I3bIK TIPOTPAMMUPOBAHUSI, MIKOJBHUKUA WJIW CTYACHTHI CUUTAIOT,
YTO HA 3TOM HayKa TIpoTpaMMUpPOBAHUS 3aKOHYEHa, W Temeph OHW MOTYT TIPO-
TpaMMUpPOBaTh HE XyXe, 4eM JIIoOOH OMBITHBINA TporpaMMuct. MHoraa K sTtomy
JobapisgeTcsl ele U 3HaHWe KOHKPETHBIX OMOIMOTeK M TEeXHOJOTHH, TaKuX Kak
MFC ¢upmbr Microsoft unmu CORBA ¢dupmbel Sun Microsystems. OaHako, oka-
3bIBAETCS, YTO BIAJACHUS JAXKE CaMbIMU COBPEMEHHBIMM TEXHOJOTUSIMH HeaoCcTa-
TOYHO, YTOOHI TTHCATh XOPOIIHe TTPOTPaAMMEL.

B Hacrosiuee Bpemsi BbpaOOTaHO MHOIO MHCTPYMEHTAIBHbIX CPEICTB, C [1OMO-
L0 KOTOPbIX MCTMUHHbIE MacTepa IpPOrpaMMUPOBAHUS C JIETKOCTbIO PelIaoT
ClIOXHBIe 3amayu. Takum o0pa3oM, 4acTo AOCTATOUYHO JMIlbL BbIOpaTh OOHO M3
M3BECTHBIX pelieHMi. Bompoc aulib B TOM, YTOObl 3HaTh 5TU peiieHusa. Ho, K
COXATEHUIO, KHUT, TMOCBIIIEHHbIX PELISHUSIM TPAAMLUMUOHHbBIX 3aay MPOEKTUPO-
BaHM MPOIrpaMM U COOCTBEHHO IMPOrpaMMUPOBAHHUS, He TaK YK MU MHoro. Takas
JluTeparypa TpalulMOHHO I10J1b3yeTcd OOJIbIIMM CIPOCOM U COCTaBISIET 3010TOM
(oHI KHUT IO IPOrpaMMUPOBaHUIO. JloCTaTOYHO HA3BATh JMIIL TAKUE MOHOIpA-
duu, xax [2], [3], [5], [7], [8], 4TOOBI MOHITH, HACKOIbLKO BBICOKO LIEHITCS TaKue
KHUTHU.

KoneuHo, aBTOp He mMpeTeHAyeT Ha TO, YTOOBI BOWTH B 3TOT 30J0TOI (hOHII.
INpennaraemast BamreMy BHHMAHWIO KHUTA CONCPXKWT JUIITH HEKOTOpBIE M30paH-
HBIE aJITOPUTMBI W PEIICHUS, TTOCBSIICHHEBIE, B OCHOBHOM, paboTe co CIOXKHBIMU
CTPYKTYpPaMM JaHHBIX, 1 OTOOpaHHBIE TIO TIPUHIIATY JUYHBIX TIPUCTPACTUI caMo-
ro aBTopa. TeM He MeHee, XO4eTCsT HamesaThes, YTO JaHHAS KHWUTA TTOMOXKET Ha-
YMHAOIINM TIPOTpaMMUCTaM OIIYTUTh BKYC K MTPOTPAMMWPOBAHWIO W TIPUYYNUTH K
MTONCKY 3JIETAaHTHBIX PElIeHWH TPOTpaMMUCTCKUX 3amad. OXHW W3 TIPUBOIAUMBIX
pelreHnit MOKHO 6paTh cpasy ke B KadecTBe TOTOBBIX 0Opa3IoB TpOTpaMM W WX
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dparmedToB. [pyrue Juiib IeMOHCTPUPYIOT HEKOTOPBIA MOAXON K IIOCTPOSHUIO
MPOrpaMM, U caMu IO cebe CIyKaT JMILb IpUMePAMU KOHKPETHBIX PeLIeHUA.

B kauecTBe WHCTPYMEHTATHHOTO SI3BIKA MPOTPAMMHPOBAHUS, HAa KOTOPOM 3aITH-
CBIBAIOTCS BCe MpUMEphl, BbIOpaH s3bK Java. [lomyasipHOCTH €ro B IMocieaHee
BpeMsl HeoOblUaifHO CUJBbHO BbIpocia. Ecium paHblle s3bIK paccMaTpuBajcs, B
OCHOBHOM, KaK CpeICTBO HAIMMCAHUS allIlIeToB I1d cTpaHull MHTepHera, To Te-
Tepb OH BCe Yallle WCMOTb3yeTCsT KaK SI3BIK MPOTpaMMHUPOBAHUST TSl HATTMCAHWS
MPUIOKEHUI, B TOM YMCIe, MPUIOXKEHUI OONbLIOro 00beMa ¢ JOCTATOYHO BBICO-
KUMH TpeboBaHUSIMH K 3(pdekTnBHOCTH 00BEKTHOTO Koja. Pasymeercs, 310 He
ciIyJyaiHo. S3bIK 001a1aeT MHOTMMU IpUBJIeKaTebHbIMU YePTAMU: CTPOrUil, XOTI
W He BCeOOBEMITIONIN, 00BEKTHO-OPHEHTHPOBAHHBIN TTOMXOM, SICHBII W TIONHBIIH
Ha0Op KOHCTPYKUMII S3BbIKA, AOCTaTOYHO Oorarasd u ymobOHasd OuOaMoTeKka cTaH-
JAPTHBIX KJIACCOB W METOAOB, BCTPOEHHBIN cOOpPIIMK "Mycopa”, MO3BOISIONINI
CBODOJHO W yaoOHO paboTarh ¢ NamsTbio. HemaloBaXHbIM CBOHCTBOM $3blKa
SIBJISIETCS TAaKKe €ro YHUBEPCANbHOCTDH TpU padoTe Ha pasauyHBIX TIaTdhopmax
(UNIX, Windows, SunOS u 1p.), XoT nocjie/iHee CBOMCTBO HE UIpaeT HUKAKOMN
ponu B TpenactapiaseMoil kHure. HakoHell, MosiBieHUe W pa3sBUTUE TEXHOJOTHUI
OBICTPON KOMITMJISALIMM KJIACCOB sI3bKa Java B "poaHoil” (native) Koo 1jiT MHOTUX
mnatdopm ("Just-In-Time"-KOMIIMISITOPBI) TTO3BOJIUIO WCTONB30BATH SI3BIK TaM,
rae TpedyeTcs: ObICTPBIA KO,

ABTOp He INpennojaraeT y CBOMX UMTATENeil MeTaJbHOro 3HAaHMM sI3bika Java u,
TeM Oosiee, MHOTOUHCIIEHHBIX Onbnuotek Java-monyneit. TTo cBOUM KOHCTPYKIIM-
SIM A3bIK OJIM30K KO MHOIMM PAaclpOCTPaHEHHBIM $3bIKAM — IIPEXIe BCEro K
C++ u obbeKkTHO-opUeHTHpoBaHHOMY TlacKaito, Tak 4YTO MbI HajeeMmcsl, YTO Y-
TaTead, 3HAKOMbIE C OJHUM M3 ITUX SI3BIKOB, CMOIYT IOHMMAThH IIPOrpaMMBbI Ha
Java 6e3 ocoboro Tpyaa. ABTOp HajeeTcsl, UTO JUISl yuTaTeseil, He 3HAKOMBIX ¢
MpOrpaMMHMpPOBaHUeM Ha Java, KHUra MOXeT MOCIYXMTb AOMOJHUTEIbHbIM CTH-
MYJIOM K €r0 U3YYeHWI0 W UCTIONb30BAHUIO.

B kHure MHOTO MpUMEpOB MporpaMMHOTo Koma. HasepHoe, MOXXHO cKa3aThb, YTO
OCHOBHAs 4acTb MHGOPMALIMK COAEPXKUTCSI MMEHHO B IIPOrpaMmax, IosToMy 0e3
WX TIIyOOKOTO M3YUeHMS, a MOXeT ObITh, W MCIONHEHNUS Ha KOMIIbIOTepe, KHUTA
OymeT mouytu Oecrnone3Hoil. Ellie pa3 moBTOpIOCH: HECMOTPs HA TO, YTO B KHUIE
WCIOTB3YIOTCA TOJBKO OCHOBHBIC KOHCTPYKIIMM W CTaHAApTHBIE OMOIMOTEKN
sa3bIKa Java, Bce K€ OHa He gBIsgeTcs YYeOHHUKOM IO S3bIKY, TAK YTO OT YUTaTe-
Jielt Bce e TpebyeTes 3HaHWe OCHOB TTPOTpaMMUIPOBAHMSI.

Knwra coctont 13 cemn maB. B mepBEIX IBYX TiTaBax TIpUBeAeHO omMcaHne 6a3o-
BbIX CTPYKTYP JAHHBIX U AITOPUTMOB; B OCTAJIbHBIX — IPEACTABIEHbI IIPUMEPDI
pelIeHnsT pasTUnIHBIX 33134 ¢ UCTIONb30BAHNEM 3THX 0A30BBIX U JAPYTHX CTPYKTYD
JAHHBIX ¥ aITOPUTMOB.

B eaase I BBomdTCS CTPYKTYphl JAHHBIX, MCIIOJB3YEMbIE 3aTeéM Ha MPOTSKEHUU
Bcero nambHelero manoxkeHms. OTMHcaHBI CMOCOOBI TIPEICTABICHUS B SI3BIKE
MpOrpaMMHpPOBaHusl Java TakKMX HM3BECTHBIX CTPYKTYp HOAHHbBIX, KaK MaCCHUBbI
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(¢ PUKCUPOBAaHHBIMHM U ILIABAIOIIMMU I'PAHULIAMM), CIIMCKK, JEPEBbsI, MHOXECTBA
" Tpadbl.

B eaae6e 2 BBOIMTCS TIOHATHE aBCTPAKTHOTO TUTA MAHHBIX, aKTHBHO WCTIONB3YIO-
Imeecs 3aTeM Ha TPOTSKeHWH Bcell KHUTH, a Takke TIPUBEACHBI 0a30BbLIE ajiro-
PUTMBI 06pPabOTKH CTEKOB U JIEPEBLEB.

B erage 3 onucheiBaeTcs elle OJMH U3 OCHOBHBIX TUIIOB AaHHBIX — cTpoka. Ilpu-
BOOATCS IPUMEPBl Pa3iNUYHbIX CIOCOOOB IMPEACTABIEHHUSI CTPOK, OTBEYalolIue
Pa3AMYHBIM MOTPEOHOCTSIM B HAIIMCAHUU AJITOPUTMOB 0OpabOTKU CTPOK.

I1a6a 4 1enVKOM TIOCBSIIIEHAa CUMBOJLHEIM MTpeoOpa3oBaHUSIM BBIpaskeHWIT. BEI-
60p WMEHHO 3THX aTOPUTMOB OOYCIOBIICH JUYHBIM WHTEPECOM K HWM aBTopa,
OHAKO BBIPAXXEHWSI OKA3LIBAIOTCH OUYEHB TIPOCTHIM W YIOOHBIM MaTephajoM, Ha
KOTOPOM MOXHO TIPOAEMOHCTPHUPOBATh MHOTHE MHTEPECHBIC TTOAXOABI U TIPHEMBI
MTPOTPAaMMHIPOBAHMNS.

B e1a6e 5 npuBeaeHbl MpUMeEpPbl HEKOTOPLIX KIACCUYECKUX AJITOPUTMOB 00pabOTKuU
rpagoB. OnATh ke, He MpeTeHays HA IMOJHOTY OIMCAHUSA, aBTOpP BbIOpAT HEKOTO-
pbie U3 AOCTATOUYHO MPOCTHIX M, HA €ro B3I, MHTEPECHBIX AJIFOPUTMOB. DTO all-
FOPUTMBl HAXOXIAESHHWST KpaTJyalIInMX MyTeil MexXIy BepllMHaMu B rpade, a Takxe
ITOPUTMbI HAXOXIEHUS MUHUMAIBHBIX OCTOBHBIX IEPeBbEB (CKeneToB) rpada.

I1a6a 6 MocBgIIeHa TEXHOJIOTUN TIOCTPOCHUST TPOTPAMM, TIPW KOTOpPOI OCHOBY
MPOTPaAMMBI COCTABIISIIOT OOBEKTHI, OOMEHUBAIOLIIUECS MEXIY co0Oi coobIeHNsI-
MH. OOBIYHO Takasl TEXHOJOTHSI TIPUMEHSIETCS TOJNBKO JUISL TIOCTPOCHUSI OYeHb
OOJBIIUX TPOTPAMM, TAKMX KaK OTepalliOHHBIE CUCTEMbI, CHCTEMBI TTpOTpaMMHU-
poBaHMsI U T. T. JlocTaTOUHO MPUBECTH B KauecTBE MpUMeEpa ONepalinoOHHYIO CHC-
teMmy MS Windows. Tem He MeHee, B 3TOl TJ1aBe TIpeACTaBIeHBl TTPUMEPhI TOCTa-
TOYHO TIPOCTBIX TPOTPaMM, B KOTOPBIX TIpUMEHEHWE TAHHOTO ITOAXOAa TaKKe
MOXeT OBITh ONpaBIaHo, XOTs, KOHEYHO, CYIIECTBYIOT U Hojiee MPOCThIE CITOCOOBI
pelieHust TPUBOJAUMBIX B 3TOM TJ1aBe 3a1ad.

Haxonen, B eza6e 7 npuBOIUTCSA OAMH M3 HETPAAMIMOHHBIX CIIOCOOOB IpeacTaB-
JleHus uHdopMauy — QYyHKIIMOHAIBHOE MpeAcTapieHue. Takoe mpencTaBieHue
yaiie BCero MCIMOab3yeTcd B (PYyHKUMOHATHHOM MPOrpaMMUPOBAHMHU, OAHAKO dd-
K€ B TPaAMLMUOHHBIX MMIEPATUBHBIX SA3bIKAX! MOXHO NPUMEHATH HEKOTOPbIE U3
MOAXOA0B U IPUEMOB (DYHKIIMOHAIBHOIO IporpaMMmupoBanudg. Yacto sto gaer
BO3MOXHOCTh IOJIy4aTb HEOOBLIKHOBEHHO KOPOTKME W M3SILIHBIE IIPOrpaMMbI I
pelieHus cA0XKHbIX 3amay. OngTh XKe, A9 NPUBEASHHbIX B 9TOH ITaBe 3amay, Ha-
BEpPHOE, MOXHO M Aaxke Jy4lle UCIOJb30BATh APYTUe IOAXOIbl, OAHAKO XOUETCH
HE CTOJbKO IPOAEMOHCTPUPOBATH TOTOBOE PEIlleHUe, CKOJBKO ITOAXOA, KOTOPHIA
MOXET MCIOJIb30BaThecs B 0ojiee CAOKHBIX CAydasx.

an/IMCpBI, TIIPpUBOOUMBIC B KHUIE, HE NPEAHA3HAYCHBI I HEMOCPECACTBECHHOTO
KOIIMPOBAHUA, OHU, CKOPEEC, MOL'YT IOCIY2KHUTDH OTHpaBHOﬁ TOUYKOM 11 CAMOCTOS -

I To ectb S3bIKAX, OCHOBAHHbBIX Ha ITOCJI€A0BATEJIbHOM HMCIIOJJHCHUHN OIIEPATOPOB.
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TeJILHOIO MporpaMMupoBaHusa. HecMoTps Ha 3To, BCe MpOrpaMMbl TILATEIBHO
MPOBEPSITUCH U OTIIAXUBAIUCH C UCTIOIb30BAHUEM CHUCTEMbI TIPOTPAMMUPOBAHUS
JBuilder Bepcun 4.0 ¢upmbl Inprise ¢ UCHONb30BaHUEM BEPCUU SI3bIKA, COBMEC-
tumoit ¢ JDK 1.3 dupmer Sun Microsystems.

Astop OnmarogapeH MapuHe BanepbeBHe JIMUTpUEBOI, ¢ KOTOpOl BMeCTe B M3/a-
teabcTBe CIIGIY 5 nmer Hazan ObUL IOATOTOBAEH M BbINYILUEH IMepBblid (CUIBHO
OTJIUYAIONINICS OT 3TOTO) BapMaHT KHWUTH, CBOEMY HaydHOMY DPYKOBOJWTETIO
CaarocnaBy Cepreesudy J1aBpoBy, KOTOPbIi NPUHUMAT aKTUBHOE YYACTUE B MOA-
TOTOBKE TOWM, TIepBOM, KHUTH, a Takxke manareilbcTBy "bXB-TlerepOypr” 3a mpe-
JOCTaBICHHYIO BO3MOXHOCTb U3AAHUS KHUIU.



naBa 1

Cnocob6bl npegcTaBneHns
CTPYKTYP AaHHbIX

0

B sToit maBe oOcykaarTCsl CMocoObl MpeacTaBIeHUsT 0a30BbIX CTPYKTYP MAHHBIX,
KOTOpbIe 3aTeéM OyIyT MCIIOJb30BAThCHA HA MPOTSKEHUM BCEH KHMIUM — MACCHUBDI,
CTIMCKU, JIepeBbsl, MHOXeCTBa, Tpadsl U p. YacTo yxke mocie 3aBepllieHus 3Tamna
MIPOEKTUPOBAHMS BO3HMKAaeT Bompoc: "Kak mpaBWIbHO BBIOPATb CTPYKTYPHI AaH-
HBIX JUISI cBoeil mporpamMmbl?” MHOTAa MOXHO TIPOCTO UCMOB30BaTh OOBEKTHI,
MpenaaraeMbie BEIOPAHHONH CUCTEMOI MPOrpaMMHUPOBAHMS, HO ObIBAIOT CUTYALIUH,
KoTa TIPUXOJUTCS CO37aBaTh CBOM COOCTBeHHbIe 0a30Bbie CTPYKTYpHI, Oojee
MOAXOAdIIMe I Leiedl pa3pabaTbiBa€éMOro IMPOeKTa, YeM CTaHIAPTHbIE "YHM-
BepcaJbHbIe" CTPYKTYpBl. OTO 00BsACHAeTcs MHoXecTBoM mnpuduH. HaubGonee
BECKOI M3 HMX SIBIsIeTCA coobOpaxkeHue 3(P(eKTUBHOCTU paboueil IpPOorpamMMBbl.
JeiicTBUTENbHO, CTaHAApTHBIC CTPYKTYPHI JAaHHBIX, CIIPOCKTUPOBAHHBIE "Ha Bce
clayyad XW3HHU', MOIYT TpeboBaThb M3IHUIIHE MHOIO PEecypcoB, HMCIIOJb30BATh
oYeHb obIIMe, NOJATO paboTarlne alTOPUTMBL U T. JI.

He mipeternys Ha YHUBepCATbHOCTb, MBI PACCMOTPUM HECKOJIBKO 6A30BBIX CTPYK-
TYP U OCHOBHBIE ITOAXOMAbI K UX PEAM3ALUU B MPOrPAMMHBIX MPOEKTaX.

1.1. MaccuBbl

MaccuBBI TAaHHBIX IIWPOKO WCITONB3YIOTCS B S3BIKAX MPOTPAMMHUPOBAHUSA JUTSI
[peicTaBlIeHus] OOBEKTOB, COCTOSIIMX M3 OIPEACJEHHOIO YMCId KOMIIOHEHT
(3MeMeHTOB MaccuBa) OJTHOTO W TOoro ke Tuna (kiacca). O4yeHb yacTo 0a30BO
omepaluy Haj MacCUBOM — HWHIAEKCAIMKM — ObIBAET JOCTATOYHO IS PeLIeHMS
samagn. [lycTh, HampuMmep, pelraercs 3amada KOTWPOBAHWS TEKCTa, B KOTOPOIt
HEOOXOOMMO KaxXaylo OyKBYy TEKCTa IIPeACTABUTb HEKOTOPBIM LEJOYMCAEHHBIM
KomoM. (3amava He WMeEeT OTHOIIEHUS K MHU(POBKe MTMMOHCKIUX JOHECeHWH WTN
obecrneueHUI0 pexxuma cekpetHocTu. CKopee, oHa MpUMEHUMA K "mepeBoiay” TeK-
cTa W3 OTHOM CHCTeMBl KOIMWpOBaHUS B Ipyryio.) Bojee TouHO: HEoOGXOMMMO TTO
3aJAHHOMY TEKCTY (CTPOKE) MOMYYUTb MACCUB LIEJbIX YMCed TOH Xe IJIMHBI, B
KOTOPOM KaXIOMY CUMBOJY MCXOTHOM CTPOKM COOTBETCTBYeT ero kKom. OueBma-
HO, Haubojiee yIOOHBIM CIOCOOOM PpelleHUs TAKO 3amadyud OydeT cocTaBieHue
KOIMPYIOIIei TaGMWITBI — MaccHBa, B KOTOPOM KaXKIOMY CHUMBOJY COTMOCTaBICH
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HEKOTOPbLA LeaouncieHHblid Koa. Ecau cuutarh, 4To KOAbI MCXOAHbBIX CUMBOJIOB
Jiexxar B auamnasoHe ot 1 mo 255, To xomumpymomias Tabauiia MOXeT OBITh ITpe-
CTaBjIeHa CIEIYIOLIMM OIMUCAHUEM.

final static int[] codeTable = { ... }; // 5JIeMEeHTH HE [IOKA3aHEL

(DYHKL[I/IH KOIHUPOBAHUA TEKCTA C IIOMOLIBIO 9TOM TAGJMLIbL HCIIOAb3YET TOJILKO
oIepaunlo MHACKCAIUU MacCrBa

static void doCode (String source, int[] dest) {
for (int i = 0; 1 < source.length(); i++) {

dest[i] = codeTable| (byte)source.charAt (i)];

}

OpHako ellle Jarie BCTPeYaloTCs CUTYAIlM, B KOTOPBIX TOJHKO OTHON OIepalinn
WHACKCAIUKN HemocTaTouHo. HampuMep, ecii MCXOXHBIE KOIBI CUMBOJIOB Paco-
JIOXEHBI B IHara3oHe oT 32 mo 255, To yXe B 3TOM cJIy4ae IOJIb30BaThCs KOMOBOM
TabaMIel Tak, KaK MOKA3aHOo BEIIIE, OKA3BIBAETCS HEYIO0OHO: WHAEKCAIINIO TIPH-
XOIUTCS nenarh co "cMmemeHneM'. He o4eHb TTOAXOMWT MPOCTON MaccWB M JUIS
TaKWX OOBIYHEBIX CHTyallnii, KaK HEMMPaBWJIBHO 3aJlaHHBIN WHACKC (HAIO TeHepH-
pOBaTh MOAXOASAIIEEe B KAKIOM OTACIBHOM Cilydae UCKIIoYeHHe!), TMHAMIIecKoe
JnobaBieHNe WIU yaaleHWe 3JeMEHTOB (Haao TiepepacripeneisiTh maMsaTe!) u T. 1.
Bo Bcex TOAOOHBIX CHTYalUMsIX JIVUIIIE MPEACTaBISATh MACCHUBHI C TTOMOIIBIO 00B-
€KTOB CITeIINaJIbHO CIIPOSKTUPOBAHHOTO KJjlacca, TMOAXOASINETo IS Iejieil Halei
3agayn. Hike mpuBenaeHO omMcaHMe Kiacca JUIST PEIIeHWs] BBHIIICU3I0XKEHHOMN
3a7a9M KOIWPOBAHUS TIPU YCITOBUM, YTO KOILI CMMBOJIOB JIeKaT B "cMeIleHHOM '
IaTa3oHe.

B kauecTBe UCK/IIOUMTENLHOM CUTyalUMy MPU 33JaHWM HElpaBWIbHbIX MHIEKCOB Oy-
JIEM MCIIOJb30BATh CTAHAAPTHBIA KJIACC java.lang.IndexOutOfBoundsException,
OJHAaKO TEKCT COoODIIIEeHMS CTaHEM I CHEPUPOBATb, UCXOOA U3 KEDKLLOPI KOHKpCTHOfI
CUTyaLUU.

INucturr 1.1. OnpegeneHune Knacca Table

public class Table {

int 1Bound; // HWKHAS TpPaHMLA 3JIEMEHTOB
int hBound; // BEpxXHAS T'paHula SIJIEMEHTOB
int[] array; // COBCTBEHHO MACCUB

// B KOHCTPYKTOpPE 3aMailoTCs TPaHMLE CO3IaBaeMOTO MaCCUBa
public Table (int low, int high)
throws IndexOutOfBoundsException {
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// 3mech mpPOCTO BEIBOBEM HPyIOi, Oosiee OOumii KOHCTPYKTOP :

this(low, high, null);

// Crepyoumii KOHCTPYKTOP MMEET elle OOMH IapaMeTp — MacCUB,
// U3 KOTOPOTO OepyTCS BSIIEMEHTH IS HAYaJbHOTO BallOJHEHUS
// HOBOT'O MaccuBa
public Table (int low, int high, int[] iniTable)
throws IndexOutOfBoundsException {
if ((hBound = high) < (lBound = low)) {
throw new IndexOutOfBoundsException (
"KoHcTpykTop Table: HwkHasg rpaHuuia " + low +
" Gompme, ueMm BepxHas " + high);
)i
}
array = new int[high - low + 1];
if (iniTable != null) {
for (int ndx = 0;
ndx <= high - 1Bound && ndx < iniTable.length;
ndx++)

array[ndx] = iniTable[ndx];

// Crepyoumii KOHCTPYKTOP B KAadyeCTBE apryMEeHTa IOJlydaeT
// yxe mMeommiica ofepeKT kiacca Table m cospmaeT ero KOIMo
public Table (Table src) {
array = new int [ (hBound=src.hBound) - (1Bound=src.lBound)+1];
for (int ndx = 1lBound; ndx <= hBound; ndx++)

array[ndx-1Bound] = src.array[ndx-1Bound];

// Peamuszauyvsa onepaluy MHIEKCALVM — BHOOPKM BHAUEHMS 3JIEMEeHTa
public int elementAt (int i)
throws IndexOutOfBoundsException {
if (i < 1Bound || i > hBound) {

throw new IndexOutOfBoundsException (



8 CospnaHue n obpaboTka CTPyKTYp AaHHbIX B NpUMepax Ha Java

"Mumexc " + 1 + " BExomMT 3a I'paHuily Maccusa');

}

return array [i - 1Bound];

}i

Tenepsp peleHue TOM Xe 3a0a4d KOAMPOBAHMS TEKCTA C IMOMOILIbIO Hallleil HOBOMI
KOJIOBO TaGJMIILI MOXET BBIIJISAETh TAK e IIPOCTO, KaK U PaHblIIe:

static final Table codeTable = new Table (32, 255, tab);

static void doCode (String source, int[] dest) {
for (int i = 0; 1 < source.length(); i++) {

dest[i] = codeTable.elementAt ( (byte)source.charAt(i));

}

KoneuHo, ompeneneHue Kiacca Table He SBISIETCS YHMBEPCAIbHBIM U, CKOpee
BCEro, i pelleHus MHOM MomoOHOH 3agauu MmoTpebyeTcs 3amporpaMMUpOBaTh
apyroii kiacc. MoxHo HomnpoboBaTh HAmMcaTh YHUBEPCAJIbHbBIA" Kiaacc, KOTO-
pBlil 3aTeM MOXHO OyIeT MCIIOAb30BaTh BO MHOTMX IIPOTpaMMax, riae Tpedyercs
00paboTka MaccuBOB. Bollpeku HEKOTOPOI TSKENOBECHOCTH, TAKOH KIacc MMeeT
[PaBO HA CYIIECTBOBAHME, AaKXe HECMOTPS HA TO, YTO CTaHIApTHBIE OMOIHMOTEeKa
NoAAep:KKH Java MMEIOT ompelelieHHe TAKOIo CTAHAAPTHOTO KJIAcca — Array.
HecrangaptHoe pellieHue MoXeT NoTpeboBaThcd B TOM Cayyae, Koraa "cTaHAapT-
Hble" CPeICcTBa He MMEIOT BCeX HeOOXOAMMBIX (PYHKIMKA MM CIUILKOM Hedddek-
THUBHbBI AJIS1 MPOEKTUPYeMOil IMporpaMmbl. B jucrunre 1.2 moxkazaHo, KaK MOXHO
caMOMy OIpeNeNuTh MACCUB C "MaBawollueil” BepxHed rpanuiieil. Takoii MaccuB
MOXHO PAacCIIMPITh WM YKOPAUMBATh C IOMOILBIO METOIA resize, a TAKXKE I0-
0aB/IATh B HErO HOBBIE DJEMEHThI (B KOHEL MACCHBA) ¢ MOMOILbIO (PYHKIIMHK add.
g yBeanueHus: oOIIHOCTH B KAYECTBE KJIAcca DJIEMEHTOB MacCHUBa MCIIOJIb3YeT-
Cd KJlacC Object.

INucturr 1.2. OnpegeneHune Knacca DynArray

public class DynArray {
int size; // Texkyumii pasMep MacCuBa (KOJIMUECTBO BJIEMEHTORB)
int maxSize; // pasMep OTBEHEHHON NaMATHU

Object[] array; // cam maccuB (pasMepa maxSize)

// KOHCTPYKTOP MACCUBA. APIYyMEHT yKABHBAET, CKOJIBKO MIaMATHU
// Hamo OTBECTM I[IOI €I'0 SJIIEMEHTEH

public DynArray (int sz)
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throws IndexOutOfBoundsException {

this(sz, sz, null); // ucnoms3yem Be30OB 0Oojiee OBMETO KOHCTPYKTOPA

// B cienyiomeM KOHCTPYKTOPE YKAa3BBAETCs, CKOJIbKO IaMSITHU
// WCHONB3YyeTCsS MOI SJIEMEHTH M CKOJIBKO OTBEIeHO BCEeTO
public DynArray (int sz, int maxSz)

throws IndexOutOfBoundsException {

this(sz, maxSz, null); // wucnomb3yeM BHS3OB Oojiee OOWEIrO KOHCTPYKTOpPa

// Elle OOVH OONIOJIHUTEJILHEN apTyMEeHT COIEPXUT MaCCUB
// OJsa HadaJbHOM MHMUMAIMBaLUM SJIEMEHTOB

public DynArray (int sz, int maxSz, Object[] iniArray)
throws IndexOutOfBoundsException {

if ((size = sz) < 0)

throw new IndexOutOfBoundsException ("OrpuuarenbcHeis pasmep: " + sz);
maxSize = (maxSz < Sz ? Sz : maxSz);
array = new Object[maxSize]; // BBIOEJIEHME [IaMATU
if (iniArray != null) ({ // KOMUpOBAHME BJIEMEHTOB

for (int i = 0; 1 < size && i1 < iniArray.length; i++)
array[i] = iniArrayl[i];

// MOXHO OBUIO BOCIIOJIE3OBATLCA CTAHAAPTHOM GyHKUMel System.arraycopy

// Onepauys BBIOOPKM SJIEMEHTA
public Object elementAt (int 1)
throws IndexOutOfBoundsException {
if (1 <0 || 1 >= size)
throw new IndexOutOfBoundsException (
"Mumexc " + 1 + " BExOmMT 3a I'paHMLE myanaszoHa [0," +
(size — 1) + "1");

return array([i];

// VI3MeHeHVe TeKylmero pasMepa MaccupBa. AprymeHT delta sBamaer
// pasMep MBMEeHEHUS ([HOJIOXUTEJILHENI — yBEIMUEHUE PasMEpPa;

// OTpMULATEJNIbHEI — yMEHbIIEHNE)
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public void resize (int delta) {
if (delta > 0) enlarge(delta); // yBemmMueHre pasMepa MacCuBa

else if (delta < 0) shrink(-delta); // yMeHblIeHVE paszMepa MacCHUBa

// Onepauusa pacumMpeHus MacCuBa
void enlarge (int delta) {
if ((size += delta) > maxSize) { // HeoOXOIMMO BHIOEJIUTL
// HOBEII OOBEM MIaMATU
maxSize = size;
Object[] newArray = new Object[maxSize];
// KOmMpyem SJIeMEeHTEH
for (int i1 =0; i < size - delta; i++)
newArray[i] = array[i];

array = newArray;

// Onepauys yMeHbIIEHUS pasMepa MaCCUBa
void shrink(int delta) {

size = (delta > size ? 0 : size — delta);

// IoBaBieHye OOHOT'O HOBOTO BJIEMEHTA
// (C BOBMOXHEM pacCUMpEeHMEM MACCUBA)
void add (Object e) {

resize(1l);

array([size-1] = e;

Kak 006bdHO, ¢ TIOBBIIIEHNEM OOIIHOCTH HEKOTOPHIE YACTHBIC ACMEKTHI TPUXO-
JIUTCSI PEaTM30BBIBATE HE OYEHB MPOCTBIM KM YIOOHBIM CITOCOOOM, KaK paHbIIe.
TeMm He MeHee, HDYHKINA doCode JUISI TAOMWIILI, TPEACTABICHHON B BHIE AWHA-
MHWYECKOTO MACCHBA, BEIDIAAUT MOYTH TaK K¢ TPOCTO, KaK W paHblile. B mpuBe-
JEHHOM HIDKE TEKCTE TIPOTPaMMBI MPEATIONAaraeTcsl, 4To 3JEMEHTAMU KOIOBOIA
TaOIUITBI CITYKAT OOBEKTHI KITACCa-000JIOUKHA Integer.

static void doCode (String source, int[] dest) {

for (int i = 0; 1 < source.length(); i++) {
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dest[i] = ((Integer)codeTable.elementAt
( (byte) source.charAt (i))) .intvValue();

}

B koHIle pasnena 3ameTuM, 4TO, BOOOIIE TOBOps, sI3bIK Java mpeanaraer pocra-
TOYHO OoraTeiii HabOp CTAHAAPTHBEIX WHTEep(eiicOB M OOBEKTOB IS pabOTHI C
MacCUBaMH. KpOMe VXK€ YIIOMSIHYTOTO KilacCca Array, MMECTCHA TAKKE Gonbiroe
KOJIMYECTBO KJIACCOB U HHTepd)eﬁCOB IUTsT MacCUBOB U MaCCI/IBOHOI[O6HBIX CTPYK-
Typ: Vector, Collection, Map, Hashtable, LinkedList U Jp. MHOTHE U3 HUX
BECbMa YI[O6HI)I JUTST UCTIOJIb30BAHUSI, XOTS HaA HAII B3TJIAH, HECKOJIBKO TSKEIIO-
BeCHBI U YacTo ManoachdekTuBHB. Kak mpaBuiio, Ul cepbe3Hoil paboThl ¢ Mac-
CUBAMHU TIPUXOONUTCS CO3TaBaTh CBON COOCTBEHHBIC KTACCHI.

1.2. Cnuckm

Ecnu MaccuB Becerma 3aHMMAaeT HENPEPhIBHBII YYACTOK MaMSITU, TO CIIMCOK SIBJSI-
eTcsl TIPOCTEHIINM TIPUMEPOM TaK HA3hIBAEMON "TWHAMUYECKONU" CTPYKTYPHI JaH-
HbIX. B AMHaMUYeCKUX CTPYKTypax JAHHBIX OOBEKT COAEPXKUTCA B PA3IUUYHBIX
yJacTKaxX MaMsTH, KOJWYECTBO M COCTAB KOTOPBIX MOXET MEHSTBCS B IpoIecce
padotbl. EnMHCTBO Takoro oObeKTa IOAAEPXKMBAETCI 34 CYET OOBEAMHEHMS €ro

JacTel B ONMMUCAHWU KJlacca.

TMpocTedmvit aunetinbii cnucox TPEACTABISIET cOOOM TUHEHHYIO MOCIeI0BATETh-
HOCTb 2J€MEHTOB. [l KaxIoro U3 HUX, KpoMe IMOCIeIHEro, UMEeTcs CJeaylo-
MW 3IeMeHT M JUTS KaXXIoTo, KpoMe TIepBOTO — Mpenbinynii. CIMcoK Tpaan-
LMOHHO H300paxaloT B BUIE MOCIENOBATEIBHOCTH DJIEMEHTOB, KaXKIbId M3
KOTOPBIX COMCPKUT CCBITKY (YKa3areNb) Ha CHASAYIONINNA W/WIN TIPESIBIIYIITIit
aneMeHT (puc. 1.1), omHaxo ¢u3MYecKd B MPEACTABACHHUM DJIEMEHTOB CIIMCKA
MOXeT W He OBITh HUKAKNX CCBITOK.

| =

]
Y
]
Y

Puc. 1.1. CTpykTypa CBSI31 91EMEHTOB CMmMcKa

TunuyHeli HAGOp omepalMii Haj CIMCKOM OyaeT BKIIOYaTh AOOABIEHUE, yAanle-
HUE U MOUCK ero d3JAeMEHTOB, BBIYMCAEHME JIMHBL CIIMCKE, MOCIeI0OBATEIBHYIO
00paboTKy BceX DeMEHTOB (MTepaLulo) CIUCKA.

Kak m B ciyyae ucrnonb3oBaHWsS MaccUBOB, MHOTHE OUOAMOTEKH (B TOM YHcCe
CTAHAAPTHBIA TaKeT java.util) JJIST TpOTpaMM Ha sI3bIKe Java BKIIIOUYAOT B ceOst
BO3MOXKHOCTD OITMCAHUST U PabOTHI cO "CTAHMAPTHBIMM' CIUCKAMU (HaIlpUMep, Jac-
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TO KCIIOJNb3yeMble KJIACChl Vector U LinkedList). HecMOTps Ha 3T0, 4acTo BO3HU-
KaeT HeoOXOMMMOCTb OIUCAHUS CBOMX COOCTBEHHbBIX CTPYKTYP JAHHBIX B BUAE CIIM-
CKOB, coAepxKallux Oosiee IMOIXONAIIME A1 pelllaeMoil 3amiayud omepainuu, oosee
npocTbie (U, caegoBaresbHO, 0ojee 3PheKTUBHbIE), YEM CTAHAAPTHBIC, WIU 00JIa-
Jaoiye crnennruIecKUMH 0COOCHHOCTIMU (HApUMeEDP, YIOPSIIOUEHHbIE CIIMCKU).

Kaxk mipaBmio, mpu omMcaHWM CITHUCKa B BUAE OTAETBLHOTO Kiacca TPencTaBIsgeTcst
3JIEMEHT CTIHCKA, COAepXKalllMii CCHITIKY Ha CASHYIOMWA W/WMW TIPEeIbIIyIITit
aneMeHT. B mmctmHre 1.3 mpencTaBieHO OMMWCAHWE TIPOCTEHINero ogHOHApaB-
JIEHHOTO CTIMCKA M3 TETBIX YNCEN ¢ TpUMeHEeHWeM omepannii mobaBieHnss HOBOTO
3JeMeHTa B HAYaJlo W KOHEIl CMUCKa, YIaleHWs M3 Havyajga crrucka (yiajieHue U3
KOHIIA CITHCKA He ABJISETCS TUIIMYHOM ollepaliieif UTsl OMHOHATIPABICHHEBIX CITH-
CKOB BBUJIY CBOCHf OTHOCHTENBHOW CIOXHOCTH M Hed(PHEKTUBHOCTH), TOACYET
YucIa 3JIeMEHTOB B CITHCKE.

OObeKThl Kiacca IntList CoIcpKaT CCbUIKM Ha HCpBbeI U IOCNEAHUMA DJIEMEHTbI
CIIMCKA, a TaKXK€ CUYCTYMK 4YMC/ia SJIEMEHTOB, MCHOJIb?)YIOLL[MfICH B (I)YHKLII/II/I, BbI-
JAKIeld KOIMYECTBO JIEMEHTOB CIIMCKA.

INMuctunr 1.3. OnpeaeneHue knacca IntList

public class IntList {
/* Kiacc ListItem mperncraBigeT 3JIEMEHT CHNMCKA,
CBSBaHHEI CO CJIeOylnMM C [IOMOmBI IIOJIA next
*/
static class ListItem {
int item; // BHaUYeHue BJIEeMEHTa CIUCKA

ListItem next; // ykKasaTesnb Ha CIenylIMil SJIEMEHT CIMCKa

// KOHCTPYKTOpP CO3IAHMSA BJIEMEHTAa CIMCKAa

public ListItem(int i, ListItem n) {

item = i;
next = n;
}
}i
int count = 0; // cUeTuMK 4YKuCla BJIEMEHTOB
ListItem first = null; // TEepBLIM 2JIEMEHT CHOUCKA
ListItem last = null; // TOCIemHui SJIEMEeHT CIOUCKA

// CosmaHmMe IIyCTOT'O CHMCKAa

public IntList() {}
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// CospaHmMe KOIMM yXe MMEMEIOCAa CHMCKa
public IntList (final IntList src) {

addLast (src) ; // moBaBiAeT CIMCOK Src B KOHel] coucka this

// IoBaBjieHre BJIEMEHTOB B KOHEL CIUCKA
public void addlast (final IntList src) {
for (ListItem cur = src.first; cur != null; cur = cur.next)

addLast (cur.item); // moBaBiieHMe OIHOTO DBJIEMEHTA — CM. HIIKEe

// IoBaBileHVe sJIeMeHTa B Hauvajlo CIUCKa
public void addFirst (int item) {
// CospmaeM HOBBII SJIEMEHT CIMCKA
ListItem newltem = new ListItem(item, first);
if (first == null) {
// HOBBII 2JieMeHT OyneT ¥ I[NEpPBbM, M IOCJIEOHVM B CHOUCKE
last = newltem;
}
first = newltem;

count++;

// IoBaBieHne BJEMEHTa B KOHEL, COMCKa
public void addlast (int item) {
// Co3maeM HOBHII BJIEMEHT CHOMCKa
ListItem newlItem = new ListItem(item, null);
if (last == null) {
// HOBBIZ sjleMeHT OymeT U NEepBbM, U I[NOCJIEOHUM B CIUCKE
first = newltem;
} else {
// TlpuCoemVHSEeM HOBBII BJIEMEHT K IIOCJIeIHEMY
last.next = newltem;
}
last = newltem;

count++;
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// VioajieHnye NepBOr'O SJIEMEHTA CIIMCKA
public int remove () {

int res = first.item; // comepxuMoe MEPBOIO BJIEMEHTAa

first = first.next; // BTOPO} B3JIEMEHT CTaHOBUTCS I€PBLEM
count--;
return res; // yDaJleHHEl! SJIEMEHT BHIAEeTCS B KaueCTBe pesyJibTaTa

// KommuecrBO B3JIEMEHTOB CIIMUCKA

public int getCount () { return count; }

B IPUBEACHHOM OIIMCAHUMU CIIMCKA €CTb /[Ba CYLICCTBCHHbIX HEIOCTATKA. Bo-
HEPBLIX, HE OIPpEAC/]ICHbl METOAblL AJIAd UTCpAallMM CIIMCKAa, T. €. HET criocoba nepe-
6paTb BC€ OJICMCHTbI CIIMCKd, HE U3MCHAA €ro. Me>1<z[y TeM, UTCpauud CIIMCKA —
9TO OJHAa U3 HauboJjiee 4acTo BCTpECUAIOLIUXCA onepaumﬁ Haa CIIMCKOM. BO-BTOprX,
oIepauy HE 3allUIICHbI OT HEKOPPEKTHOIO ucrnons3opadusd. He zHag nerauen
peanu3anyy, HEBO3MOXHO y3HaTh, YTO IIPOMU3OMAET, €C/IM, HAIpUMep, OyaeT mpem-
MPUHSTA HOMNBITKA YIAIUTh DJAEMEHT U3 IYyCTOTO0 COMCKA (B MPUBEISHHON peaiud3a-
LIMU BO3HUKHET UCKIIOUUTENbHASA CUTYaLIMS NullPointerException).

YeTpaHuTh BTOPOM HEAOCTAaTOK He TIpeacTaBiser ocoboro Tpyma. Hamo nwmib
OMMCaTh COOTBETCTBYIONINE WCKITIOUATENbHBIC CUTYAITUW (MM BOCTIOTH30BATHCS
OMHOW W3 MMEIOINXCS B OUOINOTEKEe) W BCTABUTH COOTBETCTBYIONINE TIPOBEPKU B
omepanyi, KOTopble MOTYT OBITh BEI3BAHBI HEKOPPEKTHO.

YToObl JUKBUAMPOBATH MEPBLIA HEAOCTATOK, HALO CHAYAIA MOHSITb, YEIro XK€ MBI,
COOCTBEHHO, XOTUM, T. €. KaK1e OIlepauudyu Hago OlpPeleIuTb, YTOObl MOXHO Obl-
JIo mepedpaTh 2JAeMEeHTHI cliicKa. OObBIMHO M1 UTepalldM CIMCKA MpelIaraioT ABa
criocoba: BHYTPEHHUI UTEPAaTOpP U BHELUHUI UTEpPaTop.

Brympennuii umepamop — 5T0 METOJ, TO3BOJSIIONIMI BBITTOJIHUTL JJISI KaXKJI0TO
SJIeMeHTa CcIIMCcKa OJIHY M Ty Xe ofepalnio — mapaMmeTp uteparopa (TOBOPSIT, UTO
BHYTPEHHUIT uTeparop "moceltaeTr” ajieMeHThl criicka). st mpeacTaBieHus aToit
orepallii ONuIleM HOBBIM MHTepdeiic, pecTaBIdIONNI KIacchl, conepxaline
GyHKIIMM 0O6pabOTKN BIEMEHTOB.
public interface Visitor ({

void visit (int item);
}
B 3TOM ciyyae utepaTop OyaeT UMETh CASAYIONIUI BUT
public void iterator (Visitor visitor) ({

for (ListItem cur = first; cur != null; cur = cur.next)

visitor.visit (cur.item) ;
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HecmoTps Ha mpocTOTy U 2J€raHTHOCTb TAKOTO PEelleHHs, I10Nb30BATbCI OIM-
CaHHBLIM UTEpaTopoM ObIBaeT HeyaoOHo. Bo-nepBbix, Tpebyercd misa 000 uTe-
palyy ONpenessaTh ONepaluio o0paboTKM KAXIOTO DJIEMEHTa B BUAE OTAEIbHOIO
Kjlacca ¢ METOAOM visit, & DTO MHOIAA IPUBOIUT K HE CIMIIKOM MOHSTHOR
nporpamme. Hampumep, mi1d pelleHus 3a0a4d CyMMUPOBaHMS DJI€MEHTOB CIIMCKa
MOXHO OMpede]UTh CAeNyIOINA Kace.

public class Summator implements Visitor {
int sum = 0;
public int getSum() { return sum; }
public void visit (int item) { sum += item; }

}

B stoMm kiacce Meron visit HCIIOJNb3YETCA 1A J00aBaeHus O4YepeaIHOro JIEMEH-
Ta CIIMCKA K TCKyU.lel‘/JI CyMME. Ecnu [IepeMEeHHAas 1lst UMECT B KAYCCTBE 3HAYCHMUS
HCKOTOprfI CIIMCOK, TO BbBIBECTHU B BBIXOAHOU MOTOK CYMMY €I'0 DJIEMCHTOB MO2K-
HO ¢ IIOMOLIbIO CJICAYIOIINX BbI3OBOB.

Summator summator = new Summator () ;
lst.iterator (summator) ;

System.out.println (summator.getSum()) ;

Bropoe HeynobCcTBO COCTOUT B TOM, YTO C [IOMOIIbIO BHYTPEHHEIO UTEpATOpa He-
BO3MOXHO PEILIMTb TaKue MPOCTeHIliMe 3agaud, KakK, HAIPUMED, MOJIEMEHTHOE
CpaBHEHME [IBYX CIUCKOB. B Takoil 3amaye TpebOyeTcs omHOBpeMeHHas paborta
JIBYX UTEPATOPOB, OMHAKO UTEpAaTOp HE MOXET MpepBaTh paboTy A0 Tex Iop, MoKa
00paboTKa Bcex 2JIEMEHTOB CIIMCKA He OyJeT 3aKOHYEeHa.

B-TpeTbnx, BHYTpEeHHUM HUTEPaTOpOM TPYIHO YIPaBIAThH B CIyYasx, KOTAA WTepa-

A0 TpebyeTcs 3aKOHYNTH JOCPOYHO, HAMpUMeEp, TIPH TTOUCKE ONpeAeeHHOTO
aJIeMeHTa CIHACKA.

Y100HBIM cIIOCOOOM MTEpALUMKU CclMcKa ObL1 Obl TaKOM, IIPM KOTOPOM UTEPaALIUIO
MOHO ObL1O ObI OPraHU30BaTh B BU/E€ OObIYHOIO 1LIMKJIA:

for (<mavare nreparpmo>; <eme eCTb BDJIEMEHTEL>;
<HeEpenTyr K CHAenylmeMy SIEMEHTY>) {

<BBATL OYEPENHON DJIEMEHT>;

<oBpaboraTe OYEPEnHOM SDIIEMEHT>;
}
ITpu Takom criocobe opraHuM3aliuy padoThbl ylipaBjieHue OepeT Ha cedd LUK, Tak
YTO OT BCE€X HEAOCTATKOB BHYTPCHHEIO UTCpATOpA YIACTCA U30aBUTbCS. ﬂeﬁCTBM-
T€JIbHO, TCIICPb HUYTO HE MCIIACT HAM OPIraHMU30BATb Hapaﬂﬂeﬂbﬂblﬁ IIPOCMOTP
CIIMCKOB — JIsA OTOIO B 3droJIOBKE LMKIIA JOCTATOYHO HA4YaTb UTCpaluiO HE OO-

HOro, a cpady AByX CIIMCKOB MU, COOTBECTCTBEHHO, OPraHM30BATh MMEPEMECIUICHUE I10
ABYM CIIMCKaM OJHOBPEMECHHO. ﬂOCpO‘iHOC OpeKpal€eHUue UTECpalMKU TAKXKE HE
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MPEeACTaBIdgeT TPyAa, MOCKOABKY YIpaBAeHHE IMPOCMOTPOM BEIETCSI HE M3HYTPU
cIlMcKa, a ¢ noMoulbto Hukia. Takas urepauus ¢ BHELIHUM yIpaBleHUeM Has3bl-
BAeTCs gHeulHell umepauiiell.

OnuH 13 cnocobOB OPraHU30BaTh BHEITHIOW WTEpali0 — 3TO NMepeHyMepoBaTh
BCcE 3JIEMEHTHl CTMCKAa W BBECTU (PYHKIIUIO (CKaXeM, getElementAt), KoTopas
Oy/ieT BbIJABATh JMEMEHT CUcKa Mo ero uHaekcy. LUk mpu stom mpuodperaer
MTPOCTOW U MPUBBIYHBIA BWI:

for (int i = 0; i < lst.getCount(); i++) {
Object next = lst.getElementAt (i);

<oBpaboTaTe OYEPENHON SJIEMEHT>;

}

MNmeHHo Takast UJeONIOTHSI CITUCKOB ¢ HYMEpPOBAHHBIMU 3JIeMEHTaMM TIpeiaraer-
¢Sl B CTAHMAPTHBIX KJaccax Vector, LinkedList M JAPYTUX Kjlaccax, peanusyro-
IUX CTaHAapTHBIM WHTepdelic List. OaHaKo omnepalusl BBIOOPKHU 3JIeMEHTa 10
€ro HOMEepy MOXeT OKa3aThesl CIAMIIKOM Hed(hdEKTUBHOW TIpU pealu3aliui Crin-
cKa B BUJE Habopa 3JIEMEHTOB, CBSI3AHHBIX cChUTKaMU. JleficTBUTENBHO, IS TOTO
yTOOBI HAMTU, CKaXeM, MOCAeTHNUN 3MEeMEHT CIMCcKa, MOXeT MoTpedoBaThes Mpo-
cMoTpeTh Bech crincok! TMpunercst HaliTh 6osee 3¢hpeKTUBHBIE METOABl OpTaHH-
3aITMW BHETITHETO WTepaTopa.

K COXAJICHUIO, TAKXKE OKA3bIBACTCA, YTO 1JIA OpraHM3allid BHCUIHEIO UTEpaTOpa
HEOOCTATOYHO OIIPEACIUTb METOAbl JJIA BbIINOJIHCHUA 3JICMCHTAPHBIX ﬂeﬁCTBMﬁ,
OIIMCAHHBIX CJIOBECHO B 3darojIOBKE LIUMKIIA B BUIAC <Havare mrepanmo> WU JP.

[lycrb, Hampumep, ompeieieHbl METOAbl Hauyaja urepauuu (start), [POBEPKU
KOHIA crucka (hasMore), Mepexolad K CASAYIOIIeMY 2AeMEHTY (next) U BBIOOPKU
ouepeaHoro syeMeHTa (getCurrent). Torma LMK, OPraHU3YIOLIMA, CKaKeM, TO
K€ CYMMUPOBAHUE 3JEMEHTOB, MOI' Obl BbIIJISLIETh CAEAYIOLIUM 0OPa3oM.

IntList lst;

int sum = 0O;

for (lst.start(); lst.hasMore(); lst.next()) {
sum += lst.getCurrent();

}

DTo mpollle U MNpUBbIYHEE, YeM pelleHue AAaHHOM 3amayu, NpUBEIeHHOE BbIIIE
JUISl CYMMUPOBaHUS 3JIEMEHTOB C IIOMOLIbIO BHYTPEHHEIO UTEpaTopa.

HerpynHo ompenennTh oONMWCAaHHBIE METOOBI — start, hasMore, next,
getCurrent, OTHAKO TIpWBEJACHHOE pellicHNe OyIeT Takke HeCBOOOTHO OT Cephb-
€3HBIX HEJTOCTATKOB. Bo-TIepBEIX, TO-TIpekKHEMY HEBO3MOXKHO OpPTaHM30BATH pa-
6OTY NIBYX WTEpPaTOpOB OTHOBPEMEHHO ¢ OXHUM W TeM Xe CIMCKOM, KakK 3TO
HY;XHO, HampuMep, UTS peIleHWs 3agadyd O TIOWCKEe ONMHAKOBEIX 3JIEMEHTOB
BHYTPU OJHOTO CTIMCKA MW TIPW COPTHUPOBKE cmmckKa. [IpnynHa B TOM, 4TO TIpU
TaKoW peajqn3alny COCTOSTHUE MTePaAllnH MOKHO XPAHUTBHCH TAS-TO BHYTPHU OOB-
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€KTa-CIIMCKA, M 3TO COCTOSHME HE MOJIKHO M3MEHIThCI B MPOMEXYTKE MEXIy
BBI30BAMHU OTAEAbHBIX METOMOB, TAaKUX KaK hasMore () WIH next (). OQHAKO 3TO
ycaoBue OyaeT HapyllieHo IPU IOMbITKEe BbI30BA METOAOB BTOPOrO MTeparopa Ijsd
TOIO € CaMOro CIIMCKa.

Bo-BTOpBIX, 3TOT BHENTHUI WTEpATOp MPEIBIBISET ONpeaeieHHbIe TpeOOBaHMS K
MMOCJIEIOBATEIBHOCTH JEHCTBUI, U B TO K& BpeMsl OUYEHBb TPYIHO MTPOKOHTPOINPO-
BaTh 3TN TpeboBaHUs. [JTaBHOE M3 TaKWX TpeOOBaHWIT — BCSIKas MTEPALNs TOJK-
Ha HAYMHATHCS BBI30BOM METOAA start, B TMIPOTUBHOM CjIy4yae pe3yjabTrar padoTHI
Oymer HempenckasyeM. Elle omHo TpeGoBaHWE — B CUTYAllUM KOHIA WTEpPallNu
('hasMore ()) BGeccMbICIEHHO OOpalllaThbesl K METOJAM next () U getCurrent ().

MoxHo CKaszarb, 4TO HECMOTPA HdA BHECLIHIOIO HE3aBUCHUMOCTbL METOLOB, OIIPCIC-
JIAEMbIX JJ14 OpraHUM3alMu UTEpallly, B OIIMCAHHOM CJI1y4d€ OHU BCE XK€ OCTAIOTCA
3aBUCUMBIMU JPYyr OT Apyra U OT COCTOAHUA O6’beKTa, K KOTOpOMY IIPUMECHAIOTCA.

JIyuyiie Bcero cocpenoTOYUTh BCE OMEpalyy Mo OpraHW3alMU UTepali BHYTPU
0o0beKkTa creluajJbHOro Kiacca, OTAENbHOTO OT Kiacca IntList. B Tmakere
java.util UMEIOTCS CTaHAApTHbIC WHTepdeichl IS KJIAacCoB, PEATUIYIONINX
WUTepaTopbl — java.util.Iterator M java.util.Enumeration. B TiepBoM u3
3TUX WHTepdeiicoB ompeaeieHbl TP MeTofa — hasNext (), next () W remove ().
Merton hasNext () TpeTHA3HAYEH IS TIPOBEPKU, €CTh JIW ellle SJeMEHTHI IJIs1 NTe-
panuu. MeToa next () CIHYXKHWT JJIS BBIIAUYM OYEPETHOTO BJeMEHTa ¢ OJHOBpE-
MEHHBIM "TiepeMellieHueM" uTepatopa K cieaylolieMy 3iIeMeHTy. MeToa remove ()
HYXXeH I yAaIeHWUs] TeKylllero sjeMeHTa M3 CTPYKTYpBl B Mpoliecce UTepalniu.
B uHTrepdeiice Enumeration TONOOHYH Xe GYHKIIUIO HECyT METOMbI
hasMoreElements()PInextElement()(MCTOH,HOHO6Hbﬁiremove(h B 5TOM UH-
Tepdeiice He mpenycMoTpeH). B HalleM ciiyyae Kigacc IntList JOJKeH obecrie-
YUTHh TIOCTPOCHWE U BBIIAYY OOBEKTa Kiacca, peanusylollero urteparop. Ecnm
omepalusl iterator () Kjlacca IntList OyJAeT TeHepupoBaThb U BBIAABATH TaKoi
WUTepaTop, TO UK, Pealu3yiIIuil CYMMUPOBAHNE 3JIEMEHTOB CIIMCKa, OYIET BbI-
TJSJIETh CIEAYIOIUM 00pa3oMm.

IntList lst;
int sum = 0;
for (Iterator i = lst.iterator(); 1lst.hasMore(); ) {
sum += ((Integer)lst.next()).intValue();
}
3aMeTuM, 4TO B CTaHAAPTHOM WHTepdelice uTepaTopa METOJ next () BBIIAET pe-
3YyJIbTAT Kilacca Object, MMO3TOMY B HAIllEM TIPUMEPE MBI BOCIIOJIB30BAIUCH KIAC-

COM-000JIOUKOM Integer I TIPCACTABJICHUS LCITOYUCICHHBIX 3JICMCHTOB CITH-
CKa, MOCJIEAO0BATCIbHO BbIAABACMbBIX UTECPATOPOM.

Peanuzanusa kiacca ureparopa U METOAA iterator () B KOHTEKCTE OMNpeaeaeHUs
K1acca IntList OydeT BhIISAETb KaK B aucTtuHre 1.4.
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NucTtuHr 1.4. OnpegeneHne BHELIHEro UTeparopa ans Cnucka Lenbix

public static class IntListIterator implements java.util.Iterator ({

private ListItem current; // Teryumi sJeMeHT

// KOHCTpYKTOp HTepaTopa

public IntlListIterator (IntList 1lst) { current = first; }

// TlpoBepkKa CymeCTBOBAHMSA CIENyLero 3JIEMEeHTa

public boolean hasNext () { return current != null; }

// BeIIAYa OUEPEIHOTO BJIeMEeHTa CIUCKa
// ¥ nepememeHyre TeKymeTo yKasaTels Ha CJeOYOIMi SJIeMEeHT
public Object next () {

if (!hasNext()) return null;

Integer item = new Integer (current.getItem());

current = current.getNext () ;

return item;

// Tlycrada QyHKUMA!
public void remove () {}

}i

public java.util.Iterator iterator() {

return new IntlListIterator (this);

B peanuzanum xnacca uteparopa cIMcKa oOIpe/elleHUhe MeTo/la remove () JaHO
TOJNILKO JIJISI TOTO, 4TOOBI 0bOecneunTh COBMECTUMOCTh Kilacca ¢ WHTepdeiicom
java.util.Iterator. Hurme B mpuMepe 3ta ¢hyHKIIUS HE UCIONB3YyeTCs, MO3TO-
My B METOJ He BJIOXEHO HUKaKoW ceMaHTWKU. OOBIYHO JUIS MeToAa remove ()
TojJpasyMeBaeTcsl peau3alnsi yaaleHusl odepeaHoro (B Mopsiike uTepaiuu, T. €.
"Texyniero") siaeMeHTa. OnHaKo, BOOOIIEe TOBOPS, HAPYIIIEHUE CTPYKTYPHI CITMCKA
BO BpeMs MTepalluy JOCTAaTOYHO OIMAcHO U MOXEeT MPUBECTU K HEOXMIAHHBIM
s¢dekTam B ciiyyae, KoTa OJUH U TOT Xe CIMCOK oOpabaTbiBaeTcss OTHOBPEMEH-
HO HECKOJNBKUMHU uTeparopamMu. Bo3MoxkHo, Gojee TMOAXOASIIUM JUIS UTepaluu
nHTepdeiicoM ObUT Obl CTaHAAPTHBIM WHTepdeic java.util.Enumeration, Of-
HaKo W 3/1eCh, U B JaJIbHENIIIEM B 3TON KHUTE B OCHOBHOM OYNET UCITOIL30BATHCS
WHTepdeiic ITterator, XOTS Obl TIOTOMY, YTO caM TepPMHH "HUTepaTop” COOTBETCT-
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BYET UMeHU 2Toro uHTepdeiica. YToObl MokKa3zark, YTO AJI HEKOTOPOIO KOHKPET-
HOIo UT€paTOpa OICpalud remove HEBBIIOJIHNMA, BOO6LLLC roBopdA, Hago IreHepu-
POBaTh UCKIIOYUTCIABHYIO CUTYALUIO UnsupportedOperationException, OJAHAKO
B Halllel KHUIe /1S IIPOCTOTHI BO BCEX CIydydsaX Mbl 6y2[eM IIPOCTO OCTABJIATL TECJIO
(YHKUIMHU IIYCThIM.

IMpusenennas peanusaius uTeparopa obeclieyrBaeT camble pazHooOOpasHbIe MOo-
TPeOHOCTU B OOPAOOTKE CMUCKOB. BOT Kak MOXET, HAMPUMEP, BBIISAACTE (DyHK-
1A ITOSJIEMEHTHOI'O CPaBHEHUS JIBYX CITMCKOB.
static boolean equallists (IntList 1lstl, IntList 1lst2) {
boolean equal = true;
Iterator il = 1lstl.iterator();
Iterator i2 = 1lst2.iterator();
for ( ; equal && il.hasNext () && i2.hasNext(); ) {
equal = ((Integer)il.next()).equals((Integer)i2.next());
}
return equal && !il.hasNext () && !i2.hasNext();
}
B npuBeneHHON (DyHKIIMKM OJHOBPEMEHHO 3aIllycKarTcsl BA UTeparopa Hai JBY-
Ms pa3iINYHBIMU CITUCKaMMH. AB CJICAYIOIIEM d)parMeHTe, B KOTOPOM OITpEACICHa
CIJYHKHI/IH, TIPOBEPAIOIIASA, YTO BCC JJIEMEHTBI CITUCKaA PAa3JIMYHDBI, ABA WTEpaTOpa
pa60Ta10T OOTHOBPEMEHHO HAd OAHUM U TEM KE CITHCKOM.
static boolean distinct (IntList 1lst) {
for (Iterator i = lst.iterator(); i.hasNext(); ) {
Integer item = (Integer)i.next();

int count = 0;

for (Iterator j = lst.iterator(); Jj.hasNext(); ) {
if (((Integer)j.next()).equals(item))
count++;

}
if (count > 1) return false;
}
return true;
}

Kaxnplii M3 3amylIeHHBIX HTEPATOPOB OCYLIECTB/ISIET CBOH Iepedop 2JeMEHTOB
CIIMCKA, TAK YTO OHM MOIYT paboTaTh COBEPIIEHHO HE3aBMCHMMO APYT OT Ipyra.

CpaBHUBasT MeXIy cobolf BHEITHWI 1 BHYTPEHHWH NTepaTOPbl, MOXKXHO OTMETHUTD,
YTO KaKIBIH M3 3THX JBYX TMOAXONOB MMEET CBOW TIpenMylecTBa. O MpenMyIie-
CTBAX BHEITHETO MUTepaTopa MBI VK¢ TOBOPWIN, HO W BHYTPEHHWI WTEepaTop MMe-
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€T CBOM MpeumyllecTBa. Tak, MOCKOIbKY JOTMKA paboThl BHYTPEHHETO UTEpATOpa
OmpenenseTcs TONbKO CAMUM MTEpPaToOpoM, OH MOXET I0oJaraTbCsd Ha MHOpsSIoK
MIPOCMOTPa 2JIEMEHTOB, B CJOXHbBIX CAy4yasgX OH MOXET BPEeMEHHO H3MEHATb
CTPYKTYPY U/WJIM 3HAYEHUs, XpaHslluecs B DJAEMEHTaX cIucka, u T. a. Ilo toit
K€ CaMOil MpUYMHE BHYTPEHHMI UTepaTop JIydllle 3aIIUIIeH OT OlKOOYHOro uc-
MOJb30BAHUS — HEBO3MOXHO, HAIpUMep, MOMbITATbCI MEPEeHTH K CAemylolIeMy
9JIEeMEHTY, He HayaB UTEPaLIHIo.

I'm6KoCTh CIIMCKOBBIX CTPYKTYP OCOGEHHO SIPKO TIPOSBIISICTCS TIPH BCTaBKe W yaa-
JIEHWW 3JIEMEHTOB. eficTBUTENBHO, TP 3TOM HET HEOOXOMMMOCTH TIepeMelaTh
3JIEMEHTBI CTTMCKA, JOCTATOYHO JIVIIh 3aMEHUTH 3HAYCHUS HECKOJIHKMX CCBITOY-
HBIX TTOJIeif. DTo MOXeT 3HAYMTEIHLHO YCKOPUTH paboTy MpoTpaMMBI B ciydae
CITUCKOB OOJBITOTO 00BhEeMa, XOTST MOXKET CIYINThCS W Tak, 4TO JJIST TOCTYIa K
3JIEMEHTY CIIMCKa TIOTPeOyeTCsT TIPOCMOTPETh 3HAYNTETHLHYIO YacTh CIIMCKA TTPEX-
7ie, 9eM TpeOyeMbIil aJIeMeHT OymeT HalaeH.

OObIYHO 1151 CIIMCKOB MPEAIAraloTcsl TAKXKe METOIbI, ITO3BOJIONINE BCTABINITh U
yIAISTh DJIEMEHTBI CIIMCKA B COOTBETCTBUM C HEKOTOPHIM KpuTepueM. Hampumep,
JUI TIPeUIOXKEHHOro CIIMCKA M3 LIEABIX Yucea (cM. JMCTUHI 1.3) MOXHO mpenjio-
JKUTb OIEPALMIO YAAJEHUS 2IeMEeHTOB ¢ 3aJaHHBIM 3HaYeHueM. i peanuzanuu
9TOi1 olepaluu MoTpedyeTcs MPONTU BIOIb BCEro CIIMCKA, YA BCE DIEMEHTHI,
colepxKallue KOHKPeTHOe 3HaueHMe. 3[1ech KaK pa3 MoIya Obl MPUTOAUTHCS OIe-
pauus remove U3 MHTepelica Iterator! MbI, OMHAKO, IOCTYIUM MO-APYIOMY U
peanusyeM yaajeHue HeMoCPEACTBEHHO BHYTPU CIIMCKA.

g ymaneHus TTOMHMO yKasaTels Ha TeKYIIMI 3JeMEHT CIHCKa TIPUaeTes Xpa-
HUTH elll¢ W YKa3areJb Ha MPEAbITYIIANA 3JeMEHT. DTO HEOOXOMNMO, TTOCKOIBKY
TpU VIAJICHUH 3JIeMEHTa KOPPEKTHPYETCsT CChITKA, coaepsKamascsad B TIPEIbIay-
IeM 3JIeMeHTe CNUcKa. B mpwBemeHHOM peamw3allii METOJ BO3BpalllacT 3Hade-
HUE true, €CIW XOTS OBl OAMH 3MEMEHT CIMcKa OBUT yaaleH, U false — B MPO-
THBHOM CJTy4ae.

public boolean remove (int n) {
ListItem pred = null, // ykazaTenb Ha NPeNBOyli SJIEMEeHT
current = first; // ykazaresjb Ha TEKyUMil 3JIEMEHT
boolean found = false;
for (; current != null; current = current.next)
if (current.item == n) {
found = true;
count—-; // yMEHbIIaeM KOJIMUYECTBO BJIEMEHTOB
if (pred != null) { // KOpPPEeKIMpyeM CCEUIKY Ha yHAJsAeMbll SJIEMEHT
pred.next = current.next;

}

} else { // mepexomMm K CIEenyKlieMy 3JIEMeHTY



InaBa 1. Criocobbl npeacTaBieHus CTPYKTYP AaHHbIX 21

pred = current;

}

// KOppeKTIMpyeM CCEUIKY Ha [NOCJICIHMI SJIEMEHT. . .
last = pred;

// " BBAEM BO3BpAllAEMOE SHAUEHVE

return found;

}

B kagecTBe mpmMepa ollepallid BCTAaBKHM 3JIEMEHTOB B CITMCOK TIPHBEIEM oTepa-
[IMI0 BCTaBKW 3JIeMEHTA B YIOPSMOUYEeHHBIH crmmcok. MyAKIMS 6ymeT paboTarhb
MTPaBUJILHO, TOJNBKO €CITM 3JEMEHTHI B CITHCKE PACTIONOKEHEBI B TIOPSIKE BO3pac-
tTaHng 3HaveHWIt. [Ipn BcTaBKe aIeMeHTa ToXKe TIPHACTCS KOPPEeKTHPOBATH CCBII-
Ky, COIepsKallyiocss B 3JeMeHTe, TPEeNIIeCTBYIONIEM BCTABISIEMOMY, TTO3TOMY
3Mech, KaK W UTSl oTepalini yomaneHus, B (GYHKITNN WCITONB3YIOTCS TBAa TEKYIITIX
yKasares.

public void insert (int n) {

ListItem pred = null, // SIeMeHT, NpelueCTBYOIMY BCTaBIISEMOMY
succ = first; // BIeMeHT, ClenyluMii 3a BCTaBJIAEMBEM
while (succ != null && succ.item < n) { // nouck mMecra BCTABKU

pred = succ;
succ = succ.next;
}
// TeHepupyeM HOBEII SJIEMEHT :
ListItem newltem = new ListItem(n, succ);
if (succ == null) { // BCTaABISEMBII BJIEMEHT — IIOCJIEeIOHMI
last = newltem;
}
// BCTaBjsgeM HOBLIA SJIEMEHT B CIIMCOK
if (pred == null) {
first = newltem;
} else {
pred.next = newltem;
}
count++;
}
B npuseneHHoli ¢YHKIMM OPOU3BOAUTCA MOUCK IIEPBOrO JIEMEHTA, 3HAYEHME

KOTOPOro He MeHblle aprymeHTa n. Ilociae Toro xak sjneMeHT HaiaeH (Wid oOHA-
pyKeH KOHell CIIMCKA), ITOPOXKIAETCA HOBBIA DIEMEHT CIMCKA M BCTaBKA IPOU3-
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BOIMTCS C MOMOLIBIO U3MEHEHUS] 3HAYEHHUs MOJIS next B IMPEIbIIYIIEM DJIEMEHTe
(M mond first CIMCKA, €CIM MPEIbIIYLIEro dAeMeHTa HeT.

HNuorna kpoMme NMHEWHBIX paccMaTpUBAIOT ellle U Koablegvle chnucku. B Kombliie-
BOM CIIHCKE ITOCJIEIHU 3JIEMEHT COMNCPKUAT yKasareldb Ha mepBblii. O0paboTka
KOJBIIEBLIX CIIMCKOB HE OYEHBb OTIANYAeTCS OT OOpabOTKM JWHEWHBIX CIHCKOB,
OIHAKO HYXKHO aKKypaTHO 00pabaTweiBaTh KOHEI CIHcKa. DTO TpedyeT HOTOTHH-
TEJbHBIX YCWINK TIPW TPOTPaMMHUPOBAHUN W HECKOJBKO 3aMelIsieT 00paboTKy,
HO 3aTO B KOJBIEBBIX CITMCKAX BCE BJIEMEHTHI PABHOIPABHEI, W OO0 M3 HUX
MOXeT OBITh "HasHadeH" TONOBHBIM. Takoe CBOVICTBO KOJBIIEBOTO CITMCKA MOXKET
WCITOIb30BaThCs, HATIpUMEp, B aJITOPUTMAX OOCTY:KWBAHUS HEKOTOPOTO MHOXKECT-
Ba BJIeMEHTA "B TIOPSIIKE OYepenu’.

KpoMme Toro, B mpeacTraBieHUMU CIMCKAa MOXHO BOOOILIE OGOMTHUCH TONIBKO CChLUI-
KO Ha IOCIEIHUIA DJAEMEHT, ITOCKOJBbKY CChUIKY Ha IEPBbIA 2J€MEHT MOXHO
JIETKO U3BJIeub U3 nocliieaHero snemMeHra (puc. 1.2).

]
Y
]
Y

Puc. 1.2. CtpykTypa KOMbLEBOro cnmcka

B nanpHeiiieM crnucku OyayT 4acToO MCIOJb30BATHCSA B KAYECTBE COCTABHBIX Yac-
Telt pasTUIHBIX CTPYKTYp. [Ipm 3TOM 3jeMeHTaMM CITUCKOB OYIyT, Kak TpaBumiIo,
He LeJble YMCIA, KaK B BbILIEIPUBEACHHOM IIpUMepe, a bojiee CIOXHbIE 00beK-
TEl. OmpeaeneHne Kiacca IntList JeTKo 0OOOIINTE Ha Cydyail CITUCKOB M3 MPOo-
MU3BOJIbHBIX OOBEKTOB (Object). Pasymeercs, Takue olepaluu, KaK BCTaBKa B
VIIOPSTIOYEHHBIN CITHCOK, HETIPUMEHNUMEI B OOIIEM cITyyae, OTHAKO OONBITHHCTBO
JIPYTUX METOMOB JIErKO 00OOLIAIOTCS 3aMEHOH KIIOYEBOIo CIOBa int HA Object.
B mamprelieM B MOAOOHBIX cyYasix O6yIeM WCITOTb30BaTh KiTace ObjectList 0e3
JOMOJHUTEIBHOTO ONpeAeaeHUs 2TOro Kiacca.

Yro kacaercsl BCTaBKU (insert) U yaajeHUs] (remove) DAEMEHTOB BHYTPU CIIU-
CKa, To OOBIYHO 3TH OTlepallny 0BODIIAIOTCS CIEAYIONINM 00pa3oM.

IMpu ynameHnW >7eMEHTOB CJeNyeT YyKas3aTh, KAKAE 3JIEMEHTH HeoOXOAUMO yaa-
JIUTh. DTO MOXHO clielaTh ABYMs crnocodaMu. Bo-mepBbiX, MOXHO YIalUTh U3
CITMCKA OOBEKTHI, comep:Kalllie ONpeacAeHHBII OOBEKT, 3aJaHHBIN CCBITKON Ha
yaangemblid. [Ipu sToM peanusalusl METOJA OCTAeTCsl TOUHO TAKOH Xe, TOJIbKO
oTrepallnd CpaBHEHUA TIETBIX 3aMEHsIETCS olepaleil cpaBHeHUs yKasaTteneil. Bo-
BTOPBIX, MOXHO YIAJIUTh BCE OOBEKTbI, 3HAUEHME KOTOPbIX PABHO 33aJaHHOMY.
st cpaBHEHUSI 3HAYCHWH TIPEAYCMOTPEH METOH equals KJacca Object. DTOT
MeTO/, B 0a30BOM Cllyyae TAKXKe 3KBMBAJEHTEH CPABHEHUIO yKasaTeseil, HO MOXeT
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ObITb MepeolpeaeneH Alg Apyrux KiaccoB. Takum odpa3oM, BTOPOK MeTOH SIBJISI-
ercst 6oyiee OOIINM.

an/I BCTAaBKE JJIEMCHTOB IMO3UINIO IS BCTABKM MOXHO YKa3bIBATh CAMBIMU pa3-
HEIMU criocobamu. HambGomee pacrmpoCTpaHCHHBIMU ABIIAIOTCS CICAYIOIINEC:

O BcTaBka nepes yKasaHHbIM DJIEMEHTOM,
O BcTaBka mociie YKa3aHHOTO SJIEMEHTA,
O BcTaBKa B ynopﬂaoqeﬂﬂmﬁ CIIMCOK B COOTBETCTBUU C 3aJaHHBIM ITOPAIKOM.

nOpHI[OK Ha MHOXECTBe OOBEKTOB HEKOTOPOTO KJIacca CYUTACTCA 3adaHHbBIM, €C-
JIN TSl 3TAX OOBEKTOB OTIPEACICHBI OIepall CpaBHCHUS JJICMCHTOB. OOGBIYHO
U CPAaBHEHUS UCTIOJIB3YETCH METOH compareTo, OHpCI[CJTCHHBIﬁ B CTaHOApPTHOM
HHTGp@GﬁCG java.lang.Comparable.'TaKHM'O6paSONg BCTaBKa B YIIOPSIAOYCH-
HBIN CITUCOK OTIpeacicHa, €ClIn O6’I)CKTI)I, COJCpZKalIuecsd B 3TOM CITUCKE B Kaye-
CTBE 3JIEMEHTOB, OYIyT YAOBIETBOPSATH WHTepdelicy Comparable. Peammsanms
METOJIa BCTABKH OCTACTCA TPAKTUYECCKU Oe3 W3MEHEHWS, TOJIBKO BMECTO OIEpa-
O CpaBHCHUS YUCET (<) 6yI[CT HCTIOJIB30BAaTbCSd METOJ compareTo.

MoXHO cYMTaTh, YTO KJIACC ObjectList SBASETCA pealu3allleil ClIeayIolIero
MPOCTOro uHTepdeiica.

public interface IList {

int getCount () ; // 4YUCIO BJIEMEHTOB CIMCKAa

void addFirst (Object item) ; // mOBAaBUTL 3JIEMEHT B HAuaJlo CIMCKAa
void addLast (Object item); // mDOBaBUTH BIJIEMEHT B KOHEL, CINCKAa
Object removeFirst () ; // yIOamuTb TNEepBBII 3JIEMEHT

boolean remove (Object item); // YyOAanmUTh BJIEMEHTH, PAaBHBEE 3alaHHOMY

void insertBefore (Object item); // BCTABUTBL BJIEMEHT Mepel 3alaHHBM
void insertAfter (Object item); // BCTaBUTL BJIEMEHT [OCJE BaJAHHOTO
void insert (Comparable item); // BCTAQBUTBH 3JIEMEHT B YIOPSOOUSHHBIA

// CIOUCOK B COOTBETCTBMU C BaNaHHBEM [NOPSIKOM
Iterator iterator(); // BHEWHWUI UTepaTop CIUCKAa
void iterator (Visitor visitor); // BHYTpeHHWUI UTEepaTop CIMCKA

}

KoneuHo, ucnosnb3oBaHue METOAA BCTABKM B COOTBETCTBUM C IOPSIAKOM DJIeMEH-
TOB B CIMCKE OyIeT KOPPEKTHbIM, TOJbKO €CAH €ro 3JIeMEHTbl NeHCTBUTEIBHO
YIOPSIAOYEHbI. DTO, B YACTHOCTHU, O3HAYAET, YTO OMEepaldMd HAN CIIMCKOM HeJb3s
HCIMOJIb30BaTh B MPOU3BOJBHOM COUYETAHMU: CKAKEM, €CIH Bbl JOOABWIM DJIEMEHT
B KOHEIl CIIMCKA, TO HE CIeAyeT OXUAATh, YTO IOCJE ITOrO Olepalus insert Ka-
KUM-TO 00OpaszoM IpeoOpasyeT CIUMCOK B YIOpIAOuYeHHBIl. B manbHeiileM B
paszo. 3.3 OyayT NpuBeIeHbl ellle OAMH UHTepdeidc U peanusalus cnucka, bojee
MOAXOAMIINE A1 CIy4asl YIOPSIOUEHHBIX CIIUCKOB.
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Ewe omHo 3ameuaHue. Mbl He OyaeM UCIIOJb30BaTh "'CTaHIAPTHBIA" MHTepdeiic
java.util.List (M, COOTBETCTBEHHO, €0 peaju3aluK), IIOCKOAbKY Ha Halil
B3DJISA OTOT uHTepdelic 00ojblie IMOAXOAMT IS IpeacTaBieHus “"MaccHUBO-
noaoOHeIx" (MHIEKCUPYeMbIX) cTpykTyp. Hemapom ogHoil M3 peanusauuil yka-
3aHHOro uHTepdeiica B IaKeTe java.util SBIASETCI "TUOUYHBIA MacCUB" —
java.util.Vector.

1.3. [lepeBba

DreMeHTH MOTYT 00pa3oBLIBaTH U Ooyiee CIIOXKHYIO CTPYKTYPY, YeM JTMHEHHEBIH
crimcok. Yacro mawHBIe, TomIekamne obpaboTKe, oOpasyloT WepapXHIecKyio
CTPYKTYpPY, MOAOOHYI0 M300pakeHHOW Ha puc. 1.3, KoTopylo HE0o6XOINMO OTO-
6pasnTh B TaMATH KOMITHIOTEpa W, COOTBETCTBEHHO, OIMMCATh B CTPYKTYpax JaH-
HBIX. KaXXobiii aIeMeHT Takoi CTPYKTYPHI MOXKET COAepKaTh CCHUTKM Ha 3JIeMeH-
THl Gojiee HU3KOTO YPOBHS MEepapXNi, a MOXET OBITh, M Ha OOBEKT, HAXOMSIINTCS
Ha 6oJTee BEICOKOM YPOBHE MepapXum.

YpoBenb 1 °
Yposens 2 e ° °

s OO @ ®

Puc. 1.3. CtpykTypa nepesa

Ecnu aberparupoBaTbCsl OT KOHKPETHOIO COAEPXKAHUS OOBEKTOB, TO MHOAYIUTCS
MaTeMaTHUecKNi OOBEKT, HA3BIBACMBIN depecom (TOUHEe, KOPHEBBIM IEPEBOM).
Hanum onHO U3 onpeaeaeHUil KOPHEBOIO IepeBa.

KO])H@@bl.M 0epe60M Ha3bIBACTCA MHO2KECTBO 2JIEMEHTOB, B KOTOPOM BbIACJICH OIWUH
QJICMCHT, Ha3bIBAEMBIA KOpHem JEpEBA, a BCEC OCTATbLHLIC 3JIEMCHTLI p336I/ITI)I Ha
HECKOJIbKO HEIICPECCKAIOINUXCA IMOAMHOXKECTB, HAa3bIBACMbBIX IIOJJCPEBbAMU HC-
XOOHOTO IEpEeBA, KAXKIOC N3 KOTOPLIX, B CBOIO OUYEPEADb, €CTh AC€PEBO.

IMpu mpencraBleHNN B TaMATH KOMITBIOTEpa JIeMEHTHI iepeBa (Y3ITbI) CBSI3BIBAIOT
MeXIy co00i TaKuM 00pa3zoM, YTOOBI KaXIbli y3esl (KOTOPbIA COIJACHO ompene-
JIEHWIO 00S3aTeTbHO ABMSETCA KOpPHEM HEKOTOPOTO JiepeBa WM TOamepeBa) OBIT
CBs3aH ¢ KOpHSMM CBOMX HoanepeBbeB. HamGosee pacmpocTpaHEeHHBIMU CIIOCO-
GaMU TpeACTaBIeHNS IepeBa SBISIIOTCS clenyolne Tpyu (T WX KOMOWHAITAN).

IMpu mepBoM crocobe KakabIil y3em (KpoMe KOpHS) COMCPKUT yKasaTesb Ha TO-
POIWBIIIIL €ro y3eN, T. €. Ha BIEMEHT, HaXOAdMIniics Ha Oojee BHICOKOM YPOBHE
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uepapxuu. s KOpHs JepeBa COOTBETCTBYIOLIMI yKa3zareab OyaeT mycTbiM. [lpu
TaKOM CIIocO0e MpencTapaeHus, uMess MHOOPMALMIO O MECTOIONOXEHUHU HEeKO-
TOPOro y3Jia, MOXHO, [IPOC/IEKUBAsL yKa3aTe/ld, [IOIHUMAThCs HAa 6ojiee BBICOKUE
ypoBHU Mepapxuu. K coxaleHuio, 3TOT ¢crnocod IpeicTaBieHus] HEIPUrojieH, ec-
M TpebyeTcsi He TOJbKO "MOAHUMATHLCS BBepX' IO AepeBy, HO U "CIIyCKAThCA
BHM3", U HET BO3MOXHOCTU HE3aBUCHUMO I0JIy4aTh MHOOPMALIUIO O MECTOIOJIO-
JKEHUM Y3J0B gepeBa. TeM He MeHee, Takoe IIPEACTABJIEHUE IEPEeBa UHOINA UC-
[IOJIb3YETCS. B aIfOPUTMAX, L€ [IPOXOXICHUE Y3/I0B BCELAa OCYLIECTBISIETCS B BOC-
xomameM nopsake. IlpenMyluecTBoM Takoro crocoba MpeacTaBleHus Aepesa
SIBJISIETCSL TO, YTO B HEM MCIIOIb3YETCS MMHMMA/IbHOE KOJIMYECTBO [1AMATH, IIPUYEM
[IPAKTUYECKK BCst OHA 3(heKTUBHO UCIIO/b3YETCs ISl IPEACTABIECHUS CBSI3eH.

Bropoit crmocod tipeacTaBieHUsT TIPUMEHSTIOT, €CI KaXKIbIi y3elI AepeBa MMeeT He
Oosee nByX (B Oojee obleM ciydyae — He Oojiee K) mojjepeBbeB. Torma MoXHO
BKJTIOUMTH B MpEACTaBICHNE y3j1a yKa3aTeJIM Ha KOPHU TomaepeBreB. B aTom ciry-
yae JIepeBO Ha3bIBAIOT dgouyHbiM (OWHAPHBIM), a JIBa MOJUIepeBa KaXIOTo y3ja
Ha3BIBAIOT COOTBETCTBEHHO JICBHIM M IIPABLIM MOMISPEBhIMHU 3TOTO y3ia. Pasyme-
eTcsl, y3el MOXeT MMeThb TOJIbKO OJIHO — JIeBoe WJIM TIpaBoe — TMoAIepeBo (3Tu
JIBE CUTyalluM B OWHAPHBIX JEPEBbIX OOBIYHO CUMTAIOTCS] PA3TUYHBIMU) WU MO-
JKeT BOOOIIe He MMETh MOAIEpPeBLeB (M B 3TOM cjydyae y3el Ha3bIBaeTcsd KOHIIE-
BBIM Y3JIOM WJIW JIUCTOM jaepeBa). [Ipn 3ToMm crmocobe mpencTaBiIeHnsT JOCTATOTHO
AMETh CCHUIKY Ha KOpeHb JiepeBa, YTOOBI MMOJIYIUTE AOCTYIT K JII00OMY Y37y Aepe-
Ba, CITyCKasiCh IO YKa3aTelsIM, OJHAKO TaMSITh TIPU TAKOM cItocobe MpeicTaBiie-
HUS UCTIONIB3YETCS HE CTONb 3P PEKTUBHO.

OnucaHue Kjacca OMHAPHOIO OepeBa, COAEpXKAllero IPOM3BONbHBIE OOBEKTHI
Kjlacca Object B y3/1aX, MOXET BbIISAETb, KaK [PEACTaBICHO B juctuHre 1.5
(MeToabl He MOKA3aHBbI).

NuctuHr 1.5. OnpegeneHune knacca Tree

public class Tree ({
// OnpeperneHue kjacca ysja aepesa
public static class Node {
public Object item; // comepximoe y3ia
public Node left = null; // ykaszaresjb Ha JIeBOEe IMOININEPEeBO

public Node right = null; // ykazaresnb Ha IpaBoe IOLAEPEBO

// KOHCTPYKTOPHL y3Jia HepeBa:
// KOHCTPYKTOP JMCTa
public Node (Object item) {

this.item = item;
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// KOHCTPYKTOP MIPOMEXYTOUHOI'O y'3Ja

public Node (Object item, Node left, Node right) {
this.item = item;
this.left = left;
this.right = right;

Node root = null; // KOpeHb mepeBa

3nech KopeHb AepeBa IIPeACTABIEH CChUIKOH root HA JJIEMEHT Kiacca Node
(y3en), a KaxIblil y3e1, B CBOIO O4Yepelb CONEPXKUT ABE CChUIKM HA KOPHU JIEBOIO
U mpaBoro noaaepena (left M right COOTBETCTBEHHO).

Ecniu 6uHapHoe nepeBo uMmeeT N y3JI0B, TO TIPU TAKOM criocobe TipeacTaBIeHUs
BCeT/Ia OCTAIOTCS TYCTBIMU OoJiee TIOJNIOBUHBI yKa3aresael (TouHee, n3 2N ykaszare-
Jiei mycteiMu OynyT N+1 ykazarenb, qokaxkute 370!). TeM He MeHee, Takoe mpe-
CTaBJICHUE SIBISIETCS HACTONBKO YAOOHBIM, UTO MOTEPSIMU TAMSITH OOBIYHO Tpe-
HeOperaroT.

Tperuii crnoco® mpeacTaBaeHus COCTOUT B TOM, UTO B KaxXIOM DJEMEHTE colep-
JKaTcd ABa ykasarens, Mpu4yeM OIMH M3 HMUX CIYXKUT IJId IpeacTaBIeHMs CIIMCKA
MOAAePeBbEB, 4 BTOPOI I CBA3BIBAHUS DJIEMEHTOB B OTOT cnMCOK. PopMaabHO
OIMCcaHue Kjaacca IJI 9TOro MPeACTABICHUS MOXET ObITb TEM K€ CaMbIM, YTO U
Ui cayvas OMHAPHOIO AepeBa, HO CMBICA COAEPXKAIIMXCI B 3TOM ONUCAHUM YKa-
zareneit mensierca. Ilpu TpeTbeM crmocobe MpeacTaBieHus AepeBbeB YaACTO MC-
MOJIb3YeTCs I'eHealoruuecKas TepMUHOMOIMS: Y3/bl, COAepXKAaIlMecd B MOIEPEeBb-
SIX KaXIOro yajaa, Ha3blBalOTCA €r0 HOMOMKAMU, & KOPHU ITHX IIOAISPEBLEB,
pacIoyoXeHHbIE Ha OMHOM YPOBHE UepapXUM, HA3bIBAIOT Opamesmu. DTy TEPMU-
HOJIOI'MIO MOXHO OTPa3uTh B OMMCAHMHU Kiacca, U TOTAA MOdd left U right Oy-
JyT Ha3bIBaThCSl son U brother COOTBETCTBEHHO.

PexkypcuBHYyI0 TIpHpoay AepeBa, OTPAKEHHYIO B €ro OIpeleeHNH, MOXHO BBIpa-
3UTH Oojiee IBHO M B OMMCAHWM KiTacca, ecii B OMMCAHWHM CCBUTOK Ha TIoAmepe-
BbSI BMECTO KJTacca Node MCIONB30BATh OTMHMCATENh Tree. 1OTIA W MHOTHE OoTepa-
MW HaI JePEBOM MOTYT OBITH MTPOCTO BBIPAKEHBI B BUIEC PEKYPCUBHBIX (DYHKITNIA.
OmnpenennM, HaTIpUMep, METON JIJIST BEIYUCICHUS BBICOTHI OMHApHOTO mepeBa. Bbi-
comoii OMHAPHOTO JIepeBa HA30BEM MaKCHMATBHOE YHCIIO Y3JIOB, KOTOPOE MOXET
BCTPETUTHCSA Ha TIYTW M3 KOPHS JiepeBa B HEKOTOPBIN APYTOif y3em, TP YCIOBUN,
YTO 3TOT TMYTh MPOXOIUT TOIBKO TIO CBSI3aHHBIM MEXIy coOOi y3aaM W HHUKOTAa
He TIPOXOJINT IBAKILI Yepe3 OMWH W TOT 3Ke y3ell.
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Bynem mjist yno6GeTBa cuMTarh, YTO IIYCTOM yKa3aTe/lb IPEACTABISET BhIPOXICHHOE
"mycroe” JiepeBo, BhICOTA KOTOPOIO paBHA Hyn1o. B aToM ciyyae BbicoTa OuHAp-
HOIO IepeBa MOXeT ObITh BbIpaxXKeHa cjedyloileid ¢hopMyIl0i:

R ecnu ¢t = null;
max(Atjos; ), htpign; ), ecm @ # null,

h(1) =
€ f — UCXOIHOE JEPEBO, fjof U lyjgp; — JIEBOE M TIPABOE MONEPEBbA MCXOIHOTO
nepeBa; null — tyeroe nmepeBo. Torma ornpeneeHne Kiracca ¢ METOMOM height,
PEATN3YIONIINM BBIYKCIIEHWE BHICOTHI JEPEBA, MOXKET BLITISANETh, KaK IMPEACTABIIE-
HO B JuctuHre 1.6.

INuctuhr 1.6. PekypcuBHOe onpepeneHne aepesa

public class Tree {
private Object item;
private Tree left = null;

private Tree right = null;

public int height () {
int hl = (left == null ? 0 : left.height());
int hr = (right == null ? 0 : right.height());

return Math.max (hl, hr) + 1;

Tem He MCHEEC, B obmeM ciy4dac YI[O6H€€ TIOJIb30BATLCA pPaHEC TIPHUBCACHHDBIM
TIPCACTABICHUEM JEPEBA C ABHBIM BBIOACJICHUEM CTPYKTYPHI Y3Ja. Torz[a METOI IJid
BBIYUCJIICHHUA BBICOTHI JEPE€BA B KOHTEKCTE MPEACTABJICHHOTO B JIUCTUHTC 1.5 onm-
CaHU KJIacca 3artnuIeTcss HECKOJIbKO MHave:

public int height () { return height (root); }

private int height (Node n) {
if (n == null) {
return 0;
} else {
return Math.max (height (n.left), height(n.right)) + 1;
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3nech onmMcaHue MeTOHA BBIIOJHEHO C IIOMOILbI0 BCIIOMOTaTeIbHON PEKYpCHUB-
HOW (YHKIINH, apTYMEHTOM KOTOpOM SABIAeTCA yKasaTelb y3J1a TOTO TOmAepeBa,
BBICOTY KOTOPOTO TpeOyeTCs BbIUMCIUTS.

Huorga crpykrypa oOpabaThiBalolieil AepeBO PEKYPCUBHON (DYHKLUMM HE TakK
mpocta. PaccMoTpuM, HampuMmep, CleAyolIyo 3amady. I[1ycTh Hamo OMpeneinuThb
(byHKILIMIO, BBIYUCISIIOIIYIO YUCIO Y3/0B OMHAPHOIO IepeBa, PacONOXEHHBIX Ha
i-M ypOBHE TIpW 33aaHHOM 3HaueHun [ > (. 3aMeTHM, 4TO B IYCTOM JIEPEBE TAKAX
BEPLUKMH HET BOBCE, a4 B HEIYCTOM JepeBe TpebyemMoe KOJUYECTBO Y3/0B MOXHO
OTIPENICTUTDL PEKYPCUBHO: TIpU / = | CYIecTBYeT MWD OfHA BeplIMHA — KOPEHD
nepesa, a npu { > 1 4KCIIO y3/10B, PACIIONIOXEHHbIX HA i-M YPOBHE JepeBa, paBHO
CYMMe KOJTMYecTBa Y37I0B, PACITONOKEHHBIX B €0 TTOMAePeBhIX (JIEBOM M TIPABOM)
Ha (i — 1)-M ypoBHe.

Orcrofa cpasy xe cleilyer omnpeiaeieHue QyHKLUMU (CUMTAEM €ro TAKKe BbIIOJ-
HEHHBIM B KOHTEKCTe OIMMCAaHMS Kilacca Tree, MPUBEICHHOTO B JJUCTUHTE 1.5).

public int nodesOnLevel (int level) {

return nodesOnlLevel (root, level);

private int nodesOnLevel (Node n, int level) {
if (n == null) return O;
if (level == 1) return 1;
return nodesOnLevel (n.left, level-1) +
nodesOnLevel (n.right, level-1);

}

Tak xe, Kak 4 B cAyyae CIMCKOB, BaKHON MpobjeMoil sBnsgercs urepaiusa (06-
XoJ) AepeBa. Ecnu B ciiyyae clMCKOB OOBIYHO OOXOJ BBITIOMHSIETCSI B €CTECTBEH-
HOM Mopsake (0T Hayala CIKCKA K KOHILY), B KpaifHEM clly4ae, MOXKHO pacCMOT-
peTh enle oOXoJ BJIEMEHTOB CIMCKAa B TMPOTUBOIOJOXKHOM HaMpaBleHUU — OT
KOHIIA K Hayaiuy, TO B cjydyae JepeBa CyILIeCTBYET MHOIO IOPsIKOB 00X0ja €ro
y3J10B, OOJBIIMHCTBO U3 KOTOPBIX MMEET CBOE CaMOCTOSITENIbHOE 3HauYeHue W
NpUMEHSIETCA B pasauyuHbix anroputMmax. [loapobOhee ata mpobnema obOCyxaaercs
B pa3d. 2.3, a Takke B KHWTax [2, 5] v ap. 31mech A mpumepa MpUBEneM JUIIb
oouH crocod obxoaa aepeBa — JIEBOCTOPOHHMIA. s peanusanuu obdxoma ompe-
JenUM BHYTpeHHUI uteparop. Ilpu 1eBocTopoHHEM 00X0/e cHavyama MOJTHOCTHIO
00X0mUTCA JIeBOe MOAIEPEBO MCXOMHOIO AepeBa (TakXke B JIEBOCTOPOHHEM MOPAA-
Ke, pazyMeeTcsl, eciii 3TO JepeBO He MYCTO), 3aTeM TIPOXOAUTCS KOPeHb epena, a
3aTeM IpaBoe MOJAAEPEBO TAKXKe OOXOMUTCS B JIEBOCTOPOHHEM MOPSIKE.

Kak u B ciyyae ciuMckoB cHayaia HamuileM MHTepdeiic i onpeaeaeHus moce-
IIIEHWST Y3MTa IepeBna.
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public interface Visitor ({

void visit (Object item);
}
3ameTuM, 4To (haKTHIECKM ATO TOT K€ caMBIi WMHTepdeiic, KOTOPHIH UCIOIb30-
BaJIcs HaMU JUISl "TIOCEIIeHUs!” 2JIEMEHTOB CIMCKa B pasd. 1.2. Tenepb coOCTBEH-
HO orrepanus o0xona MOXeT ObITh omnpeAeieHa ¢ TIOMOIIBI0 PeKypCUBHOW (hyHK-
U, HAIIPUMeEp, CICAVIONINM 00pa3oM.
public void left2right (Visitor visitor) ({

left2right (root, visitor);

private void left2right (Node n, Visitor visitor) {
if (n != null) {
left2right (n.left, visitor);
visitor.visit (n.item);

left2right (n.right, visitor);

}

[pumenum, HanpuMmep, GYHKIINIO 00Xoda JepeBa ¢ MOMOIILIO BHYTPEHHEro UTe-
paropa A Hoacuera yuciia ero y3iaoB. B aToMm ciyyae apryMeHT visitor JOMXKEH
JIMIIb JO0ABIAITh €OUMHULY K OOLIEMY KOJMYECTBY YX€ COCUMTAHHBIX y310B. s
9TOro OoIlpeiaciuM IOMNOJHUTCIbHO KIACC Counter, peaﬂl/l?)YIOLLll/Iﬁ MHTep(beﬁc
Visitor.
public class Counter implements Visitor ({

int counter = 0;

public void visit (Object o) { counter++; }

public int getCounter() { return counter; }
}
Bor kak tenepb OyneT BHIIISLAETh MPOrpaMMa ISl 3a0aHHOIO [IepeBa tree.

public static void main (String[] args) {
Tree tree = new Tree();
/* Tme-1o 3mech popMmpyercsa mepeBo tree... */
Counter counter = new Counter();
tree.left2right (counter); // obxon mepeBa C IOCEMEHMEM BCEX €r'o y3JIOB

System.out.println ("Bcero y350B B mepeBe: " + counter.getCounter());
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Huoraa ucnonb3yloress U 6oJiee 3K30TUYECKUE CIIOCOOBL MPEeaCTaBISHUs [IepeBb-
eB. Hampumep, B HEKOTOPBHIX cyJYasgxX CBSI3W MEXIY Y3JaMH JepeBa MOKHO BOOO-
e He MPEICTABISITh ¢ IOMOIIBID yKasaTeneil, a "BbIUMCIITh", €CIU y3/bl JepeBa
00pasyloT PETYIISIPHYIO CTPYKTYPY, HE MEHSIOIIYIOCS WIM MEHSIOIIYIoCS O4YeHb
MaJio B IIpoliecce paboThl C AEPEBOM.

Paccmorpum mpumep. IlycTb y3apl OMHAPHOrO AepeBa IPOHYMEPOBAHbI, HAYMHAS
¢ KOpHS W Jajee BHU3 TT0 MepapXUIecKUM YPOBHSIM, KaK TTOKa3aHo Ha puc. 1.4.

Puc. 1.4. lepeBo c y3namMum, NpOHYMeEpPOBaHHbLIMMK MO YPOBHSAM CBEPXY BHU3

ITpu 3TOM Y37BI PACIIONOXKEHBI HACTOIBKO IUIOTHO, YTO MPEIKOM y371a ¢ HOMEPOM
i Bcerma SIBISEeTCS y3el ¢ HOMepoM i/2. B 3ToM cilyyae y3Jbl JepeBa MOXHO pac-
MMOJIOKWUTh B MAaccuBe, TTPUIEM MECTOIOJIOXEHNE KAKAOTO y3/1a Oymer 3aJaHo ero
MHAEKCOM B MACCHUBE, a MAKCHMAJIbHOE YUCIO Y3JI0B YKA3LIBAETCSl CPA3y XKe Ipu
co3mannu nepesa. [Ipencrapmenne Takoro AepeBa onmcado B uctuHre 1.7. depe-
BO, OIpe/ie]IeHHOEe B 3TOM JIUCTUHIE, 0ob1aJaeT cAeAyIoLUM CBOMCTBOM: KaXbIi
y3eql IepeBa COAEPXKWUT IIejIoe UYKNCIO, MEHbIee, YeM 3HA4YeHWS, XpaHsIiecs B
MoAAepeBbIX 5Toro yana. TakuMm obpa3oM, MUHUMAJIbHOE YMCIO BCErIa HAXOAMT-
csl B KOpHe JepeBa. Takoe aepeBo WHOTAA Ha3bIBaOT "nupamudoi”.

Kirace #eap ompenmensieT Takoe JepeBO BMECTE ¢ ofepareil insert TOOABICHUS
HOBOro 3HaueHus1 B depeBo. CHauaja HOBOe 3HaueHue [0OABISIETCS B KauecTBe
TTOCJIeTHETO y37la JepeBa, HO €CTM OHO OKAa3bIBAeTCS MEHbBIIe, YeM 3HAueHWS,
PacIoNOXEeHHbIE BbILIE I10 JAePEBY, TO OHO "BCILIBIBAECT  HaBEepX OO TeX MOp, [1OKa
He OKaXkeTcsl MUHUMATBLHBIM CpeIM BCEX Y3JI0B TTOIepeBa, B KOpHE KOTOPOTO 3TO
3HAYEHUE HAXOMUTCS.

B nporiecce paboThl onepamusl insert M KaKAOIO y3ia oIpeaeinseT HHIEKC ero
"ponuTens” M 3aTeM BBIACHSIET, HAAO JU TIPOIBHUTATh HOBOE 3HAUEHME TANBIIE TTO
HANpaBICHUIO K BepliuHe "nupamMuabl”. Jas cpaBHeHUs ABYX 3JIEMEHTOB Kjacca
Integer MCTONB3YETCSA OMEPANNS compareTo, ONMpeNeecHHAs IS TOOBIX 00heK-
TOB, KOTOPbIE MOXHO CPABHUBATh 110 BEJIMYUHE APYT ¢ aApyroM (TouHee, st 00b-
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€KTOB, KJacCc KOTOpBIX peaiudyeT WHTepdelic Comparable). BrlpaxeHue
objl.compareTo (obj2) 6yaet

O MeHBIIe HYIS, ecli 00BEKT objl "MeHbIIe" 00BheKTa obj2;
O paBHO HyIIO, €ClIM OOBEKThI PABHbI,
O Oomblre HYIS, eci OOBEKT objl "OoblIe" 00BEKTa obi2.

Pa3YMC€TCH,ﬂﬂH 00BEKTOB Kj1acca Integer PE3YJbTAT TAKOI'0 CpaBHCHMA COBIIA-
JaeT C PE3YJIbTATOM OOBIYHOIO CpaBHCHUA 3HAYEHUI.

INuctunr 1.7. NpeacrtaBneHue "nupamuasl™ B BUAE Maccuea

public class Heap {
int count = 0; // umcio y3JI0B IepeBa

Object [] items; // MaccusB, NOpPenCTaBIAOIMM Y3k OepeBa

// KOHCTPYKTOPp OMpaMuUAE BamgaHHOTO MAaKCHMAJILHOTO pasMepa
public Heap (int size) {

items = new Object[size];

// Onepauys BCTaBKM HOBOT'O BJIEMEHTA B UPAMAILY
public void insert (int n) throws NoMoreSpace {
// TlpoBepmM, €CThb JI elle MeCTO B MacCCHUBE
if (count >= items.length) {
throw new NoMoreSpace () ;
}
// Co3maeM HOBHIA BJIEMEHT
Integer newltem = new Integer(n);
int curIndex = count++; // MHOEKC TeKymel MOo3UUUY B NUpaMUIS
int parentIndex; // wmHpekc "pommurensa"
// luxn "BCOnelTua" SIIEeMEHTa
while (curIndex > 0 && newlItem.compareTo
(items[parent = curIndex / 2]) < 0) {
// COBUTa@eM 3JIEMEHT BHUS. . .
items[curIndex] = items|[parent];
// ¥ HnepexomuM K 3JIEMEHTY, JexalleMy BHIle B IMpaMuIe
curIndex = parent;

}

// TloMemaeM HOBBII 3JIEMEHT Ha CBOE MEeCTO
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items[curIndex] = newltem;

TToapobHee o MOCTpOeHNH U aHaN3e AepeBbEB Oy/IeT paccKasaHo B pa3d. 2.3 u 2.4.

1.4. MHOXecCTBa

Mrosxcecmeo — 3T0 cOCTaBHOM OOBEKT, KOTOPBIA TaK e, KAK U MacCUB, CONEPKUT
KOMIIOHEHThI OMHOIO U TOro Xe kinacca. OmIMuMe oT MacCHBA COCTOUT B TOM, YTO
Haa MHOXECTBOM OMpEAENIeHbl COBCEM IPYrue Oonepaluy, U 9TO ONpeeisaeT Cyllue-
CTBEHHYIO pa3HUIly B IIpeAcTaBleHMM oObekTa. B MaccuBe sieMeHThl ymopsmoue-
HbI, JOCTYIl K HUM OCYIIECTBISETCI IO MHIEKCY; COOCTBEHHO IOBOpPS, MHIEKCA-
LM — O9TO MPAKTUYECKW eIMHCTBeHHAd olepauus Haa MaccuBoM. HampoTus, B
MHOXECTBE MOPSAOK 2JIEMEHTOB HecyllecTBeH. OCHOBHASL OIEpalus — 3TO Ipo-
BepKka MPUHAMIEKHOCTU JIEeMEHTa MHOXecTBY. [lpyrue omepaiuu — 3T0 TeOPeTH-
KO-MHOKECTBEHHbIE ONepali OOBeAMHEHMSI U MepeceuyeHrss MHOXECTB, 100aBie-
HME DJEMEHTOB B MHOXECTBO, OIpeleleHHe 4Yucaa 3IeMEHTOB (MOLIHOCTb)
MHOXecTBa. KoHeuHo, M1 MaccuBa TOXE MOXHO ONPEeleNuTh IMOAOOHbIE OIepa-
LMK, APYTMMU CIOBAMM, MOXHO IPEICTABAATb MHOXECTBO MACCHBOM, OJHAKO, B
9TOM CIyyae TUIIMYHbIC ONepalMd Hal MHOXECTBAMM OydyT BbUIOIHATHCSA HENOIMyC-
TUMO fonro. Tak, HarpuMep, IpOBepKa MPUHALIEKHOCTU IEMEHTA MACCUBY OOBIYHO
peau3yercs ¢ IOMOILbIO IIPOCMOTpPA, BOOOLIEe TOBOPS, BCEX €r0 3J1EMEHTOB.

Db dekTuBHas peasusalus MHOXECTBA OObIYHO I0pa3yMeBaeT TakKoe ero mpei-
cTaBJieHUE, TIPU KOTOPOM 3JIEMEHTbl MHOXECTBA HE XpaHSITCS, BMECTO BTOTO Xpa-
HUTCS JMIIb MHGOPMALMA O TOM, CONEPXKUTCA JIM DIEMEHT B MHOXECTBE. DTO
BO3MOXHO B TOM cjyyae, eclii 3JIeMEHThl MHOXEeCTBa JIOCTaTOYHO TPOCTHI, a
MaKCMMATbHO BO3MOXHOE UYHUCIO DJAEMEHTOB MHOXECTBA HE CJIMIIKOM BEIMKO.
Torna MOXXHO KaXIblit 13 BO3MOXHBIX 3JIEMEHTOB MHOXECTBAa KOMUPOBATH OMHUM
OUTOM, HallpuMep, eAMHMIEH, ecld 2JEeMEHT IMPUCYTCTBYET B MHOXECTBE, U Hy-
JIeM, ecli 3JIeMEHT B MHOXecTBe oTcyTcTByeT. Hanbonee yacToie ciydau UCMONb-
30BaHMUSI MHOXKECTB — 3TO MHOXECTBO 1IeJIbIX YMCET M3 HEKOTOPOro AMAa3oHa U
MHOXEeCTBO CUMBOJIOB M3 HEKOTOpOro Habopa cuMBoNOB. B oboux ciayvasix st
MPEACTABIEHUSI MHOXECTBA MOXHO cHOPMUPOBATH OMTOBYIO IIKay, T. €. MOCTe-
JIOBATEJIbHOCTh IBOMYHBIX 3JIEMEHTOB, KAXBIN U3 KOTOPHIX OMpenesser, MpucyT-
CTBYET JU B MHOXKECTBE HEKOTOpBIA 2y1eMeHT. Takas OuToBad uikaaa Oyaer co-
JIEpKaTh CTONBKO OUTOB, CKOJNBKO D3JIEMEHTOB HaXOMWTCSI B  BHIOpaHHOM
JIMAIa30He BOZMOXHBIX 21eMEHTOB.

Hanpumep, ecnu B nporpamme HyXKHO pabOTaTh ¢ MHOXKECTBAMU LIEJIbIX YMCENI U3
nauarnaszoHa oT 0 mo 10, To MOXHO KaXaoe MHOXKECTBO MPeACTaBISITh HAOOPOM M3
11 6uroB (mpoHyMepoBaHHLIX uuciamu oT O go 10), npuueM ecaud OGUT COAEPKUT
eIVUHUILY, TO 3TO O3HAYAET, YTO €T0 HOMEP BXOMUT B MHOXECTBO B KayecTBe dJie-
MEHTa, & €C/AU HOJb, TO COOTBETCTBYIOLIUI DIEMEHT B MHOXECTBE OTCYTCTBYET.
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Takum obpazom, 6utosas 1mkana 00101100010 (6uTel cunTaroTcs TPOHYMEPOBAH-
HbeIMU noapan ot 0 mo 10) B 1aHHOM ciayyae mpeicTaBisieT MHOXECTBO DJIEMEHTOB
12, 4,5, 9]

Euie npumep. IlycTb Mbl XOTUM paboTaTh ¢ MHOXECTBAMU CTPOUYHbIX PYCCKUX OYKB.
IIpexne Bcero cieayeT 3aKOAMPOBATh BCE 3TU OYKBHI lieabiMu yuciaamu. Haubosee
9KOHOMHBIM CIIOCODOM KOIMPOBAaHUS OyAeT Takoii, Mpu KOTOpoM Bce 33 cuMBoia
nosyyaT koibsl u3 auanasoHa (0, 32). Hanpumep, B paciliupeHHO# KoaupoBke Win-
1251 kodbl pyccKHUX CTPOYHbIX OYKB pacmojoxkeHbl B auanazoHe or 1072 go 1105
(uckmouas koa 1104). Dror auama3zoH MOXHO JIerkKo npuBecTd K auanaszony (0, 32),
eClld BbIIOJIHUThL clieayloliee mnpeodpazosaHue: BbiuteM 1072 M3 Koma CUMBOJA;
eC/Id MOMYYUTCa yucao 33, To JOMOJHUTENbHO BhIYTEM eauHuily. [1pu Takom cro-
cobe KogupoBaHusl IacHble OYKBHI a, e, &, u, o, y, &, 5, 0, a1 OYAyT UMETb Koabl (,
5, 32, 8, 14, 19, 27, 29, 30, 31 coorBercrBeHHo. Toraa durosas Likana, IpeacTaB-
JISIIOLLASA MHOXECTBO BCEX IIIACHBIX OYKB, BBILISLAUT CASIYIOLIMM OOpPa3oM:

100001001000001000010000000101111

B a3pixe Java OuTOBas 1uKania MOXET ObITh MPEACTABICHA MACCUBOM OAMTOB, KaxX-
IbIA 3JEMEHT KOTOpPOro (0aiT) COOEPXKUT BOCEMb OMTOBLIX JIEMEHTOB ILKAIbl. bu-
Thbl YIO0OHO HYMEPOBATh LEIbIMUA YMCAAMU, HAUMHAY C HyJIs, IpUYeM OUT HOMED A
Oyner comepxarbcd B 0aiiTe ¢ MHAEKCOM #/8 (MMeeTcs B BUIAY ONEpalMs 1eJ0Ync-
JEHHOro nejleHMs ¢ oTOpachiBaHMeM ocTarka). Hampumep, mpuBeneHHas BbIIIE
LIKaja s OpeacTaBIeHMs MHOXECTBA IIACHBIX OyKB 3aiiMeT 5 OaiiToB (eciu Obl
OyKB Bcero ObUIO 32, TO yaaaoch Obl IOMECTUThCS B 4 OaiiTa). YUUTHIBASI, UTO OUTHI
B OaiiTe MpUHATO HyMEPOBATh CIIPABa HAAEBO (TO €CThb MPU M300paxeHuu OaiiTa ero
MIaaIue OUThl PACHOIATAIOT CIIPABA), MOKHO HAPUCOBATh Ty XK€ OUTOBYIO LIKATY B
BUJIE IIOCIEI0BATEIbBHOCTY OANTOB, IpeacTaBIeHHOM Ha puc. 1.5.

[olol[ofoolof] fo]jo]ololefo]] {fololo]folele] [1]1]1]alt]o]o]e] {ofololofofojol1]
76543210 76543210 76543210 76543210 76543210
GanTO Gaur 1 Ganit2 Gaur 3 Gaur 4

Puc. 1.5. butoBag wkana, npeacraBneHHaa nocneaoraTefbHOCTbIO 6aliToB

Huxe (muctunr 1.8) npuBomuTcs olpeaesieHue Kiacca Ajis OpeacTaBlieHus MHO-
JKecTBa MEJIBIX YKcell N3 3aJaHHOTO Juana3oHa. buToBas IIKajga B 3TOM peayn3a-
LMK IIPeICTaB/lieHa MAacCUBOM OAlTOB, a ollepaluu Haja OUMTaMM Peaaiu3yloTcs C
TTOMOIIBIO TTOOUTOBBIX omepanuii. Omnepanusi TOOUTOBOro ciiokeHust (|) B JaH-
HOM cJly4yae MpeacTaBisgeT Olepauuio 00beIUMHEHMS MHOXECTB, a ONepalusl MOo-
OUTOBOTO YMHOXEHMSI (&) — oOMepalu TnepecedyeHus] MHoxecTB. C MOMOIIIbIO
olnepauyii NOOMTOBOIO CABUIA IOJYYAIOT OANT C €AMHUIEN, PACIONOXEHHOH B
HY>XHOM paspsiie. Bor, HampuMmep, Kak B 3aJaHHBIN OaiiT bt MOXHO J00AaBUTH
eIMHUYHBIA OUT, 3alIMCAHHBIA B pa3psae HOMEp n:

bt |= (1 << n);
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BeipaxeHue mIs OPOBEPKM, COAEPKUT JU 3amaHHBIA GAUT eNMHUIy B paspsaiae
HOMEp n, OyIeT BBIVISAAETh CAENYIOLIUM 00pazoM:

(bt & (1 << n)) =0

AHAJTOTMYHBIM 00pa3oM OyayT HNpeAcTaBAeHbl U APYIrUe omepauud Haj OMTOBBIMU
LIKATAMU U OTAENbHBIMY OMTAMMU.

NuctuHr 1.8. OnpeneneHue knacca Set

public class Set {

int minElem; // MVHUMAJIBHEII BJIEMEHT OManasoHa
int maxElem; // MaKCUMAJIBHEDI SJIEMEHT IMallasoHa
byte[] elems; // éuroBasg mKasa

//

// KOHCTPYKTOP

//

public Set (int min, int max) {
// oBecneurm min < max
if (min > max) {
minElem = max;
maxElem = min;
} else {
minElem = min;
maxElem = max;
}
int num = maxElem - minElem + 1; // kommuuecTBO GUTOB
int numBytes = (num + 7) / 8; // xommuecTBO 6allTOB

elems = new byte[numBytes];

/7

// TlpoBepKa NPUHAIJIEXHOCTHM SJIEMEHTA MHOXECTBY

//
public boolean has (int n) throws IndexOutOfBoundsException ({

if (n > maxElem || n < minElem)
throw new IndexOutOfBoundsException (
"OnemeHT " + n + " jexuT 3a rpaHuuaMy OouanasoHa [ +

minElem + ", " 4+ maxElem + "]");
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int bit = n - minElem;

return (elems([bit / 8] & (1 << (bit % 8))) != 0;
}
//
// IoBaBileHMe 3BJIEMEHTA K MHOXECTBY
//

public Set disjunct (int n) throws IndexOutOfBoundsException {
if (n <= maxElem && n >= minElem) {
int bit = n - minElem;
elems[bit / 8] |= (1 << (bit % 8));
} else {
throw new IndexOutOfBoundsException (
"SnemeHT " + n + " jexuT 3a rpaHuuaMy OouanasoHa [+
minElem + ", " + maxElem + "]");
}

return this;

//

// IloGaBleHVE MHOXECTBA K MHOXECTBY

//
public Set disjunct (Set other) throws IndexOutOfBoundsException {

if (other.minElem != minElem || other.maxElem != maxElem) {

throw new IndexOutOfBoundsException ("HeconocraBuMele MHOXecTBa'") ;
}
for (int i = 0; 1 < elems.length; i++) {

elems[i] |= other.elems[i];

}

return this;

/7

// TlepeceueHne MHOXECTBA C MHOXECTBOM

//
public Set conjunct (Set other) throws IndexOutOfBoundsException {

if (other.minElem != minElem || other.maxElem != maxElem)

throw new IndexOutOfBoundsException ("HeconocraBmMele MHOXecCTBA") ;
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for (int i = 0; 1 < elems.length; i++) {
elems[i] &= other.elems[i];
}
return this;
}
//
// YDoaneHue 5BIIEeMEeHTa W3 MHOXECTBAa
//

public Set remove (int n) throws IndexOutOfBoundsException {

if (n <= maxElem && n >= minElem) {
int bit = n - minElem;
elems[bit / 8] &= ~(1 << (bit % 8));
} else {
throw new IndexOutOfBoundsException (
"OnemeHT " + n + " jexuT 3a IpaHMlAMM OuanaszoHa [ +
minElem + ", " 4+ maxElem + "]");
}

return this;

!/

// YoaneHue MHOXECTBa M3 MHOXECTBA

//
public Set remove (Set other) throws IndexOutOfBoundsException {

if (other.minElem != minElem || other.maxElem != maxElem) {
throw new IndexOutOfBoundsException ("HeconocraBuMele MHOXecTBa'") ;
}
for (int i = 0; 1 < elems.length; i++) {
elems[i] &= ~other.elems[i];
}

return this;

/7

// OOpameHre (HaxOXOeHWe OOMNOJIHEHUS) MHOXECTBa

!/
public Set inverse() {
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for (int i = 0; 1 < elems.length; i++) {
elems[i] = (byte)~elems([i];
}

return this;

/7

// CosmaHme KONUM MHOXECTBAa

//
public static Set copy(Set s) {

Set result = new Set (s.minElem, s.maxElem);

for (int i = 0; 1 < result.elems.length; 1i++) {
result.elems[i] = s.elems[i];

}

return result;

//
// OBbemMHeHuEe MHOXECTB

//
public static Set or(Set sl, Set s2)

throws IndexOutOfBoundsException {
if (sl.minElem != s2.minElem || sl.maxElem != s2.maxElem) {
throw new IndexOutOfBoundsException ("HeconocraBuMele MHOXecTBa") ;

}

return copy(sl).disjunct (s2);

//

// TlepeceueHne MHOXECTB

//
public static Set and(Set sl, Set s2)

throws IndexOutOfBoundsException {
if (sl.minElem != s2.minElem || sl.maxElem != s2.maxElem) {

throw new IndexOutOfBoundsException ("HeconocrasmMele MHOXecCTBA") ;
}

return copy(sl) .conjunct (s2);
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//
// PasHOCTL MHOXECTEB

//
public static Set diff (Set sl, Set s2)

throws IndexOutOfBoundsException {
if (sl.minElem != s2.minElem || sl.maxElem != s2.maxElem)

throw new IndexOutOfBoundsException ("HeconocraBmMele MHOXeCTBA") ;
}

return copy(sl).remove (s2);

//
// IloNOJIHEeHe MHOXeCTBa

//
public static Set not (Set s) {

return copy(s).inverse();

B npuBegeHHoM Kiacce ompeneieH HOCTATOYHO Oorarblil Habop omepaiuii Ham
MHOXeCTBaMU, OJTHAKO JIJIST TIPAKTUYEeCKUX 1eJieid MOXET MOHaToOuThesl ellle He-
CKOJIBKO PACIIMPUTh U MOAU(PULUUPOBATh TOT KIACC, HAIPUMEP, YTOOBL MOXHO
OblJT0 paboTaTh ¢ MHOXECTBAMM 3IEMEHTOB M3 pasHbIX Auarna3zoHoB. B mpuBeneH-
HOM BBIIIE KJIacce IPU MOIbITKE, HAMpUMep, OOBEIMHUTh MHOXECTBO YMCe,
nexaiumx B auamnazone (0, 255), ¢ MHoxkecTBoM uymcen M3 auamnazoHa (10, 25)
BO30YXIAeTcs MCKIIOUMTENbHASI CUTyalus IndexOutOfBoundsException, XOTH
MO CMBICJTY 3TO, KOHEYHO, COBEPIIIEHHO 3aKOHHAs omepalius.

Eme omHUM ymoOGHBIM JOTIONTHEHHEM MOT OBl OBITH HaGOp omepamuii s BhIAaun
BCEX 2JEMEHTOB MHOXECTBA, HAllpUMEpP, B BUAE MaccUBa WIM B BUAE UTepaTopa
5JIeMEHTOB. B pmanbHelfireM MBI 6yaeM MCHOBb30BATh TE OTMEPAlNU HAJ, MHOXECT-
BaMM, KaKue OKaxyTcsl Haubosiee MOAXONALIMMU B KOHKPETHOH cuUTyauuu, 0e3
JOTIOTHUTEILHOTO ONpPEcTIeHUS.

1.5. 'pachbi

B miporiiecce o6paboTKM JaHHBIX HA KOMITBIOTEPE YACTO TIPUXOAUTCS MOACTUPO-
BaTb OOBEKTHI CJIIOXHOI CTPYKTYPbl, COLEPXKALIUE B KAYECTBE COCTABHBIX 4acTei
(3MeMeHTOB) O0BEKTH OoJiee TTPOCTOH CTPYKTYphl. MHOT/IA Takol CIOXHBIA 00b-
€KT COCTOUT M3 HEKOTOPOI0 MHOXECTBA DJIEMEHTOB OAHOIO M TOTO XK€ TUIId, Me-
K1y KOTOPBIMH CYIIECTBYIOT OMpeAciieHHble ¢BsI3N (OTHOIIeHUs). B TexHuKe Ta-
Kue 0OBEKThl YACTO HA3BIBAIOT ceTsaAMU. [IpuBeaeM HeCKOIbKO IIPUMEPOB.
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Ilyctp MomenupyeMbIM OOBEKTOM SIBJSIETCS TPAHCIOPTHASL CETh AJISL IEPEeBO3KU
OIpeaeNeHHBIX TPy30B. DIeMEeHTaMKM (MJIM y3/1aMM) TaKOM CEeTH CIyXaT Hadyalb-
Hble, KOHEYHBIE M TPAH3UTHbIC IMYHKTHI MEPEeBO30K, & B KAUECTBE CBA3El MeXIy
MIYHKTAMU BBICTYIAIOT AOPOTU. Y3Jbl CETU MOIYT XapaKTepU30BaThCd UHIMBUIY-
AIbHBIM MMeHeM (Ha3BaHUeM), 00beMOM MPUHHUMAEMON MM MOCTABIAEMON MPo-
OyKiuu. Joporn MOIyT XapakTepHu30BaThCs IIMHOM, IPOMYCKHOM CIIOCODHOCTHIO,
KAueCTBOM ITOKPBITUS U T. [.

st pacueta XapaKTepUCTHK CETU KOMITBIOTEPOB CO3JAETCSI €€ MOMAETb. Y3aaMu
TAKON CETH CITY:KAT OTAEITBHBIE KOMITBIOTEPHI, CBSI3aHHEBIE MEXKIY coboll KaHagaMu
CBA3W. KaKAwlif y3eT MOXKET XapaKTepH30BaThCS WHTEHCUBHOCTBIO BBITAYM W
preMa coobIIeHN, 0O0beMOM TIpenocTaBasieMoil maMaT. KaHnam cBsI3W MoOXeT
XapaKTePU30BaThCd CKOPOCTBIO Tiepenaud WHGOPMAIIUK, KOJTWYECTBOM OTHOBpE-
MEHHO TepeIaBacMbIX COODIIEHWH U T. 1.

HporpaMMa UI'pbl B IaxXMaThbl I aHajlu3a IIO3ULIHMU CTPOUT CETb, COCTOALIYIO U3
HOBML[I/IEI, CBA3AHHbIX MEXIY co00ii BO3MOXHbBIMU XOIAMU COIICPpHUKOB. ¥Y3ibl
CETU MOIYT XapaKTEpU30BaATbCA YII’pOBOfI OLICHKOM O3 MU, a CBA3bIBAIOIINUE I10-
3ULHKU XOObl — JIOKAJIbHBIMU LICJIAMU, U T. I.

st MoeTupoBaHMsI ceTeil B MaTeMaTUKe ClIyXaT oObeKThl, Ha3bIBaeMble epaga-
mu. T'papom G HaswiBaeTcs mapa MHoxecTB (V, E), tne V' — koHeuyHoe MHOXecT-
BO DBJIEMEHTOB, Ha3bIBAeMBIX g@epuwiuHamu tpada, a E — KoHeyHoe MHOXECTBO
yIOpsiTOYeHHBIX TTap e = (A, B), Ha3bIBaeMbIX dyeamu, tine A, B — BeplINHbI.

I'oBopsT, 4TO Ayra e BHIXOOUT U3 BEPIUMHBL A U BXOAUT B BeplliuHy B. Bepiuunst A
1 B Ha3bIBAIOT MHLIMASHTHBIMU JIyTe e, a Iyry e — MHUWACHTHOI BepiuuHaM A u B.

B sTOM ompenmereHM MHOXECTBO BepIIWH J COOTBETCTBYeT MHOXECTBY Y3JIOB
MOIETNPYEeMOl CeTH, a MHOXECTBO JYT — CBSI3SIM MeXay yainamu. OmpenencHue,
JAHHOE BEITIIE, OTpaXaeT JWIIb CTPYKTYPY CETH, HO He XapaKTepUCTHUKU e¢ OT-
JeNMBHBIX Y3JI0B W cBA3eil. Eci Takue XapakTepuCTUKM Bee Ke CYIIeCTBEHHBI, TO
paccMaTpUBAOT HarpyKeHHBIE Tpadbl, B KOTOPBIX ¢ KaXIOW BEPIIMHON WIW Iy-
Toit (MOXeT OBITh, M C TeM, W C JIPYTUM) cBfA3aHA BETMYNHA MW HECKOJIBKO Be-
JWYNH, Ha3bIBaEMBIX Harpyskoil Ha rpad. PopManbHO TOBOpsI, HATpy3Ky rpada
OTIpeneNSIOT (PYHKITUN

fV—) W]I/Ig. E—> Wz,

rne W; u W, npencrapiasioT coboif MHOXecTBa 3HAUEHWN HArpy3ku BepIIUH U
Jayr Ttpada cooTBeTcTBeHHo. MHOTAA TipM aHaiu3e Tpada HeBaXKHO, Kakasi U3
BepiinH A u B B nyre e = (A, B) nepBas, a Kakas BTopas, T. €. apa (A4, B) He
yrnopsinoyeHa. B aTom ciiyuae nyry e HasbIBaloT peOpoM, a Bech rpad Ha3bIBAIOT
HEOPHUEHTUPOBAHHBIM B OTJWYME OT OPUEHTHUPOBAaHHOTO Tpada, 3am1aBacMoro mc-
XOmHBIM ompeneneHreM. MopMarbHO TOBOpSI, HEOPUEHTHPOBAHHBIM TpadoM Ha-
3BIBAIOT Takoil rpad, y KoToporo Hapsay c Joboit ayroit e; = (A, B) uMmeercs u
TTPOTUBOIIOJOXHAS Jyra e; = (B, A). Dta napa ayr u obpasyeT pedpo e = <A, B>
HEOpPNEHTUPOBAHHOTO Tpada.
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[Ipu noporpaMmMupoBaHUHK 33134 00PAOOTKU CETEBBIX CTPYKTYP TpedyeTcs pelluTh
BOIIPOC O MpeAcTaBieHUM Ipada CTPYKTypaMu JAHHBIX S3bIKa MPOrpaMMUpOBA-
Husg. Beibop mpencrapiaeHus rpada ompenensercsa Mpexae BCero TeM, Kakue ai-
FOPUTMBL 00pabOTKU rpadoB UCIIONB3YIOTCSA, & TAKXKE COOOPAKEHUIAMU DKOHOMUU
naMsTy Ipu o6paboTke o4eHb OOJbLIMX rPadoB WIKU B YCAOBUSIX KECTKOIO JM-
MUTA ITaMITH.

Huxe mpuBOIUTCST HECKOJBKO CIOCOOOB TpecTaBieHuUs TpacoB, MpuyeM s Ka-
KAOTO crocoda yKasaHo, /TSI KaKUX aJlTOPUTMOB OH TTOJIXO/INT, a TakkKe JaHa TIpH-
Omu3nTeNbHAs OlleHKa 3aHuMaeMou mamsiTu. Besme nmaiee cuuTaeTrcsl, 4To 4UCIO
BepiinH tpada N = card(V) n uucio nyr (uam pebep) rpadpa M = card(E) — Benu-
YUHBI TIOCTOSTHHEIE.

Crpykrypy rpada MOXHO OIMCaTh, COMOCTABMB KAXIOH BEpLIMHE MHOXECTBO
Jyr, BBIXOASIUUX M3 Hee, MpUUYeM Kaxaad Ayra, BBIXOIAILAS K3 BEPILUHBEL A,
UASHTUDULMPYETCS CBOUM KOHIIOM — HOMEPOM BEpIIMHBI, B KOTOPYIO 3Ta dyra
pxoaut. OnucaHHoe MpelcTaBieHue rpaca OydeM HasbiBaTh S-rpadom (oT
aHIJI. Sef — MHOXECTBO). byaeM cuMTaTh, YTO MHOXECTBO LIEJbIX YMCe] B AMana-
3oHe oT 0 mo N mpeacTtaBieHo oObeKTOM Kiacca Set u3 pasd. 1.4. Toraa S-rpag
MOXET OBbITh OMUCAH CJAEAYIOIIMM KiaccoM (JucTuHr 1.9).

INMuctuHr 1.9. OnpeaenexHune S-rpachba

public class SGraph {
Set[] graph;

public SGraph (int n) {
graph = new Set[n];

for (int 1 = 0; 1 < n; i++) {

graph[i] = new Set (0, n-1);

IMpunamiexxHocts nyru (A, B) rpady MoxXeT OBITh JErKo MpoBepeHa ¢ MOMOIIbIO
cJIeIyIoIEro METoA.

public boolean has (int a, int b) throws IndexOutOfBoundsException {
return graphla].has (b);
}

an/I 3a0JaHUU HEMPABUJIBHBIX HOMEPOB BEPIIWH HCKITIOYUTCIbHAA CUTYAUs
IndexOutOfBoundsException BO3HUKHET b0 M3-3a HEMPAaBUJIBHOTO MHACKCA B
MAacCHBE, b0 13-3a BOS6Y)KI[€HI/IH €€ MCTOIOM has KJIaccCa Set.
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Jlerko omucarb MeTOABL ISl A00ABIEHUS Wwin yagaJa€Hud Ayru Ipu TaKOM IpeEi-
CTaBJICHUN rpad)a, JOCTATOYHO JINIL JOOABUTH WU VOAITUTD OHpCI[CJTCHHBIﬁ QJIC-
MEHT B COOTBETCTBYIOLIEM MHOXKECTBE!

public void add (int u, int v) {
graph([u] .disjunct (v);

public void remove (int u, int v) {
graph[u] .remove (v) ;

}

Heckonbko cioxxHee pelnaeTcsl 3ajada TojacyeTa YWcia IyT, WHIIMACHTHBIX JaH-
Holi BepiKrHe. Ecau cuuTaTh, YTO KIACC Set CONEPXKMT METON card A1 MoAcYeTa
Yyrcaa 31eMeHTOB MHOXKeCTBA (MOIIHOCTh MHOXECTBA), TO YHCITIO BBIXOMSIINX U3
JAHHOH  BepLUMHbL Ayr JErKo IOAYYMTb C  IIOMOLIBIO  BBIPAXEHUS
graphla].card(), OTHAKO YNCTO BXONAIINX B BEPIIMHY IYT MOXET OBITH TTONY-
YeHO TOJIBKO IyTeM Iepebopa BcexX BeplLInMH rpada:

public int cardIn (int v) {
int s = 0;
for (int w = 0; w < graph.length; w++) {
if (has(w, v)) s++;
}

return s;

}

Eime oauH pacmpocTpaHeHHbIH crnoco® mpeacTaBieHus rpada — 3To IpeacTaB-
JIeHWe B BHUIE MATPUIIE CMEXHOCTH pasmepoM NxN. B aTolt Martpuiie B 3ieMeHTe
¢ uHgekcamu (i, j) 3anucbiBaeTcs MHGoOpMaLMs O Ayrax, BEOyLIMX U3 BepIUUHbL C
HOMEpOM i B BEpIIMHY ¢ HOMepoM j. B BaXHOM YacTHOM ciiyyae mpocToro rpada,
T. €. B KOTOPOM KaxXaas YHOpsIOueHHad Iapa BeplIMH coeduHeHa He boiee, 4YeM
OJTHOW JyTOW, W OTCYTCTBYIOT Nyru Buaa (A, A), 371eMeHTbl MaTpuIlbl MOTYT TIpH-
HUMAaTh 3HadeHus 0 uwiu 1 B 3aBUCHMOCTU OT TOIO, CYILECTBYET JIU COOTBETCT-
Bywo1Ias ayra. flcHo, 4To Takoe TpeJCTaBIeHUEe caMbiM TeCHBIM 0Opa3oM CBSI3aHO
¢ IpeACcTaBAeHUeM, OIIMCAHHBIM BhIIlIe B ONpeaeIeHuH KIacca SGraph.

[IpeacraBneHue B BUAe MaTpULIbl CMEXHOCTH OyaeM HasbiBaTh M-rpacdom. Ya00-
HO CBSI3bIBATH C MAaTPUIEH CMEXHOCTM WHGOPMAIMI0 O Harpy3ke Ha IyTu.
B sToMm cilyuae niemMeHTOM MaTpulbl OyaeT M0 3HaYeHUe HArpy3Ku Ha COOTBET-
CTBYIOIIYIO JIyTY, MO0 HEKOTOPOE CTAHAAPTHOE 3HAYEHUE, ToBopsiliee 00 OTCyT-
crBuu ayru. Ecnu, Hampumep, rpad MoaeaupyeT TPaHCIOPTHYIO Ce€Th, B KOTOPOI
Harpyska Ha Jyry TIpelCcTaBiseT paccTOSHUE MeXIy TYHKTaMU, COeTUHEHHBIMU
9TOIl myroii, TO MPU3HAKOM OTCYTCTBMS AYrM YAOOHO chenarh 3HauyeHue O wiu,
HaIlpoTHB, MaKCHMalbHO BO3MOXHOE IENOE€ (Integer.MAX VALUE), CMOTPS TO
TOMY, UTO OKaxercd Oojiee yIoOHBIM B MCIIOAb3yeMOM aaroputme. B obiiem Bu-
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Je, ecld TUI Harpy3ku IMpeacTaBieH 3HaueHUMsIMU kinacca W, To kimacc, mpem-
crapystiomuit M-rpacd, MoXeT ObITh OMMMCaH CAEAYIONINM 00pa3oM.

INMuctunr 1.10. Onpeagenenune M-rpacha

public class MGraph {
W graph[][];

public MGraph (int n) {
graph = new W[n] [n];

public void add (int u, int v) {
graph[u] [v] = 1;

public void remove (int u, int v) {

graph[u] [v] = 0;

IMockoabky mpeactaBieHue M-rpacda ouyeHb OJIU3KO K TIpeAcTaBieHU0 S-Tpada,
TO U olepauuu Han M-rpadoM BBIIOIHSIOTCH MPAKTUYECKU C TOH XKe CTeIEeHbIO
scdekTUBHOCTH, YTO U s S-Tpacda. YIoOHBIMU 1 3D heKTHBHO peau3yeMbIMU
onepausaMu Ham M-rpadoM SBISIOTCS ONEpaluy MPOBEPKU HAIMYMg OYTH U
3HAYEHMSI ee HArpy3KU, TOOaBIeHUS U yIATeHWS yT, U3MEHEeHWe Harpy3KH.

Menee 3dhdeKTUBHBIMI OmnepaliisMKu OyAyT omnepalii rnojcyera win nepedopa ayT,
MHIIMAEGHTHBIX 3aJaHHON BepliHe. Mexay TeM, BO MHOTUX aJrOPUTMAX MMEHHO 3TO
SIBIISIETCS] CAMOW YacTo MCToib3yeMoii oreparideii. CTpyKTypa rpaca MOXET MEHSIThCS
KpaiiHe peaKo, a BOT MCCIENoBaThCA 3Ta CTPYKTYpa OyaeT JoCTaToyHo 4acTo. B aTom
cyyae TpencTaBieHue Tpada B BUIE MATPUIILI CMEKHOCTU OyfieT HeyA0OHBIM.

Eme onHo coobpakenue. Ecau umcno BeplinH rpada BeauKko, TO MaTpula
CMEXHOCTH OyaeT 3aHMMAaTh JAOCTATOYHO MHOro Mecta. B To xe Bpems B rpade
KOJTMYECTBO YT Yallle BCETO CYIIECTBEHHO MeHBIIe Nx/V, TaK 4To GONBITHHCTBO
9JIEMEHTOB MATpPULIbl CMEXHOCTU OyayT ImycThiMU. B 2TOM ciiydae Oonee ynoOHbBIM
OyneT TipeAcTaBlIeHHE, B KOTOPOM C KaXKIO# BeplIMHON rpada cBg3bIBaeTCs CIH-
COK MCXOIAIUMX M3 Hee myr. Kaxnmasg myra MoxeT ObIThb NpeAcTaBieHa HOMEPOM
BEepIUIWHBI, B KOTOPYIO 3Ta JIyra BXOJAUT, a B cjiyyae HarpykeHHoro rpaca Moxer
TaKXKe coAepxXarb 3HaUYeHUe Harpy3Ku Ha Iyry.

CooTBeTcTBYIOLEe IIpeacTaBieHue OymeM HasbiBaTh L-rpadom (oT auri. list —
crrcok). B muermare 1.11 TipmBeaeHo BO3MOXHOE ONMHMCAHWE Kiacca UTS HeHa-
rpyxxeHHoro L-rpada.
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NuctuHr 1.11. OnpepeneHue L-rpacha

public class LGraph {
// Kyacc Arc HOpemcTaBisgeT OyTy, Bemyllylo B y3en end
static class Arc {
int end; // HOMep y3jia, B KOTOPHIA BXOOUT 3Ta IyTa
public Arc(int e) { end = e; }
}i

ObjectList[] graph; // MACCHMB CIOMUCKOB IyT'

public LGraph (int n) {
graph = new ObjectList[n];
for (int i = 0; 1 < graph.length; i++) {
graph[i] = new ObjectList();

B stom OMNpPEeACIIEHNU UCITOJb3YETCS KilacC ObjectList (CM. 3aMCUYaHnEC OTHOCH-
TEJbHO CIIMCKOB B KOHIE pa3zd. 1.2). byneM cuuTaTh, YTO 3JIEMEHTAMU ITOIO CIIM-
cKa 6YI[YT O0OBEKTH KJTacca Arc, OIPEIOCJIEHHOrO BBINIIEC BHYTPHU KJIaccCa LGraph.
Hanpumep, urodsl nob6aButh ayry (u, v) B rpad, Hago H0OaBUTb B CIIMCOK YT,
BBIXOASANINAX U3 BEPIITUHEL i, TYTY, BXOIAIIYIO B BEPUINHY V.
public void add (int u, int v) {

graph[u] .addLast (new Arc(v));
}
YI[EUTCHI/IC OYyTU MPpU TAKOM TIPEACTABICHUUN HE YIACTCSd PEAJIM30BATDh CTOJIb KE
npocto. i 3Toro Hamo MPOCMOTPETh COOTBETCTBYIOLIMMI CIMCOK, HAWTH B HEM
HYXKHYIO JIyTY W YIQIUTh €€ U3 clucKa. BrpoueM, eciu ompenenTh onepaluio
CpaBHCHUA AYI Ha PABEHCTBO (equals), TO MOXHO BOCIIOJIB30BATBCA €10 U [OJI1A
yIajgeHUs HYy>KHOW NyTH:
static class Arc {

int end; // HOMEp y3ja, B KOTOPEII BXOIUT 3Ta OyTa

public Arc(int e) { end = e; }

public boolean equals (Arc arc) {

return arc.end == this.end;

}i
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public void remove (int u, int v) {
graph[u] .remove (new Arc(v));

}

IlpeacrapneHue rpada B BUAE COBOKYMHOCTU CIIUCKOB YT CTAHOBUTCI HEya00-
HBIM B TeX clyyasix, KOrja HauboJjiee 4yacTo MCIMOIB3YIOTCS Olepaluu MpoBEPKU
HaIMYUSl Wi MoAMGpUKAIMU KOHKPETHOH Iyru, T. €. KaK pa3 Te olmepaluu, Ko-
Topble Hanbosee ahdekTUBHO peanusyroTest 11 S-rpacdos u M-rpados.

HNHuorna vcmoas3yoTes U Apyrue npeacrapieHus rpacdoB, HapuMep, IS cirydast
OYeHb paspekeHHbIX rpacoB, KOraa Ipu OOJBIIOM KojluuecTBe N BeplluH rpada
YUCIO OYT He TOJIBKO CYIIECTBEHHO MeHblne Nx/N, Ho m MeHbuie N. OgHuM u3
TaKUX IpeACTaBIeHUI sBIsieTcsl IMpeAcTaBleHue B BUAE CIUCKA IYr, KOraa Bce
oyru rpacda coOpaHBl B eAWHBINA CITHCOK, B KAXKIOM 3JIeMEHTE KOTOPOTO 3amucaHa
nHdopmMalusg o6 oboux KOHLAX AYTH, a TAKXKE, BO3MOXHO, O HATPy3Ke Ha AYrY.
JpyriM Bo3MOXHBIM TIpeicTaBAeHNEM rpada IBIsIeTcss MaTpHUIla MHIMACHTHOCTH,
coaepxamas N crpok u M cTonblioB, B KOTOPOM 2JIeMEHT ¢ uHaexcamu (i, j) pa-
BEeH eIWHUIIE, €CcliN i-S1 BepllInHA UHIMICHTHA j-My pebpy, U HYJII0 — B TPOTHUB-
HOM ciyyae. B mocienHemM mpumepe pedyb MIET O HEOPUEHTHPOBAHHOM Ipade,
MMOCKOJIBKY B OMHWCAHHOM IIPEACTABICHUN MATPUIIBl WHIIMICHTHOCTU HE coaep-
KUTCS MHGOPMALMKM O HAMPaBJIEHHOCTU AYTM, ONHAKO 3TO MpPeACTaBAeHUE JIETKO
MOIN(ULINPOBATE U IS cJTydasl OpHEeHTUPOBAHHOTO Tpada.

B 3axmtoueHue 3Toi TaBbl MpuBeAeM (PYHKIIMU Tpeodpa3oBaHusl, KOTOpbIE MOT-
Jii OBl MCIOJb30BATLCA M1 M3MEeHeHUs mpeacTapieHus rpada. Kaxmag uz stux
¢yHKIIMIt TpebyeT BpeMeHH, TIporopliiioHaibHoro NxN unu M. DTo o3Hayaer,
YTO €CJIM BpeMs paboThl HEKOTOPOro airopuTMa Ha rpade MMeEeT MOPSAOOK CIOXK-
HOCTH He MeHbITe Nx/N, TO CKOpOCTb €ro paboThl MPaKTUYeCKW He 3aBUCHT OT
criocoba mpeacrapieHusa rpacga, MOCKOJbKY BCeraa MOXHO Iepel HayaioM pabo-
THI BBHITIONIHUTH HYKHOE TpeobpasoBaHue Oe3 cylllecTBeHHOU motepn 3hdekTnB-
HOCTU OCHOBHOI'O &JITOPUTMA.

Kaxnag vz GyHKUMI cuuTaeTcs ONpedeNeHHOl BHYTPM TOIO Kiacca, KOTOpPHIil
TTpEeNICTaBISICT UCXOMHEIH Tpad, a s TTocTpoeHus Tpada B 1IEIeBOM MpPEACTaBIe-
HMU UCIOJIb3YIOTCA METOAbI 100aBAeHUs Iyr, ONpeAeieHHbIE B KIacce Pe3yibTh-

pyrolero rpada.

INMuctuHr 1.12. ®yHKuMM npeobpa3oBaHus NnpeacTaBnieHui rpacos

public class LGraph {
/%
OyHKLIMA CcTpouT S—-rpad IO 3amaHHOMYy 3HadeHuo L-rpada
*/
public SGraph toSGraph() {
SGraph g = new SGraph (graph.length) ;
for (int n = 0; n < graph.length; n++) {



naBa 1. Criocobbl npenctaBneHusi CTPYKTYp AaHHbIX

45

for (Iterator i = graph[n].iterator(); i.hasNext();
Arc nextArc = (Arc)i.next();

g.add (n, nextArc.end);

}

return g;

public class SGraph {
/*
OyHKLUMA CTpOoUT M-rpad NO 3amaHHOMy 3BHadeHMo S—-Tpada
*/
public MGraph toMGraph() {
MGraph g = new MGraph (graph.length) ;
for (int n = 0; n < graph.length; n++) {

for (Iterator i = graph[n].iterator(); i.hasNext();
g.add (n, ((Integer)i.next()).intValue());
}
}
return g;

public class MGraph {
/*
OyHkLMa cTpouT L-rpad no 3amaHHOMy 3HadeHuo M-rpada
*/
public LGraph toLGraph() {
LGraph g = new LGraph (graph.length);
for (int 1 = 0; 1 < graph.length; i++) {
for (int j = 0; J < graph.length; J++) {
if (graph[il[j] == 1)
g.add(i, 3);

}

return g;

)

)

{

{
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B oT00i raBe paccMaTpuBaeTCs HECKOIbKO BAXHBIX CTPYKTYP AAHHbBIX M ONEpaLuu
Hag HuMu. CHayaia BBOAATCS MOHSATUS CTeKA M OYepeAMd U MPUBOIITCS IMPUMEPH
paboThl ¢ HUMM. 3aTeM PAacCMATPUBAIOTCS CIOCOObI IIPOXOXKAEHUS NEPEBLEB.

2.1. A6cTpaKTHbIe TUMbI AaHHbIX

B mpenbimyiteit TomaBe MBI TOBOPWIHM O CITOCO6aX TIPEACTABICHHUS CTPYKTYP JaH-
HBIX. OMHAaKO He MeHee BAKHBIM SIBJISTETCST BOTIPOC O CIocobax MOCTyMma K 3Je-
MEHTaM 3THX CTpyKTyp. KoHeuHO, 9acTo MMEeHHO cTocob MpeAcTaBIeHUs OTpe-
JeNIeT MEeTOABl JOCTyNa K 3JeMEHTaM, HO WHOTAA MOXHO BBECTH METOIBI
JOCTYITa He3aBUCHMO OT TIPEACTABICHUS CTPYKTYPHI M pacCMaTpWBaTh pasTnIHBIC
CITOCOOBI peaTn3aITiy 3TUX METONOB IS PasTMIHBIX MPEICTaBICHU CTPYKTYPHI.
HeiicTBUTENNbHO, HAM HE TaK YK BaKHO, KaK TIPEICTaBICHBI, CKaKEM, BEIIeCT-
BEHHBIC YMCITa B TAMSITH B KOHKPETHOM pealn3alini A3bIKa Java, ogHako IS Hac
CYIIECTBEHHO, YTO Hal HUMHW MOXKHO BBITOJTHATHL apudMeTHIecKHe OTeparviu,
KOTOpBIe TIOMYMHSIOTCS OTIPeIcIEeHHBIM TOYHO 3aJaHHBIM 3akKoHaM. B sToM
CMEBICTTE OTIepaliil Haj BelleCTBEHHBIMY YHCIaMU He 3aBUCAT (HY, CKaXeM, IMod-
TH He 3aBUCSAT) OT KOHKPETHOTO TIPENCTABICHUS, XOTS, pasyMeeTcsI, peaTn3alins
STUX OTepaInii OyIeT NCTTONB30BaTh KOHKPETHOE TIPEICTABICHIE YHCE]T.

Koraga xorgar otaenutrh noHATHe 00 omepauusX OT KOHKPETHOIO IpeAcTaBIeHUs
TeX WM UHBIX JAHHBIX, TOBOPSIT, YTO 3a[JaeTCsA abCmpaKmuuiil mun OaHHsix. AGCT-
PaKTHBLA TUII JAHHBIX MOXHO 3a4aTh, €CJAM MEePEeYUCIUThb BCE ONepaluu, paspe-
LUEHHbIE HAj 3HAYEHUSIMU BTOrO TUIA, U ONPEISIUTh MPABUIA, KOTOPBIM IOJXK-
Hbl YIOBJIETBOPATh OTU olepauuy. YacTo Takue mpaBuiia 3aJalOTCS C OMOILbIO
CIIelMabHbIX YPABHEHUI WM aKCUOM, Mbl, OJHAKO, OyaeM OrpaHUYMBATHCS CIIO-
BECHBIM OMNMCAaHUEM IIPaBUII, KOTOPLIM JOJIKHbI YIOBIETBOPATh TAKUE ONEpaLiu.

B xauecTtBe mmpuMepa abCTpaKTHOTO THIA JAHHBIX pacCMOTPUM abCTPaKTHYIO CHC-
TeMY paclipefieJIeHns TaMaTH. Takast cucTeMa obamaeT onpeneIeHHBIM PecypcoM
OTepaTHBHON TaMsATH (ITyJIOM) W CIOCOOHA B TIpeAesiaX STOTO Myja BBIACTATDH
VYACTKW TIAMSATH JUTS WCTIONB30BAHMS B TIporpaMMe, a TIPW BO3BpaTe 3THX yJacT-
KOB TONTE30BaTeIeM CHOBA BO3BpalllaTh WX B Tyd. BymeMm cumrarh, 4To crcTeMa
pacTipeseleHrs TIaMsITH TIpeficTaBlieHa OOBeKTOM, HaJ KOTOPBIM pa3pelleHBl B
OCHOBHEIC OTIepallii — BBHIICICHNE YYacTKa TIaMATH W OCBOOOXICHWE yYacTKa
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namsaTtu. CMbICT nepBoﬁ orepaun COCTOUT B TOM, UTO CUCTEMA PACIPCIACICHUA
NaMsITH HAXOIUT CBOOOIHBII Y4aCTOK IIaMATH 3aJaHHOIo pasMepa U BblIACT €ro B
Buje Onoka namMsaTu. CMbICI BTOpOfI OII€palM 3aK/II0OYa€TCAd B TOM, YTO pPaHEE
BbLAEJIEHHBIN OJIOK MaMsITH BO3BpALLIAC€TCA B CUCTEMY.

Bynem cuutarh, 4TO BBIIENSEMbIe ONOKM TAMSTH — 3TO TMOCHeA0BATEIBHOCTH
0aliToB, MpeJCTaBIeHHBIE, B CBOIO ouepe/b, aOCTPaKTHBIM TUTIOM JAHHBIX Block.
Kaxnpiit 670K mMeeT omnpeAeJeHHYI JINHY (KoJudecTBO OaiToB B OJoKe), a
JIOCTYN K ©OaiiTaM Oyioka obecreuynBaeTcsl ¢ MOMOIIbBI0 OMepalnit elementAt W
setElementAt, KOTOPBIE MOTYT MPOYUTAThb WJIW 3amucaTh OailT B MPOU3BOJIBHOE
MecTO 3Toro OJIoKa.

Hrak, onpenenum cienyioiiie uHTepderchl 115 OMMCAHHBIX HAMU TUIIOB JAHHBIX.

INuctuxr 2.1. OnpeaeneHne nHTepdencoB ANnsi CUCTEMbI pacnpeaeneHus NnamaTm

public interface Storage {
Block getBlock (int size);
void putBlock (Block block) ;

public interface Block ({
int size();
byte elementAt (int index);

void setElementAt (int index, byte value);

O™ uHTepdeicH ompeneNdioT abcTpakTHBIe THITBI JAHHBIX Storage W Block.
PasymeeTcs, misg Toro 4ToOLI BOCTIONB30BATHECS CHCTEMOM pacTpeneTeHNs maMs-
TH, HEOOXOAMMO peaTn30BaTh 3TH WHTepdelchl, TPeacTaBUB KIIacCH, KOTOpHIe
comepXar Takylo peannsanuio. Peaamsarnu MoTyT OBITh pasTWYHBIMU, OITHAKO,
€CJIV B TIpOoTpaMMe MCTIONB3YIOTCS TOJNBKO OMepalliil W3 3amaHHoro mHTepdetica,
TO Takasi TIpoTpaMMa He 3aBHCHT OT KOHKPETHOMN peaTn3aini.

CylliecTByeT MHOXKECTBO PA3IMYHBIX METOMOB paclpeneieHus MaMsaTH, TaK 4TO
MOXHO MpPeIcTaBUTh cebe MHOXECTBO Pa3IMYHbIX peaau3aluidi OMMCAHHBIX MH-
TepdeiicoB. OMHO U3 CaMbIX JIYYLIMX OMMCAHUI Pa3IMYHBIX METOOOB pacIpele-
JIEHUS IaMSATU COAEPXKUTCS B KHUre [S]. Mbl He OyaeM MpUBOAUTH 3A€Ch HU OJHY
U3 peanu3aluii, TOCKOIbKY Maxe Haubojiee MPOCThie M3 ITUX METOIOB IOTpedy-
IOT 3HAYUTEIBHOTO MecTa A BOCIPOM3BENEHUS U MOACHEHU, HE OTHOCSIIMXCS
HanpsMylo K TeMe TaHHONH KHUIHU.

Hrak, 3amaB wHTepdechl CHCTEMBI pacTipeIeIeHNsT TaMsITH, MBI OTIPEACTNIN IBa
abCTPaKTHBIX THTIA TAHHBIX — THIT JAHHBIX Block W THIT JAHHBIX Storage. Te-
Tmepb TIpo JTIOOYI0 pealn3alliio STUX WHTepdeiicoB B BHIEC HEKOTOPHIX KJIAcCOB
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MOXHO CKa3aTb, YTO OTO KOHKPETHAas peaiu3auusl aOCTPaKTHBIX TUIIOB JAHHBIX,
T. €. KOHKPETHBIA Tull (MM, €CIM MOPUAEPXKUBATHCS TepMUHOIOrUM Java, —
KJ1acc) JAHHBIX.

B sa3pike Java cyirectByeT elle OIWH CITOCOO BBEIPAKEHUS TTOHATHS abCTPaKTHOTO
THTIA JAHHBIX — oOfpeneneHne abcTpakTHOTO Kimacca. B ocHoBHOM aGCTpaKTHBIMH
KJTacc HYXXeH, KOrla XOTIT 3aiaTh He TOJBKO HOMEHKIATYpy METOAOB, HO W Yac-
TUYHO OTIPENCSUTh peaTnu3annio HeKOTOPBIX M3 HUX. Jmsa Hac ceifyac pasinane
MeXIy WHTepdeiicoM 1 abcTpaKTHBIM KITACCOM HECYIIECTBEHHO.

Yaie Bcero ¢ MOMOIIbIO OlpeaeieHuil MHTepdeiicoB U aOCTPAKTHBIX KJIACCOB
JOeCTBUTENbHO BBIPAXKAIOT IOHATHE aOCTPAKTHOIO TUIla daHHbIX. Hampuwmep,
CTAHAAPTHBIA MHTEpGENC java.util.Set OE3yCIOBHO BBIpaKaeT OOIIYI0 HIEIO
a0CTPAKTHBIX MHOXECTB ¢ OOBIYHBIMU A1 MHOXECTB ONepalMIMU IPOBEPKHU
NPUHALIEKHOCTH 2AeMEeHTa MHOXECTBY, OObeNMHEHHUs, IepeceyeHms, Pa3HOCTU
u ap. Takum obpa3zoM, MOXHO €KazaThb, YTO MHTepdeic java.util.Set Iped-
craBisieT coboil abCTpakTHBIA THUI [JaHHbIX "MHOXECTBO", M €ro peaaiusaluu
(cTraHgapTHbIE WIM HAaMUCAHHbIE UISI KOHKPETHOH IPOIrpaMMbl) SBASIOTCS pas-
JIMYHBIMU KOHKPETHBIMU peanr3alusgMud MHoxecTB. Ha camoM nene yacto Kiac-
Chl, peaIU3YIOlIe HEKOTOPbId MHTepdeiic, BHOCAT MOMOJHMUTEIbHbBIE METOMbI,
TaK 4TO TAKME KJIACChI YK€ He MOIYT CUMTATbC peaau3allieil UMEHHO 3Toro ab-
CTPAaKTHOIO THUIIa JaHHbIX. B aTOM ciyuyae, ckopee, Hy:KHO FOBOPUTb O peaau3a-
LMY HEKOTOPOIro TUIA AAHHBIX, COBMECTMMOIO C MCXOAHBIM a0CTPAKTHBIM TUIIOM.

MHorpa ompeneneHue wHTepdelica 3agaeT AUIIL HEKOTOPBIM Habop omepaliuii,
KOTOPBIM JIOJKHBI YAOBIETBOPATH pealusalii 3Toro nHTepdeiica, Ho ¢ Jorude-
CKOI TOUKU 3pEHUS] 3THU ollepallid He o0pa3yloT CHUCTEMY METOIOB, 3aJAl0IILyI0
abCcTpakTHBIN ~ TWUM  JaHHBIX.  Hampumep, — craHmapTHBI — wHTepdelic
java.util.Iterator, KOTOPBIH MBI aKTUBHO WCIIONB3OBATU JUISI pealu3aiun
BHEITHUX WTEPATOpOB, TPYAHO paccMaTpuBaTh Kak ofmpeaeieHue abcTpakTHOTO
TUTIA JaHHBIX. JleWcTBUTENbHO, Ta TpoWKa METOJ0B — hasNext, next W
remove, — KOTOpasi W COCTABISIET A3TOT UHTepdelic, He obpasyeT cUcTeMbl METO-
JIOB, OTIPENeSIONINX CIocoObl paboThl ¢ obbekTamu. Ckopee WHTepdelic 3aaaer
Ty ODIIYIO YacTh BCEX PealU3yIOIINX JAaHHBIH WHTepdeiic KiaccoB, KOTopas OTBe-
YyaeT 3a NepeyrcyieHnue 3JIEeMEHTOB HEKOTOPOH CTPYKTYPHI.

Takum 006pa3oM, Mbl HM B KOEM CIydyae He XOTUM IIOCTABUTb 3HAK PABEHCTBA Me-
KOy TOHATUAMU abCTPakTHOIO TUIIA JAHHBIX U MHTepdeiicamu g3bika Java. Ho
MOXHO CKa3aTh, YTO aOCTPAaKTHBIE TUIIBI JAHHBIX Yallle BCEIO BLIPAXKEHBI B SA3BIKE
Java ¢ moMouibio HHTEPPEHCcoB.

Ecmm B mporpaMMe MOXHO MCTIONB30BaTh KaK abCTpakTHBIE TUIHI JAHHBIX, TaK 1
KOHKpPETHBIE peaTn3allii, TO TIPEATIoYTeHHWEe CIIenyeT OTIaBaTh HWCITOMBb30BAHIIO
abCTpaKTHBEIX THUTIOB. ECIM MeToIBI HEKOTOPOTO KiTacca MCIONB3YIOT TOTBKO abCeT-
PaKTHBIM WHTepdelic ¢ oObeKTaMy IPYTUX KIaccoB, TO pean3allds TaKoro Kiacca
CTaHOBUTCS OoJiee 0OIIelt 1 HE3aBUCUMOM OT peaTn3altiii IPYTUX KIaccoB.
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[lycTb, HanpuMep, B IporpaMMe ydyera TOBapOB Ha cKiIage o0pabarhIBAIOTCS pa3IMY-
Hble MHOXECTBa TOBAPOB, MPUYEM MCIONB3YETCS OONBIIMHCTBO WIK JAXKe BCe omepa-
LIMM C MHOXECTBAMH, OIpeneneHHble B MHTepdeiice set. IlycTh KiIace SetOfGoods
peanusyeT B Imporpamme paboTy ¢ MHOXECTBAMM TOBapoB. Torda jyuilie BCEro, eciau
KJIAcC SetOfGoods OyIET olpeaeeH Kak peanusalus uHrepdeiica set.

class SetOfGoods implements java.util.Set { ... }

Hanee, Besde, TAe MOXHO, CcleyeT WCIOAb30BaTh He oIfucarelb Kiacca
SetOfGoods, a onucareidb UHTepdeiica set. Hanmpumep, ecin HekoTopast (pyHK-
IMST TIOJTy4aeT MHOXECTBO TOBapOB B KauecTBE apTyMEHTa U B Tpoliecce o0pabdoT-
KW WCTIONB3YeT TOJBKO ofepaliui nHTepdelica Set, ToO ee apryMeHT cliefyeT ONn-
ChIBaTh HE KaK apTyMeHT KJjlacca SetOfGoods, a KaK apTyMeHT ¢ WHTepdeiicom
set. KoHeuHo, ¢ TOYKHN 3peHUsT UCTIOJHEHUS TporpaMMbl, 3HheKTUBHOCTU pea-
JIU3aIUU U TaK Jajee coBepllieHHO 0e3pa3iuyHo, KaK BBITISAUT (DYHKINUS — TaK:

void printGoods (SetOfGoods set) {
for (Iterator i1 = set.iterator(); i.hasNext();) {

System.out.println (i.next());

}
WK TaK:

void printGoods (Set set) {
for (Iterator i = set.iterator(); i.hasNext();) {

System.out.println(i.next());

}

TTOCKOJTBKY B JTIOOOM CITydae MCTIONB3YeTCsS OMHA W Ta 3Ke oTepalis Haa apryMeH-
TOM — BBI3OB BHEIIHEIO MTEPATOpa set.iterator (), HO B JAJbHEHIIeM BTOpas
peam3anms gaet 6oree MIMPOKNE BO3IMOXKHOCTH TS MOACpHM3ANHN. Bo-TIepBEIX,
(GYHKIUA printGoods OKa3bIBaeTCsl NMPUMEHUMOMN M JI0ObIX MHOXECTB, JIMIIb
OBl TOJTBKO BIEMEHTBI ATHX MHOXECTB 0OeCTIeYMBaI pasyMHBIN crmocod BHEITHe-
ro IpeacTaBieHusa B BUIe CTPOKU. Bo-BTOpbIX, HUKAKKE M3MEHEHUS B Ollpenese-
HUM Kjacca SetOfGoods, MaXe W3MEHEHNEe Ha3BaHWST Kjacca, He 3aTparnBaroT
peanuzauun QYHKIMU printGoods, MOKA KIACC SetOfGoods ODECHEUMBAET CO-
BMECTUMOCTH ¢ aGCTPAaKTHEIM THTIOM Set.

2.2. CTekun n ouepeam

HOKEDKCM, KaxK IMpUHIMIT a6CTpaKTHbIX TUIIOB JAHHBIX NPUMEHACTCA IJI4 OIlucCa-
HHUSA TaKUX BaAXHBIX UIST TIpOTrpaMMUPOBaHUSA HOHHTHﬁ, Kak CTCKN W Oo4Ucpeaun.
B cootrBercTBUM C 3TUM HIPUHLIMUIIOM 6yz[eM BBOIUTb HOBbIC TUIIbI OJAHHbIX, IICPEC-
YUCITASd W OMUCBIBAsA HE CTOJBKO CTPYKTYPY O6B€KTOB,CKOHBKO oTicpaur Hal
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HUMU. PasymeeTcsd, B KOHKPETHBIX MPUIOXKEHMIAX OymeT HeoOXOmMMO Mpeaio-
SKUTh KaKyI0-TN00 KOHKPETHYIO CTPYKTYPY OOBeKTOB. MBI TOXe TIPEIIIOKUM He-
CKOJIBKO CIIOCOO0B peanu3allMd CTEKOB M ouepelei, BIPOUEM, pasyMeeTcsd, He
WMCUEPITBIBAIOIINX BECh CITEKTP BO3MOXHBIX peanusannii. TeM He MeHee, HE3aBH-
CHMO OT cliocoba MpeacTaBlIeHus], COCTaB Olepaluii U CI1ocoObl UX BbI30BA OCTA-
HyTCS TPAKTHYECKW HEM3MEHHBIMH, YTO W OTpenensieT TOT (GakKT, YTO MBI MMeeM
JeJI0 C OTHUM U TeM K€ TUIIOM JAHHBIX.

Cmexom HA30BEM I0OCIIEA0BATEIbHOCTh 3J1EMEHTOB OIHOIO U TOrO XK€ TUIA, K KO-
TOPOii MOXHO 100aB/ISITh HOBbIE 3J1EMEHThL U yOUpaTh 2JEMEHThI U3 3TOI IOC/e-
JOBAaTeJbHOCTH, IIpUYEM KakK 100aBjieHME HOBBIX 3JIEMEHTOB, TaK M YyIaJleHUE
CTapbiX IPOU3BOAUTCS C OMHOLO M TOLO X€ KOHLA 3TOH IOC/IeHOBATEIILHOCTH,
Ha3bIBAEMOIO BepLUMHOM cTeka. MHaue ropops, pu yaajleHUU 3J1eMEHTa Yaaisi-
€TCsl BCEra TOT 2JEMEHT, KOTOPbLA ObUL MOCIEIHUM 100aB/IeH B CTEK, TAKUM 00-
paszoM, 3JIEMEHTHL YIAAISIOTCS B IOPsAKe, OOpPaTHOM IOPSIKY H00aBAeHUsl 2Je-
MeHTOB (puc. 2.1 u 2.2).

BepwwunHa BepLuvHa

Puc. 2.1. Jo6aBneHne anemeHTa B CTEK

BepLunHa BepwuvHa

Puc. 2.2. YpaneHue anemeHTa U3 cteka

Paznuualor oepanuvennvie u HeoepanuyenHovie CTEKU. B 1epBOM Cllyyae KOJMUYECTBO
3JIEMEHTOB CTEKA OrpaHUUYMBAETCH HEKOTOPbIM uuciioM. Ilpu mombiTke 100aBUTH
5JIEMEHT B OrPAHMUYEHHBIN CTEK, COLEPKALUUA MAKCUMAJIBHOE KOJIUYECTBO DJIE-
MEHTOB, BO3HUKAET UCKIIOUUTENbHASA cuTyauusi. OOBIYHO B TAKOM CJ1yvyae B [Po-
rpaMMe MOXHO OIPEIeNUTh IPOrPpaMMHYIO peakliil0 Ha BO3HUMKHOBEHME Takoi
curyauuud. Bo BTOpoMm ciyyae pasMep cTeKa OrpaHHMY€H TOJIbKO HAJIUYUEM J0OC-
TYIIHOM IaMSITH.

3aganum Habop omepaluii, XapakTepu3ylIIux CTeK KaK aOCTpakTHBIH THUM JaH-
HBIX, B BUJie¢ MHTep(deiica (TUCTUHT 2.2).
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NucTtuHr 2.2. OnpegeneHue uHTepderica Anga creka

public interface IStack {
// IoBaBileHre HOBOI'O SJIEMEHTA B CTEK
// B cilyyae OIPAHMUEHHOT'O CTEeKa MOXEeT BOBHUKHYTH CUTYaLs
// "nepenosnHeuna" crexka — StackOverflow

void push (Object e) throws StackOverflow;

// YImajneHue BepXHETO B3JIEMEHTa U3 CTEeKa;
// eciu cTek mycT, TO Bo3OyxmaeTcsa curyaums StackUnderflow

Object pop () throws StackUnderflow;

// OyHKUMSA, BO3BPANAKIAS 3HAYEHME BEPXHErO BSJIEMEeHTA U3 CTeKa
// 6e3 ero ymajeHus C BEepUMHE CTEKA;
// ecim crTek mycT, TO BOsOyxmaeTca curyaumsa StackUnderflow

Object peek () throws StackUnderflow;

// OyHKLUMS yOAJEHUS U3 CTeKa BCEeX 3JIEMEHTOB

void makeEmpty () ;

// OYHKLMS NPOBEPKM [IyCTOTH CTEKa

boolean empty () ;

Kaxnasa peanuzaiusa atoro uHrepdeiica gomkHa Oyaer obecrneyuBaTh BbUIOJHE-
HMe BceX 0A30BBIX OMepaluil Hal CTEKOM, KPOME TOro, pasyMeeTcs, s Kaxkmoi
KOHKPETHOI pealr3aluy cTeKa OyaeT HeoOXonUMO ONpeaeauTh KOHCTPYKTOP.

OI[Ha N3 CaMbIX ITPOCTBIX peamxlsaum‘/’l CTEKa IIpEIACTaBJI€HA B JIUCTUHTE 2.3 — o310
OZPQHLllleHHblﬁ cmekx, peaHI/ISOBaHHbIﬁ B BNIE€ MACCHUBA 3JICMCHTOB, ITPUYEM pa3MEp
9TOro MaccuBa OTIPEACITICT MAKCHUMAJIBbHOE YHCIO 3JIEMEHTOB B CTCKC.AKpOMe
MaccuBa Tp€6y€TCH CIHIC YKAa3aTeJIb MOJIOXKEHNS BEPXHETO 2JIEMEHTA B OTOM Mac-
cuBe. Poip Takoro yKasaTtejss MOXKET UTpaTb LEJI0€ YHUCIO — YHCIIO BJIEMCHTOB,
XpaHAIINXCS B CTEKE.

INMuctuar 2.3. OnpeaeneHne orpaHUYEHHOrO CTeKa

public class BoundStack implements IStack {
private Object|[] stackBody; // MACCUB S3JIEMEHTOB

private int nElem; // KOIMYEeCTBO BIJIEMEHTOB
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public BoundStack (int n) throws StackUnderflow {
// KOmM4yecTBO BJIEMEHTOB NOJDKHO OBITH I1OJIOXATEJIbHBM
if (n <= 0) throw new StackUnderflow/() ;
// Pes3epBupyeM NaMAaTb [IOI MaKCUMAJIbHOE UUCJIO 2JIEMEHTOB
stackBody = new Object[n];
// Tlpy co3maHMyM CTEKA DJIEMEHTOB eme HeT

nElem = 0;

public void push (Object e) throws StackOverflow {
// TlpoBepka Ha [epelojiHeHVe CcTeka
if (nElem == stackBody.length) throw new StackOverflow();
// HOBEII SJIEMEHT BCTaBIISETCS B CTEK

stackBody [nElem++] = e;

public Object pop () throws StackUnderflow {
// TpoBepKa Ha MyCTOTy CTeKa
if (nElem == 0) throw new StackUnderflow() ;
// OUBUYECKM BEPXHMI BJIEMEHT OCTaeTCsa B MAaCCHUBE,
// HO KOIMYECTBO SJIEMEHTOB yMEHbIAETCSH

return stackBody[--nElem];

public Object peek () throws StackUnderflow ({
// TlpoBepka Ha IyCTOTY CTEKa
if (nElem == 0) throw new StackUnderflow();
// BepxHMI 3JIEMEHT BO3BpallaeTCs B KaueCTBe pesyJibTaTa

return stackBody[nElem - 1];

public void makeEmpty () {
// OM3UUECKM BSJIEMEHTH M3 MACCUBA He yOMpawnTCcs,
// HO KOJIUYECTBO BJIEMEHTOB COpPACEBAETCS B HOJIb

nkElem = 0;

public boolean empty () {

// TlpoBepseTCcs TOJBbKO KOJMUECTBO BJIEMEHTOB
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return nElem == 0;

B saape sa3bika Java  uMeeTcsl  ompeneieHHMe — CTAHAAPTHOro  Kjacca
java.util.Stack, KOTOPbIA COOEPKUT BCE OIEPALIMU, OIpeleJeHHble HAaMU B
uHTepdeiice ISstack. OOHAKO B SI3bIKE KIACC Stack HAcJeAyeT Kiaccy Vector,
T. €. 11 HEro JOIyCTMMbl HE TOJAbKO CTEKOBbIC OIlepalldu, HO U ONEepaLlMu HAal
BekTOpoM. C IpakTUYECKOH TOUKU 3PEHUS 3TO YIOOHO, HO IOHSTUE CTEeKa B Ta-
KOM ciydae pasmbiBaercs. IlporpaMMucT, MCHONbL3YIOLIUNA TAKOH CTEK, ¢ 0OJb-
LIOKM CTENEHbIO BEPOSTHOCTH HE CMOXKET YIOEPXKATbCSI B PaMKax YMCTO CTEKOBBIX
olepauuii, a 3T0 B KOHEYHOM CUETe IPUBEIET K TOMY, YTO CTeK OyIeT MCII0JIb30-
BaThCsl He KaK aOCTPaKTHAsl CTPYKTypa, HO KaK HabOp AOMOJHUTENbHBIX OIlepa-
LIMA Hall BEKTOPOM.

KoneuyHo, Ha TIpakTHUKe OMHUCAHHEBIN WHTepdeiic cTeka MOXeT paclIupsThes, B
TOM YHCJIe W 32 CUET oTepalnii MocTyma K 3JIeMEHTaM, OTIIMYHBIM OT BEPXHETO,
HO OOIIMWIT MPWHITAIT pabOTBI CO CTEKOM COCTOWT B TOM, YTO HYMEpamws dIeMeH-
TOB BCETHA TIPOU3BOOUTCS OT BEPIIWHBI, W TPU 3TOM HW3MEHEHUS] TIPOUCXOMST
TONBKO B BEPXHUX 3JIEMEHTaX cTeKa. Hampumep, BIOJHE JOMYCTHMO OTIPEICTUTH
Takue oTmepaui Hajl CTEKOM:

// IlyOnupoBaHME BEpXHETrO SJIEMEHTa —

// onepauusa sKBUBaJieHTHa push (top())

void dup();

// OOMeH MecTaMy IOBYX BEPXHUX BJIEMEHTOB —

// onepauys SKBUBAJIEHTHA [NOCIIENOBATEIILHOCTN

// Object a = pop(), b = pop(); push(a); push(b);

void swap () ;

// KommpoBaHme Ha BEpUMHY 1-T0 SJIEMEHTA, CUuMTas OT BEPIMHEL

void copy (int 1i);

n ap. Ha IIPaKTUKE 3TU KU NoJ00HBIE UM OIICpal 4aCTO BK/IIOYAIOTCA B OIIPECIAC-
JICHUE CTEKd KaK a6CTpaKTHOF O TUIIA JaHHBIX.

IMpuBenem mpocToit TIpuMep MCITONB30BAHNS CTeKa B 3aade aHaam3a cKOOOTHOM
CTPYKTYPBI HEKOTOpOTO TeKkcTa. [1ycTh 3amaH TeKCT, comepsKalInii TpW TUTA CKO-
6ok: (), [1 @ {}. [lporpamMmma moJKHA TIPOBEPUTH MPABMILHOCTh PACCTAHOBKU
CKOBOK B TEKCTE, T. €. BLIICHUTH, UMECTCS JIW JIIST KaKION OTKPBIBAIOIIEH CKOO-
K1 COOTBETCTBYIOIIAS 3aKPBIBAOIIAsT CKOOKA W HA0OOPOT, a TaKKe He HapYIICHBI
JIA TIpaBWJIa BIOXKEHHOCTH ¢cKOOOK. CHMBOJBI, He ABJIAOMNEcS CKOOKaMU, TIpo-
rpaMMa JIOJDKHA UTHOPWPOBATh. s TTIPOCTOTHI HAMUIIEM pellleHne 3aJ1aqil B BH-
Jie cTaTW4YecKoi (YHKINW, TONyJaloieil MCXOMHBIM TEKCT B BHUIE CTPOKOBOTO
apTyMeHTa W BBIHAONICH JIOTHYECKWI pe3yabTaT: WCTUHHOE 3HAueHWe, ecin
CKOOKM pacCTaBIeHBI TIPABUJILHO, W JIOKHOE, eCIW OOHapyKeHa oInoKa.
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AJITOPUTM pelIeHUsT 3a4a4d MOXET ObITb CIIEIYIOLIMM.

IMporpamma, TipuBeeHHas B JUCTHHTE 2.4, YNTAeT CUMBOJ 332 CUMBOJOM, TIPH-
4yeM, BCTPETUB OTKPBIBAIOLLYI0 CKOOKY, IIOMELIAeT ee B CTeK, a obHapyxXuB 3a-
KpPBIBAIONTYI0 CKOOKY, TTpoBepsieT, HAXOMNTCS I yKe Ha BepITUHE CTeKa COOTBET-
CTBYIOILAsl OTKpbiBawoiuas ckobka. Eciu mposepka ObLia yCIHELIHOMH, TO IOC/E
MTPOBEPKN CKOOKa yaajsieTcsl W3 cTeKa, nHavye ¢hYHKIIAS HeMEMTeHHO 3aKaHIMBa-
eT paboTy, BbIIAB OTPULATEAbHbIA Pe3yJabTaT (false).

Ecnu B McxoAHOM TeKCTe 3aKPbIBAIOLIUX CKOOOK OKasblBaeTcs OoJbliie, YeM OT-
KpPBIBAIOIINX, TO TTporpaMMa TIOTTHITaeTCd M3BIeYh CHMBOJ M3 IyCTOTO cTeka. DTo
MpUBEIET K CUTYyalluud StackUnderflow, KOTOpad IEpexBaThIBACTCS, M (QYHKLIMI
OMATH BBIIACT B KaYecTBe pe3yibrara 3HaueHHWe false. HaoGopor, ecam B TeKcre
OTKPBIBAIOIIMX CKOOOK OKAXEeTcsl OoJblle, YeM 3aKpbIBAIOLIMX, TO IOCIE TOrO,
KaK Bech TEKCT OymeT TIpOoYUTaH W oOpaboTaH, B CTEKe elll¢ OCTAHyTCST "He3aKphi-
Thie" ckOOKHU. B aTOM ciayyae GyHKILMS TOXE BbIAACT 3HAYEHME false B KAYeCTBE
pesyibrara. Pe3ynbTar MpoBepKHM TeKCTa OKAXETCST YCTICHTHBIM, eci BO BpeMs
paboThl HU pa3y He OOHAPYKUTCI HECOOTBETCTBUS CKODOK, 4 TAKXKe HE BO3HUK-
HeT CHATYalluW MCYepITaHus cTeka, MpuYeM B KOHIIe oOpaboTKM TeKeTa CTeK OKa-
JKETCS IYCThIM.

Pazmep crexa ompenensger MAaKCUMAIbHYIO ITyOMHY BIOXEHHOCTU CKODOK, KOTO-
pasg MoXeT OBITh MccieaoBaHa MporpaMmoif. [Ipu MpeBBIIIEHUN 3TOW TITYOWHBI
BJIOKEHHOCTU (YHKIIMI BO3OYAUT UCKIIOUUTENLHYIO CUTYALUIO StackOverflow.
BymeM cumTarh, 4TO 3Ta MaKCHMaiTbHasg TMYyOMHA BIOKEHHOCTH CKOOOK TakKKe
nepenaeTcd B PyHKIMIO KaK apryMeHT.

INMuctuHr 2.4. AHanu3 cko604YHOW CTPYKTYpPbl TEKCTa C NOMOLLLIO CTeKa

public static boolean brackets (String txt, int maxdeep)
throws StackOverflow {
try {
// dopMMpyeM CTeK M3 CHMMBOJIOB (3HaueHuy kyacca Character)
IStack stk = new BoundStack (maxdeep) ;
for (int i = 0; 1 < txt.length(); i++) {
char ¢ = txt.charAt (i);
switch (c) {
case "(': case "[': case '"{':
stk.push (new Character(c));
break;
case ')':
if (((Character)stk.pop()).charvValue() != " (")
return false;

break;
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case ']'":
if (((Character)stk.pop()).charvalue() != "[")

return false;

break;
case '}':
if (((Character)stk.pop()).charvalue() != "{")

return false;

break;

}
return stk.empty();

} catch (StackUnderflow e) {

return false;

3aMeTUM, UTO €c/Id B KAUYeCTBe MUCXOJHON CTPOKU AJis MPeACTABICHHON (QyHKIUK
B3SITh TEKCT caMoll (GpyHKIUM, To OyaeT 3adpUKCHpOBAHA OIMMOKA B PACCTAHOBKE
CKOOOK M3-32 CUMBOJIBHBIX KOHCTAHT, M300PaXAIOIIUX CKOOKH.

P ACCMOTPHUM IPYIUE€ BO3MOXKHBIC P€AJIM3allU CTECKA.

Ecnu B oporpaMMe MUCIIOJIb3YETCA MHOI'O CTCKOB, PA3MEP KOTOPLIX MOXKET CHUJIBbHO
MCHSATBCS, TO pEaan3alns CTeKa B BUIC MACCUBA (OFpaHI/IqCHHBIﬁ CTCK) MOXET
HOPpUBECTU K HEOIIpABIAHHO 60ﬂleMM,paCXOHaM,HaMﬂTM.I]pM,BTONL €CJIM B Ka-
KOW-TO MOMEHT BPEMEHHN PEATbHOC KOJMWYCCTBO 3JIEMCHTOB, COICPXKALIUXCS B
CTeKaX,‘HGBGHMKO,'N)(baKTquCKM IaMATb, 3ape3€pBUPOBAHHAA AJIAd DJICMEHTOB
CTCKOB, MOXET OBITH 34darpy’k€Ha BE€CbMa Malo. B HOI[O6HBIX cIyqasgX HMECT
CMBICJI 3aXBATbIBATb IIAMATb TOJBKO II04 T€ OJEMEHTBI, KOTOPLIC qﬂKTMHCCKH
pasMermarnTcsa B CTEKE.

OcCHOBY TIpUBEICHHOW B JTUCTHHTE 2.5 peaTn3alliil CTeKa COCTaBNIIeT CIMHUCOK Biie-
MEHTOB CTeKd, IpeICTaBIeHHbI B pazd. 1.2 (ObjectList). CIUCOK UMEET TO Ipe-
MMYVIIIECTBO TIepel MACCUBOM, YTO TTOM €70 AIEMEHTHI TTaMsITh BBIACTACTCS HEe3aBH-
CUMO OT JpYyrux 92jieMeHTOB. BepllivHON creka B 3TOH peanu3aluu CIyXUT
TOMTOBHOM 37IeMeHT crmcka. PasyMmeeTcst, ajieMeHT cTcKa — 3To Gojiee CITOXKHBIIN
00beKT, YeM 3JEMEHT MACCHUBA: IOMOJHUTEbHAS HAMSITh TpeOYyeTcs sl CBsI3biBa-
HHS 37IeMeHTOB. TeM He MeHee, OOIINIf pacxoll TaMITH MOXeT JAaKe YMEHBITUTHCST
3a CUET TOIO, YTO HE PACXOMYETCs [AMSITh 110/ HECYLUECTBYIOLIUE IEMEHTDIL.

JIlnctuHr 2.5. Peanu3saumna HeorpaHM4eHHOro CTeKa B BUAe cnucka

public class Stack implements IStack ({
private ObjectList stackBody = new ObjectList();
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public void push (Object e) throws StackOverflow {
stackBody.addFirst (e) ;

public Object pop () throws StackUnderflow {
try {
return stackBody.remove () ;
} catch (IndexOutOfBoundsException e) {

throw new StackUnderflow() ;

public Object peek () throws StackUnderflow ({

try {
return stackBody.getFirst();
} catch (IndexOutOfBoundsException e) {

throw new StackUnderflow() ;

public void makeEmpty () {
stackBody.clear () ;

public boolean empty () {
return stackBody.getCount () == 0;

B mpuBeneHHOM ompeaeNeHnr Kiacca BCe ONepalliM cO CTEKOM peaju3yioTesl ¢
IIOMOILIbIO COOTBETCTBYIOILIMX OMepaluil co cmuckoM. Ilo cyliecTBy, mIpoucxXomuT
MPOCTO TPAHCISIIIUST OTHUX TMOHATUI B APYTUe: orepalunsl co CIMCKOM addFirst
[peBpallaeTcs B OIEpalMi0 push €O CTEKOM; MCKIIOUUTENbHAS CUTyalus
IndexOutOfBoundsException, BOZHUKAIOIIAS TIPU TIOMBITKE OOpallleHUus K Hecy-
LUECTBYIOLIEMY DJIEMEHTY CIIUCKA, NIPEBPALLAETCA B CUTYALUIO StackUnderflow M
T. 1. TeM He MeHee, HECMOTps Ha TaKyl OJIM30CTb MOHSTUI, Mbl OBl He peKo-
MEHIOBAIM PEeaIn30BBIBATH CTEK KaK pacuiupenue (extension) peanusaluu CIIUCKA:
MTpoOTPaMMHOE CcoMepKaHWe oTepariit MOXeT coBIMagarb, HO CEMaHTHYCCKUIt
CMBICII B HUX BKJIaAbIBaeTCd pa3Hblii. CUTyalus 30eCh CKIAAbIBAETC TOYHO TaKasd
Xe, Kak M co "CTaHJapTHOW" peanunsanuel cTteka B BUAE BEKTOpa — pean3aiiust
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nHTepdeiica IStack TO3BOIIET UCMONB30BATh B IIpOrpaMMe TOJIBKO abeTpaKTHOE
MOHSATHE CTEKa, ONHAKO €CJIM CTeK peaju3yercs M IMpUMEHIeTcd KakK pacuidpeHue
JPYTOTO Kjacca, MporpaMma yXKe HMCTIONb3yeT He CTOBKO abCTpaKTHEIN WHTep-
(eiic, CKOJMBKO 3TY KOHKPETHYIO PEanu3aluio, U, CIeLOBATENbHO, HAYMHAET 3a-
BHCETH OT 3TOI peann3aIinim.

HHuorna ucrionb3yercss HEKOTOpast KOMOMHALMS PealM3aluid cTeKa B BUIE CILMCKA
U B Buige Maccupa. Hanpumep, MOXHO NpPUMEHATh MACCUB Ul XpaHEHUs dJie-
MEHTOB JBYX CTeKOB, "pacTtyuiux” HaBcTpeuy apyr Apyry. K coxaneHuro, omepa-
LUK Haj "pa3HOHANPABIEHHbIMU" CTeKaMU TPeOyIOT pasiuvHOi peannsaluu, Tak
4TO 31€Ch pedb UAeT He O peaju3aluu JByX OTHE/bHbIX CTEKOB, d, ckopee, 00
o0beKTe, IpelcTaBisiioleM cpady napy crekos. IlepernosiHeHue B 3TOM clydyae
BO3ZHMKAET ¢pa3y y 000MX CTEKOB, KOIA BECh MaCCUB OKA3bIBAETCS 3aII0JHEHHbBIM
3J1eMEHTAMU 3TUX JBYX CTEKOB.

EH_[C OIWH BApWaHT pealn3allil — XpaHCHUC JIEMEHTOB MHOI'MX CTEKOB B OOHOM
MacCHuBE (HYJTG), TIpUYEM BJIEMCHTBI B 5TOM CJIydac JIYULIE CBSA3BIBATL MEXIY CO-
0olf He ¢ MOMOIIBIO CTaHOapPTHBIX YKaSaTCHCﬁ, a ¢ MOMOUBI® MHIACKCOB B 3TOM
maccuBe. Takas peannsaunst ImMO3BOJSIET THOKO TIepepacrpeacisaTb MaMATh. l'[epe—
TTIOMTHEHNWE B 9TOM CJIy4Ya€ BO3HUKACT Cpasdy sl BCEX CTCKOB B CUTyallUW, KOTJa
BECh MYJ 3aHAT SJIEMEHTAMH CTCKOB. Bra peanni3annsg XOpouUIo TOAXOOUT IS
ciy4dasi, Koroa pa60Ta CO CTEKaMM COCTAaBIISIET OCHOBHOC CYIIECTBO MPOTPpaMMBbl, U
pPE3CPBUPOBAHUE MaMATU CUCTEMHBIMW CPEICTBAMU TION KaKOBIU 3JIEMEHT CTEKA
HE€ T'OOUTCA N3-3a BBICOKWX HAKIAIHBIX pacXxoJoB Ha pa60Ty CHUCTEMBI.

PaccmoTpuMm ellle oaHy 3a1ady, Uil pellieHus KOTOPOil ya10OHO BOCIIO/Ib30BaTHCS
apoi CTEKOB.

IMycTh maH TeKCT, MPEACTABAAIONINI co60ll BRIpakeHHe, colepsKalee OnmepaHbI,
COeIMHEHHBIE MEXIy cobolf 3HakaMu omepanuii +, - U *. JIomycKaeTcs TakkKe
WCTMONTB30BAHNE KPYIIBIX CKOOOK. BymeM cumTarh, 4TO 3HAYCHUE KAKIOTO Ofe-
paHga MOXET OBITh BBIYUCIICHO, TMTPUYEM PE3YIbTATOM BBIUHUCICHUS OyIeT HEKO-
Topoe 1etoe 3HaueHne. TpebyeTesl BEIMUCIUTE 3HAUEHUE BCETO BBEIPAKEHUS.

IIpexie Bcero yrodHMM IIOCTAHOBKY 3ajauu. byiem cuutarb, 4TO BbIpaXeHUE HE
COJIEPKUT OILIMOOK (HEOIpe/e/eHHbIE 3HAKM Ollepaliuii, HecOalaHCUPOBAHHbIE
CKOOKH U T. 11.). KpoMme Toro, ycaioBUMCs, YTO TEKCT YXe IPeIBAPUTEIbHO Pa3o-
OpaH Ha OTHeJbHbIC DJIEMEHThI (JIEKCEMBbI), MPEACTAB/ISAIONINe MUHUMAIbHBIE pac-
cMarpuBaeMble €IMHUIIbI TEKCTAa — OllepaHjl, 3HaK oliepauuu, ckodka. Pasdop
OCYLUECTB/ISIETCS € [OMOIIbIO CHEUUMaANbHOIO aHaau3aTopa — O0beKTa parser
Kilacca LexAnalyzer. AHaJIM3aTOp IPeElACTaBiseT cobOi B HEKOTOPOM PoJE
BHELIHUI UTEPATOP UCXOAHOM cTpoKU. OH cO34aeTCs C [OMOIIbIO KOHCTPYKTOPA,
[OJ1yYalolEro UCXOJHOE BbipaxKeHue B KauecTse aprymenTa. Ilocie 31oro MoxHo
MOJYYUTb OYEPEAHYIO JIEKCEMY C IIOMOILIBIO BbI30Ba (YHKIMM next (). IlpoBe-
pUTb, ECTh JIA €€ B TEKCTE JIEKCEMbI, MOXHO C IOMOILbIO BbI30BA JIOTMUECKOR
(QYHKIIMU hasNext (), TAK YTO MOXHO CUMUTATb, YTO KJIACC LexAnalyzer SBISETCH
peanuzanueil yxe obcyxknapluerocsi paHee uHrepdelica java.util.Iterator.
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Kaxnag nekcema (cocTaBHOI "2leMEHT" CTPOKHU), B CBOI oOuepeilb, SIBISETCS
00BEKTOM Kilacca Lexical, COAEPXKAILErO 3HAYCHUE OUEPEIHOM JIEKCEMbl — Y-
CJ10BO€ 3HAYeHME olepaHia WiM 3HaK onepauuu. Ele oaHa KOMIIOHEHTA JieKce-
Mbl — KJlacCc — OyJeT I10Ka3biBaTh TUII JIEKCEMbI.

B smctunre 2.6 MPEACTABJICHDBI KJIACCHI LexAnalyzer U Lexical, HO pealu3anus
X METOJOB HE IMMOKa3aHa.

INMuctuhr 2.6. OnpeaeneHue KNaccoB LexAnalyzer U Lexical

public class LexAnalyzer implements Iterator {

// KOHCTpPYKTOp:

public LexAnalyzer (String source) { ... }

// Peammszauusa omnepaumii mHTepbdeiica Iterator

public Object next () { ... } // BHIAeT OUepelHyl JIEKCeMy
public boolean hasNext() { ... } // npoBepser, e€CTb Ji elle JIEKCEME
public void remove () {} // mycras onepaums

public class Lexical ({
// BOBMOXHEIE TUIIEL JIEKCEM:
public static final int OPERAND = 1; // onepas
public static final int OPERATOR = 2; // 3BHaK omnepaumn
public static final int LEFTPAR = 3; // neBas (OTKpuBawmas) CkoOka
public static final int RIGHTPAR = 4; // npaBasa (3akpeBawomas) CKOOKa

// TlpoBepka KJjlacCa M BHIAYA BHAUEHUS JIEKCEMHL:

public int lexClass() { ... } // BHEIIAET KJIACC JIEKCEMEL
public char operSign() { ... } // s omnepauuu BHIAET BHAK OIEPAaLNA
public int intValue() { ... } // g omepaHma BHIOEEeT er0o 3HaueHue

Hng peiieHus Haieil 3amayud OyoeM MCIOb30BaTh 1Ba creka. IlycTh B omHOM U3
HMX XPAHSTCI 3HAYEHMST OMEPAaHIOB M IMPOMEXYTOUHBIX Pe3yJbTaTOB. DaeMEeHTaMuU
9TOro CTeKa OyayT, TaKUM oOpa3oM, LeJble YMCIA, MPeacTaBAeHHbIe OOBEKTaMU
CTAaHOAPTHOTrO Kijacca Integer. Bo BTOpoM cTeke B Ipoliecce BbIYMCIEHUH OyayT
XpaHUTbCS 3HAKM OIepaluil BMECTe CO CBOMMU IIpUOPUTETAMM. DTU Ollepaluu
JOJKHBI 3aIUChIBATBCS B CTEK M BBIIOJHSATHCS IO Mepe BO3MOXHOCTH, T. €. KaK
TOJIBKO OK&XYTCSl FOTOBBIMU 3HAYEHMS OINEPAHIOB IS BBITOJHEHMS OINepaLvu.
B nucrunre 2.7 npuBedeHO ompeneieHME KIAcca Operator, IIPEACTAB/SIOLIErO
3HAK OIEPalUU U €€ MPUOPUTET, KOTOPbIE XPAHATCS B CTeKe ONepaluid.
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INMuctuHr 2.7. OnpeaeneHue knacca Operator

public class Operator {
public char sign; // 3BHak onepauunu

public int prio; // npuopureT onepalmn

// KOHCTPYKTOp CO3maeT OOBEKT 10 BHAKy OlepaLvn
public Operator (char s) {

sign = s;

// BBEMUCIJIEHME NPMOPUTETa IO 3HaKy Oolepalun

if (s == '*') prio = 2;

else if (s == "+' || == '-") prio = 1;

else prio = 0;

// OyHKUMM IOOCTyIa
public getSign() { return sign; }
public getPrio() { return prio; }

Ternepb ompenenuM QyHKIMI0O (IUCTUHT 2.8), KoTopasi UCTOJHSIET OTepaluio,
JIeKalyl Ha BeplIMHE cTeKa orepaluil, Haja ollepaHJaMH, HaxoAsSUIMMUCS Ha
BeplIiHe cTeka omnepaHnoB. OnepaHabl U3BIEKAKOTCS C BEPIIWHBI cTeKa OrMepaH-
JIOB U CYUTAIOTCS O0BEKTAMM Kilacca Integer. Pe3ynbTaT BBITIOJHEHUS ONepaiiun
CHOBa 3aMMMCBHIBAETCST B CTeK omepaHaoB. CTeKW ¢ omNepanusMA W oTepaHaaMu
repemagM GYHKIINHA B BUIE apTyYMEHTOB.

Ilocne sToro omnpeaeauM HECKOABKO 00jee CIOXHYI0 PYHKIUNIO, KOTOpas UCIION-
HSeT MOCIeI0BATENbHOCTb OIEpaALMil 10 TEX 0P, MOKA B CTeKe olepaluii He 06-
HapYXKUTC OIepalis, MMelollas IPUOPUTET, MEHBIIMI 3a1aHHOTO, UM BOBCE HE
okaxercs onepauuil. Takass HyHKUMUS UCIOJHSAECTCS B TOT MOMEHT, KOIJA B IIPO-
Lecce aHaau3a OOHAPYXKMBAETCA HOBAd OIepallus, U HaAo BBIIOJHMUTbL BCE Te
olepaldu TaKkoro xe MU 00Jie€ BbICOKOIO IIPUOPUTETA, KOTOPbIE YK€ IoIaiud B
CTEK Ollepallvid, U ONEPAH/Ibl 11 KOTOPBIX YK€ IOATOTOBIEHbDI.

INMuctuHr 2.8. ®yHKUMKM BINONTHEHUA onepauuin

public static void doOperator (
IStack operands, // cTex omepaHmoB
IStack operators // crek omnepaumin

) throws StackOverflow, StackUnderflow {
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int op2 = ((Integer)operands.pop()).intValue(); // TOpaBbll onepaHm
int opl = ((Integer)operands.pop()).intValue(); // JIeBBI1 ONepaHm
char opSign = ((Operator)operators.pop()).getSign(); // 3Hak onepauumn

switch (opSign) {

case '+':
operands.push (new Integer (opl + op2));
break;

case '-'":
operands.push (new Integer (opl - op2));
break;

case '*':
operands.push (new Integer (opl * op2));

break;

public static void doOperators (

IStack operands, // cTex omnepaHIOB
IStack operators, // crek omnepaumin
int minPrio // TPaHWUHBIL NPUOPUTET

) throws StackOverflow, StackUnderflow {
while (!operators.empty() &&
( (Operator)operators.peek()).getPrio() >= minPrio) {

doOperator (operands, operators);

B obGenx (I)YHKHI/ISIX BO3MO>KHO BO3HUKHOBEHUEC CUTYALIMU StackUnderflow B MeE-
TOHAaX peek () M pop () CTEKA, a TAKXKE CUTYALIUN StackOverflow IPU BBI3OBE
MeTosia push (). s MPOCTOTH B TaHHOM IIpUMepe 3TU CUTYyalluu He oOpadaTbi-
BAIOTCS, a MPOCTO MPOITYCKAKOTCS B BbI3BIBAIOIIYIO (PYHKITUTO.

Haxonen, HanuiieMm ¢yHKIMIO (IMCTUHT 2.9), KoTopas omdpeneiser oda cTexa 1
BBIIOJHSIET BCce TpebyeMble BbIYMCIECHUS.

JInctuHr 2.9. BbluncneHme sHa4yeHUs BbIpaXKeHUs1 Ha CTeKax

public static int exprValue (String expr) throws WrongExpression {
IStack operands = new Stack(); // CTex onepaHIoB
IStack operators = new Stack(); // crex onepaumii

LexAnalizer analizer = new LexAnalizer (expr); // aHammsarop
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try {
while (analizer.hasNext ()) {
Lexical lex = (Lexical)analizer.next();

switch (lex.lexClass()) {
case Lexical.OPERAND:

/* onepaHi BanuCHBaeTCd B CTEK */

operands.push (new Integer (lex.intValue()));

break;

case Lexical.RIGHTPAR:

/* BHIIOJIHATCS BCE ONepaluy OO COOTBETCTBYKIIEN JIEBOW CKOOKM,
KOTOpas 3aTeM BHTAJIKMBAETCS U3 CTeKa

*/

doOperators (operands, operators, 1);

operators.pop () ;

break;

case Lexical.OPERATOR:

/* BEBIIOJHSIOTCS ONepauuy C MIPUOPUTETOM, OOJBIMM MM PaBHEM
IPMOPUTETY HOBOM OIlepaluy, I[OCJe Yero HOBHI ONepaTop
3anMcHBaeTCsd B CTEK Olepaluit

*/

Operator newOp = new Operator (lex.operSign());

doOperators (operands, operators, newOp.getPrio());

operators.push (newOp) ;

break;

case Lexical.LEFTPAR:

/* JleBada CkKOOKa MIPOCTO BaNMUCHBAECTCA B CTEK ONepaLi
c npuopureroMm 0

*/

operators.push (new Operator (' ("'));

break;

}

// BHammM3 BaKOHUEH, BLIIOJHSEM BCE OCTABIMECS B CTEKEe OIepallii
doOperators (operands, operators, 0);
// Ha BepumHE CTeka ONEPaHIOB — Pe3yJlbTAT BHUMCIICHMNA
return ((Integer)operands.pop()).intValue();
} catch (StackOverflow ex) {

throw new WrongExpression () ;
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} catch (StackUnderflow ex) {

throw new WrongExpression();

IMpn ycmoBUW TpaBWIBHOCTH TTOAABAEMOTO Ha BXOJ BBIpAXEHUST TIPUBEICHHAS
(GYHKIINA TTPOU3BENET Bce HEOOXOAMMBIE BEIYUCICHNS W BBIIACT IIETOYNCICHHBIIH
pesyrbrar. OYHKIIAI0 HETPYAHO PacIIMpUTh Ha cyJdail Ipyrux OMHApHBIX oTepa-
nni (cKaxkeM, MEJIEHNST) MW IpYyTUX TUTOB omepaHnoB. He oueHb TpymaHo mpeny-
CMOTpETh M CNIyYall KOPPEeKTHOTO aHain3a ommoboK. B mpuBenmeHHOM Kome (hyHK-
MW OTIpeNieieHa peakIns TOJMBKO Ha CIydail TepenmolHeHUs MWW MCYepTaHus
WCIob3ytolerocs creka. OMHAKO OYEBUIHO, YTO MHOXKECTBO JOMYCTHMEIX JIEK-
ceM B KaXIBIIT MOMEHT BpEeMEHHU OTpeleicHO OMHO3HAYHO: TTOCIe JIeBOI CKOOKM
WV 3HAKa OTeparni JTOJDKeH WATH OofepaHa WK JieBas cKoOKa; Tmocie omepaHaa
WIW TIpaBoil CKOOKM OXHIOAeTcd 3HAK OIepallid WM TpaBasg ckobka. Ecmm
VYECTh TO MPABUJIO W CAEANTH 32 TTPABMILHOCTHIO pACCTAaHOBKYM CKOOOK 1 TOMYC-
THUMOCTBIO BCEX JIEKCEM, TO B TIPOIIECCe BBIYMCITCHUS JTIOOYIO OMMOKY B BEIpasKe-
HUM MOXHO JIeTKO OOHAPYKHTD.

Kak B oTOM, TaK 1 B npeablayIeM npuMepe B PyHKIUAX exprValue U brackets UC-
MOJIB3YeTCd a0CTPAKTHBIA CTEK, IMpencTaBleHHbl HHTepdeiicoM IStack. TeM He Me-
Hee, 00e QYHKIIMM BCe XK€ OCTAIOTCS 3aBUCUMBIMU OT KOHKPETHOI peanusaluu cTe-
Ka, T. K. IIpY CO3MAHMU CTeKA IMPUXOMUTCSA MCIONBb30BATH KOHCTPYKTOP OOHON U3
peanuzanuii. B 4acTHOCTM, 5TO O3HAYAET, YTO €CIM IO KaKUM-IU00 MpUYMHAM B
MpoexTe OyneT Mmpou3BedeHa IIoGAIbHAS 3aMEHA pealu3alud CTeKa, TO IPUASTCS
BHOCHUTb M3MEHEHHS1 BO BCE MECTA MPOrPaMMbl, INe MCIIOIL3YIOTCS BbI30BbI KOHCT-
PYKTOPOB. XOpOIIO ObUIO Obl M AJI51 CO3IAHUS CTEKOB TOXE MCIIONh30BATh a0CTPAKT-
Hble (PYHKIIMH, BBIHECS BbI30BBI KOHCTPYKTOPOB B OTAEIBHBINA KIAacC TaK, YTOOLI IIpU
CMEHEe peaIu3alMMi CTeKa MOKHO ObLIO Obl MPOU3BECTU 3AMEHY TOJBKO OMHOM CTPOU-
Ku B nporpamme. Takast TeXHOIOrMsI HOCUT Ha3BaHUe "pabpuxku oObeKTOB".

B Hamrem ciyyae MOXHO MOCTPOUTH aOCTPaKTHBIN Kilace StackFactory ("dabpu-
Ka CcTeKoB"), peajusylollnil orepalilo co3laHus adCTpaKTHOTO  cTeka
createStack (). EXTMHCTBEHHON 3amaveii 5Toro Meroaa OyaeT BhI30B KOHKPETHOTO
KOHCTPYKTOpa ISl co3Manns cTeka. Hampumep:
public abstract class StackFactory {

public static IStack createStack() { return new Stack(); }

}

Terepb Bo BceX UCMONB3YEMBIX paHee (PYHKIIMSIX MOXHO 3aMEHUTH BBI3OB KOH-
KPETHOTO KOHCTPYKTOpA CTeKa Ha TeHepalni aOCTpaKTHOTO CTEKa ¢ TMOMOIIbI0
"thabpuku", Hampumep, Havaio ¢YHKINU exprValue Temnepb OYAET BHITISIETH
cJIeIyIoIIM 00pasom:

public static int exprValue (String expr) throws WrongExpression {

IStack operands = StackFactory.createStack(); // cTex omepaHmoB
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IStack operators = StackFactory.createStack(); // crex omnepaumi

}

[MogpobHee 06 abcTpakTHBIX (adpUKax U "BUPTYATbHbIX KOHCTPYKTOPAX' MOXHO
npouyuTarb B kHure [3].

TToxoxxelt Ha cTeK CTPYKTYpOM NAHHBIX SIBAsieTcsl ouepeds. Ouepenplo OyaeM Ha-
3bIBaTh TOCJENOBATEILHOCTD JIEMEHTOB OJHOTO U TOTO Xe THIa, K KOTOpPOo# J0-
0aBISAIOTCS U U3 KOTOPOI YIANSIIOTCS 3J€MEHTHI, OTHAKO B OTJMYME OT cTeKa J0-
OapjiieHWE BJEMEHTOB TPOU3BOMUTCS B OAUH KOHEIl, a yAaJleHWe TPOUCXOAUT C
Japyroro KoHia (puc. 2.3).

ToT KOHell ouepeiu, U3 KOTOPOIro BbIINOJHAETCS yIaJIeHUe 2JEMEHTOB, Ha3blBaeT-
cA 2040801 ovepedu, A IPYroil ee KOHell, Kyla MPOUCXONUT M00aBaeHue DJIeMeH-
TOB — X60CHOM o4epedu.

lonosa XsocT

= G

Puc. 2.3. CtpykTypa ovepenun

Ha6op omepannii Haj odepenbio TPaKTUIeCKH TOT Ke, YTO M Hall CTeKOM, OMHAKO
pean3a OOBIYHO OTITMYAIOTCS JOCTATOYHO CHJIBHO — HAJWMYWe IBYX KOHIIOB Y
ouepenn OCTOXHSIET IETO0.

MoXHO MpeacTaBlsdTh ouepelb B BUAE KOJbIA DJEMEHTOB C Pa3pbiBOM B TOUKE,
[Je CXOIATCS ee rojoBa U XBocT (puc. 2.4).

[onosa XBOCT

Puc. 2.4. Ouepenb, NpeactasneHHas B BUAe KOJbLa
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Ecin namsarh 1oi 21eMEHThl OuepeiM IPeACTaBlIeHa MACCUMBOM 3JEMEHTOB, TO
peanuszanus OyAeT YYMTLIBATb 9Ty "KONbLEBYIO' CTPYKTYPYy MAaccuBa — IEpPBbIH
3JIeMEHT MaccuBa OyIeT JOrMuecKu cjeaoparb 3a nociennuM. Eciu xe B kauect-
B€ peaju3allii BbIOMpaeTcs CIMCKOBas CTPYKTYpa, TO BbIOOP KOJBLEBON CTPYK-
TYPBI JIJIS1 9TOTO CIIMCKA — OIMH M3 MOIY/ISIPHBIX CIIOCOOOB pealu3ali OUePein.

OnuH m3 BapmaHTOB WHTepdeliica abCcTpaKTHOW OYepeny MPeAcTaBiIeH B JIMCTHH-
re 2.10.

Inucturr 2.10. UHTepcheric ansa onucaHmsa ovepeam

public interface IQueue {
// HOBaBUTH BJIEMEHT B Ouepemb
void enqueue (Object item) throws QueueOverflow;
// VOamuTh BJIEMEHT M3 Oouepemm
Object dequeue () throws QueueUnderflow;
// BuIATh MNEpPBLIl (TOJOBHOM) 3JIEMEHT
Object head () throws QueueUnderflow;
// BeIDATH NOCJEOHUM (XBOCTOBOM) SIIEMEHT
Object tail () throws QueueUnderflow;
// TIpOBEpUTL, IIyCcTa JIU ouepemb
boolean empty () ;
// OnycrommTb oueperb

void makeEmpty () ;

3nech mpeamnojaraeTcd, YTo Mpu AOOABIEHUH DJEMEHTA B ouepenb (Kak U IpU
TOGABICHNN B CTE€K) MOXKET BO3SHUKHYTH CUTYAIIMS TIEPENOTHEHHUS odepenn. Ta-
KOE BO3MOXHO, HANPUMEDP, [PU PEealu3aluu OYEpEelU B BUAE OrPAHUYEHHOIO
MaccuBa. CUTyarmst ucuepraHns odepe MOXeT BOSHUKHYTD TIPW TIOTIBITKE yaa-
JIEHMS WIM B3SITHS 3HAYEHMS DJEMEHTA U3 IYCTOH ouyepeu.

B naunieit neppoil peanuzauuu (mucTuHr 2.11) ouepenp OygeT mpeacrabieHa Mac-
CHBOM DBJIEMEHTOB. DTa peaju3allnds JAeMOHCTPUPYET "OrpaHUUYeHHYIO" odepenb.
MakcumManbHOe KOJMYECTBO DJAEMEHTOB OUepedu 3amaeTcsd MpU CO3MAHMU Oouepe-
M B KOHCTpyKTOpe. Peammsarims odeHb TTOXOXXa HA COOTBETCTBYIONIYIO pean3a-
LIMIO OTPAaHUYEHHOIO CTeKa, OJIHAKO €CTb U CYLIeCTBEHHOe oTinuue. [1ocKoabky
3JIEMEHTBI TOOABIAIOTCS B ONMH KOHEIT oUepeNn, a YIAISIOTCS U3 IPyroro KOHIIA,
TO B IIpouecce paboThl ¢ ouepeblo 3IEMEHThl OyayT "cMellaThes” B KOHEl Mac-
crBa. HakoHen, HacTaHeT MOMEHT, KOTZIa HM ONHOTO 3JeMeHTa GOJIbIle BCTABUTH
HEe yIacTcs, XOTSA CBOOOIHOE MECTO B MACCHUBE €CTh — B Hayajle MAcCHBa Ha Mec-
Te paHee CYIIeCTBOBABIINX, HO BITOCICACTBUN YOATCHHBIX 3J1eMeHTOB. MOXHO,
KOHEeYHO, (PU3UYECKU MePeIBUHYTh DJIEMEHTbl OYepean, OJHAKO ITO MOXET OKa-
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3aTbCs MOCTATOYHO JIMTENBHON Ipoleaypoi. Jlydle mpocTo HamMcaTbh METOMbI
paboThl ¢ ouepenblo Tak, YTOOBl CUMTATh MaccUB "3aMKHYTHIM" B KOJBIIO, T. €.
MePEXOIUThb OT MOCIEIHErO DAEMEHTA MaCCUBA HEMOCPEACTBEHHO K IIEPBOMY.

B nmpuBeneHHOl peanu3aluy MepeMEeHHbIE KJIAcCa pHead M pTail COOEPXKAT MH-
JeKChl MEePBOr0 U IOCAETHEro DJIeMEHTa odepelnd COOTBeTCTBeHHO. KosmmuecTBo
9JIEMEHTOB O4Yepelld PAaBHO (pTail — pHead + 1), €CJAM MHIGKC IOCIEIHEro
sjieMeHTa OoJibllie WIM paBeH MHAEKCY IMepBoro sjieMeHTa (puc. 2.5), U paBHO
(elements.length — pHead + pTail + 1) B IPOTUBHOM ciy4ae (puc. 2.6).

o] 1 2 3 4 5 6 7 8

o

pHead = 3 pTail =6

Puc. 2.5. Ouepenb conepxut anemeHTsl (3), (4), (5) n (6)

o] 1 2 3 4 5 6 7 8

) »

pTail =2 pHead =7

Puc. 2.6. Ouepeab cooepxut anemMmeHTol (7), (8), (0), (1) n (2)

OI[Ha ns3 TPYHHOCTCﬁ COCTOUT B TOM, 4YTO NMPU YAAJICHHUU TTOCICITHETO SJICMEHTA U3
ouepean BO3HUKACT CUTyalUsd, TIPH KOTOpOﬁ HET HW TECPBOTO, HU TOCIECIHETO
QJIECMCHTA. YI[O6HO B peaTU3allu CYUTATh, YTO B 3TOM CJIy4ae MHACKC pTail HA
CAWHUILLY Oonpllle WHACKCA pHead. OI[HaKO TOYHO TaKasl XK€ CUTyallusl BOSHUKACT
W B TOM CJIy4yae, Koraga BCE 3JICMCHTBI MacCUBa 3aHATEI!

CylliecTByeT MHOXECTBO CIIOCOOOB CIPABUTHCA C ITOi cuTyauueid. OauH U3 HUX
(IpuBeneHHBI B 3TO KHMIE) COCTOMT B TOM, YTO AOIOJHHUTEIbHO K MHIEKCAM
IEePBOr0 U IMOCAENHEro SJIeMEHTOB XPAHUTCS KOAMYECTBO DJEMEHTOB MAacCCHBa
(nCount), 3aHATBIX DJAEMEHTAMU ouepenu. B aToM ciydyae cuTyalusi OTCYTCTBUS
9JIEMEHTOB OJHO3HAYHO OINpenessercs TeM, 4TO nCount == 0. B aroMm ciydae
YIIPOILAETCS TaKXe peaau3alusl MeToia empty (), M JOMOAHUTENBHO IMOABIAETCS
BO3MOXHOCTh OY€Hb IIPOCTO PEaAIM30BaTh METOI, BBLIAIOIIUA KOJIMYECTBO 3Je-
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MCHTOB OYCpPECIH. IlnaToii 3a TaKyl0 IIPOCTOTY ABJACTCA Tpara JOIIOJIHUTCIbLHOIO

BpeMeHU U MaMATU Ha paboTy ¢ ellle OAHON MepeMEHHOM.

Bce ocranbHOE B 3700 peanni3ann OYCHDb MPOCTO W HE HYXKOACTCS B MMOSICHCHUSX.

NucTtuHr 2.11. Peanu3sauus orpaHuYeHHOM ovepean

public class BoundQueue implements IQueue {

Object[] elements; // BJeMeHTH ouepenu

int pHead; // VIHOEKC NEePBOIO 3JIEMEHTAa
int pTail; // VHIEKC MOCJIeOHEeTO SJIeMEeHTa
int nCount; // KOIMYCTBO SJIEMEHTOB OUepemy

// KoHCTpyKTOp

public BoundQueue (int max) {
elements = new Object[max];
pHead = 0;
pTail = max - 1;

nCount = 0;

// IoBaBieHMe sJeMEHTa B Ouepelb
public void enqueue (Object item) throws QueueOverflow {
if (nCount == elements.length) throw new QueueOverflow() ;
if (++pTail == elements.length) pTail = 0;
elements [pTail] = item;
nCount++;

// VDoajeHye BsJeMeHTa U3 ouepeny

public Object dequeue () throws QueueUnderflow {
if (nCount == 0) throw new QueueUnderflow /() ;
Object result = elements|[pHead];
if (+tpHead == elements.length) pHead = 0;
nCount--;

return result;

// B3saTue BHAUEHMA SJIEMEHTa U3 ['OJIOBH Ouepemy

public Object head () throws QueueUnderflow ({
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if (nCount == 0) throw new QueueUnderflow () ;

return elements[pHead];

// B3saTue BHAUEHMS SJIEMEHTa U3 XBOCTa Ouepemy
public Object tail() throws QueueUnderflow {
if (nCount == 0) throw new QueueUnderflow();

return elements[pTail];

// TlpoBepka IyCTOTH Ouepenu
public boolean empty () {

return nCount == 0;

// "OnycromeHue" ouepermu
public void makeEmpty () {
if ((pTail = pHead - 1) < 0) {
pTail = elements.length - 1;
}

nCount = 0;

Eme omna peanusaiius 3Toro uMHTepdeiica MCIONb3YeT KOJBLUEBON CIMCOK Kak
OCHOBY peanuzaumu. Kak U B ciyyae co CTEKOM, OCHOBHYIO HArpy3ky Oeper Ha
cebs1 peanmzalivsl olepauuil ¢ KOJbLUEBbIM CIIMCKOM, a B peaju3allid Oouyepeiu
9TU Ollepaluu MPOCTO IEePEeBOAITCA HA fA3bIK ee uHTepdeica. B nuctunre 2.12
NpUBEIEHO OMUCAHUE KiIacca CircularList, Peaju3yIOIIEro CIHUCOK KOJNbLEBOMH
CTPYKTYPBI, U Jajee ollpenenaeHa peaausalus odepean Ha 6ase 2Toro kiuacca.

NucTtuHr 2.12. OnpepeneHne ovyepenm Ha 6ase cnucka

/***********************************************

* PeaymsBalms NpPOCTENIErO KOJbIEBOTO CIMCKA
***********************************************/
public class CircularList {
class ListItem {
public Object item; // BreMeHT cnmucka

public ListItem next; // cremyouyi 3JeMEeHT
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public ListItem(Object item, ListItem next) {
this.item = item;

this.next = next;

}

ListItem last; // TIoCJemHuil SJIEMEeHT CIUCKA COMEPXUT CCHUIKY
// Ha I[epBBIl BJIEMEHT.

// B myctoMm cnmucke last == null

public CircularlList() { last = null; }

public void insertHead (Object item) {
if (last == null) {
// HOBBII 2JieMeHT OyneT ONHOBPEMEHHO II€PBBM ¥ ITOCJIEIHVM
last = new ListItem(item, null);
last.next = last;
} else {
// HOBBII BJIEMEHT BCTABJIAETCS Ba IOCJISIHMM

last.next = new ListItem(item, last.next);

public void insertTail (Object item) {
insertHead (item) ;
// UTOOHI MEPBBII BJIEMEHT CTaJl IOCJIEOHVM B KOJBLEBOM CIIMCKE,
// DOCTATOUHO CHBMHYTBLCS BIEpPEeI HAa OIVH War

last = last.next;

public Object removeHead () throws EmptyException {
if (last == null) throw new EmptyException();
Object res = last.next.item;
if (last.next == last) {
// Ymangercsa eOVHCTBEHHBEII SJIEMEHT
last = null;
} else {

last.next = last.next.next;
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return res;

public boolean empty () { return last == null; }

public Object head() throws EmptyException {
if (last == null) throw new EmptyException();

return last.next.item;

public Object tail() throws EmptyException {
if (last == null) throw new EmptyException();

return last.item;

public class ListQueue implements IQueue {

CircularList list; // GaszOBEII CHUCOK

public ListQueue() { list = new CircularList(); }

public void enqueue (Object item) throws QueueOverflow {

list.insertTail (item) ;

public Object dequeue () throws QueueUnderflow {
try {
return list.removeHead() ;
} catch (EmptyException e) {

throw new QueueUnderflow () ;

public Object head () throws QueueUnderflow {
try {
return list.head();

} catch (EmptyException e) {
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throw new QueueUnderflow () ;

public Object tail() throws QueueUnderflow {
try {

return list.tail();
} catch (EmptyException e) {

throw new QueueUnderflow () ;

public boolean empty() { return list.empty(); }

public void makeEmpty () {

try {
while (!list.empty()) { list.removeHead(); }
} catch (EmptyException e) {}

B 1ot peagmsanu TpM ONMMCAaHWH KOJBIIEBOTO CITMCKA OTIPEAe/IeHBI Bce Heob-
XOAMMBIE OIlepalliy HAal CIUCKOM I10 J00ABAEHUIO, YAIAIEHUIO U TOCTYIY K KOH-
[IEBBIM DJIEMEHTaM CITNCKA, KOTOPBIE BITOCTEACTBUHN HWCTOMB3YIOTCS MPH OTIpese-
JeHuu ouepend. KoHeuHo, B peanbHOl XM3HM [ PabOThl € KOJbIEBLIM
CTINCKOM 3THX OTepalnit 6ymeT, To Bcel BepOSITHOCTH, HETOCTATOYHO, OTHAKO
I peanu3aliy onepalnil ¢ 04epeabio STOrO BIIOJHE XBaTHUT.

Ilpu nomnbiTKe OOPATUTHCS K HECYLIECTBYIOIIUMM DJAEMEHTAM CIIMCcKa BO30OYyXIaeT-
CS CUTYalnsl EmptyException (KOTOPYIO, pasymeercs, ToXXe Hamo OBUTO GBI oTpe-
JIeJUTh OTAeAbHO). Ilpu peanuzaunuu omepaluil Haa OYepedblo ITa CUTyalus
TTpeBpalaeTcsT B CUTYaIlAo, XapaKTepHYIO IS o4epeli, — QueueUnderflow.

Ecnau Ob1 He TpaHCHSIIUS OAHON WCKIIOYUTENHHON CUTYallUW B JAPYTYIO, TOUYTH
BCs peald3alus yJIoXUaack Obl B UMCTBIA MEepeBOA OJHMUX Ha3BaHMIl (omepaiuit
HaJl CIIMCKOM) B Jpyrue (omepanuu Haja odepenbto). TombKo IS orepaiuu
makeEmpty () HE HAILIOCh aHAJOra CPeiu ollepaluii Hajl CIMCKOM, [O3TOMY €€
MPUIIJIOCH PEATN30BaTh ¢ TTOMOIIIBIO IIUKIIA, TTOCIeN0BATEIbHO YIANSIIONIETO BCe
aJeMeHTbl M3 crucka. KoHeuHo, B caMOM CIMCKe Takas omepaiusa Moria Obl
OBITH peali30BaHa ropaso Mpolle.

Eile HekoTopbie MpUMEPBI MPUMEHEHUSA CTEKOB M Odepelncii MOXHO HaiTH B
pazd. 2.3u 5.1.
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B zaxiioyeHue sToro pasgena mpUBeAeM IpUMeEp OMHON DK30THYECKOM peanu3a-
LMY cTeKa (ecTb M aHAJIOIMYHAS peaau3alus odyepeiau), MpeaHa3sHAuyeHHOH Iy
cllyyasd HernlyOOKOro cTeka, COAEPXKalllero TOJbKO OUTOBble 3HAUEHMS (HYJIU M
eIMHULIb). B oTOM ciyyae Bech CTEK MOXHO YJIOXHUTb B ONHO CJIOBO (HAampUMeEp,
B 3HaYeHMe TUIIA int). B c1oBe momeniaercsa 32 6uTa, HO MOCKONbKY IO KpaiiHeil
Mepe OIMH OUT IpuIeTcd 3aHATh IJIA CIYXKEOHBIX Liefedl (Hamo OTMEeTUTb MOJIo-
KEeHME BEpLIMHBL CT€Ka), TO ocTaeTcsa 31 OUT, B KOTOPbIX MOXHO COXPAHUTb Of-
HOBpeMeHHO 10 31 OMUTOBBIX 3aeMeHTa crekal! [l MHOIUX 3agay 9TOrO BIIOJHE
gocratoyHo. Paccmorpum, Hampumep, 3agady o0 aHaniuse CKOOOUHON CTPYKTYPBI
BBIp&:KEHMS, pellleHrue KOTOpOil ObUIO MPUBEACHO B 3TOH IfNaBe B JucTUHre 2.4.
Ecnu Obl B 3agaye pedb liula HE O TPEX, a4 O ABYX TUIAX CKOOOK (CKAXEM, Kpyr-
Jible WM KBaApaTHbIE), TO I XpaHeHUs MHGOPMALMK O TUIE CKOOKU ObLIO ObI
JOCTATOYHOIO OAHOro OuroBoro 3HadeHus. Creka u3 31 OMTOBOrO 3JjeMeHTa
BIIOJHE XBAaTWJIO Obl IS IMPAKTUYECKUX IeJell — BIOXKEHHOCTh CKOOOK pPeaKo
[peBblllIaeT 7—8 ypoBHEN, TaK YTO CHUTYallMsl IEPEeOJHEeHUs cTeka Oblia Obl
MPAKTUYECKH HEBEPOSATHOM.

B peaymmzamum Bce omepanny onpeneSieHBl Haa SJIeMEHTaMM THTIA int (Ha caMOM
Jiesie TIpeAIoiaraeTesl, 4To 3HAYEHWSIMU STHX 3JIEMEHTOB OVIyT TONLKO HYIH W
eMHUIIET). DTO HEeCKOJIBKO HapyIaeT WHTepdelc IStack, B KOTOPOM TpeAToia-
rajoch, YTO DIEMEHTAMH CTeKa CIYyKaT OOBEeKTHI Kilacca Object, TaK UTO TIPHBE-
JIeHHass B JUCTHHTe 2.13 peanmsamus He oOBABICHA peaamsanueil mHTepdelica
IStack, OMHAKO (haKTHYECKW BCe OINMEpaIlny Te Xe caMble.

JNinctuHr 2.13. Peanu3aumua cteka 6MTOBbIX 3HAYE€HUW B OAHOM LIeJIOM 3HaYeHUun

/************************‘k******************************

* Peanmmuzauysa OI'PAHMUEHHOT'O CTeka M3 OMTOBBIX 3JIEMEHTOB

* Crex MOXeT comepxaTb no 31 Buta

*********************‘k‘k‘k‘k‘k‘k‘k***************************/
public class BitStack {

int stack = 1; // comepxyMMOe CTeka; BepuMHa — MIQOUMMA OUT CIIOBa

// Onepauys BTANKMBAHWUSA 3JIEMEHTA B CTEK
void push (int e) throws StackOverflow ({
// TlpoBepka [EepenojHeHus: craplias egyHuIa B CJIOBe
// CIOyXuT MapKepoM OHa CTeKa
if ((stack & 0x80000000) != 0) throw new StackOverflow() ;
stack <<= 1; // comepxyMMOe CHOBUI'AeTCs BJIEBO HAa OOMH OUT

stack |= (e & 1); // HOBBII BJEMEHT BalMCHBAETCS B MiIamgumii OuT
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// Onepauys BBITAJIKMBAHWUSA 3JIEMEHTa U3 CTEeKa

int pop() throws StackUnderflow {
// CTek myCcT, e€Ci¥ B HEeM COINEPXMTCS TOJIbKO MapKep IHa CTeka
if (stack == 1) throw new StackUnderflow() ;
int res = stack & 1; // BepumHa cTeka - MIaAOuMi pas3psAn CJIOBa
stack >>>= 1; // ComepxyMoe CJIOBa CHOBUIAETCS BIPaBO

return res;

// Onepauys BbBHAUM COHEPKMMOI'O BEPUMHEL CTEKA
int peek() throws StackUnderflow {
if (stack == 1) throw new StackUnderflow() ;

return stack & 1;

// Onepaumsa OMNyCTONEHUS CTeKa
void makeEmpty () {
stack = 1;

// Onepauys NPOBEPKM IyCTOTH CTEKA
boolean empty () {

return stack == 1;

MoxHO HamucaTh peajM3alvio CTeKa, OCHOBAHHYIO Ha TOW 3XKe Wiuee, HO C dBJie-
MEHTaMH JAaHHBIX, 3aHUMAIOIINMK HEe OIWH OWUT, a JBa WIN Jaxe Tpu. Pasymeer-
cd, yeM Oojiee KPYITHBIC 3JIEMEHTHI 3alIUCHIBAIOTCST B CTEK, TEM MEHBIIE NX YIACT-
csl 3anmucaTh. Tak, JUIsI 3J€eMEHTOB WIMPUHON B Tpu OuTa (Hampumep, Iejbe
yncia n3 aramnaszona ot 0 mo 7) mecta B cioBe xBatuT mist 10 3j1eMeHTOB, TakK 4TO
MaKcUMaJIbHas TIyOnHa cTeka cocTaBuT 10 TTo3nImii.

2.3. [NpoxoxpeHne aepeBbeEB

B pazd. 1.3 6bu1 nmpeactaBied OJMH IMPOCTOM JITOPUTM MPOXOXKISHUS A€PEBLEB.
Pazymeercd, mid npakTUyecKUX Liedeil 5Toro HemocTaTouHo. MTepalus nepeBbeB
SBJIAETCS BAXHEMIIM 2JIEeMEHTOM MHOTUX JITOPUTMOB 00paboTKu MH@OpMAaLUH,
B TOM YHUCJIE M IPeacTaBAeHHBIX B 3Toil kHure. YacTo ObIBaeT He BCe paBHO, B
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KaKOM IIOpAAKE INPOXOIATCA Y3Jbl ACPEBA, TAK YTO Tpe6yeTCE[ 3HAHUE TOro, Kak
MO2KHO OpraHu30BaTb PA3JIMYHBIC IOPAIKH 06xoz[a Y3J10B J€peBa.

Kak u B ciyyae cnuckoB, HaubdoJjee MPoCcTo MporpaMMUPYIOTCS 0OXOIbI C TOMO-
LIbI0 BHYTPEHHUX UTEPATOPOB, HO [JId II0ONbL30BATeNed ropasmo uaile 0osee
YI[O6HO OpPraHn30BAThb O6XOI[ Y3JIOB A€peBa C TMOMOIIBK BHEIIHETO HTEpaTopa,
T. €. OIpeAe/]UTh CIelUalbHblil KIacc (UIM KIAcChl), pealus3ylolluii uHtepdeiic
java.util.Iterator WM java.util.Enumeration JISI 3aJaHUSI AJITOPUTMA O0-
Xo4a aepena. KﬂaCCbI, 3aJdloMe KaK BHEHIHME, TaK W BHYTPCHHUE MTECPATOPDLI,
MOTyT OBITH OMUCAHBI HEMMOCPEACTBEHHO BHYTPH Kilacca, OIPEACITAIONICTO ICPEBO.
KOHC‘{HO, COOTBETCTBYIOLIME METOAbl KIacCa OOJI2KHbI I'€HECPHUPOBATDH H€O6XO£LI/I-
MBI UTEPATOP.

ITycTb, HapuMep, IepeBo ONpeaeNeHO ¢ MOMOIIBIO Kiacca Tree. [IpeanonoxmnM,
[JId OTOro A€peBa IIpeajararorcd JBa crnocoba ero obxoaa. OHpe,ZleJIl/IM aBa METO-
Ja extTraversel () U extTraverse2 (), KOTOPBIC 6yHYT TCHEpHpPOBATh U BbIOA-
Barb COOTBETCTBYIOLIME BHELUIHUE UTEPATOPHI, U ABA METOdA intTraversel () U
intTraverse2 (), KOTOpbIE 6yI[YT 3adaBaTb AJITOPUTMBI IJISI COOTBETCTBYIOIINUX
BHYTPEHHUX UTEPATOPOB.

public class Tree {

public Iterator extTraversel() { ... }
public Iterator extTraverse2() { ... }
public void intTraversel (Action action) { ... }

public void intTraverse2 (Action action) { ... }

private static class Traversel implements Iterator { ... }

private static class Traverse? implements Iterator { ... }

}

Torma B mporpamMme MOXHO OYAET OCYILECTBIATh MUTEpPalMIo AepeBa PasHbIMHU
crocobaMu (¢ TIOMOIIBIO BHYTPEHHETO WJIM BHEIIHETro uTeparopa) U B pasHO
IoCJI€a0BATC/IBHOCTU 06X0£La B 3aBUCUMOCTU OT HOTpC6HOCT€fI IIporpaMmbl, Ha-
TIpUMEp:
// BHEWHW MTEepaTop; IEePBEN NOPANOK 0O0XOoma
for (Iterator mylIterator = myTree.extTraversel();
myIterator.hasNext (); ) {
Node nextNode = (Node)myIterator.next();

<o6paboTka OYEepPEenHOI'O y3Ja>
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WK
// BHYTPEHHMII UTEepaTop; BTOPONM MOPSAOK O0Xoma
myTree.intTraverse2 (new Visitor () {

public void visit (Object nextNode) {

<oBpaboTka OUESPEOHOIO Y3Ja>

}
}):
BryTpeHHne uTepaTtopsl YacTO CTPOSTCS B BHAEC PEKYPCUBHEIX mpoieayp. Jeticr-
BUTCIBHO, CPAaBHUTEIBHO HECIOXHO HAMUCATh PEKYPCHUBHYIO IPOIEAYpPY, KOTO-
pas OymeT IS KaXIOTO y3/Ia JepeBa BRITTOTHATE 'TIOCeIeHne"” 3Toro yaia, 3agaH-
HOE apryMeHToM Tipolenypbl. JIIT BHEIIHEro WTepaTopa TaKoll cItocob
HammcaHug o0Xxoja He MOIXOIWT: BHEITHWN WTepaTop NO/KEH OBITh TOTOB K TO-
My, 9TO €TO JIelCcTBUE TpephiBacTcs Ha BpeMs 00pabOTKU y3i1a, Tocie Yero nTe-
paTop JOJDKEH BBIAATH CIIEMYIONINI TTO TTOPSIIKY 00Xoma y3e.

Puc. 2.7. Mpumep GuHapHoro gepesa

HaBaiiTe paccMOTpUM JBOUYHOE JEPEBO, cofepxailiee B y3JaX CUMMBOJBI, HANlpU-
Mep, Takoe, Kak Ha puc. 2.7. ToBopsIT, UTo AepeBO MPOXOINUTCS CBEpXY BHU3, €C-
JIU K&KABINA y3e1 Bcerja IPOXOJAUTCS paHbliie, YeM TOANepeBbsl 3Toro y3na. s
U300pakeHHOTO JiepeBa cAefyolne TOpsSAKN TIPOXOXKISHUST Y3JI0B OYAyT TOpsia-
KamMu 0o0xoja "cBepxy BHU3'":

ABCDEFGHI
ABDHGCEFI
ACBFIEDGH
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B »TOM ciyyae Taxkxke TOBOpPST, UTO AEPEBO OOXOMMTCA B HUCXOAMIIEM IMOPSAKE.
AHaJIOrMYHO, Npu 006Xoae CHU3Y BBEPX (BOCXOMSILIMI MOPSAoK obxoaa) y3en mpo-
XOAMTCS IIOCAe TOro, KaK MPOHAeHBI €ro MOAAePEeBbs, HAIIPUMED:

ITHGFEDCBA
IFECGHDBA

OueBUIHO, YTO MJII KaXKIoro o0xoma "cBepxy BHM3" 00XOI TEX XK€ Y3JI0B B IIPOTH-
BOTTOJIOXKHOM Topsiike OyaeT 00XoaoM "cHU3Y BBEpX .

[opsanox obxoma OMHAPHOIO AEPEeBA HA3BIBACTCSA UHEOUKCHbIM, €CIIA KX y3es
MIPOXOIUTCS IOC/IE TOro, KaK IPOMAeHbl BCE Y3JIbl OOHOIO MOAAEpeBa, U A0 TOro,
KaK IpoitneHbl y3ibl Apyroro mnoagepesa. OObIYHO MCHOAB3YIOT JMOO JIEBOCTO-
POHHMI UHQPUKCHBIA 00XOM, IIPU KOTOPOM CHAyaaa oOXOZUTCS JeBOe MOAIEPEBO,
IIOTOM KOPHEBOH y3el, IMOTOM IIpaBoe MOAAepeBo, JUOO MPaBOCTOPOHHUN HH-
¢GUKCHDBIN 00X04, IpU KOTOPOM HAO0OPOT, cHauyanaa oOXOAUTCH IPaBoOe IMoaaepe-
BO, 3aT€M KOpeHb, M, HAKOHEILI, JieBoe IojuepeBo. BoT kKak, Hanpumep, paciosa-
raloTcs Y3/bl HALEro AepeBa B MOPAAKe JEBOCTOPOHHEro MHPUKCHOro obxona:

GDHBAECIF

Juist HUCXOMALIMX U BOCXOISIIUX 00X0A0B O0bIMHO TAKXKE OIPEe/ISIOTCS HEKOTO-
pble "cTaHAapTHBIE" HNOPSAKU 00X0Aa, HAIPUMEP, IIPU HUCXOISILIEM JE€BOCTOPOH-
HeM 00X0/Ie HOPSIOK IIPOXOXKIEHUS Y3II0B ONpele/ieH CIeAyIoluM obpa3oM: He-
[IOCPEACTBEHHO I0C/Ie 00X0/a KAXI0I0 y3/1a [IPOXOISTCS Y3JIbl €ro I0A1ePEBbeB B
[OpSIKE CileBa HalpaBo ([ig GMHAPHOIO AepeBa — cHayajia JIEBOro IOIepesa,
3areM Ipagoro). Jlisi nepeBa, NpUBEIEHHOro Ha puc. 2.7, y3ibl B IOPSLIKE HUCXO-
ISIIIEero JIEBOCTOPOHHETo 00X0/1a pacio/iaraiores CAeayOIuM o6pasoM:

ABDGHCEFI

Eme npa TepMuHa, 4acTO MCIOJB3YIOIIMXCA I OmNpeAeaeHUs Hopsaka obdxoma
y3noB, — "0bxo/ B riyouny" (depth first) u "obxon B mmpuny" (breadth first).

T'oBopsiT, uTO OOXOA SIBISIETCS OOXOMOM "6 wiupuHy", eciv y3Jbl, PacTiONOKEHHbIE
OMKe K KOPHIO JiepeBa, OOXOASTCSI paHbIlle, YeM Y3JIbl, OTCTOSIIINE Maibliie OT
KopHs1. TTpu 5ToM paccTossHUE OT y3ja 0 KOPHS U3MepsieTcsl KoJMYecTBoOM pebep
Ha KpaTdaiineM TyTH W3 BTOTO y3j7a o KopHs. Taxk, Hampumep, B JepeBe Ha
puc. 2.7 yanul D, Eu F HaxoAsTcsl HA OJHOM W TOM K€ PacCTOSTHUM OT KOPHS —
2, a y3en B pacnomaraetcst 61uke K KOPHIO, T. K. PACCTOSIHHE OT HETO 10 KOPHS
paBHO 1. OOBIYHO MOJAraldT, YTO KOPEHb HaXOAUTCsl Ha paccrossHumM (O ot cebs,
TaK 4TO MpU obxoye "B NUPUHY" OH Bcerna oOXOAUTCS TIepBBIM. JIeBOCTOPOHHMIA
o0xo/1 "B UPpUHY" JJIST iepeBa Ha puc. 2.7 pacTloyloXUT ero y3JIbl B CASAYIOIIEM
TopsAKe:

ABCDEFGHI

T'oBopsiT, uTo 00XON SBHsIETCS OOXOMOM ‘6 eaybuny”, ecnmu B JIOOOM ToiepeBe
WCXOMTHOTO JepeBa Y3JIBI 0OXOIATCS "ToApsa’”, T. €. ecii 00Xod HEKOTOPOTO TToA-
JepeBa Hayar, TO OH IPOAOIKAeTCs IO TeX Top, IOKa Bce MOMISpeBO He Oymer
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oboiineHo. Hampumep, HUCXoAgILUiA 00Xod "B LIyOMHY" MOXET OBITh IIpeACTaB-
JIEH TAKOM MOC/Ie10BaTe1bHOCTbIO Y3/10B TOIO Xe€ JepeBa;

ABDGHCEFI

Ecin B 3T0i 1OC/A€00BATEIbHOCTU Y3J0B PACCTaBUTh CKOOKU i 00O3HAYEHUS
[O[LIEPEBbEB, TO MOXHO YBUIETb, YTO ACHCTBUTE/bHO, KAXI0€ HOIEPEeBO 3aHU-
MaeT cBoi "yyacToK" B 3TOIl IOC/IEI0BATEIbHOCTH, HE MePeceKarolIMiicsa ¢ yuacT-
KaMU, 3aHATbIMU APYITUMU [OJAEPEBbIMU:

(A4 (B (D (G) (H))) (C(E(F (D))

O6xoabl "B [1yOMHY" OCOOEHHO YAOOHO peaju30BbIBATh B BUIE PEKYPCUBHBIX
[IpoLieayp, IOCKOJbKY Takas IpoLenypa, [oJyulB B KQUeCTBe apryMeHTa HEKOTO-
poe HoiepeBo i 00xona, Oyiaer 00XOAUTh ero 10 TeX MOP, IOKA BCE Y3Jbl 3T0-
ro nojjepena He OyayT mpoiiaeHbl. HanpoTtus, peaausosaTs 06xom "B LIMPUHY" ¢
[IOMOILbIO PEKYPCUBHOK MPOLENYPBl IPAKTUYECKHA HEBO3MOXHO, BO BCIAKOM CILy-
yae, Takas peanusalus odoxoja OyaeT HeecTeCTBEHHOK U Hea(hheKTUBHOIA.

B nmamHo# KHWTE paccMaTpuBacTes MHOTO CIOCOOOB U TIPOIeAyp 0OXoma TBOWY-
HOIO JiepeBa U IepeBbeB o01lero Buaa. B paszd. 1.3 yxe ObL1 mpeacTaBieH BHYT-
PEHHHWI UTepaTop VIS JIGBOCTOPOHHETO MHGUKCHOTO 00X0Ma, pealM30BaHHBIN C
[IOMOILbIO PEKYPCUBHOM nIpoueayphl. Jlanee B 5TOM pasieile IPeLCTABIEHbl elle
Tpu crtocoba obxoma MepeBbeB € WCMOTB30BAHWEM TOTONHUTEIBLHBIX CTPYKTYD
JaHHBIX UII XpaHeHUs uH@opMaLUMU B IMpolecce 00Xoaa:

O BHYTpPeHHUI UTepaTOp AJIs HUCXOASLEro obxoaa "B IyOouHY", UCIONb3YIOIIUIA
CTEK ISl XpaHEHUSI UHPOPMALIUU O €lle¢ HEMPONICHHBIX TONNCPEBBIX;

O BHEUWIHWN WTepaTop IJIs HUCXOALIIETo obxoma "B MHUPWHY', WCTIONIL3YIOMINHA
ouepedb sl XpaHEHUS BEPIIUH B IOpSAIKe 00X01a;

O BHEWHUHA UTEPATOP VIS BOCXO/SLIEro 00xo/ia, UCIOJb3YIOIMK cTeK IS Xpa-
HeHWUs WHMOpMAITMK O MYTH U3 KOPHS K BeplIWHE, paccMaTpuBacMoul B TEKy-
LIUHA MOMEHT.

Ilocne sroro paccmarpuBaloTcs elie ABa cliocoba obdxoga WA clelUalbHbIX Je-
PEBBEB C XpaHECHUEM Beeil MHGOPMAIIMKM BHYTPU CAMOW CTPYKTYPHI IEPEBa U €ro
y310B. B cienyronux pasienax pacCMaTpUBAIOTCH U IPUMEHSIOTCS €1l1€ HEeCKOJlb-
KO ¢rmocoboB 06Xofa mepeBa UTS MCTTONB30BAHNS X B CTICIIMANBHBIX aITOPUTMAaX
00paboTKu UHPOPMALIUH.

Hrak, HauHeM ¢ oOIMCaHMS BHYTPEHHEIO UTepaTopa I HUCXOIdllero obxoma
"B IyOUHY".

bynem mcnomb3oBaTh ciaenyomunii anropuT™. st Toro 4ToOsl 00OUTH HEKOTOpOE
MOAJepeBo, CHAYala OpoiijieM KOpeHb 3TOro MojlepeBa, 3aTeM CIIyCTUMCS B €ro
JIeBoe TIOIEPEBO, a MpaBoe MOAIEPEBO 3aIIOMHUM B cTeKe. Ecim JieBoe momaepe-
BO MYCTO, TO MOXHO Cpa3y CIYCKAThCA B IIPaBO€ MOIAEPEBO BMECTO TOIO, UTOObI
3alTOMWHATH ero B creke. Ecnm oba TommepeBa MyCcThl, TO OYepeaHOE TOAIEPEBO
Hano M3BAeYb U3 cTeka. B Tabi. 2.1 mpeacrapieHbl HOCIEAOBATENbHbIE CTAAUM
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00xona nepeBa, M300paXEHHOro Ha puc. 2.7, IpU TOM HA KAXIOM lliare mokasa-
HBI TeKyIlash BepIlInHA W BEpIITMHBI TTONIePEeBbeB, XpaHIIINXcs B cTeke. JIHO cTe-
Ka 0003HAYE€HO CHMBOJIOM [, a BeplllMHA — CUMBOJIOM ).

Tabnuya 2.1. lNocnegoBatesibHOCTb LLATOB NPY HUCXOAALLEM 06Xo4e B ri1yOuHy

Homep  Tekywias CopepxunMoe cTeKka MpoiipeHHbIe BepLUNHbI
wara BepLUMHA

1 A D

2 B (¢ A

3 D [0 A B

4 G [C, H A B D

5 H [0 A B DG

6 c D A B D, G H

7 E (A A B D, G HC

8 F D A B D G HCE

9 / D A B D G HCEF
10 null D A B D GHCEFI

B nucrunre 2.14 npuBeaeHoO omucaHue BHYTPEHHEIO MUTEpAaTopa B BUAE MeToda
Kjiacca Tree (cm. pa3d. 1.3), Ipu BTOM cUUTAeTCs, YTO 3aJlaHO TaKXKe ONMUCcaHue
uHTepdeiica Visitor (em. pazd. 1.2) u ciaenaHbl Bce HeoOXOAUMBIE OINMCAHMS
KJ1accoB M UHTepheRcoB sl paboThl CO CTEKOM (cM. pasd. 2.2).

NMuctuxr 2.14. Hucxoasawmn o6xoa gepeBa c XxpaHeHWEM y3NOB B CTeke

/*****************‘k****‘k‘k‘k‘k‘k****************************

* BHYTPEHHUN MTepaTop IJIS HUCXOIAMETo obxona
* C XpaHeHMVEM y3JIOB B CTEKe
********************************************************/
public void traverseUpDown (Visitor visitor) {

// CTek mjisa XpaHeHMs y3JIOB

IStack stack = StackFactory.createStack();

// Texkymas BepuyHa

Node current = root;

// OCHOBHOM LMKJII

for (;;) {

/) OBxomM TEKYIYKD BEPIMHY
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visitor.visit (current.item) ;
//—————————— Kiamem B CTEK HpaBO€ HOLIEPEBO
if (current.right != null) {

stack.push (current.right) ;

/)= IlepexomyM K JIEBOMYy IIOIIOEPEBY, €CJIUM OHO E€CTb
if (current.left != null) {

current = current.left;

[/ === WM MEITAEMCSA UBBJEYb OUEPEelHY BEPUMHY M3 CTeka
else try {

current = (Node)stack.pop () ;
} catch (StackUnderflow ex) {

[/ === Crex mycT, 3akKaHuuBaeM paCoTy LMkia ¥ QyHKLU

break;

Ecniu + — nepeBo, comepxaliiee B y3jl1ax CUMBOJIBI, KaK MOKa3aHO Ha puc. 2.7, To
Cl)pal"MeHT TIporpaMMbl
t.traverseUpDown (new Visitor() {
public void visit (Object obj) {
System.out.print (obj) ;
}
1)
System.out.println();

BBIBOBET TIE€YATh CJ'[CI[WOU.[Cﬁ CTPOKU:
ABDGHCEFI

C noMmollplo HeGOMbIIOH MOAM(HUKAIIMM UTEPATOPA MOXKHO HM3MEHUTh MOPSAIOK
00xo1a Ha JIEBOCTOPOHHUI MHGPUKCHbIM 00xoa. g 3TOro BMECTO MPOXOXKIESHUS
y3jla 4 IOMELIEHUsI B CTeK €ro IpaBoro IojJepeBa ClelyeT IIOMECTUTb B CTEK
caM y3es, a MPOXOAUTh ero HaZo B MOMEHT M3BJeYeHUs y31a U3 creka. Momgudu-
nMpoBaHHAag (GYHKIMS MoKa3aHa B JUcTUHIe 2.15.

NucTtnHr 2.15. lleBocTOpOHHUI MHPUKCHBIN 06X0 4 AepeBa C XpaHEeHUeM
Yy350B B CTEKe

/******************************~k~k***~k~k***~k~k************************

* BHYTPEHHUN MTepaTop IJiS JIEBOCTOPOHHEI'O ofxoma
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* C XpaHeHMEM y3JIOB B CTEKe
********************‘k‘k‘k‘k‘k‘k‘k‘k*************************************/
public void traverseInfix (Visitor visitor) {
// Crek mna xpaHeHMs uHGoOpMaLMM
IStack stack = StackFactory.createStack();
// Tekymas BepumHa
Node current = root;
// OCHOBHOM LMKJI
cycle:for (;;) |
[/ KiameM B CTEK TEKylyl BEpUMHY
stack.push (current) ;
/) —————————— [lepexomM K JIEBOMY IOANEPEBY, €CJIM OHO eCThb
if (current.left != null) {

current = current.left;

[/ ————————— WY UBBJIEKAEM OUEepelHYyI BEpPIMHY U3 CTeKa
else do {
try {
current = (Node)stack.pop () ;
[/ == 1 OBXOIMM TEeKyUYI BEPUMHY

visitor.visit (current.item) ;
} catch (StackUnderflow ex) {
break cycle;

}

} while ((current = current.right) == null);

B oboux cayvassx MaKCUMAIBHYIO TpeOYIOIYIOCcs TTyOMHY cTeKa MOKXHO OICHUTH
BEICOTOIT JepeBa, T. K. B JOOOH MOMEHT BpPeMEeHU B cTeKe TIPUCYTCTBYIOT V3B
(wmv TIpaBbIe MOAACPEBhs STUX Y3JI0B), HAXOMAIIHECS HA MYyTH U3 KOPHS B HEKO-
TOPYIO BEPIINHY.

BuyTpeHHHe HUTEpaTOpbl MOIYYAIOTCS AOCTATOYHO IMPOCTHIMHM, HO II0Jb30BATHCS
MMM 4acTo ObIBaeT HeynoOHo. PaccMoTpuM Temepb mpuMepbl BHELIHMX UTEPATO-
poB. CoGCTBEHHO, METOAMKA HAIIUCAHUS BHEIIHUX MTEPATOPOB HE CHUJILHO OTIH-
yaeTcsa OT METONMKM HallMCaHWs BHYTPEHHMX UTepaTopoB. B oboux ciydasgx op-
raHU3yeTCs HEKOTOpas CTPYKTypa OAHHBIX (OOBIMHO CTEK WJIM OYepelb) I
XpaHeHUsl MYTU OT KOPHSA OO TEKYIIed BepILMHBI, TOJIbKO €CId BO BHYTPEHHEM
uTeparope Bce JAHHBIE CO3MAIOTCS B BUAE JOKANbHBIX IMepeMeHHBIX (YHKIINUM, TO
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BO BHEILIHEM HTEpaTope T XKe MaHHbIe OyIyT COCPEeNOTOYEHbI B OMMCAHMUU KIac-
ca, pealu3yIoLLero uTepaTop.

B xauecTBe mepBoro mpuMepa paccMOTPUM BHEITHUIN UTEpaTOP TSI HUCXOISIIETO
obxoma "B MMPHUHY", UCIIONB3YIONINAI ouepenhb IS XpaHEHUST BEPIINH B IOPSIIKE
obxona.

Ouepeab MASATBHO IOXOAMT JJISl OpraHu3aluud odxoja "B wMpuHy". [deicTBuU-
TeJNbHO, 110 Mepe MPOABMXEHHUS OT KOpPHs AepeBa BHU3 B ouepelb OyAyT MomaaaTh
Bce Oojiee yoaqeHHbIe OT KOpHs BeplluuHbI aepena. [Ipu 3ToM, yeM paHblle Bep-
LIMHA II0IaJ1a B IE€peBO, TeM paHbliie oHa OygeT oOpaboTaHa — 3TO OCHOBHOI
MPUHIMI XpaHeHHs1 MHGOPMALUKM B CTPYKType ouepeau. PaccMoTpum omarhb de-
peBo, IpUBeleHHOe Ha puc. 2.7, U IMokaxeM (Tabi. 2.2), Kak MocaeaoBaTeabHO
nepedbUpaloTcsl ero BeplLUMHbI, €CJIM Ha KAXIOM Illare IMPOXOIUTCSA IepBas Bep-
IIMHA U3 oYyepedu, a B odyepedb KIaayTcd Ul Moceaylolleil oOpaboTKu KOpHU
noaAaepeBbeB 00PAdaTHIBAEMOIl BEPIIMHBL.

Tabnuya 2.2. lNocrenoBatesibHOCTb LLAroB npi 06Xo4e B LLIUPUHY

Homep  Tekywas CopepxnMmoe cteka MpoipeHHble BepLUNHbI
wara BeplLuMHa

1 A (B, Cl

2 B (C, Ol A

3 c (D, E, Al A B

4 D (E,F, G H A B C

5 E (F, G, HI A B CD

6 F (G, H 1 A B CDE

7 G (H, 1 A B CDEF

8 H ( A B CDEFG

9 / { A B CDEFGH
10 null (1 A B CDEFGH,I

Kak u panblne, 6ymeM TpeanonaraTh, 4TO BHEITHWI WTEpPaTOp OMUCHLIBACTCH B
BUIE  HEKOTOPOTO  KJjacca, pealusyiollero  CTaHHAPTHBIN  wHTepdeiic
java.util.Iterator, OMTUCAHHWE BTOTO KJIacca BIIOXKWM B OMMCAHHE Kiacca, pea-
JIU3YIOIIETO AepeBO (Tree), a COOCTBEHHO METOM, TIO3BOJNSIONINIT OpPTaHW30BaTh
WUTEpallnio aepeBa, OyAeT MPOCTO MOPOXKIATH M BBIIABATH B KA4EeCTBE PE3yabTara
SK3eMITISIP TAKOTO Kiacca. sl peaausanny odepeay WCMHONb3yeTcsT nHTepdeiic
IQueue, (pabpwka QueueFactory W MCKITIOUNUTSIBHAS CHTYallMsI QueueUnderflow
(cm. pazo. 2.2).

OmpeneneHune Knacca npuBeaeHo B aucTunre 2.16.
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INMuctuHr 2.16. BHelwHU uTepatop gepeBa Ans o6xoaa B LUMPUHY

/*************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k**~k~k*********************************

* BHemHMI KUTepaTop Ijid HUCXomAamero ooxoma "B mmpuuay"

* C XpaHeHMVEM y3JIOB B odepenm

**************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k****~k~k~k~k~k~k~k************************/

static private class BreadthFirst implements Iterator ({

IQueue queue = QueueFactory.createQueue();

/=== KOHCTPYKTOP
public BreadthFirst (Tree t) { queue.enqueue (t.root); }

)/ ———————= Boimaua OUepenHoOro 3JIEMEeHTa
public Object next () {
try f
// OuepemHoll y3es OepeM M3 odepemi, €Ciii OH TaM eCThb
Node v = (Node)queue.dequeue () ;
// CraBuM B ouepenb KOPHM MNOLIEPEBLEB 3TOIO y3Ja
if (v.left != null) { queue.enqueue (v.left); }
if (v.right != null) { queue.enqueue (v.right); }
// BeIIAEM BJIEMEHT, XPaHAIMICA B OUEPEeIHOM y3Jie
return v.item;
} catch (QueueUnderflow ex) {
// Ecim ouepemp IIycTa

return null;

/=== VTepaluys 3akKOHUEeHA?
public boolean hasNext () {

return !queue.empty();

/=== [IycTas ¢yHKLMA s ofecrneueHus mMHTepderica mrepaTopa

public void remove() {}
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@yHKIMA, TOPOXKIAIONIAST COOTBETCTBYIOIUI UTEPATOP, Tenepb OYAET BIIISIAEThH
COBCEM ITPOCTO:

public Iterator traverseBreadthFirst() {
return new BreadthFirst (this) ;

}

Ho cux nop Mbl Bce BpeMsl I'OBOPWIU TONbKO O OMHAPHBIX JepeBbsix. B HekoTo-
poil cTemeHu 3TO OMpaBAaHO, TMOCKONbKY, KaK yXke OblIo cKa3aHo B pasd. 1.3, B
JepeBbsiX OOLIEro BWjaa y3/bl MOIYT COAEpKaTh JBa yKaszaress TOUHO TaK Xe, KakK
W B OMHapHbBIX JepeBbsix. COOTBETCTBEHHO, BCe Te CIOCOOBI 00X0/a, KOTOphIe
[PUMEHUMBI K OMHAPHBIM JE€PEBbSIM, MOIYT ObITb IIPUMEHEHBI U K JIEPEBbIM 00-
mero Buaa. Tem He MeHee, CMBIC, BKIAAbIBAEMbIi HAMU B 3TH OOXOMbI, MOXET
MEHSITbCS, IOCKOJIbKY JIOTMUYECKAs CTPYKTypa JepeBa MOXET HE COBIlaJaTrbh C €ro
¢pU3NIECKOIt CTPYKTYPOIi.

TMosichuM ckazaHHoe Ha pumepe. TTycTb uMeeTcst 1epeBo, JJoruyeckasi CTpyKTypa
KOTOPOIro mokazaHa Ha puc. 2.8.

Puc. 2.8. Mpumep aepesa obliero snaa ana odbxoga

B mamsaTi ¢BA3M MeXAy y3maMyu OYIyT BHITISAICTh HECKONBKO TO-IPYTOMY: KaXk-
JbliA y3es OyIeT comepxkaTb yKasaTedd Ha IepBOro HemoCPEeACTBEHHOIO MOTOMKA
("cTapiero chiHa") U Ha COCEMHUN y3eJ, HaXOMJIIUNCS Ha TOM Xe YpOBHE ue-
papxuu ("6paTa”), Tak uyTO (PU3MUYECKAsA CTPYKTYpa CBA3CH MEXAYy TEMM XKe y3aaMu
OyneT BBRITIANCTH TaK, KaK Ha puc. 2.9 (Jlormyeckue ¢BA3M, OTCYTCTBYIOIINE B (hH-
3UYECKON CTPYKTYpe AepeBa, MOKa3aHbl MYHKTUPOM).

Ecnu reneprs paccMOTpeTh Kakoii-1ubo 13 MOPSIKOB 00xoma y3/10B IS UCXOTHO-
To JiepeBa, CKakeM, JEBOCTOPOHHUI oOXon "B IMUPUHY", TO JUIS BTOPOTO JepeBa
TOT XK€ MOPSIIOK 00Xoda yXe He OyaeT obxogoM "B 1mpuny". J1s UCXOOHOro ae-
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peBa y3Jbl B MOPSAAKEe JEeBOCTOPOHHEro obxona "B LIKMPUHY" OyIyT pacrogararthes
TaK:

A, B, C, D, EF G HIK,

HO JIJISI BTOPOTO JiepeBa y3JIbl B TIOpsiike 00xofa "B IUPUHY" OYIyT pacTioNoXeHbI
YK€ IO-Apyromy:

A B, C E D F G, H, I K

Puc. 2.9. MNpeacrtaeneHuve gepesa obLlero smaa B Buage GUHapHOro

KoHeuHo, HeTpyaHO HanucaTh (YHKIMIO, KOTopas OyleT IpeacTaBiiaTh obxon "B
LIMPUHY" Y3JI0B MCXOMHOIO AepeBa, Moayyas B KauecTBe apryMeHTa ero ¢dpusmde-
CKOe MpeAcTaBlIeHue, TaKoe, KaK Ha puc. 2.9, ogHako, peanusauus 3Tod QyHK-
uuu Oyaer, pasyMeercs, OTIMYATLCS OT peanudauudu obxoga "B IIUMPUHY" A OU-
HapHoro aepeBa. Tem He MeHee, IJII HEKOTOPLIX IOPSAKOB o0xoma (yHKIIMU
OyoyT OAMHAKOBBI B OOOMX ciydasx. Hampumep, HUCXOOAIIMHA JT€BOCTOPOHHUI
00xo[, "B ryouHy" ajist oboux JepeBbeB OyaeT OJHUM U TEM Xe:

A, B, C E F HIK,D,G.

MHorna oyeHb BaXHBIM OKAa3bIBAETCS BOIIPOC O KOJIMYECTBE IOMOJHUTENbHOIL
namsiTu, Tpedylolleiics A1 opraHu3aluuu odxona aepesa. Tak, HallpUMeEp, B cUC-
TeMAaX, PeAIM3YIOIIUX I3bIK nporpaMmupoBanusa LISP, npakrudyecku Bca mamsTh,
yJyacTBylolliasg B paboTe MporpaMMbl, OpraHM30BaHa B BUIE IEPEBbEB, KOTOPbIE
HMHOrIAa TpedyeTcss 0OXOAUTh B YCIOBUIX HEMOCTATKA MAMATU (HAIIpUMEp, LI Op-
raHuzauuu "yoopku mycopa”). Bo Bcex MpUBOAMMBIX paHee aJropUTMax i BbI-
MOJHEeHUs o0Xoa SBHO WM HEABHO MCIOJAb30BaTach HEKOTOPAasd MOCTATOYHO
CIOXHO OPraHM30BaHHASI CTPYKTYpa MaMITU — CTeK WM ouyepedb. Takas cTpyk-
Typa HyXHA IJII TOro, 4YToObl B Mpolecce 00X01a MOMHUTh, KAKUe DJIEMEHTHI Je-
peBa ellle He MPOHJIEHBI.
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KoHe4yHo, MOXHO KaxXIblii pa3 UCKaTh OYEPEAHOU HENPOMAeHHbIA 2JAEMEHT, UC-
XOMISI M3 TOTO, KaKoW y3ed JepeBa OOXOMWUTCS B HACTOSIIIINIT MOMEHT, HO TaKoM
MOUCK OYEPEIHOTO FNEMEHTA "OT KOPHS" IMPUBOIUT K PEe3KOMY 3aMeIEHUID CKO-
pocTi paboTHl anTopuTMa. KOMIIpOMECCOM SBISIOTCS BapWaHTHI, B KOTOPBHIX B
TOH WJIM WHOH CTeleHU MCIIONb3YIOTCS 2AeMEHThl maMmaTu camoro aepesa. Ilpu
3TOM OOBIYHO TPHUXOAUTCS OTBOIWUTH HEKOTOPYIO AOTTOTHUTEIBLHYIO TTaMATh HETO-
CpelNCTBEHHO B y3/1ax JAepeBa, TaK UTO KaKHMe-TO MOTepHu MaMITH BCE PaBHO OCTa-
TOTCST, OTHAKO WX MOXHO CBECTH K MHHUMYMY: YacTO ITOCTaTOYHO BCETO OMHOTO
JOMOIHUTENBHOTO OUTA MAMATU B KAXKIOM y3i€ AepeBa A TOro, YToObl OpraHm-
30BaTh 0OXom depeBa 0e3 WCITONB30BAHMS MOTONHUTEILHBIX CTpyKTyp. MHOTma
TAaKOH JOMOJHUTEIbHbIA OUT MaMSITH MOXHO HOJNYYUTh "AapoM”, eciau IpU Xpa-
HeHUM WHGOPMAIIMK B JepeBe MMeeTcsl HeKoTopas W30BITOYHOCTh. Hampumep,
ecau MHGpopMalLMs, XpaHUMAas B y3Je IepeBa, COASPKUT HEOTpULIaTeIbHOE LIenoe
YUCIO, TO YacTO MOKHO HMCTIONB30BaTh 3HAKOBEIM pasps 3TOTO YWCa JUTS Xpa-
HEeHUs1 HYXHOl uHbpopMauuu. MOXHO TakkKe 3aaefiCTBOBATb HEMCIIOIb3yeMble
MycThIe yKaszaTen Ha HEeCYIIeCTBYIOIMINE TTOAICPEBhS W Y3l JJIST XpaHECHHUS T0-
MOJHUTENbHON MHGOPMALIMH.

Paccmotpum aBa crocoba 00xona AepeBbeB HA OCHOBE BHYTpeHHEH MHGbOpMAaLIMT
y3JI0B JiepeBa I opraHusainuu obxona. B mepBoM crocobe ocHoBHast uiest co-
CTOMT B TOM, YTOOBI 3aIelCTBOBATh MYCTble yKazaTeJd B UCXOOHOM IEpeBe I
OopraHm3aluy nepexona or "MoToMKoB" K "mpenkam'. Bo BropoMm crocobe ykasa-
TeIM TpaHCHOPMUPYIOTCSA YyXe B Ipolecce oOXoda: IpU ABMXKEHUU IO IEPeBY
"BHU3" TIpOWJEHHBIE yKaszaTeld 3aMEHSIIOTCS yKaszaTrelsMu "HaBepx', K KOPHIO
JIepeBa; MpU IBMKEHUH O HUM OOpaTHO MPOUCXOOUT BOCCTAHOBISHUE HAIPaB-
JICHHOCTH yKazaresieil. B obomx ciyvasix TpeOyeTcsl Hajauuyue MOMOJTHUTETbHOTO
6uUTa, KOTOPLIi OyAeT MpencTaBieH B IpOorpaMMax AOMOJHUTEIbHbIM IOJEeM THUIIA
boolean B CTPYKType y3/a Jiepena.

CHayayia paccMoTpuM o0xon "cBepxy BHU3" JUISI lepeBa TPOU3BONBHON CTPYKTY-
pbl (BoOOIIE rOBOpS, He GUMHAPHOIO), MPEACTABIEHHOIO TaK, KAK IIOKA3aHO Ha
puc. 2.9.

Bynem cuutarth, 4yTo B y37aX, MPEACTaBISIONIMX caMoTo MJjanuiero "Gpara”, co-
JEPXKUTCSL CChLIKA HA "pOMUTENbCKUIl" y3ea. Jlag 3TOro MOXHO MCIONb30BaTh
CBOOOJIHYIO CCBHIIKY Ha "Opara”, a 4ToObl pa3IWyWTh 3TU JiBa clocoda TpuMeHe-
HMS CCBUIKHM, BBEIEM HOMOJHUTENbHBIM MPU3HAK B Kaxkablid y3ed. Ilomydusiieecs
TpejicTaBleHne Jepea n3odpaxeHo Ha puc. 2.10. Ha Hem "mmamgmue Oparbs”
BbIIEIEHBI IITPUXOBKOM, @ CCbUIKM HA PONUTENbCKUE Y3JIbl IPEACTABIEHbI CTPEI-
KaMW WHOTO BWJA, Ye€M OCHOBHbIC cCbUIKU. B nauctuHre 2.17 B ompeneieHUn
KiIacca JepeBa MNpU3HAK "Miajllero Opara’ MpeicTaBieH JOIMUYECKMM I10JeM
youngest, XOTS B PeaTbHOM CUTyall Ul 3TOTO, CKOpee BCero, 6yaeT MCIoNb30-
BaH KaKOH-HUOYIb M30BITOUHBIA OUT B MpeACTaBAeHUM WHGOPMALIMHM, XpaHI-
Imeiics B y3ie mepesa.
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Puc. 2.10. MNpepctaeneHne aepesa ¢ "06paTHLIMU™ CCbIIKAMMN

g obxoga MoOcTpoMM BHELIHMI MTEpaTrop AepeBa ¢ ONMCaHMeM Kiacca, Bilo-
SKeHHBIM B OIIMCaHWe Kilacca JepeBa. B aTom mTepatope TiepeXxold K cenyomeMy
9JIEMEHTY B IOpsAKe 00XOma OCYILIECTBIAETCS Mpede]bHO IIPOCTO: €CIU Y y3ia
uMeeTcsl "ChIH", TO TIPOUCXOAMUT TIepexoJ K 3ToMy "CBIHY"; ecnd nMeeTcs "Opat”,
TO BbLIOJHSIETCSl Iepexo K "OpaTy”, HaKoHel, ecliy HeT u "Opara”, TO IpoUcXOo-
JUT ToncK "Opata” y onuxafiiero npenka. O6paTute BHUMaHUe, YTO TTIOWCK cle-
JYIOIIEro y3jJa OCYLUECTBISIEeTCS He B TOT MOMEHT, KOrIa 3TOT y3e] CTAHOBUTCS
JIEMCTBUTENIBHO HYXXEH, a "3apaHee”, T. €. B TOT MOMEHT, KOT/a 3ampaliinBaeTcs
MPEeNbIIYLINUA y3ed. DTO JaeT BO3MOXHOCTD JIETKO ONPedeUTh KOHEell UTepalluu.

INMuctuxr 2.17. O6xoA AepeBa C UCMONb30BaHMEM OOpaTHbIX yKa3aTenemn

public class Tree {
// TlpencraBiieHMe y3Jjla HEeCKOJBKO OTJIMYaeTCs OT "CTaHIapTHOTO"

public static class Node {

public Object item; // comepxuMoe y3ia
public Node son = null; // ykaszaresnbr Ha "crapwero cemHa"
public Node brother = null; // ykazarens Ha "Gpara" wmm "orua"

public boolean youngest = false; // mpm3HakK TOI'O, UTO yKa3aTesb

// ccrulaeTcsa Ha "orua"

public Node (Object item) {

this.item = item;

public Node (Object item, Node son, Node brother, boolean youngest) {

this.item = item;
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this.son = son;
this.brother = brother;

this.youngest = youngest;

Node root = null; // mOpu CO3BmaHMM OEPeBO IIyCTO

// Onpepmenyv urTepaTop mjisa oOXOoIa LepeBa CBEpxy BHUSB
static class UpDownlterator implements Iterator {
Node current; // CChRUIKA Ha TeKyuMil ys3ell
// KOHCTPYKTOp MUTEepaTopa HNOIydaeT HEepeBO WiIL oOxomna
// B KauecTBe apryMeHTa
public UpDownlIterator (Tree t) { current = t.root; }
public boolean hasNext () { return current != null; }
public Object next () {
if (current == null) return null;
Object result = current.item; // mid BeHOauu pe3yJbTara
// Tenepp MIEM CIEOYOUA SIIEMEHT
if (current.son != null) current = current.son;
while (current != null && current.youngest) {
current = current.brother; // nepexorn BBepx
}
if (current != null) current = current.brother;
return result;
}

public void remove () {}

// OyHKLMS, BHIOAKIAS UTEpaTOp IS OOXOola IepeBa
// C yuyeTOM BOBMOXHOCTM [Eepexoia OT [OTOMKOB K IIperKaM
public Iterator upDownlIterator () {

return new UpDownIterator (this);
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Ecnu nepeBo, usobpaxeHHoe Ha puc. 2.10, DOCTpOEHO MPAaBUIbHO, TO €ro Y3Jbl
Oy/lyT TIpOIEHBI B CIEAYIOIIEM TIOPSIIKE:

A B, C, E F H IK,D,G,
YTO /TSI 3TOTO JAepeBa SIBISETCS eCTECTBEHHBIM ITOPSIIKOM 00Xoma "cBepXy BHHU3'.

HenmoctaTtkoM Takoro crnocoba obxoma SIBISIETCS TO, YTO HEOOXOANMO AKKypaTHO
MOAAEPXUBaTh MMPAaBUIbHYIO CTPYKTYPY CCbUIOK B Aepese. Eciu, Hanmpumep, He-
KOTOPBIN y3eN yaamsgeTcsl, To HeoOXOIUMO TTPOBEPUTh, HE COAECPKUT JIU yaajsie-
MBI y3€Jl CChUIKY BBepX MO AepeBy Ha Ipeaka (TO ecTh He SBILeTcs Jd OH "ca-
MBIM MiamgmumM OparoM”). Ecim 3To meificTBUTEIBHO TakK, TO HEoOXOOWMO HAWTH
ero oauxaiilero “"crapiiero opara” (pasyMeercs, ¢ MCIOJAb30BAHUEM TOM Xe ca-
MO CCBIIKM BBEPX MO JIEPEeBY), U MOAU(MUIIMPOBATEL TIPEACTABICHHUE 3TOTO "OGpa-
Ta". AHAJTOrMYHO, HEOOXOAUMO AKKYyPaTHO CIeIUTh 34 KOPPEKTHOCThIO IIPeACTaB-
JICHUSI W TIpU AOOGABICHUU Y3JIOB.

Bropoii crnioco6 ob6xoga ¢ WCMOAB30BAHMEM BHYTPEHHEW CTPYKTYphl JAepena,
npeacTaBleHHbId B JucTUHIe 2.18, cBoOoaeH oT aroro HegoctaTka. Her Heobxo-
JMMOCTH KaK-TO TT0-0co00My 00padaThiBaTh WU TIPEACTABIATDL Y3JIbI JepeBa Tpu
3TOM cnocobe 00xona. Bee, yTo HeoOXOOUMO MMETh, — 3TO CBOOOMHbBIM OUT MH-
dopmanmu JUIST MCTIONB30OBAHUSI ero yxXe Bo BpeMs obxoma. HemocraTtok sToro
criocoba 00xo/1a B APYroM: CTPYKTypa JepeBa JIMHAMMYECKU MEHSEeTCH BO BpeMs
ero obxoma. DTo, B YaCTHOCTU, O3HAYACT, YTO IS TAKOTO crocoba obXoma BHETII-
HUMe UTepaTopbl He MoaxoadT. JdeicTBuTeabHO, eciu 00xon OyaeT MpepBaH 10 €ro
OKOHYaHWS, WM BO BpeMsl obxona OyaeT MpeanpuHsTa TOMNBITKA U3MEHUTH
CTPYKTYpY ZIepeBa, WIM JaXe MpocTo OyAeT 3amyllieHa BTopas UTepalids — Bce
3TO MOXET MPUBECTU K HeTIpeJcKasyeMbIM TocaencTBusiM. [TosToMy BTOpoli cro-
cob obxoma mepeBa ¢ MCIONAb30BAHUEM €r0 BHYTPEHHEH CTPYKTYphbl OymeT mpea-
cTaBjieH BHYTpeHHUM HuTeparopoM. KpoMe Toro, 3TOT CMocod MOAXOAMT A 00-
x0Aa OMHAPHBIX IEPEBbEB.

Ha puc. 2.11 npeacrapieH MIpoMeXYTOUHBIA 3Tal Ipyu 00xoae OMHApHOro Aepesa,
n3obpakeHHoro Ha puc. 2.7. TIpn paboTe anropuTMa UCIONILIYIOTCS Cleayiolne
yKa3aTeiu:

O processed — yKa3zarejlb Ha IOCIEIHIO OOpabOTAHHYIO BEPILMHY, COAEpXKa-
LIy yKaszaTeab "BBepX” MO JEpeBy;

O current — yKasareab Ha TIEPBYIO BEPIIMHY ellle He 06paboTaHHOIM YacTy epena.

ITpu nBMXeHUW BHU3 TIO JiepeBY (OT KOPHSI K JUCTbSIM) HEKOTOPBIE YKa3aTelu B
JEPEBE MCIOJb3YIOTCS /1L TOrO, YTOObl 3alIOMHUTh OOparHbIi 1yTh. IIpu aBUxKe-
HUM o0paTHO 3HaYeHUs yKasaTeJed BoccTaHaBIWBarOTcs. OTMOMHUTENBHBIN OWUT
MHPOPMAIIMK CILY>KUT IS TOrO, YTOOBI 3alIOMHMTb, KAKOH M3 IBYX yKasaTejaeid —
JIEBBI MWW TIPABBI — WCMONB3YETCS JJISI BPEMEHHOTO COXPAHEHUS CCBITKU HA
POIUTENBCKUIA Y3€E.
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<—— processed

<— current

Puc. 2.11. O6xoa nepeBa ¢ UCNOIb30BAHNEM BHYTPEHHUX yKasaTenemn

Ha puc. 2.11 uzobpaxeHa cutyaiusi, Koraa B IByx y3nax aepesa — A u C — no-
JId, B KOTOPbIX B HOPMAJBHOM COCTOSIHMM 3aIIMCaHbl yKa3aTedud Ha IIpaBoe Ioj-
JIepeBO, MCIOJb3YIOTCS I XPAHEHUS CChUIOK HA POIUTEIbCKUI y3e.

B nuctuHre 2.18 mpencraBieHa omnepaiusi, OCYIIECTBISIONIAS JEBOCTOPOHHUM
WH(}pUKCHBIN 00X0 JepeBa ¢ TOMOIIbI0 BHYTPEHHEro uTeparopa. BTO OIUH U3
CaMbIX CJIOXHBIX aJITOPUTMOB, MPEJCTABICHHBIX B 3TOW KHUTE; JUISI €T0 YCIEITHO-
TO TIOHUMaHUsI pPEeKOMEHJYeTCcsl TToMpoOoBaTh MPOCIEIUTh €ro paboTy Ha KaKoM-
HUOYIb MPOCTOM TIpIMEpE.

INMuctuHr 2.18. JleBOCTOPOHHMIA MH(PUKCHBIN 06X0A4 C 0GpaLieHneM CChINIOK

public class Tree {

/********************‘k‘k‘k‘k‘k‘k‘k************************************

* OnpenesleHre y3Jja BKIIOYaeT HOHOJNHUTENbHEN OMT flag

*********************‘k‘k‘k‘k‘k‘k‘k***********************************/

static class Node {

public Object item; // comepximoe y3ia

public boolean flag = false; // dnaxox mig obxoma

public Node left = null; // ykKaszaresb Ha JIEBOE IOLIEPEeBO
public Node right = null; // ykaszaresyb Ha IOpaBoe MNONIepeBO

// KoHCTpyKTOp y3ia
public Node (Object item) {
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this.item = item;

Node root = null; // KOpeHb IepeBa

public void traverseWithInversion (Visitor visitor) ({

Node processed = null; // ykKaszaresb BBEPX [O IEPeBY
Node current = root; // ykKaszaresb Ha TEKYyUylD BEPUHY
boolean down = true; // HamlpaBJleHUEe IBWXEHNS

// Luky ofxoma y3JIOB BaKOHUMTCSA, KOTIA NpU IBWXEHUM BBEpX
// oOkaxeTcsd, UTO yXe BCe Y3JIBl IPOIEHE
while (down || processed != null) {
if (down) {
if (current == null) {
// MeHseM HanpabBJieHUE IBMKEHUS
down = false;
} else {
// CniyckaemMcs BHMS3 IO IOEepPeBy Ha OIMH mar
Node w = current.left;
current.left = processed;
processed = current;
current = w;
}
} else {
if (processed.flag) {
// BoccCTaHaBiIMBaeM yKasaTellb U NIPOABUTAEMCH BBEPX [0 OEPEBY
processed.flag = false;
Node w = processed.right;
processed.right = current;
current = processed;
processed = w;
} else {
// TlocemaeM BepuMHy OPM IIEPEeXOle U3 JIEBOTO IOOIepeBa B IpaBoe
visitor.visit (processed.item) ;
// Tlepexomm K OBpaboTKe NPaBOoro MNOAIepeBa
Node w = processed.right;

processed. flag = true;
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processed.right = processed.left;
processed.left = current;

current = w;

// CHOBa IBMTaeMCs BHU3

down = true;

Ha sroM MBI 3aKOHYNM paccMOTpEHUE aJITOPUTMOB O6XOI[21 JEPEBLEB. HeKOTOpI)IC
13 IIPUBCACHHBIX aJ1IrOPUTMOB 6YZLYT MCII0JIb30BAHLI II03XE B 21asax 3 U 4.

2.4. buHapHble aepeBbf NONCKa

g Toro 4TOOBI HAWTW B IepeBe HY:KHYI0 WHGhOPMAIWIO, MOXHO Tepebpath Bce
€I0 Y3JIbl ¢ IIOMOILIBIO ONHOIO U3 AITOPUTMOB 00Xoaa AepeBa. OMHAKO, ecau 00b-
eKTHI, XpaHAmmecs B IepeBe, NOMYCKAT JUHeHoe YITOpSAIoYNBaHue, TO BpeMs
MOMCKA MOXKHO CYILIECTBEHHO COKPATUTb, €CAM PA3MECTUTh Y3JIbl A€peBa B OIpe-
JIeIEHHOM TIOPSIIKE B COOTBETCTBUM C pe3yIbTaTaMU CpaBHEHHMS OOBEKTOB, Xpa-
Haumxcs B y3nax. OODHMM M3 CaMbIX PACIpOCTPAHEHHBIX CIOCOOOB MOIOOHOIrO
VIIOPSTIOYNBAHNS ABISETCA TaKoe pacioloXeHne WHMOPMAITUN B y3Iax, TTpH KO-
TOPOM BC€ 3HAUEHM, XpaHAILMecd B JEBOM IOAepeBe HEKOTOPOIO y3ji1a MEHbIlIe
3HAYCHMSI, XPAHSIIETOCST B 9TOM y3Je, a 3HAUCHUS, XpaHIIINeCcs B TIPABOM ITOA-
JepeBe, He MeHbIle DTOro Xe 3HauyeHud. Eciau 5To medcTBUTENBHO TaK, TO AEPEBO
Ha3bLIBAIOT OUHAPHBIM OepesoM NOUCKa, & aTOPUTM TIOMCKAa B TaKOM IepeBe Oyaer
MIPOXOIUTh TOJABKO OAHY BETBb TAKOIO JAepeBa, UTO MOXET COKPaTUTb BpeMsl Io-
WCKa ¢ JIMHEIHOTO JI0 JIOTapu(pMIIecKOTO.

B mpencrasmennn gepesa moucka OyaeM CUNTATh, YTO B €TO y3J1aX PACTIONOKCHEI
00BEKTbI, MHTep(PEC KOTOPbIX COBMECTUM C MHTEPPEcoM Comparable, T. €.
TTOMHUMO CpaBHEHNS OOBEKTOB C TIOMOINBIO METONA equals MOMYCTUMO HUX CpaB-
HEeHHE ¢ IMOMOILIbI0 METOAA compareTo. IIpu cpaBHEHMU ABYX OOBEKTOB ol U 02
BBI30B o1l .compareTo (02) BBIIACT OTPUIIATEIBHOE 3HAYECHWE, €CTN OOBEKT ol B
HEKOTOPOM CMbIciie "MeHbllie" 00beKTa o2, BBLIACT HYJIEBOI pe3ylbTar, eCliu 00b-
eKTbl "paBHbBI", U TTOJOXUTEIBbHOE 3HAUCHUE, el OOBEKT ol "Gomblie” o2.

AJITOpUTM TIOMCKa 0ObeKTa B OMHAPHOM JIepeBe MoucKa UIIET y3ei, colepKaiinii
00BEKT CO 3HAYEHMEM, PaBHBIM HEKOTOpOMY 3amaHHOMY. Pazymeercsi, paBeHCTBO
TTOHUMaeTcsl B CMBICTIE, TIPUIABaeMOM €My METOJIOM compareTo. [IpuBOAS TIpH-
Mephl 00pabOTKU IepeBheB MOMUCKA, MbI OyIeM CUUTATh, YTO B €ro y3aax pacio-
JIOXEHBI 1lefible 3HaueHus1 (00BEeKTHl Kiacca Integer). PasymeeTrcs, Kiacc
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Integer peaau3yeT UHTepdelc Comparable, TaK YTO 3TH OOBEKTHl MOXHO CPaB-
HWBAaTh C TIOMOIIIBIO OMEPAINN compareTo, TPUYEM Pe3yabTaT CPABHEHUS COBIMA-
JaeT C OXKUIASMBIM.

Ha npakTuke y3ibl nepeBa 00bIYHO coiepxkarT Oosee ciloxHbie 00bexThl. Hampu-
Mep, €CclTi JIepeBO MCIIONB3YeTCsT ISl OPTaHW3allny OBICTPOTO TOWCKA B HEKOTO-
poMm OoJibliIoM MaccuBe wiM ¢aiiie (OymeM YCIOBHO IOBOPUTb O IMOMUCKe B 0Gase
JAHHBIX), TO y3eJ] JepeBa OyneT coiepxarh "KIo4" (To 3HaYeHUe, Mo KOTOpOMY
MPOU3BOAUTCS MOUCK) U yKAa3aTelb HA CBI3aHHYIO C 9TMM KIIOUYOM 3allMch B Oaze
JAHHBIX (MHJIEKC B MaccUBe, HOMep 3amucu B ¢aitie u 1. 11.). CpaBHeHUEe 00beK-
TOB B y3JlaX [IepeBa B 3TOM cCJlyyae OCYILECTBISIETCS "Io KIo4y', T. €. olepalus
compareTo BbIIAeT pe3yabTaT CpaBHEHUsI KITIOUeH.

Ha puc. 2.12 noxasaH nipuMep OMHAPHOTO JiepeBa MOWCKA C LEJbIMUA YUCIaMu B
y3nax. Ilpu nmoucke B HeM, ckaxem, 3HadeHus 30, OyayT mocaenoBaTebHO IMPoii-
JeHBl y3ab6l co 3HaveHusimu 10, 20 w1, Hakounel, 30. Pesynbrar moucka Oyaer yc-
neiHbiM. Ilpy moucke B HeM ke 3HaueHusd 18 OyayT mociieaoBareabHO Mpoiiae-
Bl y3ael 10, 20, 15, mocne 4yero BBIICHUTCS, YTO 3HaueHUs 18 B mepese HeT, Tak
YTO PEe3yAbTAT MOMCKA OKaXeTCs OTPULIATENbHBIM.

Puc. 2.12. BuHapHOoe AepeBO NoucKa C LLeNbIMU 3HaYeHUSI MK B y3nax

B nuctunre 2.19 npeacrapieHo omuMcaHue Kiacca i OMHAPHBIX IE€PEeBbeB MOUC-
Ka ¢ ompeleneHHo B Hell omeparmeil moncka. Omepalids BBIIaeT yKaszarelbh Ha
XpaHSILUICS B epeBe OObEKT B Clydyae YCHeIIHOro 3aBepIlieHus] MMOMCKa, U Iyc-
TOI yKasarelb null B cJIydae, eciii 3HaYeHWE B JepeBe He HaimeHo.
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NuctuHr 2.19. OnucaHme knacca agnst GMHapHOro AepeBa Noucka
¥ onepauus Noucka B Hem

/************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************

* BuHApPHOE OEPEeBO I[OKUCKa C Olepalmell [NOMCKa B HEM

***************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k************************/

public class SearchTree {

/************************************************

* Y3eJl mepeBa COIEPXUT 3JieMeHT Comparable

************************************************/
private static class Node ({

Comparable item;

Node left = null;

Node right = null;

// KOHCTPYKTOp y3jla C IyCTEM/A IIOLLEPEBb sIMA
public Node (Comparable item) {

this.item = item;

Node root = null; // KopeHb IepeBa; INpU CO3OAHUM IEPeBO IIyCTO

/******************************************************

* [IOMCK BamaHHOT'O BHAUEHUsS B IEpeBe
******************************************************/
public Comparable search (Comparable key) {
for (Node current = root; current != null; ) {
int comp = current.item.compareTo (key);
if (comp == 0) { // y3es HalmeH
return current.item;
} else if (comp < 0) { // BHaueHMe B KOPHE MEHbIE MCKOMOTO
current = current.right; // nepexommM B npaBoe IOLOEPEBO
} else { // 3HaueHue B KOpPHEe OOJIbIle MCKOMOTO

current = current.left; // mepexomvM B JIeBOe TMOINIEPEeBO

}

return null; // y3en He HalOeH
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CienyeT 3aMeTUTb, YTO €CJAM IOIBITATHCS M3MEHUTb COAEPXKHUMOE HAHIEHHOIO
y3Jla, MCIIOJb3ys IOAYYeHHBI B pe3yabTaTe MOMCKa yKazaTelb, TO 3TO MOXET
MPUBECTU K HAPYIICHMIO CTPYKTYPHI AepeBa MOUCKA, ec/d HOBOE 3HAYeHHEe OKa-
KeTcsl He Ha "cBoeM” Mecte. Jlyulle Bcero Oyaer, ecliyd 3HAYeHMe KI04a B 0ObEK-
Tax, XpaHUMBbIX B JepeBe, BooOIle OyaeT HEBO3ZMOXHO U3MEHUTh. DTO, B YaCTHO-
CTU CIpaBeIMBO IJIA BCEX CTAHIAPTHBIX IIPOCTBIX KIACCOB B A3biKe Java: B
Kjlaccax Integer, Character, Double, String U APYTUX HE OIIPEACIICHbI METOIbI,
MO3BOJIAIONINE U3MEHUThH 3HAYEHHUE MPEACTABIAEMOro 00BEeKTa.

JleBocToporHMIT MHPUKCHBIM 00X0I OMHApHOTO AepeBa MOMCKA MO3BOJISIET TTOCE-
THTB €T0 Y376l B MOPSIAKE BO3pacTaHWsT 3HaYeHW. B ciemyiolemM mpuMepe Takoi
00xo0/I MCIONMB3yeTes IS TOTO, YTOOBI TTOCTPOWUTH BHEIIHEE TPEACTaBICHNE I10-
CIIeOBATEIbHOCTN 3HAYEHMI, XpaHAIINXCS B JepeBe, B BUAC cTpoKu. OTaenbHEIe
V3JIBI TIPEICTABIISIIOTCS B BUJIE CTPOKU C TIOMOIIBIO CTAaHAAPTHOTO criocoba mpeod-
pa3oBaHUS WX B CTPOKY METOIOM toString, a IPEACTaBACHHE B BUAE CTPOKH
BCETO JEpeBa COCTABJICHO M3 IIPEACTABICHUN €To Y3JIOB B TOPSIKE BO3pacTaHUS
3HAYECHWI, KOTOPEIE pasfmesieHbl MpobeaMi 1 3aKTI0UeHBI B KBaJApaTHLIE CKOOKIU.
B nuctuaTe 2.20 mpeacTaBieH MeTOH toString IS OMHAPHOTO AepeBa IMOMCKA B
MIPEATIONIOKEHUH, YTO JJIsl HETO YK€ OIpere/icH BHEITHUN UTepaTop

public Iterator iteratorInfix();

BBLIAIOLIMIA y3/IbI AepeBa B MOPIAKE JEBOCTOPOHHEr0 MHGUKCHOro 00Xxoa.

NuctuHr 2.20. NpeacraBneHne gepeBa B BUAE CTPOKU

public String toString() {
String res = "[ ";
for (Iterator i1 = iteratorInfix(); i.hasNext(); ) {
res += i.next().toString() + " ";

}

return res + "]";

g mepeBbeB TOMCKa HaMbOoIee BAKHBIM SBISETCS BOTIPOC O CITOCcOOaX MOmUGH-
KaIliy AepeBa TIpH BKITOYEHWH HOBBIX Y37I0B W yaJleHnW uMmerotmuxcst. [Ipn Beex
TaKMX W3MEHEHHAX JODKHA OBITh cOXpaHeHa CTPYKTYpa JepeBa TOWCKA, T. €. HO-
BEIIT y3eJT He MOKeH HapyllaTh OCHOBHOE TIPaBWIO: B KAKIOM y3lie 3HAYeHWE
JOJDKHO OBITH GOJbINEe 3HAYCHWH Y3JI0B JIEBOTO TOANEpeBa W MEHBIIe 3HAYCHUIH
V3JIOB TIpaBoTO TIoaaepeBa. [Ipm ymameHWn y3/IoB Takke WHoTHA TpebyeTcs Tmepe-
CTpaWBaTh JAePeBO, TaK UYTO W B 3TOM cIydae HEOOXOIMMO CIEIUTD 3a COXPaHECHH-
€M CTPYKTYpPHI.

[Ipexne Bcero, onuilieM IBa AITOPUTMA HOOABIEHMS HOBOIO y3Jia B AePEBO MOMUC-
ka. IlepBblil U3 HUX 00paszyeT B JAepeBe HOBBIA JUCT, IPU DTOM BCI OCTAIBHAA
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CTPYKTYpa AepeBa coxpaHserca. Bropoil aaropurm obpasyeT HOBBII KOpEHb Iepe-
Ba, IIPU 3TOM CTPYKTYpa OCTATBHOI YACTU AE€pPEeBa YACTUYHO MEHSIETCS.

TTpu noGaBneHUU y371a B JIUCT JigpeBa HY>KHO JHIIb 00eCceYnuThb, YTOOBI 3TOT HOBBIN
JIUCT MOT OBbITh BIOCAEACTBUU 3(hheKTUBHO HaliieH ¢hyHKIMel nmoucka. Takum ob-
pa3oM, UITOPUTM JO0aBIEHUS MOXET paboTaTh MPaKTHUECKU Tak ke, Kak U Tpu
TOoVcKe, TOJAbKO B TOCIETHUN MOMEHT BMECTO TOTO, YTOOBI cOOOIIaTh O TOM, YTO
HWCKOMOTO y3J1a B JiepeBe HeT, HajIo 100aBUTh HOBBIN y3e1 B TO caMoe MecTO, TJe OH
JIOJKeH HaxomuThes. Elle omHa HeOomblast TPYIHOCTh COCTOUT B MPaBUJABHON 00-
paboTKe y3/1a, 3HaYeHNe KOTOPOTo YXe ecTh B JiepeBe. 3/ech BO3MOXKHBI JIBa BapH-
aHTa: 0O HOBBIN y3el ¢ TeM Xe caMbiM 3HAYeHUEM KITIoua BCe XKe J00aBsercs B
JiepeBo (BMOCENCTBUN TaKOW y3esl HUKOT/A He OyleT HalaeH Halllei mpolleaypoit
TorcKa, TTOCKOJIBKY OHa Bceraa MINET TOJBKO MepBbIit U3 Y3JIOB ¢ 3aJaHHBIM 3HaYe-
HUEM), TUOO HOBBIN y3e1 He obaBIseTcsl B IepeBo BOOOIIIE.

B nucrunre 2.21 npeacrapiaeHa ¢yHKIMsS H00ABIEHMS HOBOIO 3HAYeHUs B Ou-
HapHOE IepeBO IIOUCKA SearchTree, IPU DTOM AAKE €CAU TAKOEe 3HAYCHHUE YXKe
€CTb B AEpeBe, TO HOBBIl y3eJl BCe PAaBHO CO3MAETCS U BKIIIOYAETCS B IEPEBO.
B pazd. 3.3 6yner npencrasiieH U APyroil crnocod godapieHus 3HAUYEHUS B JEPEBO
IOMCKA C YYETOM OcoOeHHOCTeidl 3Toro aepena. PYHKIMI insertLeaf, peain-
3YIOIIAS TaKyl0 BCTABKY, CUMTAETCS BKIIOYEHHOH B OMMCAHME KIacca SearchTree
B KayecTBe ero MeToa.

NucTtuHr 2.21. BknoyeHne HOBOTro y3na B lepeBO NOMUCKa

public void insertlLeaf (Comparable item) {

Node newNode = new Node (item); // HOBEII y3eJl mepeBa

Node parent = null; // POIMTENbCKMIA y3€eJl HPWY IOUCKE MecTa
Node current = root; // Teryumi y3es mpy [HOMCKE MecTa

int compare = 0; // pes3ynbTaT CpaBHEHUS 3HAUEHUNA

// 1MKJI HOMCKa MeCTa BCTaBKM HOBOTO Yy3Jla
while (current != null) {
parent = current;
if ((compare = current.item.compareTo(item)) <= 0) {
current = current.right;
} else {

current = current.left;

}
// MOMCK 3aKOHUEH
if (parent == null) { // TOJIBKO eCliM MCXOOHOE IEepPeBO IIyCTO

root = newNode; // HOBBII y3€Jl CTAaHOBUTCS KOPHEM
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} else if (compare <= 0) {

parent.right = newNode; // KOpeHb BCTABILETCH B NPABOE MNONIEPEBO
} else {
parent.left = newNode; // KOpeHb BCTABJIAETCHA B JIEBOE IOLAEPEBO

IMposepsTe, UTO AepeBo, M300paskeHHOe Ha puc. 2.12, MOXeT OLITH MONYYEHO C
TTOMOIIIBIO CIIEMYIOIEH MocIeN0BaTeTEHOCTH OTTepaltnii:

SearchTree t = new SearchTree();

.insertleaf (new Integer(10))
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Ilocne atoro COICP2KUMOE AE€PEBA MOXKET OBITb pacie4yaraHo ¢ IIOMOIIbIO BbI3OBA

System.out.println(t);

IIOCKOJIBKY IJId AepeBa olpeacjaeHa onepauus tostring ().

OrnucaHHas Tipolieypa 1006aBIeHUss HOBOTO y3jia B JIepeBO TOMCcKa o0agaeT TeM
HEJIOCTaTKOM, YTO HOBBIW Y3eJ OKas3bIBaeTcsl JieXKallluM JajieKo OT KOPHSI, XOTS
JIOBOJIbHO 4YacTO OBbIBAIOT CUTyallMM, KOTAa TIOWCK CpPeau Y3J0B, M0OABIEHHBIX
TOCAeTHUMH, TIPOU3BOJIUTCSI TOpPA3lo vaile, 4eM MOoUcK Ooyee "cTapbix”" Y3/0B.
B sTHx ycnoBusix ObuTo OBl JIydIlie T0OaBISITH HOBBIE Y3JIbI B KOPEHb JiepeBa, a He
B UcThsI. K cyacThio, cyliecTByeT JOCTATOUHO MPOCTON U MPaKTHUECKH TaKou ke
5¢hheKTUBHBIN alTOPUTM TSI T0OaBIeHUs HOBOTO y3Ja B KOPEHb JiepeBa, Kak u
JUIST ToOaBIieHUsT B JIUCT. B 9TOM alropuTMme Hccieayercsl Ta e TMocieloBaTelb-
HOCTH Y3JI0B, UTO W TIPU JOOABIEHUM B JUCT (M, pa3yMmeeTcs, Ta Xe camasi, 4To 1
TpU TIOUCKE y3JIa), HO CTPYKTypa JiepeBa MeHsieTcsl Oojiee cyliecTBeHHO. B mpo-
1ecce paboOTHl aJITOPUTMA OTCIEKUBAIOTCS TO3UIIUKN Y3JI0B, B KOTOPBIX MPOU3BO-
narcs m3MeHenns. Ha puc. 2.13 mokaszaHa Mmoc/enoBaTeIbHOCTh COCTOSTHUI TBO-
WYHOTO JigpeBa TMoucKa Mpu J100aBIeHUHW B HEro HOBOTO y3Jla co 3HaueHueMm 12 B
KopeHb JepeBa. Kpyxoukamu co ciioBammu "MeHble", "0ofblie” oTMeYeHbl CChUI-
KM B y3Jlax JepeBa, B KOTOPBIX MOTYT MPOMCXOMUTH U3MEHEHUS Ha CJeAyroIeM
mare padoThl anropuTMa. Eciau TeKylui paccMaTpuBaeMblil y3el oKasbIBaeTcs
MEHBIIIe HOBOTO 3HAYEHUS, TO OH MOMeIaeTesl B TTO3UIINI0 "MEHbIIIe", a ecliu OH
OKasbkIBaeTcd OOJbIlle HOBOTO 3HAUYCHUSI, — TO B mmo3nimio "Oombire”. Tlosutmm
3TUX CCBUIOK OTMEYeHBl B TIporpaMme (JIUCTWHT 2.22) TapaMu TepeMeHHBIX
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(leftNode, leftPos) U (rightNode, rightPos). TekyliMil paccMaTpuBaeMblii
y3eJ JepeBa MpeacTaBieH Ha puc. 2.13 u B mporpaMme ykKazaTeleM current.

INucTtuHr 2.22. BctaBka HOBOro y3na B KOpeHb AepeBa

public void insertRoot (Comparable item) {

final int LEFT = 1; // MHIMKATOpP BCTABKMU B JIEBOE IONIEPEBO
final int RIGHT = 2; // VIHOMKATOP BCTABKM B IIPAaBOE IOLOAEPEBO
Node current = root; // Teryumil pacCcMaTPUBAEMENT y3ell

Node nodelLeft = new Node (item); // y3en nosuuuy "MeHbme"
int leftPos = LEFT;
Node nodeRight = nodeLeft; // y3en nosuuyu "Gonpme"
int rightPos = RIGHT;
// HOBBI1 y3eJl CTAHOBUTCH KOPHEM IepeBa
root = nodeleft;
// LMKJI IpoCMOTpa y=3JI0B IepeBa
while (current != null) {
if (current.item.compareTo (item) < 0) {
// BcTaBka TeKymero y3ja B NO3ULMD "MeHbue"
if (leftPos == LEFT)
nodeleft.left = current;
else
nodeleft.right = current;
nodeleft = current;
leftPos = RIGHT;
current = current.right;
} else {
// BcTaBka TeKymero y3ja B NO3uuuo "6Gospme"
if (rightPos == LEFT)
nodeRight.left = current;
else
nodeRight.right = current;
rightPos = LEFT;
nodeRight = current;

current = current.left;
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// "Oumcrka" nosmumit "MeHpme" u "6Gospume"
if (leftPos == LEFT)
nodeleft.left = null;
else
nodeleft.right = null;
if (rightPos == LEFT)
nodeRight.left = null;
else

nodeRight.right = null;

current

MeHbLLE @ bonbLue

MeHbLUe

current

6)

<—

MEeHbLue

8 e

Puc. 2.13. lNocneporarenbHble COCTOSHUA AEPEBA NMPU BCTABKE HOBOMO y3/a B KOPEHb

Bropas 3agaya, KoTopylo Hamo peliuTh Mg obecreuyeHusd HOPMAIbHON MPaKTH-
YyecKoi paboThl ¢ AepeBOM MOMCKA, — ITO yHaleHue y3/loB U3 AepeBa. Eciau sta
3agaya OydeT pelleHa, TO TPeThd MMEIONIAsIcs BO3MOXHOCTb — IIepeMelleHue
y3Jla IO JepeBy M3-3a U3MEHEHMA ero 3HAYeHMsS — MOXET OBbIThb pelleHa yaaje-
HMEM OIHOIO y3J1a M BCTABKOM HOBOI'O BMECTO HETO.
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[poue Bcero oxasbiBaeTcsi YAAIMTb Y3€l, €CJAUM OH HAXOMMTCS B JIUCTE JepeBa.
B sroMm ciiyyae gocrarouHo Jidiinb yoparb U3 JdepeBa yKaszareib Ha 9TOT ysel. Pa-
3yMeeTcsl, cHadajga I[PUAETCS [POU3BECTM IIOUMCK B JepeBe, Kak oObiuHO. He
OU€Hb CM/JBHO OTIMYAETCS OT 3TOr0 M CIyyail, [P KOTOPOM YIAIsSeMbld y3es
KMMeeT JIMILb OJMH yKaszareib Ha 1oaaepeBo. OueBUIHO, YTO U B TAKOMH CUTyalLlMK
ISl YIAIEHUs y3/1a JOCTaTOYHO M3MEHUTD JULIb OJUH YKA3aTe/lb, 3aMEHUB yKa3a-
TeJIb HAa yaajiseMblil y3el ykasaTeJleM Ha ero eauMHcTBeHHoe mnomiepeBo. Ha
puc. 2.14 npeacTaBieHa CUTyalus IO W IOCHE yIaleHUs TAKOro y3iaa M3 Iepesa
(ymajisieMmblil y3es BblAENIEH LUTPUXOBKOM).

Puc. 2.14. YpaneHue y3na ns 6MHapHOro gepesa rnoucka

st Toro 4ToOBI pellinThb 3a1ady yaaleHus y3ia B oOIleM BUE, ee CBOMSIT K Ofl-
HOI M3 OIMCAHHbBIX MMPOCTHIX cuTyauuii. Jljis 3TOro B OIHOM U3 IOAJEPEBLEB yia-
JISIEMOTO y371a HAXOMST y3ei, 3HaUeHUe KOToporo Hanbdojee O61U3Ko K 3HAUCHUIO B
yIaasieMoOM y3/e: MakKCUMaAbHOE 3HAyeHUEe B JIEBOM IOMAEpeBe WJIM MUHUMATb-
HOe 3HaueHue B MpaBoM Mojepese. QOUeBUIHO, YTO B O0OMX CiIydasix Takoe Ofv-
Kaiilee 3HadyeHUe 00s3aTe/lbHO OyIeT pacIoioXeHo b0 B JMUCTE AepeBa, 1100
B y3Jie, UMeIolleM TOJIbKO OfHO ToaepeBo. [locie 3Toro mearT MoAMEHY: yaa-
JIAIOT BMECTO HY:KHOIO y3/1a OOMH U3 HaWAeHHBIX OMMDKaUIINUX Y3/0B, a 3HAYEHUE,
KOTOpPOE B HEM COJIEPKANIOCh, TIEPEHOCST B y3eJ, KOTOPBIN TpeboBaioch ylaluTh.
O4eBUIHO, UTO CTPYKTYpa IepeBa MOMCKA IIPU STOM He HAPYLIUTCA.

IIpoliecc ynaneHus y3ia 1o OlMCaHHOMY aIrOpPUTMY U300paxeH Ha puc. 2.15.

DOyHkuMs IS yaajaeHusl y3ia U3 OMHApHOIO JepeBa MOMCKA OKA3bIBAETCS HE Ta-
KOW TIPOCTO¥, KaK (byHKIMS BCTaBKM, TOCKOJBKY TIPUXOIUTCS pPacCMaTpWBaTh
pasiIuyYHbIe cayyau Opu ygaleHUU y3na. Ora GpyHKUUS NPeACTABIeHA B KAauecTBe
METOJIa KJlacca SearchTree B JUCTUHTE 2.23. [l omnpeneeHHOCTH B Hel Bcerma
B KauecTBe y3/JIa-3aMeCcTUTes ISl YAANSIeMOro ULIeTCs y3ell B IpaBoM IoIAepese,
T. €. y3eJI, 3HaueHUe KOTOPOro SABJISETcS OMmKaWIInM K 3HAYCHWIO VIaIsIeMOro
y3/1a CBEpXy.
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Puc. 2.15. Yoanenune yana n3 6uHapHoOro gepesa rnoucka

NMuctuHr 2.23. dyHKUMsA yaaneHus ysna us 6MHapHoro gepeBa noucka

/************************************************************************

* OYyHKUMA yIOaJeHUd y3ja C 3alaHHEM 3HaueHreM U3 OUHAPHOTO IepeBa IOMCKa

***********************************************************************/
public void remove (Comparable item) {

// KOHCTaHTEI, 3ajaiupie HalpabBJieHME [IOCJIeAHEerO mara

final int GO LEFT = -1;

final int GO RIGHT = 1;

final int NO STEP = 0;

Node parent = null; // y3es, B KOTOpOM OyAeT M3MEHEeH yKasBaTellb
Node current = root; // TeKymmil, BOOCJIEICTBUM yIOAJIAEMEDI, y3eI
int comp = 0; // pes3ylbTaT CpaBHEHMS BHAUEHU y'3JI0B

int lastStep = NO STEP; // HamnpapiieHue [OCJIeHHero mara

// 1. Houck ymanaeMoro ysia
while (current != null && (comp = current.item.compareTo(item)) != 0) {
parent = current;
if (comp < 0) {
lastStep = GO RIGHT;
current = current.right;
} else {
lastStep = GO LEFT;

current = current.left;
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}

// 2. PasBbop HOpPOCTHX Cllyyaen

if (current == null) return; // yHajndeMoe BHAadeHUEe HE HallOeHO
if (current.left == null) { // JeBoe HOOOEPEeBO OTCYTCTByeT
if (lastStep = GO RIGHT) { // y3es JexuT copaBa OT POMIMATENECKOIO

}

}

parent.right = current.right;

} else if (lastStep = GO LEFT) {// y3emn nexur cieBa OT POOUTENHCKOTO
parent.left = current.right;

} else { // POIMTENbCKMUIA y3eJl OTCYyTCTBYET
root = current.right;

}

else if (current.right == null) { // npaBoe HOOOEepPeBO OTCYTCTBYeET

if (lastStep = GO RIGHT) { // y3ey JexuMT copaBa OT POMIMATENECKOIO
parent.right = current.left;

} else if (lastStep = GO LEFT) {// y3em nexuTr cieBa OT POOUTENHCKOTO
parent.left = current.left;

} else { // POIMTENbCKMIA y3€Jl OTCYyTCTBYET
root = current.left;

}

else {

// 3. Pazbop ofmero ciydas: ofa NOOIepeBa He IIyCTHl

Node nodeToReplace = current.right; // y3el-3aMecTuTeNb yIalseMOTo
parent = current;
// LMKJI IOMCKa y3Jjla—3aMeCTUTENIs B [IPaBOM IIOINIEpeBe
while (nodeToReplace.left != null) {
parent = nodeToReplace;
nodeToReplace = nodeToReplace.left;
}
// 3BaMemeHVe BHAUEHUS B yIaJISEMOM y3Je
current.item = nodeToReplace.item;
// dusnyeckoe ymajieHMe y3Jla—3aMeCTUTEeNIS U3 IepeBa
if (parent == current) { // BamMecTuTenb — KOpPeHb MNPAaBOTO MNOMIEpeBa
parent.right = nodeToReplace.right;
} else { // BaMecTuTesNb JIEKMT B MONIepeBe HUXe

parent.left = nodeToReplace.right;
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BuHapHble nepeBbs MOMCKA MOIYT NMPUMEHSATLC I YIOPAnoueHuss MHDOPMaLUU.
st TOTO YTOGHI PACTIONOXUTL HEKOTOPBIE 3JIeMEHTHI B TTOPSIKE BO3PACTAHUSI,
MOXHO BBICTPOUTH MX B OMHApHOE AepeBO MOMCKA, a 3aTeM, O0OHASI 9TO AEePEeBO B
JIEBOCTOPOHHEM TIOPSTAKE, TIONYINTH OTCOPTUPOBAHHYIO MOCTEI0BATEILHOCTD.

IMycTb, HanmpuMep, TpedyeTcsl pacroNoXWUTh BCe CIOBA B HEKOTOPOM TEKCTe B ajl-
¢aBUTHOM TOpsiIKE, T. €. MOCTPOUTH TAOJUILy BCEX CJIOB, BCTpEUAIOIIUXCS B 3a-
JAHHOM TekcTe. JIJIsl Toro 4ToObl BBIACATH CIOBA U3 TEKCTA, MOXHO BOCMOIb30-
BaTbCsl CTAHMAPTHBIM KJIACCOM java.util.StringTokenizer, KOTOPBIA MOXHO
paccMaTpuBaTh Kak BHEITHUM UTEPaTOp CTPOKU, TTO3BOJISIONINI BBIIEISTH B CTPOKE
CJIOBa, OT/AEJIEHHBbIe JAPYT OT Jpyra MOcleoBaTeIbHOCThIO "paznenureneil” — cum-
BOJIOB, 33/IaHHBIX TIPU CO3IAHUU 3TOro uTeparopa. Kiace stringTokenizer SIBISI-
eTcs peanu3ainueil MHTepdeiica java.util.Enumeration — OJHUM M3 JBYX WH-
TepdeiicoB, HCMONb3yeMbIX HaMW B KadyecTBe UHTepdeicoB UTepalnu.
Pazgenurensmu cioB OyaeM cuuMTaTh MPOOENbl W Apyrue "MycThie”" CUMBOJIBI
(cuMBOJIBI TAaOYJASLIMU, TIepeBoja CTPOKU W T. 1.), a TakKKe 3HAKW TMyHKTYallWu.
PaznnyHble hOpMBI OTHOTO U TOTO XK€ cjloBa OyaeM CUMTaTh Pa3HBIMU CIOBAMH,
HO €CJIW CJIOBO BCTpeyaercsl B TEKCTe MHOTOKPATHO, TO TTOBTOPHO 3aMUChIBATh €r0
B JepeBo He cTtaHeM. JIJisi 3Toro BocMojb3yeMcs MOAM(UIIMPOBAaHHOU Bepcueit
ornepaliu BCTaBKU 3JIEMEHTA B JepeBO MOWCKa, B KOTOPOH Mpu oOHapyKeHUW B
JiepeBe 3IeMEeHTa cO 3HAYeHNeM, paBHBIM BCTaBJISIEeMOMY, TTPOUCXOAUT HEMEIeH-
HBII BBIXOH M3 (PYHKIINH.

@OyuxkuMd, pelaolas dTy 3amady, NpuBeaeHa B jJucTuHIe 2.24. OHa mojay4daer
CTPOKY TEKCTa B KAaUeCTBE apryMEHTa U BbIBOJUT I1OCJIEI0BATEIbHOCTh CIOB, CO-
CTaB/ISIIOUIYIO 3TOT TEKCT, B BBIXOJHOK IOTOK, 3aJaHHbIA BTOPbIM apryMEHTOM
dyHkuun. OYHKIMS MOJIb3YeTCs OMHAPHBLIM AEPEBOM ITOMCKA SearchTree U €O
onepauusiMM insertLeaf I BCTABKU HOBOI'O CJIOBA B JEPEBO U iteratorInfix
U1 00X04a y3/10B B JIEBOCTOPOHHEM MH(MUKCHOM Mopsike. Bee cioBa npuBoasT-
Cs K HUXKHEMY perucTpy OyKB ¢ [IOMOILbIO BbI30Ba METOJA toLowerCase ().

JlnctuHr 2.24. BbiBoA cNOB 3afjaHHOro TeKCTa B NNeKCuKorpacguyeckom nopsiake

public static void sortWords (String text, java.io.PrintStream out) {
String delimeters = ",.2!;:=\"\" \t\n\r\f"; // BCe pasmenuresnu
StringTokenizer tok = new StringTokenizer (text, delimeters);

SearchTree tree = new SearchTree();

// 3amnosyiHeHue mepeBa CIIOBaMiA
while (tok.hasMoreTokens()) {

tree.insertleaf (tok.nextToken () .toLowerCase()) ;
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// BBIBOI CJIOB B BBIXOIHOM [IOTOK
for (Iterator i1 = tree.iteratorInfix(); i.hasNext(); ) {

out.println (i.next ());

}

Ecnu BBI3BATH 5Ty DYHKIIMIO A1 HEKOTOPOIO TEKCTA U HANPABUThH BBIBOM, PE3Yiib-

TaTra B CTaHﬂapTHbel BbIXOJIHOM’ IIOTOK, CKaxXeEM, CJICAYIOIINM 06pa30M:

sortWords ("csp mMcaaxk HBIOTOH IO CEKPeTy IIPMBHABaJICA IPy3bsaM, 4dTO OH " +
"3HaeT, Kak I'paBuTauysa BemeT cebd, HO He 3Haer, nouemy',

System.out) ;

TO B BbIXOAHOM IIOTOKE MbI IIOJIYYUM CJICZLYIOLLII/Ifl PE3YIbTAT:

BEOET
TpaBUTaLMSA
Opy'3bAM
3HaeT

ncaaxk

Kak

He

HO

HBIOTOH

OH

o

nouemy
IPU3HABAJICS
cebsa
cekpeTy

cop

gTo

K coxanenuio, He BCerna ecTh rapaHTusl, YTO IPU BCTABKAX HOBBIX Y3/JIOB B Iepe-
BO UX HOCJEHYOLIUA noucK OymeT ObicTpbiM. CKOpPOCTh MOMUCKA CYLIECTBEHHO
3aBUCUT OT TOIO, HACKOJIbKO PABHOMEPHO PACIIOIOXEHB! y3ibl B Aepese. Hanpu-
Mep, IIpu 00paboTKe BBILISNPUBEAEHHOIO TEKCTA I10C/AE BCTABKM IIE€PBBIX ILECTH
CJI0B CTIPYKTYpa IIOJYYMBILIErocs jepeBa Oyaer Takod, Kak M300paxeHo Ha
puc. 2.16, u xoTa IOC/Ie BBOAA BCErO TEKCTA CTPYKTYpa IEpeBa HECKOIBKO YIyd-
wuiaack (puc. 2.17), Bce ke oHa aeka oT ONTUMAJIbHOM.

HeiicTBUTENbHO, €CIN TIPOU3BECTU HEKOTOPBIE TOACUYEThI, TO OKAXETCs, YTO NS
MoucKa cjJoBa B TOJYYMBIIEMCS JiepeBe B CpelHeM ToTpedyeTcsl caenarhb
4,3 mara. B To ke Bpewms, ecu OBl Te XKe c/loBa OBIIM PacIloONOXeHbl B JiepeBe
ONTUMAaNIBHON CTPYKTYpHl (HampuMep, Kak Ha puc. 2.18), To misi moucka cjosa
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TpebdoBaaoch Obl cleaaTh B CpeaHeM Bcero 3,4 1iara, YTo BIIOJIHE IMOHATHO, MO-
CKOJIbKY AepeBo puc. 2.17 umeeT 7 ypoBHeii, a aepeBo puc. 2.18 — Bcero 5.

cekpery
npuaHaeancs

Puc. 2.16. [lepeBo cnoe nocne BCTaBKW MNepBbIX LLIECTU COB

APY3bsiM

[ 3HaeT | [ kak ] [ o |

rpaBuUTaLms

[Ho ] [oH | [ cekpety |

[ novemy | [ cebn |

Puc. 2.17. lepeBo cnoB nocse BCTaBKN BCEX CIIOB

Apy3bsm He no
[rpaButaums |[ sraet |[ kak |npm3HaBanc;| |[ cexpety |[ uto |

Puc. 2.18. OntumanbHOe AepeBo CIioB

ONTUMAaTHHEIM JUTS TTONCKa OyAeT JepeBO MUHMMAIBHON BHICOTHI, ¥ KOTOPOTO K
TOMY € Yy3Jbl BCEX YPOBHEH, KpOMe, MOXKET ObITb, IBYX MOCIAEIHUX, UMEIOT He-
MycThIe yKasaTeMn Ha oba momaepesa. Y ONTHMATLHOTO JepeBa Ha YpoBHE # Ha-
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xoasaTes 2"~ 1 yana, u TonbKO Ha MOCIEIHEM YPOBHE y3/10B MOXET ObITh MEHbLIE.
CoOTBETCTBEHHO, €CTTH B ONITUMATBHOM JepeBe COMepKarcs # y3JI0B, TO TTOUCK B
TAKOM JIepeBe MPOM3BOAUTCS MPUOIM3UTENBHO 32 10gy# LIATr0B.

Boino 61 XOpolllo, eciu B MPOLECCe BCTABKM DJIEMEHTOB yIAI0Ch Obl HOANEPXKM-
BaThb JIEpPEBO BCE BpeMsd B ONTHUMaTbHOM Buae. K coXajgeHWo, 3TO 3aHSIO OB
CTOJIKO BPEMEHH, UTO CBeJO Obl Ha HET BCIO BBITOAY OT OBICTPOrO IMOMCKA.

TeMm He MeHee, UMEIOTCSI CXE€Mbl, IIPH KOTOPBIX yAAeTCs MOAAEPKUBATD CTPYKTYPY
JiepeBa Toucka 0ojiee WIU MeHee MpueMiaeMolt ¢ ToUkU 3peHust 3¢ deKTuBHOCTH
[OMCKA, IPUYEM AJTOPUTMblL BCTABKU W YOAJEHUS JIMIIb HE3HAYUTENbHO YCIOXK-
HatTes. Hanbosnee W3BecTHHIMU M3 Takux cxeM siBhsioTcst ABJI-nmepesbs, mpe-
KPAacHO OIMcaHHble BO MHOIMX KHUrax, TaKMx Kak, Hanpumep [2, 6, 8], u 2-3-
JIEpPeBbs, TAKXKEe MHOTOKPATHO OTMMCAaHHbBIC U paccMaTpuBaeMble HAMU Jalee.

Hnes 2-3-mepeBa COCTOUT B TOM, UTO CTPYKTypa OMHApHOTO JepeBa HECKOJbKO
YCJIOXHSETCS 3a CYET BBOJA CIIELIUMAIbHBIX Y3/10B, UMEIOLIUX [1Ba 3HAYEHUS B y3Jie
BMECTO OJIHOTO WM, COOTBETCTBEHHO, TPU TOJIepeBa BMECTO JABYX. 3a CYET 3TOTO
yaaeTcs MOAJEPXKMUBATL CTPYKTYPY, IIPUM KOTOPOIi BCE JIMCThA JepeBa OKa3blBaIOTCH
JIEXAITUMHU HA OJHOM U TOM XK€ YPOBHE, a4 BCE BHBINIEPACTIONOKEHHBIE Y3l UMeE-
10T, I10 KpallHEell Mepe, IBA HEIYCThIX IOLIEPeBa.

Bonee cTporoe onpeneneHue 2-3-aepeBa COCTOUT B CAEAYIOIIEM.
O Kaxnaeiil y3en 2-3-gepeBa COAEPXKUT OJHO WM JBA 3HAYECHUS.

O VYanbl gepeBa AEISTCA HA [BE KATEIrOPUM — JUCTBA W MPOMEXKYTOYHbIC Y3JIbI,
TMpUYeM ecli TTPOMEXYTOUHBIN y3ell COASpKUT OJHO 3HAYeHHe, TO OH UMeeT
JBa HEIyCThIX Momaaepena (2-y3en), a ecld OH COASPXMT ABa 3HAYEHUS, TO OH
WMeET TPU HEMyCThIX ToaepeBa (3-y3en).

O I[lpuHUMI YOOPSAAOYEHHOCTU 3HAYEHMI coxpaHsercs misa 2-3-AepeBa B cie-
oylomeM Buge. Hasg 2-y3na, Kak M B ciy4yae OMHApHOro aepeBa IOUCKA, BCe
3HAYEHMS, JIexallle B JIEBOM IOAAepeBe, UMEIOT 3HAUYEHMS, MEHBIINE 3HaYe-
HMS, XpaHSILIErocs B y3ie, a 3HAYeHUs, Jiexaliue B MPaBOM IMOJnepeBe, —
OoJibllie WM PABHBL 3HAYCHUSIM, XpaHswuMmcs B ysne. dnga 3-ysna ynopsgo-
YEeHHOCTh O3HAYyaeT cJedylolliee. eClId KIIOYM, XpaHdallMecs B HeM, UMEIOT
3HaueHusqa K, K,, a noaaepeBbs 3Toro yana obozHauennl 17, 7, u 13, To cipa-
BenMBo HepaBeHCTBO 1] < Kj < 15 < K, < T3, rae HepaBeHcTBo Buaa 7; < K;
YKa3bIBAET, UTO 3HAYEHMS BCeX KIIOuel, Jexaiuux B aepese 71, MeHbllle 3HA-
yenus kmoda K;, a HepaBeHcTBO Buaa K;—; < 7} moxasbiBaeT, YTO 3HAUYEHUE
K1oua Ki—; He OoJjbliie 3HAYEHUI Bcex Kilouei nepesa 1.

O Bce aucThd J1€XaT HA OJHOM U TOM XKe YPOBHE.

Ha puc. 2.19 npexcrasied npumep 2-3-iepeBa, COHEPXKalIEro B y3jlax LieJble
yrcna. A aepeBo Ha puc. 2.20 He sBasieTcs 2-3-1epeBoM: HapyleHo yciosue (2).

@OusmyecKn YacTo 2-3-IepeBo TPENCTABIIIOT B BUAEe OOBIYHOTO GMHAPHOTO Jepe-
Ba, KaK Ioka3zaHo Ha puc. 2.21. YroObl OoTAMYUTH yKa3aTeib HA IOMIEPEBO OT
yKaszaTellsl Ha coceJHee 3HaueHUue, JJOTWYECKW MpUHaJyIexallee ToMy Xe y3iy,
BBOJUTCS creuManbHbiil ¢uaxok. Ha puc. 2.21 ykaszaTelu pasHbIX TUIOB Ipei-
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CTABJII€Hbl CTPEIKAMM C Pa3sHBIMU KOHIAMU. 3aMeTbTe, YTO IOMCK B 2-3-Jepese,
TIpe/icTaBIeHHOM B BHIe OWHAPHOTO JepeBa, MOXKHO IMPOU3BOANTEL TOYHO Tak Ke,
KaK 1 B OOBIYHOM OMHAapHOM AepeBe noucka. OQHAKO, eCclIu ¢ TOUKMU 3peHus JIo-
THYECKOM CTPYKTYPHI MepeBo, M3oOpaxeHHoe Ha puc. 2.21, MMeeT BBICOTY, paB-
Hy10 3, TO C TOYKU 3peHUsl ero (pU3UYECKON CTPYKTYPbl KaKk OMHAPHOro AepeBa
OHO WMeeT BBICOTY, paBHYIO 5. OnmTnManbHoe OWHApHOE NMepeBo, coiepkaliee Te
K€ 3HaYeHUsI, MOIJIO OBl MMETb BBICOTY, PABHYIO 4.

4 |10 21|25

Y A\
[2] [5]8] [11[13] [16]19] [24] [28]30]

Puc. 2.19. lNpumep 2-3-pepeBa

Y

Y
2] [5le] [ile] [24] [z]%]

Puc. 2.20. MNMpumep HapyLleHUs CTPYKTYpLI 2-3-AepeBa

Puc. 2.21. ®usunyeckas cTpykTypa 2-3-nepeea

BcraBka B 2-3-mepeBo ocylecTBIsieTcsl TOJIbBKO B JuCThdA. [lpu 3TOM cHavana
MTPOU3BOAUTCSI TTOUCK JIUCTA, B KOTOPBIIT MOXHO J0OABUTh HOBOE 3HAUEHHE C CO-
XpaHEeHWEeM CTPYKTYPBI TIOMCKA, W TIPOM3BOANTCS BCTaBKa MOUYTH KaK B OOBIYHOE
6uHapHOE JepeBO TOMCcKa. MOXeT 0Kasarhbes, YTO TIPW 3TOM CTPYKTypa 2-3-
JepeBa octajach He HapyiieHHo#. Tak, HampuMep, Tocjie BCTaBKU y3ja cO 3Ha-
yeHueM 23 B JiepeBo, n3obpaxeHHoe Ha puc. 2.21, moaydmBiieecs AepeBO CHOBA
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Oyner 2-3-mepeBoM, TaK YTO HMKAKMX JaJbHEHMIIMX MPeoOpazoBaHUN IPOU3BO-
JUTb He Hago (puc. 2.22).

Puc. 2.22. 2-3-gepeBo nocrne BCTABKM 3neMeHTa 23

OnHako TpU BCTaBKE B TO Xe caMoe JiepeBo 3HAYeHUs 12 mocie BCTaBKU HOBOTO
3HAUEHMS B JIMCT obpasyercsd IepenojiHeHue yaiaa. s Toro 4roObl MCHPaBUTb
CUTYaITNIO, Y3el JEJNUTCS Ha JBA HOBBIX, MPU 3TOM cpeaHee M3 TpeX 3HAYeHUH,
00pasylolMX TEPENOJHEHHBIA y3e/l, NOoJAHMMAETCS Ha NPEbLIylIUid YPOBEHb W
TIpUCOENHSIETCST K Y37y, JexalleMy Ha TIpeAblaylieM ypoBHe. PasymeeTcsi, Ha
MPEJbIIYIIEM YPOBHE BHOBb MOXET BO3HUKHYTb IlepelojHeHue y3/a, U Toria
orepalisl pacilerieHus y3ia moBTopsieTcsi cHoBa. Ha pwc. 2.23 mokaszaHbl 1o-
clleJoBaTeIbHbBIE CTAAMU MPeoOpa3oBaHUs AepeBa, M300paxKeHHOro Ha puc. 2.21,
MpU 10OaBIIeHNU B HEero HOBOTO y3ia co 3HayeHueM 12. "HecrabunabHble" y37IbI
BBLIEJIEHBI IYHKTUPHON IPAHULICH.

AJITOPUTM BCTaBKM HE OUEHb CJIOXHO 3alpOrpaMMUPOBATh, HO IMOCKOJIbKY pa3-
HBIX CJIy9aeB TIpHU TIPeoOpasoBaHUSAX CTPYKTYPBI OKA3BIBACTCST HOBOJBHO MHOTO,
porpaMma IoJayvyaercs CAUIIKOM AJUHHOM, TAK YTO Mbl He IMPUBOJUM €€ 3/ECh.
HNuTtepecyronmxcst auraTeieit MoXeM OTOCTIaTh K KHUTE [7], TAE COOTBETCTBYIO-
LIM€e aJrOPUTMbl IPUBEAEHHI B Oojee obleM Buae st B-nepeBbeB, SIBASIOLINXCS
o0bobmeHneM 2-3-1epeBheB.

VYnamenne sieMeHTa M3 2-3-7epeBa BLITIONHACTCS B 00paTHOM TIOPSIKE: TaM, THe
MpU J00aBJAEHUM DJIEMEHTA [IPOUCXOAWIO PacUIEIIEHUE — [IPU YAAJEHUU IIPOU3-
BOINTCA cKiIenBaHWe. HekoTopoe yciaokHeHNe BO3HHMKACT 3a CUET TOTO, YTO, BO-
MEePBbIX, YIATeHUEe, KaK U B cilydyae OMHAPHBIX AEPEeBbeB, HAOO MPOMU3BOIUThL U3
JIACTa, a JUTS 3TOTO MOXeT ToTpeboBaThesd HANTU cHAaJaima 3IeMeHT-3aMeCTUTEND,
a BO-BTOPBIX, KPOME CKJIEUBAHMS DAEMEHTOB J00aBIgeTCs ellle OOUMH CIOoco0 MC-
TTpaBIeHUS CTPYKTYPHI AepeBa — TepeTnBaHue.

Ha puc. 2.24 noxazaHa nocyieloBaTebHOCTh COCTOSTHUI 2-3-AepeBa Tpu yaane-
HMU DJIEMEHTA:

O yaaneHuwo nomiexut saemMeHT 10 (puc. 2.24, a). OH HAXOOUTCS HE B JIUCTE
JepeBa, TOATOMY WINEM 3aMECTUTENsl 3TOro 3JeMeHTa — OKaifliee Hau-
Oonblliee 3HaueHue. TakuM 3HayeHUeM okKasbiBaeTcs 11;

O 3Hauenue 11 mepeMecTUIOCh B KOpeHb JAepeBa, a COOTBETCTBYIOLIEE 3HAYEHHME
yaaieHo us nepesa (puc. 2.24, 6). Crpyktypa 2-3-AepeBa HapylIuiach, Mo-
CKOJIbKY y3ea 12 Temepb He MMeeT JeBoro nojgepeBa. YToObl BOCCTAHOBUTH



108 CospnaHue n obpabotka CTPYKTYp AaHHbIX B MpUMeEpax Ha Java

CTPYKTYpY, OCYILUECTBISIETCS IOIBITKA CKIEeUTh ABa 3HaYeHuss — 12 u 13 — B
ONIVH y3el, a y3en 12 ynanuTh u3 aepena;

25
___________ \i
L 4710012 25
/ \i
[24]

Y
[2A]

Puc. 2.23. MNocnenoBaTtensHble cTaann npeotpasoBaHus 2-3-gepesa
rnpu BCTaBKe HOBOMo y3na
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Puc. 2.24. YpaneHne y3na u3 2-3-gepera

O cxuelika ycrelrHo mnpousBeneHa (puc. 2.24, 6), HO y3el U3 AepeBa YIAIUTh
0e3005Ie3HEHHO ONATh He yaaeTcss — obOpaszoBaicsl mycroit y3en. Ckieika Te-
Mepb TOXE HE IMOJYyYUTCd — 3HadyeHue 11 Hago ObUIO OBl CKIEHMBATH C Y3/10M,
yKe comepiKauiuMm apa 3HayeHuss — 2 u 6. Ilostomy BHIOpPaH Ipyroit Meron
peobpaszoBaHusl — nepeiarpaHue. 3HaueHue 6 [OIHUMAETCS B KOPEHb HA Me-
cto 3HadeHus 11, a 3HaueHue 11 omyckaeTcst B mycToii y3en. Ceblika Ha y3el,
cojiepxkaliii 3HaueHus: 7 u 8, nepeMelaercs BMeCTe CO 3HaUYEHUEM;

O npeobpazoBaHusi 3aBepilieHbl (puc. 2.24, &); crpykTypa 2-3-aepeBa BOCCTAHOBIEHA.

Ha stoM Mbl 3aKkOHYMM 0030p MeTOHOB paboOThl ¢ AepeBoM moucka. Ilozxe Mbl
HEHANIOJITO BepHEMCSI K 3TOM CTPYKType TIPU OOCYKICHWN METOMOB IIPEACTaBIIC-
HUS Cl10Bapsl.



naBa 3

O6paboTtka TekcTa

0

O6paboTKa CTPOK SBISAETCS BaKHEHIlEH COCTaBHOM 4acTbio pabOTHI CO CTPYKTY-
pamMu JaHHBIX. OYeHb YacTO MMEHHO YAOOCTBO pabOTHI CO CTPOKAMM OTIpeaesieT
BBIOOP sA3bIKa IoJb3oBareaeM. MMeeTcss MHOTO S3bIKOB MPOrpaMMUPOBAHMS, OPH-
EHTHPOBAHHEIX MMEHHO Ha paboTy cO CTPOKAMH, HO YacTO B TaKMX S3BIKAX OT-
CYTCTBYIOT pa3BUTBIE CpeAcTBa PabOThl ¢ APYrUMM TUIAMU JAHHBIX. SpKumMu
TpeJACTaBUTENSIMU TTOJOOHBIX SI3BIKOB SIBAAIOTCS Pedam u CHoboa. B To ke BpeMst
B TPAJULIMOHHBIX "yHUBEpPCalbHBIX" A3bIKAX IMPOrpaMMUpOBaHus, Takux kak Cu,
IMackans, Java, cpemcrsa paboThI CO CTPOKAMHU TIPUCYTCTBYIOT B BeCbMa OTpaHM-
YeHHOM KojuyecTBe. Kak mpaBuiio, IMpemocTaBasioTCd METOAbl IS CKISHMBaHM
CTPOK, MOWCKA TOACTPOK, BBIpe3aHWsl pparMeHTOB cTpoK. MHorma mpemrocTaBis-
I0TCS1 IIPOCThIE CIIOCOOBI 11T MOIU(UKALIMHA CTPOK — BCTaBKA HOBBLIX (DparMeHTOB
B 3aJaHHYI0 CTPOKY, TOOaBJIecHNE CHMBOJOB W CTPOK B KOHEI[ 3alTaHHOW CTPOKHU
U T. 0. YacTo MMeloTcsa TakKe cpeacTsa Ais MpeoOpa3oBaHMUS APYIUX OOBEKTOB
SI3BIKA B CTPOKOBOE TIPENCTaBICHEe W 06paTHO.

TeMm He MeHee, M cepbe3HOM 0O6paboOTKM CTPOK 3TOTO HemocTatodHo. [Ipexme
BCEro, HeoOXOMMMO TIIATEIBHO IPOAYMAThb MEXAHW3Mbl paclpeneaeHus HamsITh
MO/ CTPOKOBBIE 0OBEKTHL. Ecii TIpM KakaoM J06aBIeHWN OTHOTO CHMBOJA B KO-
Hell MMEIOIeiicsd MIMHHOW CTPOKM IPOUCXOAMT OTBEACHWE IAMATU IIOI BCIO
CTPOKY, TO 3¢ GeKTUBHOCTE pabOTHl TIporpaMMEBI OT STOTO OYeHb cTpamaet. [lamee,
YacTo KexaTelbHO MMETh CPEeICTBa IS CPABHEHMS CTPOK C 3aTAHHBIM 0Opa3lioM,
GBICTpBIC OTTepaIliy TTONCKa TTOICTPOKH B JUTHHHOM TEKCTe M T. 1.

K cuacteio, "yHUBepcalbHBIE" SI3BIKKM TTPOTPAMMUPOBAHUSI TIPEIOCTABISIIOT HEOO-
XOAMMBIE BO3MOXHOCTU ISl OPraHU3aLUMKU COOCTBEHHBIX TUIIOB U JAHHBIX U Me-
TOIOB paboThl ¢ HUMHK. Huke paccMaTpuBaloTcsl HECKOJIBKO CITOCOOOB OpraHu3a-
LIUM CTPOKOBBIX OOBEKTOB B sI3bIKe IporpaMMupoBaHus. Kak u Bezne B KHUIE, B
KavyecTBE WHCTPYMEHTAJIBHOTO CpeJICTBA MCIOJB3yeTcsl SI3bIK Java, oJHako MoXo-
KUM O0pa3oM MOXKHO OpPraHM30BaTh JaHHbIE M Ha J1I0OOM IPYrom A3bIKe, IMOMI-
JIEPKUBAIOIIEM OTpee/ieHNne cOOCTBEHHBIX CTPYKTYP JaHHBIX.

3.1. Cnocob6bl npeacTaBneHnsa CTPokK

Cmpoxu B s13biKe Java PeaCTaBIsIOT co0Ol KOHCTAHTHEIE (HEU3MEHSIEMbIC) 00b-
ekThl. Kaxnaplidi pa3, korna TpeOyercs U3MEHUTh 3HAUEHUE UMEIOILIEHCS CTPOKH,
IO CYIIECTBY MPUXOJUTCS CTPOUTH HOBYIO CTPOKY. B cTaHmapTHOM Kiacce String
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HMMEIOTCS OMepaliMy AJs BbLASIECHUS OTAeJbHBIX CUMBOJOB M IOACTPOK B CTPOKE
(charAt, substring), OTHAKO HET OMepaluii IS 3aMEHBI B CTPOKE OTICITHHBIX
CHMBOJIOB U HOIACTpoK. Paszymeercd, 5To He ciaydaitHo. CTpoKM, KakK U Ipyrue
0a3oBbIe OOBEKTBI KJIACCOB Integer, Character UM JPYIMX, paccMaTpuBarOTCs
SI3bIKOM KAaK HEHU3MeHsSEeMble, W 2TO I103BOJSIET MEepPEONpenearb OOHO U TO Ke
3HAYeHNE B TIEPEeMEHHBIX W IPYTUX CTPYKTYpax TAHHBIX 6e3 ollaceHWi, 4To 3Ha-
YeHue MOXeT HeOXUIAHHO U3MeHUThcd. Hampumep, Bo ¢pparMeHTe IMporpaMmbl

String sl = "Hello, world!";
String s2 = sl;

TTepeMeHHbBIe s1 W s2 CcOAepXaT CCBUIKM Ha ONWH W TOT Xe OOBEKT, W MOXHO
OBITH YBEepCHHBIM, UYTO KaK OBl HM paboTaja mporpamma ¢ TiepeMeHHOHN s1, 3Ha-
yeHWe TIePeMEHHOM s2 Bcerma ocTaHeTcsd TeM Ke, KaKMM OHO OBIIO B MOMEHT
VHUTIAATU3ANNHT, 10 TeX Top, MoKa 3To 3HAYeHNe He OyleT M3MeHEeHO SIBHO TIPH-
CcBaMBaHMEM TIepeMEHHOI HOBOTO 3HAYCHUS.

B s3bike Java ecrb ellle OiMH CTaHJAPTHbIA KjlacCc — StringBuffer, MpeAcTaB-
JIOMMIA MOIUGULIMPYEMbBIE CTPOKU. YK€ M3 €ro Ha3BaHusl OYEBUJHO, YTO IO
CTPOKY B OOBEKTAX ITOTO KIAcca OTBOAMTCS HEKOTOPBIA Oydep, BHYTpU KOTOPOIo U
pacnojaraerca coOcTBeHHO cTpoka. iuHa Oydepa MOXET 3aaBaTbcsd IIpU CO3/a-
HUU O0beKTa, U BIOCIAECACTBUM 3T JJIMHA MOXET U3MEHSITbC [POrpaMMOil WIu
caMUM OOBEKTOM, €ClIM B pe3yibrare MOAUGUKALMU CTPOKM OKA3bIBAETCS, UTO
IIMHBL Oydepa HemocraTouHo i ee IpeacrarieHus. C IOMOILLbIO Kiacca
StringBuffer MOXHO BbIIOJHATb TaKUE ACUCTBUS HaJ CTPOKAMU, KaK U3MEHEHUE
OTIEJIBHOIO CUMBOJA B CTPOKE (setCharAt), BCTABKA MOACTPOKU B 3aIaHHOE MECTO
Oydepa (insert) U 3aMeHa MOACTPOKU U3 Oydepa Apyroit cTpoKoii (replace).
Eciu B mpuBeneHHOM BBIlIE TIpUMepe 3aMeHUTh OMNHWcaTelb String Ha
StringBuffer, TO U3MEHEHUSI B COACPKUMOM CTPOKU, CIEJTAHHBIE C MOMOIIbBIO
OJIHOW TiepeMeHHoM, OyAyT BUAHBI M TIPW UCTIONH30BAHUM BTOPOU TEepeMEeHHOM.
Hanpuwmep, B cieayroiieM ¢pparMeHTe MporpaMMbl

StringBuffer sl = "Hello, world!";

StringBuffer s2 = sl;

sl.replace(7, 12, "Russia");

System.out.println(s2);

3aMeHa ObDTa TIpONU3BEACHA B CTPOKE sl1l, TEM HE MCHEE, NMPU MOCICAYIOIIEM BbI-
BOIEC CTPOKH s2 B CTaHZ[apTHBIﬁ BBIXOJTHOW TIOTOK 6YI[6T HarieyataHa M3MECHCHHast
CTpOKa "Hello, Russia!l".

Bo Bcex ciyyasx peanusaludy CTPOKU B BUAE MACCUBA OObIYHO MCIOAB3YIOT OIUH
13 ABYX CIOCOOOB BHYTPEHHEIO IPEACTABICHUS CTPOKU: IMpEeACTaBIeHUe ¢ Xpa-
HUMO# IJIMHOM U IpPeAcTaBIeHUE C CUMBOIOM-TEPMUHATOPOM.

B npedcmasnenuu ¢ xpanumoti daunoti B TONMOJTHEHWE K BJIeMEHTaM CTPOKU — CUM-
BOJIaM, COCTAB/ISIOLIMM CTPOKY, — IOMOJHUTEIbHO XPAHUTCS JIMHA 3TOIO Mac-
CYBAa — KOJIMYECTBO CUMBOJIOB B CTpoKe. Takoil cItoco® MpencTaBIeHUST TT03BO-
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JIAeT OTACAUTh MHGOPMALIMIO O CUMBOJAX CTPOKU OT MHGOPMALIMKM O AJMHE Mac-
CHBa, B KOTOPOM 3TH CUMBOJBI XpaHsTcd. Taxk, HanpuMep, B sisbikax Turbo Pascal
u ero noroMkax (Borland Pascal, Object Pascal) ctaHgapTHOIl peanusaLuein Ko-
POTKHX CTPOK SIBISIETCSI MACCUB M3 256 3JIEMEHTOB, B MEPBOM 3JIEMEHTE KOTOPOTO
XpaHUTCA JJIMHA CTPOKHU, coaepxailieiicsd B 9ToM MaccuBe. TakuM obpazoMm, oauH
¥ TOT JX€ MAacCWB MOXHO WCITONB30BATh JJIST XpaHEHWS B HEM CTPOK pasTuyHOI
JUIUHBL (10 255 CUMBOIIOB).

Boobue, B s3bike Turbo Pascal cTpoka MoXeT paccMaTpuBaThCs HE TOJABKO Kak
CaAMOCTOATENbHBI TUI JAHHBIX, HO U KAK OOBIYHBIA MAcCUB CHUMBOJOB. Takum
00pa3zoM, B 3TOM S3bIKe ISl CTPOK HApYIIAeTCs MPUHLMI PaboThl ¢ TUMAMU KakK
¢ abCTpakTHBIMU TUIIAMU AAHHBIX. B mporpamme MOXHO HE TOJBKO INPUMEHSTb
T€ oIlepaluu, KOTOPbIE ObUIM CIIELIMAJIbHO OIPEAEIEHbl /I CTPOK, HO TAKXKe Ha-
MPSIMYI0 MCIIOJNB30BAaTh IMpeacTapieHue cTpoku. Tax, Hampumep, Wi Olpenesie-
HMS UIMHBI CTPOKM B SI3bIK€ MMEETCA cTaHmapTHas (yHKUUSA length, TaK 4TO
€CJIM 3HAYeHUE CTPOKU message ObUIO 3AMaHO ONEPATOPOM IPUCBAUBAHUS

message := 'hello, world';

TO 3HAY€HUE €€ AJIMHbI lenMsg MOXKET OBITh BBIUMCJICHO C IIOMOLIbIO OII€paTropa
npucBauBaHuA

lenMsg := length (message) ;

O[LHaKO TO K€ caMoe 3HaueHue MOXeT OBbITh IIOJIYYCHO U C IIOMOIUbIO o6paLue—
HKUA HEIOCPCACTBECHHO K IPEACTABICHUIO CTPOKKU B BUAEC MaCCHMBa CUMBOJOB, €C-

JIU TOJILKO IIPOIpaMMHUCT 3HACT, YTO (l)aKTl/I‘{CCKl/I JJIMHA CTPOKHU XPpaHHUTCA B HY-
JIEBOM DJIEMEHTE 2TOro MacCuBa B BUJEC CUMBOJIA ¢ KOAOM, 3a1al0OlIMM OTY AJIUHY!:

lenMsg := ord(message([0]);
3aechk QYHKIMS ord CIYXKMUT LI (GOPMaIbHOIO MMpeodpa3oBaHusd dJIeMEHTa CTPO-
KW OT CUMBOJIbHOIO TUIIA K TUIY LEJIOr0o 3HAYEHUS.

AHAIOTHYHO, MOXHO WCIIONb30BaTh HEMOCPENCTBEHHEBIN JTOCTYM K CHMBOJIAM,
COCTABISAIOMNM cTpoKy. CobCTBEHHO TOBOpSI, IS MOCTYITA K CHMBOJAM €IHHCT-
BEHHBIM CITOCOOOM SIBIISIETCST UMEHHO WHAeKcanusl MaccuBa. Tak, HarmpuMep, s
TOTO YTOOBI 3aMEHUTHb TIEPBBI CHMBOJ B CTPOKE message, MOXHO YKa3aTh clie-
JYIONIWI oIepaTop TIPUCBABAHNUS:

message[l] := 'H';

Opnako st mobaBieHUs] BOCKIMUIATEILHOTO 3HAKA B KOHEI CTPOKHW OBbITO OBI
OoIMOKOM 3aImmcarhb oTrepaTrop

message [length (message) + 1] = '!"';

TTOCKOJBKY B 3TOM Cay4dac IJIMHA CTPOKHU HE YBCIUYUBACTCA ABTOMATHUYCCKU.

Jlyumme Bcero 3mech ObITO OBl BOCTIONB30BATHCST KAKOM-TNOO M3 CTAHTAPTHBIX
omepalnuit Ham cTPOKaMU, HampuMep, GYHKINEH COeTMHEHNS CTPOK

message := concat (message, '!'");
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XOT$1, KOHEYHO, MOXHO MCIIONb30BaThb M BHYTpPEHHEEe MPEIACTaBACHHUE CTPOKU B
BUJE MaccuBa CUMBOJIOB. ToJbKO HdenaTh 9TO HAAO 4yThb OoJjiee aKKypaTHO, SBHO
YBEIMYMBAA JUIMHY CTPOKU:

message[0] := succ (message[0]);

message [length (message)] := "!';

31ech QYHKLMSA succ IPUMEHSIETCS Ui MOJY4YeHUs CMMBOJA co "claeayrolmm”
KOIOM, T. €. (pakTUUeCKu ISl yBeJIMYSHUs] [IUIMHbL CTPOKU HA €IMHULLY.

HpyruM cTaHIApTHBIM CIIOCOOOM TIPECTABIEHUSI CTPOK SIBIISIETCS npedcmasienue ¢
CUMBOAOM-MEPMUHAMOpOoM. B 3TOM TIpeAcTaBIeHUU JJIMHA CTPOKU HE XPaHMTCH,
BMECTO 3TOTO CTEIUANBHBII cUMBOJI (OOBIYHO CUMBOJ ¢ HYJIEBBIM KOJOM) WCTIONb-
3yeTcs B KauyecTBe KOHEYHOTO CUMBOJIa B cTpoke. JIaHHBIN crmocod, Kak U B Tpes-
CTaBICHUU C XpAaHUMOM JUTMHON, TakKe MO3BOJISIET B MAacCUBe JUIMHBI # XPaHWUTh
ctpoku uinHo# ot 0 1o (n—1) cumBosa. TTogoOHBIN crTocod XpaHeHWs He TTO3BOJISI-
eT OLICTPO BBHIIABATH CBEACHWS O JUTMHE CTPOKW; OTIepaIllii ¢ KOHIIOM CTPOKHW (Ha-
npumep, 1o0aBIeHNE CUMBOA B KOHEIl CTPOKM) TaKKe BBLITIOMHSIOTCS JOCTATOYHO
Jonro (ToyHee, 3a BpeMsi, TIPOTOPIWOHATbHOE JUIMHE cTpoku). OmHako Takoe
TIpe/icTaBlIeHNe UMeeT U Psil TTPEUMYINECTB, MO3BOJIsISI ObICTpo "pa3pe3arh’ CTPOKY
Ha YacTW BCTABKOW BHYTPb CTPOKM HECKOJbKUX JTOTIOJHUTEIHHBIX CUMBOJIOB-
TEPMHUHATOPOB, PAacCMATPUBAThL YacTh MAaccHBa, COMEPXKAIYIO0 TOCASTHNE CUMBOJIBI
CTPOKU, KaK CaMOCTOSITEJIGHYIO CTPOKY W T. I. IlpejicTaBieHue CTpPOKU C CUMBO-
JIOM-TEPMUHATOPOM XapakTepHo JuIs si3bika CU M ero TOTOMKOB.

B »TOM ciyyae Takxke MOXHO PaboTaTh CO CTPOKON He TOJbKO KaK ¢ abCTpakT-
HBIM TUIIOM [JAHHBIX, KCIOAB3YSA CHELUATBHO ONpeAeAeHHbIe ONepalud Hal
CTPOKOil, HO U MPOCTO KaK C MAacCUBOM cUMBOJIOB. Hampumep, eciu crpoka B
a3bike CH 3a7aHa ¢ MOMOLIbIO CJEAYIOIIEero OMUCAHUSI

char * message = "Hello, world!";

TO Y6paTB TMOCIEAHUN CUMBOJ U3 CTPOKHN MOXHO € TITOMOIIBIO 3alTMCH CUMBOJIA-
TEPMUHATOPpA HA MECTO BOCKIITMIIATEIIBHOTO 3HAKaA:

message [strlen (message) — 1] = "\0';

B stoM mpumepe GYHKINS strlen WCTONL30BAHA IS BBIYUCICHUS JTWHEBI CTPO-
KU. 31ech, B OTJIMYME OT TIPEACTABICHUSI C XPAHUMOM JUTWHOM, HUKAKON JTOTION-
HUTEIBHON KOPPEKIINH IJTUHBI TPOU3BOANTE HE HAMNO.

Hasg OoNbIIMHCTBA IIPOrpaMM, padoTalOIIMX CO CTPOKAMK HEOOJBIIONH AJMHBL,
BIIOJIHE AOCTATOYHO OJHOIO U3 3TUX CIOCOOOB IpeiacTaBieHMusa cTpokK. OmHako,
€CIM OCHOBHAs 3agaya IpOrpaMMbl COCTOUT B CIIOXHOI 00paboTKe MIMHHBIX
CTpoK (rM00aNbHBI AHATH3 TEKCTA MPOrpaMMbl KOMIIMIATOPOM, CTATUCTUYECKAS
00paboTKa TEKCTa HA €CTeCTBEHHOM #3bIKE U T. II.), CTAHIAPTHBIX CPENCTB OIATh
OKaXXeTCsl HeTOCTaTOYHO.

CTaHZ[apTHI)Ie crmoco0bl peanni3ann CTPOK OAIOT ONMPEACICHHDBIC TTPEUMYIICCTBA:
JIETKOCTb JOCTYyIIa K JIEMEHTAM CTPOKH (CI/IMBOJ'[aM) 10 MHACKCY, TPOCTOTA BbI-
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JejleHus MOACTPOKU. B To ke BpeMsl oTBeneHMe HMaMSTH OAHUM CIUIOIIHBIM Cer-
MEHTOM, KaK 3TO HEeoOXOAUMO IS MACCUBOB, HajaraeT olpeaeieHHble OrpaHM-
YyeHus Ha paboTy co cTpokoil. [TaBHBIM 0OpazoM, TPYIHOCTH BO3HUKAIOT, KOIAa
JUIMHA CTPOKU BCE€ BpeMs YBEIMUMBAETCS, U OTO TpeOyeT MHOTOKPaTHOro OTBele-
HMS TaMSITU 10J, CTPOKY.

OnHNM 13 Hanboree TIPOCTHIX CITOCOOOB PEITNTH 3TY MPOOIeMy SIBISICTCS CHUCKO-
60e npedcmaenenue CTpOK. B crmmckax maMsThb OTBOAWTCS HE3aBUCUMO TOI OT-
JeTGHBIC BJIEMEHTHI CTMCKA, TaK 4To Mo6aBieHNe HOBBEIX CHMBOJOB B KOHEI WITH
CepenHy CTPOKM VKe He BLI3BIBACT 3aKaza TaMATH TIOM TIeJTYI0 CTPOKY.

OueBuaHO, YTO HAuWOo/ee r'MOKKMM, HO B TO XK€ BpeMs U Hauboyee pacTOYUTEe/Ib-
HBIM CHOCOOOM MpPEICTABAECHUSI CPOKU B BUJE CIIMCKA SIBISIETCSI CIIUCOK OTHENb-
HBIX CUMBOJIOB CTpoKU. KOHEUHO, 3TO HECKOJIbKO CTPAHHBINA CI1OCOO COKOHOMUTH
NaMsITh — OTBOJAUTb IMOJ, KAXIbIii CUMBOJ BMECTO OJHOrO-ABYX OalTOB LieJbli
00BEKT, UMEIOILUIA B CBOEM COCTaBe MOMUMO CHUMBOJA, IO KpallHeil Mepe, OIUH
ykasaTejb. bojiee 5KOHOMHBIM ¢c1ocoOOM OTBelieHUsI NaMSATU OyIeT cocpensoTode-
HUEe B OJHOM 2JIEMEHTE CIIMCKA HECKOJIbKUX CUMBOJIOB. TaKk WiU MHAYe, CIIUCKO-
BOe IIpeAcTaBleHue oKaxercd 3(pdeKTUBHbIM CIOCOOOM IIpeACTaBIeHUs B cllyyae
CUJIBHO M3MEHSIOLMXCS AJIMHHBIX cTpoK. K coxaneHulo, B ciyyae CIUCKOBOI
peanu3alydy Mbl JIMIIAEMCI OJHOIO U3 CAMbIX IJIABHBIX HPEUMYILIECTB MACCH-
BOB — IPOCTOThL JOCTYIIA K DJIEMEHTAM.

Ha puc. 3.1 nuzobpakeHo mpencTaBieHe CTPOKU B BHUJE CIIUCKA 3JIEMEHTOB, CO-
Jaepxkamux mo 16 cumBooB (He Goblie, HO, MOXET ObITh, MEHBIIE) KAXKIBIIA.
TTomMrMoO coOCTBEHHO CUMBOJIOB B B3JIEMEHTE CITMCKa COACPKUTCS yKaszaTelb Ha
CIIENYIOUINH 3JIEMEHT U KOJMYECTBO CHMBOJIOB, XPAHSIIMUXCS B dJIeMEHTe. 31ecCh
TTPUBEICHO OJHO U3 BO3MOXHBIX TIpefcTaBiIeHn cTpokn "Ha Gepery MmycThIHHBIX
BOJIH CTOSUT OH, AyM BEJIMKUX TIOJH".

—» 13 a——pm 16 =——» 10 ——» 13
Hla] [6]e[p]e]r T[e[H][H]e]x] B n[ Jo[x].] Jaly sle[n[u]k[n]x]
y[ In[y[<P@ o[n[w] [e[]o]= UMZ% nfelnln] VA

Puc. 3.1. CnnckoBoe npencTaBfeHne CTPOKN

B mucrunre 3.1 TIpUBEACHA pealnu3alnsd CTPOKN B 3TOM NMPEACTABICHUHN. B cocras
pean3ail BKITIOUECHDBI CIICAYIOIMUE OTEpaltnn:

O charat (index) — HK3BJICYCHUE CUMBOJIOB I10 3aJaHHOMY UHIECKCY,
setCharAt (index, symbol) — 3alUCh CUMBOJIA 10 3aTaHHOMY WHACKCY,
substring (start, end) — B34THUE [IOACTPOKHU;

length () — JUTMHA CTPOKHU,

I I W R |

append (symbol) — doBGaBjleHUe CUMBOJIA B KOHEL, CTPOKH;
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O append (string) — H00aBlIeHUE CTPOKU B KOHEL MCXOMHON CTPOKMU,
3 insert (index, string) — BCTABKA CTPOKH B CEPEINHY MCXOTHON CTPOKU.

KoneuHo, Ha camom aese atoro HegocrarouHo. Heobxoaumo, mo kpaiiHel Mepe,
ONpeaeNUTh OIepalliy I BBOJA U BBIBOJA CTPOKM B IOCAENOBATENbHBINA IOTOK,
pacIIMPUTh CEMAHTUKY MPEACTAaBACHHbIX Onepauuil (Hampumep, Jo0ABUTbL OIle-
palMyd BCTABKM CHMMBOJIA, YOAIEHHUS IMOACTPOKM U T. I.), OoJjiee TILATENbHO OIpe-
JIeJIUTh HOMEHKJIATYpy MCKIIOYUTENbHBIX CUTyauuid u T. 1. OnpHako, Io-
BUIMMOMY, MPUBEACHHOIO MpUMepa IOCTaTOYHO, YTOObI MOSCHUTh OCHOBHOE CO-
JIepxkaHue olepaluid Hal CTPOKOM B ONMCAHHOM IMPEACTABISHUU, TAK YTO YMUTA-
TeJlb MOXET CaMOCTOSITENIbHO PACHIMPUTh WAM M3MEHUTb OIpeaeieHue Kiacca,
MNPUCIOCOOUB €ro AJis CBOUX COOCTBEHHBIX IIOTPEOHOCTEN.

i NMucTtunr 3.1. Peanusauusi CNIMCKOBOro NpeAcTaBreHnsi CTPOKU

/******************************************************************

* [lpencTaBjleHNe CTPOKM B BUIE CIMUCKA BJIEMEHTOB,
* comepxammx OO ListString.ITEM SIZE CMMBOJIOB KaXIbli
*/

public class ListString {

public static final int ITEM SIZE = 16; // MaxCUMAJIBHEDI pasMep 3JIEMEHTa

/****************************************************************
* DJIeMeHT COMcKa, comepxammit mo ListString.ITEM SIZE CHMMBOJIOB
*/

private static class StringItem {

char([] symbols = new char[ITEM SIZE]; // Maccus CHUMBOJIOB
Stringltem next; // ykazaTesb Ha CIEHOYUMA SJIEMEHT
byte size; // KOIMYECTBO CHUMBOJIOB
et

// KOHCTPYKTOPHL IJisi COBIAHMUSA BJIEMEHTA CTPOKA
et

public StringItem(String src) { this(src, null); }

/*************************************************************

* DTOT KOHCTPYKTOP IO3BOJISAET IOCTPOUTH Cpasy HEeCKOJbKO
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* BJIEMEHTOB CHMCKA B COOTBETCTBMM C UIMHON CTPOKU-apIyMEeHTa
*/
public StringItem(String src, Stringltem nextItem) {
if (src.length() > ITEM SIZE) {
// PEeKYpPCUBHEII BHSB3OB KOHCTPYKTOPA
nextItem = new Stringltem(src.substring (ITEM SIZE), nextItem);
src = src.substring (0, ITEM SIZE);
}
size = (byte)src.length(); // PeasibHas IyiMHA CTPOKA
// wiu ee HAYAIBHOI'O CEIMEeHTa
src.getChars (0, size, symbols, 0); // CoxpaHeHme CUMBOJIOB

next = nextItem;

/***********‘k‘k****‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k**~k~k*********************************

* Kjlacc, npencTaBisomMil IOBULMIO0 CHMMBOJIA BHYTPU CTPOKM

* oI MBBJIEUEHMS M 3aMelleHMS OTIEJIbHOI'O CHMBOJIA

*/
private static class SymbolPosition {
StringItem item; // BIIEMEHT CTPOKM
byte pos; // NO3uLyA BHYTPWM 3JIEMEHTa CTPOKM

// TIpOCTOM KOHCTPYKTOP
public SymbolPosition (StringItem i, byte p) {
item = 1i;

pPos = pr

// BHyTpeHHee NperncTaBjieHe CTPOKU

StringItem first = null; // ykKaszaresb Ha [IEPBBII DJIEMEHT

/****‘k‘k‘k‘k***************‘k‘k‘k‘k*************************************
* KOHCTPYKTOP CTPOKU Oa3upyeTcs Ha KOHCTPYKTOpe MIEePBOTO 3JIEMEeHTa
*/

public ListString (String s) {

if (s !'= null && s.length() > 0) {
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first = new StringItem(s);

/***************************************************************
* [IoMCK MOCJEeOHETrO DJIEMEHTAa CIMUCKAa, IPEeICTAaBJISOIEerO CTPOKY
*/
private StringItem getlLast () {
StringItem current = first; // ykasaresnb Ha TeKympMil SJIEMEHT CIIMCKA
StringItem last = null; // ykazaTenb Ha NPeIBOyli 2JIEMeHT
// 1MKJI [HO BJIEMEeHTaM CIMCKa
while (current != null) {
last = current;
current = current.next;

}

return last;

/***************************************************************

* TIoMCK MOBMLMM 3JIEMEHTa C BalaHHBM MHIEKCOM
*/
private SymbolPosition findPos (int index) {
if (index < 0) {
throw new IndexOutOfBoundsException (
"Mumexc B cTpoke " + index + " mMenbme Hymna");
}
int curIndex = index; // KomuuecTBO CUMBOJIOB,
// KOTOpHIE HAmO elle OTCUMTATh
StringItem current = first; // YxasaTenb Ha TEKyIMi SJIEMEHT
// 1MKJI HO BJIEMEeHTaM CIMCKa
while (current != null && current.size <= curIndex) {
curIndex -= current.size;

current = current.next;
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if (current == null) { // CcTpoKa KOHUWJIACH, & MHIOEKC €elle He OOCTUTHYT
throw new IndexOutOfBoundsException (
"Mumexc B cTpoke " + index + " Gosbme MaxkCuManbHOTO") ;
}
// Belmaua pes3yJbTara

return new SymbolPosition (current, (byte)curlndex);

/***************************************************************

* IIpeoOpasoBaHMe K CTaHOAPTHOM CTPOKE:
* cobupaeT CTPOKY U3 BJIEMEHTOB
*/
public String toString() {
String res = ""; // nepeMeHHas misa COOPKM PE3YJlbTUPYIOILEN CTPOKM
// LMKJI IO 3JIEMEHTaM CTPOKM
for (StringItem current = first; current != null; ) {
// TIpUCOeIVHEHNEe OUEepeIHOTO BSJIeMeHTa
res += String.copyValueOf (current.symbols, 0, current.size);
// Tepexon K CIenylleMy 3SJIEMEHTY
current = current.next;
}

return res;

/***********‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*~k~k~k~k~k~k~k~k~k~k~k************************

* BRUMCIJIEHNME UIMHEL CTPOKN
*/
public int length() {
int length = 0; // nepeMeHHasa Ui BBUMCIIEHMUS IJIVHEL
// LMKJI IO 3JIEMEHTaM CTPOKM
for (StringItem current = first; current != null; ) {
length += current.size;

current = current.next;
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return length;

/***************************************************************

* JIocTyn K 3JIEMEHTaM: BHOOPKAa CMMBOJA [0 3alaHHOMY VHIEKCY
*/
public char charAt (int index) {
// BBUMCIIEHME [OBMLMM CHMBOJIA B CTPOKE C IIOMOMBIO
// dyuxuyy findPos, oOnpenesieHHON BbIle
SymbolPosition sp = findPos (index) ;
// Bulmaua CUMBOJIA C MCIIOJb30BAHMEM BBEUMCIIEHHOM [IOSULINA

return sp.item.symbols[sp.pos];

/***************************************************************

* JIocTyn K 3JIEMEHTaM: BaMeHa CUMMBOJIA C 3aIJaHHBEM MHIEKCOM
* HOBEM SBHAUEHMEM
*/
public void setCharAt (int index, char ch) {
// BBUKCIIEHME MHOBMLMM CHMBOJIA B CTPOKE
SymbolPosition sp = findPos (index) ;
// BamMeHa CHMBOJIA C MCIOJIE30BAHMEM BBUMCIIEHHOM [IOBULIUM

sp.item.symbols[sp.pos] = ch;

/***********‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*~k~k~k~k~k~k~k~k~k~k~k************************

* IloBapJieHVe CHUMBOJIA B KOHEL, CTPOKM
*/
public void append (char ch) {
StringItem last = getLast(); // mociemHmii SJIEMEHT CIMCKa
if (last == null) {
// HOBEII BJIEMEHT CTAHOBUTCS [EPBEM UM EOMHCTBEHHEM B CIUCKE
first = new StringIltem(String.valueOf (ch));
} else if (last.size < ITEM SIZE) {
// CUMBOJI MPOCTO HOBABIAESTCA B IOCJIEIHNMI BJIEMEHT CIVMCKA
last.symbols[last.size++] = ch;
} else {

// HOBBIZ B2JIEMEHT INIPUCOeNIMHASTCA K KOHILY CIMCKa
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last.next = new StringIltem(String.valueOf (ch));

/***************************************************************

* IloGaBJieHVe HOBOM CTPOKM B KOHEL IaHHOM
*/
public void append (ListString string) {

StringItem last = getLast(); // nociemumii SJEeMEHT CIUCKA

if (last == null) {
// KommpyeTcs ykas3aTejb Ha I[IepBEI BJIEMEHT CIMCKa
first = string.first;

} else {

// HOBEIE BJIEMEHTH MNPUCOEIMHSITCS B KOHEL CHIMCKa

last.next = string.first;

/********‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*~k~k~k~k~k~k~k~k*****************************

* BapraHT noOaBJIEHVS HOBOM CTPOKU B CTAHIAPTHOM IPEeICTaBIIEHUU
* B KOHELl, HAHHOM CTPOKM
*/
public void append (String string) {
append (new ListString(string));

/********‘k‘k****‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*~k~k~k~k~k~k~k******************************

* BcTaBKa HOBOM CTPOKM B CEepeIMHYy OaHHOU
*/
public void insert (int index, ListString string) {
if (index < 0) {
throw new IndexOutOfBoundsException (
"Mumexc B cTpoke " + index + " mMenbme Hyna");
}
// OmnpepneseHve MNO3ULMM 3JIEMEHTA C BalaHHBM MHIEKCOM
// HOpyMMEepHO Tak xe, Kak B onepaumy findPos
StringItem current = first; // ykazaTeib Ha TEeKyuMil 3JIEMEHT

StringItem pred = null; // ykKaszaresnb Ha NPEeIBOyNMl SJIEMEHT
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int curIndex = index; // nepeMeHHas IS OTCUETa CUMBOJIOB
while (current != null && current.size <= curIndex) {

curIndex -= current.size;
pred = current;
current = current.next;
}
// TlpoBepKa NPaBUIILHOCTY BamaHus MHAEKCAa
if (current == null && curlndex != 0) {
throw new IndexOutOfBoundsException (
"Mumexc B cTpoke " + index + " Gosbme MaxkCuManbHOTO") ;
}
if (string == null || string.first == null) ({
// COBCTBEHHO, U BCTABJATL-TO OBJIO HEUero!
// HO NpaBUJILHOCTBH MHIEKCA HANO OBUIO NPOBEPUTH BCE PABHO
return;
}
// TlocyemHwuil SJEMEHT BCTAaBJIAEeMOTO dparmMeHTa

StringItem lastInString = string.getlast();

if (curIndex > 0) {
// HalimeHHBIT SJIeMeHT Hamo "paspes3aTrs'" Ha IBe uacTu.
// Crnemywomas nepeMeHHas IpeldCTaBjigeT BTOPY YacCThb
StringItem newlItem = new StringItem/(
new String(current.symbols, curIndex, current.size — curIndex),
current.next) ;
// Tenepb GopMupyeM IJIMHY IIEpBOM UacTy
current.size = (byte)curIndex;
// BCTaBisgeM HOBLHII y4aCTOK CIOMCKAa MEXIy STUMM OBYMS UYaCTaMA
current.next = newltem;
pred = current;
current = newltem;
}
// OxoHuaTesnbHOe (GOopMMpPOBaHME yKa3aTesell B CIVCKe
if (pred == null) {
first = string.first;
} else {

pred.next = string.first;
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lastInString.next = current;

/***************************************************************

* BcTapka HOBOJM CTPOKM B CTAHIAPTHOM IIPEACTAaBIICHUN
* B cepemyHy HAHHOM. VICIONB3yeT yXe OINpPeHesieHHEE OIepalyy
*/

public void insert (int index, String string) {

insert (index, new ListString(string)):;

B HpI/IBCI[CHHOﬁ peanni3anni UMCIOTCS JBa CYIIICCTBEHHBIX HEAOCTATKA.

[lepBoblii HEMOCTAaTOK: B Ipoliecce 00pPadOTKU CTPOK BpeMsl OT BPEMEHHU BBIIOIHSIET-
¢ ApoOsieHHe DJIEMEHTOB CIIMCKa, IpeiacTaBisdioniero crpoky. Hampumep, Takoe
IpobieHre IMPOUCXOIUT BO BpeMs BbIIOTHEHUS OMePALMU insert, T. €. IPU BCTaB-
K& B CTPOKY Jpyroii cTpoku. BooOiie, eciu MMmeercs moTpeOHOCTh B CJIOXKHOK 00-
paboTKe IMHHBIX CTPOK, TO MOYTU HABEPHSIKA OyAyT peaju30BaHbl U APYrue olle-
paluy, KOTOpble BBUIENSIOT YAcTM MCXOMHOM CTPOKM M OCYLIECTBISIOT HX
MepPecTAaHOBKY, KOIMUPOBAHUE, yAadeHUe U T. I1. Bo Bcex aTuX caydyasgx Heu3bexHo
Oyaer mpoucXoauTh ApobieHHUe 3ieMeHToB cnucka. Haobopor, Hurme B peanusa-
LIMYA HET CJAMSIHMS COCEMHUX DJIEMEHTOB CIIMCKA, JaXe eC/Id TAKOe CIHUSIHUE MOXHO
OCYILECTBUTD, T. €. €CJM CYMMAPHOE KOIMYECTBO CUMBOJIOB, COMEPKAIIMXCS B ABYX
COCeIHHMX DIEMEHTAX CIIMCKA, He IIPEBOCXOAUT MAKCUMAILHO BO3MOXKHOTO.

Takoe apoOieHHEe CTPOKU TIOCTEIIeHHO TIPUBOAUT K HEOMpaBAaHHO OONbIINM
pacxomaMm maMsITH. YToObI M30ekaTh STOTO, HYKHO BpeMS OT BpeMEHW TIPOHU3BO-
JINTH CIUSIHUE COCETHWX 3JIEMEHTOB CITUCKA TaM, e 3To Bo3MoxHo. Hampumep,
B peau3alum, ITpuBeJAeHHOU B JUcTUHTE 3.1, MOXHO BCTaBUTHL OMEpaIui0 CIusI-
HUSI COCEHUX BJIEMEHTOB CMUCKa B (DYHKIIMU, OCYIIECTBISIIOIINAE TPOCMOTP CITH-
cka. HekoTopwiit ahekT MokeT OBITh JOCTUTHYT, JAXKe €cliN TaKoe CIUsSHUE J0-
0aBUTH B KaKyl-HUOYIb ONHY JIOCTaTOYHO YacTo paboTarolyl ¢GYHKIUIO,
HampuMep B (DYHKIMIO getLast () TMOWCKa TMOCHETHEro 3jJeMeHTa clucka. Bor
Kak OyaeT BHITJSAETh ToTAa 3Ta QYHKIMS:

/***************************************************************
* TIoMCK TIOCJIEIDHETO BJIEMEHTAa CIMCKa, IPeNCTaBIISIETO CTPOKY
*/
private StringItem getlLast () {
StringItem current = first; // ykasaresb Ha TEeKymMil SJIEMEHT CIIMCKA
StringItem last = null; // ykazaTenb Ha NPeIBOylMi 2JIEMeHT

// 1MKJI [HO BJIEMEeHTaM CIMCKa
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while (current != null) {
last = current;
current = current.next;
// TlpoBepmM, HeJb3S JIM OCYWECTBUTL CIMAHME BJIeMeHTOB last m current
while (current != null &&
last.size + current.size <= ITEM SIZE) ({
// KommpoBaHue CUMBOJIOB
for (int i = last.size; i < last.size + current.size; i++) {
last.symbols[i] = current.symbols[i — last.size];
}
// Koppekuys sjemeHTa last
last.size += current.size;
last.next = current.next;

current = current.next;

}

return last;

BTOpOfI HEIOCTATOK pCAIM3aAlMNM 3aKII04YaeTCd B TOM, YTO IIPH MCIIOJIHCHUMU HE-
KOTOPBIX OIepalnii MOTYT OBITh pa3pylIeHbl CTPOKU, MEpeaaBacMbIe B OTU OIC-
paluM B KAUeCTBE apryMeHTOB. Tak, HampuMmep, NpU BCTABKE B CTPOKY strl He-
KOTOPOI JAPYroll CTPOKU str2 CTPYKTypa CTPOKM str2 HapylIlaercs, Tak 4YTOo
KUCIIOAb30BaTh ATy IEPEMEHHYIO BO BTOPOH pa3 HE ydacTcd. DTO AOCTATOYHO He-
MPUSITHO, XOTS B HEKOTOPBIX cliydasgx W ompasiaaHo. Hampumep, B peanusaiuu
(GYHKUIMHU append (ListString string) MCHOJb30BATh IEPEMEHHYIO APryMEHTa
TTOBTOPHO OITACHO, T. K. 3JIEMCHTDBI CITHUCKA, COCTABIAIOMICTO 3TOT APTYMEHT, ITO-
cjle orepaluy BoOiayT B coctaB Apyroi crpoku. OJHaKo [aBaiiTe paccMOTpPUM
BBI30B 3TOH (PYHKINU B PeajiM3allui OTepalliy append (String string):

public void append (String string) {
append (new ListString(string));
}

3HGCB APTYMEHT BbI3OBA HE SABJSICTCS nepeMeHHoﬁ, TaK 4YTO HCIIOJIB30BATL €TO
IIOBTOPHO HUKOI'Jd HE YAACTCA.

EauncTBeHHbIA HAAEXHBII c10c00 0OpLObI C 9TUM HEIOCTATKOM COCTOMUT B TOM,
YTOOBI KOIMMPOBATh APTYMEHTHI, CTPYKTYpPa KOTOPBHIX MOXET OBITh HapyIlIeHA. DTo,
OHAKO, MOXET MPUBECTU K CYLIECTBEHHOMY CHUXEHMIO 3(h{PeKTUBHOCTU pabo-
Tel. KommmpoBaHne cTpokm MoOXeT OBITh JIETKO peaTl30BaHO B BUIE OTICILHOMN
olnepauuu, CKaxem, clone (). Peanusalus 3Toil onepauuu OpeaocTABISAETCI YM-
TaTeJIIM B Ka4ecTBE BeChMa IOJIE3HOTO W HECIOXKHOTO YIIPAXKHECHUS.
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Eiue onuH criocod mpeacTaBleHUsl CTPOK COCTOUT B TOM, YTOOBLI BOOOIIE HE Xpa-
HUTb CUMBOJIbI, COCTAB/SLIOLIME CTPOKY, B 3IeMeHTax ciucka. YacTo BeTpeyaroTcst
cUTyaluu, Korga o0padoTKe IOIIeXAT CTPOKM, 3aJaHHbIE ¢ CAMOIO Hayajaa KOH-
CTAHTaMU WJIM BBeJEHHbIe ¢ BHELIHEro ycTpoiicTBa. MoXHO ¢Ka3aTh, UTO B 3TOM
clayyae obpaboTKa CTPOK COCTOUT B MEPECTAHOBKE M, MOXET ObITh, KOIMMPOBAHUMI
¢parMeHTOB, KOTOPhIE UMEIUCh B IMAMSTU C CAMOr0O Hayajaa padOThl IPOIPAMMBL.
Torga MOXHO MMOMECTUTh BCE CMMBOJBI BCeX 0OpabaThiBa€MbIX CTPOK B HEKOTO-
pblid Oydep (Iya mamaru), a ISl DpeicTaBIeHUs] CTPOK UCIOJb30BaTh yKa3aTeau
B BTOT IyJL.

IMycTb, HampuMep, B MporpamMMme Ha sI3bIKe Java umeeTcst cieayiomnit ¢hparMeHt,
GOPMUPYIOLLUI CTPOKY U3 HEKOTOPOH 3aJaHHOM:

String source = "Mel emeM B majiekue kpasa';

StringBuffer dest = new StringBuffer (source);

dest.insert (7, ",").insert (8, source.substring(2, 7));

// Toka mnonyumiack cTpoka "Mel emeM, emeM B majiekve kpasg'
System.out.println(dest.insert (7, dest.substring(7, 13)));

// HaneuaraeTcs crpoka "Mel emeM, emeM, emeM B majiekue kpasg"

Pesynbrupylonas cTpoka MOIY4YUIach U3 ABYX MCXOAHBIX CTPOK (source M ", ")
MTyTeM BEBIPE30K ¢parMeHTOB W BCTaBOK. EcIM WCIONB30BATh TIpeACTaBIcHNE
CTPOK B BUJAE CIUCKA DJIEMEHTOB, COAEP:KALINX CChUIKM B OyGepHBlil My, TO UC-
XONHBIE CTPOKOBBIE KOHCTAHTHI MOKHEI OBITh MOMEIIEHBI B MY, a BCE OIepa-
uuu, padotaloiie ¢ pparMeHTaMu CTPOK, OyAyT HAa caMOM el MPOU3BOIUTHLCH
TOJTEKO C BJIEMEHTAMH COOTBETCTBYIONINX CTTHCKOB.

Ha puc. 3.2 uzobpakeHo Bo3MOKHOE cofepxkumoe OydepHoro myna (Ha puc. 3.2, a
yucaa Hal CUMBOJIAMU B IMyJle IMOKA3bIBAIOT X MHAEKCHl B MACCUBE) U MpPEACTABIE-
HUE CTPOKM dest B Hauayse paboTwhl (puc. 3.2, 6) U B KOHIIE paboOThl Toche Bcex
BcraBok (puc. 3.2, 6). YToObl HE 3arpOMOXKAATh PUCYHOK, yKazareiaud B OydepHbli
TyJ1 TIPEJICTaRIEHBI B 3JIeMEHTaxX cIiucka nmapaMM 4Jucell, TepBoe U3 KOTOPBIX 3a1aeT
MHIEKC CUMBOJIA B IyJe, a Bropoe — MIMHY ¢dparMeHTa cTpoku. CoOCTBEHHO TOBO-
psi, B MporpaMme 5TH yKaszaTedu MOTYT OBITh TpeACTaBICHbI TOYHO TaK Xe. DTO
yAOOHO, U, K TOMY Xe€, ITO3BOJISIET IOJHOCTBIO A0CTPardpoBaThCcsl OT CONEP:KUMOIO
nyja, odpaliasicb K HeMy TOJbKO B TOM CJIydae, KOT/la SIBHO TpeOYIOTCSI CUMBOIIBI,
HampuMep, IPU BbIBOIE CTPOKM B BLIXOMHOH MOTOK. i ynoGcTBa OKONO KaXI0ro
5JIeMeHTa YKa3aHo, Kakoil (pparMeHT CTpOKU OH TpescTaBisieT.

Pazymeetcsi, onucaHHoe MpeAcTaBlIeHUe, HECMOTPSI Ha HEKOTOpbIe MPpeuMyllecT-
Ba, o0lafgaeT TakXKe U PsSaOM HeZOCTaTKoB. HecoMHEHHBIM OOCTOMHCTBOM SIBIIS-
ercst TOT (bakT, YTO OTACTBHBIN 3MEMEHT CITUCKA MOXET OMUCHIBATH CKOJb YTOIHO
JUIMHHBIA yyacTok cTpoku. Ho, Kak u B mpeabiayllieM MpeacTaBieHuu, Ipu pado-
Te ¢ (hparMeHTaMH CTPOK BJEMEHTBI ClUcKa OY/IyT OMUCHIBATL Bee Oojiee Menke
¢parMeHTbl, TaKk 4TO 3 ¢PEeKTUBHOCTh pabOThL CO CTPOKOM Oyner cHuxkaTbes. Ko-
HEYHO, MOXHO TIONMpoOOBaTh W 37eCh BPeMS OT BPEMCHU THITATHLCS COCTMHUTD
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cocelHle DIEMEeHThl CIMCKA B OJUH, OJHAKO B AAHHOM CJIydae 3TO He TaK Ipo-
CTO, TIOCKOJBKY COCAMHHTL YAACTCS TOJBKO Takue (pparMeHTBI CTPOK, KOTOpBIe
(bu3MYECKU paCIIONOXEeHB! APYT 3a ApYroM B OydepHoM myie.

0 2 4 6 8 10 12 14 16 18 20 22
a M[e| [elae[m]| [s] [a[a|n[e[«[n[e] [k]p[afa].]

BydepHbin nyn

6 dest [0]22] 7

8 dest:

(0[2] o 22] 1] o 221

“Mor A A

\

2[5+ AR 2 [20 ]

"epem" "epem" "efem B fanekue kpas"

Puc. 3.2. MNpeacTtaBneHne cTpok ¢ NOMOLBIO ykadaTenen B 6ydepHbIn nyn

Hecnoxno onpeneanTsh Kiacce, peanu3yloiMil CTPOKY B ONMCAHHOM MpeAcTaBie-
Huy. MHorue olepauudd B HeM OyIyT MOXOXM HA COOTBETCTBYIOLIME OIEepaluu
Kjlacca ListString, OMMCAHHOrO B JUcTUHIE 3.1. Pasauymsa B OCHOBHOM CBOIAIT-
cd K TOMY, UTO BMECTO MaHMIYJIMPOBAHUS ¢ CUMBOJAMU (ParMeHTOB CTPOK pa-
6oTa MPOM3BOIUTCS TOJLKO C UX MHAEKcaMM B myJe. KoHeuHo, TpebyeT oTaenb-
HOIO NpeacTaBaeHus U caM OydepHbId myl.

B manpHeliiieM B KHWTE TPEACTABICHUST CTPOK, MOTOOHBIE TOJIHKO YTO OTMMCAH-
HBIM, HUTAE HE WCTOB3VIOTCS. B Tex mpuMepax, Tie Tpou3BOINTCS paboTa co
CTPOKAaMU, Yallle BCeTo WMCTIONB3YIOTCS CTaHIAPTHBIE CTPOKM fA3BIKa Java, 3amaH-
HBIE KJTAacCOM String, JHOO MAaCCHUBBI CHMBOJOB (char[]). OmHaKko criemyer
MMeTh B BUAY, YTO B CJIydae UIMHHBIX TEKCTOB TAKOE MpEICTaBIeHNE MOXET OKa-
3aTbed HeaheKTUBHEIM, W TOT/IA JIVUIIIE BHIOPATh OMHO W3 TIPEUTOKEHHBIX TIpe-
CTaBIIeHNH MM pa3paboTaTh cBO¢ COOCTBeHHOE TIPEACTaBIcHNWe, Hambojiee IMomi-
XOJsITIIee TS Balllei 3amadun.

3.2. XawmpoBaHue n NouckK B xaw-rtabnuuax

B npenpinyieM pazmene peub 1ula 0 OpeacTaBIeHUH CTPOK B ciydyae, KOraa Tpe-
oyerca paboTaTh ¢ [UIMHHBIMU CTPOKaMM W MX (pparMeHTamMu. JOBOJBHO 4acTo
BCTPEYAIOTCS TAKKe CUTyallMM, Koraa oOpaboTKe MOMIEXKHUT MHOTO MajeHbKUX
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ctpok ("ci0oB"), KOTOpbIe TOXE HAAO COXPAHSATh B HEKOTOPOH €IMHON CTPYKType
("cnopape”). B manbHelilieM Ui omMcaHUS MOAOOHOK CUTyaUUM Mbl OyaeM uc-
[OJb30BaTh TEPMUHBL "cI0BO" U "ciioBapb” 0e3 KaBblueK. ClloBa He TpeOylOT st
CBOET0 IPeICTABISHMS CIOXHON CTPYKTYPhl — BIIOJHE AOCTATOYHO CTaHIAPTHBIX
CIocoboB onucaHus cTpok. OmHako g cjioBaps HeoOXOAUMO BblOpaThb Takoe
NpeacTaBleHUe, KOTOpoe Obl 00eCHeUMIo MAKCUMAAbHYI0 3(P(eKTUBHOCTb BbI-
MOJHEeHUs] OCHOBHOM ollepalry Haj CI0BapeM — IIOMCK CJI0BA B CJIOBape.

CaMbIM TIPOCTBIM TIpEACTABICHUSM I cjioBaps OyAeT, KOHEYHO, MAacCUB CJIOB.
Hnst obecrieyeHnss >(pdeKTHBHOCTH TIOMCKAa MOXHO 00eCTIeUUTh YIOPSITOvYeH-
HOCThb BJIEMEHTOB 3TOTO MaccHBa, TOT/A MOUCK CIOB MOXHO TPOU3BOJAUTH C MO-
MOIIBIO U3BECTHOTO aJITOPUTMa JBOWYHOTO TOUCKA, KOTOPBI odecreynBaeT Ha-
XOXJEHNE HY>KHOTO CJI0Ba CpeJiu MHOXKECTBA U3 7 CJIOB 32 KOJIUYECTBO OMepalui,
nporopiroHanbHoe logyn. K coxaneHuto, achheKTUBHOCTE paboThl CO ClIOBapeM,
OPTaHU30BaHHBIM TAKUM OOpa3oM, pe3Ko CHUXKaeTcsl, Koraa TpedyeTcsl 100aBIsTh
B HEro HOBBIE CJIOBa WIU YAQNATh uMetomuecsi. Kakmasg BcTaBka WU yaajeHue
cjioBa TpebyIOT, BoOOIe TOBOPSI, CABUTA B MACCHBE B CPETHEM OKOJIO TIOJOBUHBI
BCcEX MMeEKIINXcs B HeM ciioB. Kpome Toro, TipM BCTaBKe CJIOB BO3HUKACT yxke
3HaKoMas HaM MpobyiemMa BbIIeJeHUsI HOBOU MaMsITH, eclii TIepBOHAYAIbHO OTBE-
JIEHHOW TIOJ cJIoBaph MaMSITH HE XBATUT JUTSI pa3MeIeHUsT HOBBIX 3JIEeMEHTOB.

OumHMM M3 CIOCOOOB pELIeHUS] STOM IHPOOJIeMbl SIBJSETCS MCIONb30BaHUE TakK
HA3bIBAEMOU @VHKYUU paccmarnosky WM xauiupoeanus. CiaoBo "XsliMpoBaHue"
MPOUCXOJUT OT aHIuiickoro "hash", o3Havawouniero "apoouUTh", "pe3aTh Ha Kycou-
Ku", U oTpaxaeT xapakTep paboThl 3TOX (QYHKLUU.

OcHoBHasl wesT TIpUMeHeHUS (YHKIIWMN pPACCTAHOBKA COCTOUT B CICHYIOUIEM.
CroBaphb O6ymeM To-TIpeXXHEMY TIPECTaBIIsITh B BUIE MAaccHBa CJIOB, HO TIOMEIIATh
CIOBa B Hero OyleM He B COOTBETCTBUM ¢ aN(aBUTHBIM TIOPSIIKOM, a B COOTBET-
CTBUW CO 3HAYCHWSAMH HEKOTOPOU TpPOCTON (BYHKIINW, BHEUMCICHHONW HAI CIIO-
BoM. Takag ¢byHKINS — ¢GHYHKINS pAcCTAHOBKH, — IONyYasT B Ka4eCcTBe apryMeH-
Ta HEKOTOPOE CJIOBO, BBIIAET B pe3ylbraTe HEKOTOpOe IIejloe YNCIO — WHACKC B
coBape, oA KOTOPHIM CIIEAyeT XpaHWTh 3TO cIoBo. Ecnm KaxkmoMy cioBy Oyaer
COOTBETCTBOBATh CBOE¢ 3HAUeHWe (DYHKIIMK pPaccTaHOBKM, TO TOMCK B cioBape
CTAHOBUTCS HEHYKXHBIM: BMECTO TIOMCKA OCYIIECTBISETCS BBIYMCICHNEC 3HAUYCHWS
(GYHKIIMA paccTaHOBKH, TTOCIIE Yero CJIOBO HAXOMWTCS Cpasy ke T0 BBIYMCICHHO-
MY WHIEKCY.

K COXAJICHUIO, HA IPAKTUKE OKAa3bIBACTCA HEBO3MO2KHbLIM OIIPCACIUTD (I)YHKLII/IIO
pPacCTaHOBKU TaK, 4YTOOBI KaxaoMy CJIOBY COOTBETCTBOBAJIO CBOC YHUKAJIBHOE
3HAYEeHUE HHAEKca. ITO IpUBOAUT K TOMY, YTO ABAd MU Ooiiee Ci10B [IOJaYy4yaloT
OJHO M TO 2K€ 3HAYCHUEC (bYHKL[l/II/I pPacCTaHOBKHM. I OBOpPAT, YTO B OTOM Cjiydyae
HIPOUCXOIUT KOH(bJH/IKT XoUI-uHAeKCoB. OIMH U3 CaMbIX IIPOCTBIX Ccroco0oB pas-
pEeLCHHNA 3TOIoO KOH(I)JII/IKTa COCTOUT B TOM, 4YTOOBI IOMEILATh CJIOBO, BbI3BABLICC
KOH(I)JII/IKT, B OJMH U3 COCEIHMX JIEMEHTOB Maccupa. Torma IOMCK M BCTaBKa
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HOBBIX CJIOB CTaHYT IPOU3BOAUTBCS XOTS M HE 34 OAMH IlIar, HO BCe Xe AO0CTa-
TOYHO OBICTPO.

EctectBeHHBIM TpeGoBanmeM UTA (HYHKIIMN PACCTAHOBKHM OymeT TpeboBaHME TIPo-
CTOTBI e¢ BbluucieHus. Ho 3To maneko He eIMHCTBEHHOE, YTO TpebyeTcsl OT XOpo-
et GyHKITMM paccTaHoBKU. [Ipexkne Bcero Hamo o6GecTeunTh paBHOMEPHOE pac-
npenejaeHrue BHIYMCICHHBIX UHASKCOB CJIOB B cnoBape. Hampumep, mis obpadboTku
CJIOB PYCCKOTO sI3bIKa (hbYyHKIIMS, BbIAAMONIAS TIO 3aJaHHOMY CJIOBY HOMEpP €ro mep-
BOil OYKBBI B anhaBuTe, — OTO HE OYEHb YOAYHBIA Crocod ompeneneHus GYHKIUU
paccTaHoBKHU. Bo-mepBbIX, clloBa pyccKoOTo sI3blKa JaJieKo He paBHOMEPHO pacripe-
JeNsIoTes 1o nepBbiM OykBaM. HexoTopbie OyKBBEI BOOOIIE HE MOIYT OBITh II€PBbI-
MW B cJioBe, Apyrue, Kak, HampuMep, "C" HaobopoT, 04eHb YacTo SIBISIOTCS TIep-
BbIMU OykBaMu. Bo-BTOpBIX, K 3TOi HEPABHOMEPHOCTU OOBIYHO J00AB/ISIETCA elle U
YIOPSIIOUEHHOCTD, TIPUCYIIAsT aJropuTMaM oOpaboTKu TekcToB. Hampumep, npu
3aMMCH HEKOTOPOIO CIOBApPs AOBOJBLHO €CTECTBEHHON OymeT cUTyalusl, IpU KOTO-
POt MCXOMHBIM TMOTOK CJIOB YK€ Kak-To yropsimouyeH. B Takoit cutyanmu Jydiie
BCEro ObLI1O Obl, YTOOBI JAXe HE3HAUUTEIbHO OTIMYAIOIIMECd APYr OT Apyra clioBa
UMeSn ObI CYIECTBEHHO pa3inYHble 3HaUeHWs (PYHKIIMU paccTaHOBKU. JLig 3TOTO
10 KpaifHeil Mepe HyxXHO, YTOOBI 3HaYeHUe (YHKIIUU PACCTAHOBKM 3aBUCEIO HE OT
OJTHOTO WJIM HECKOJIbKMX CUMBOJIOB CJIOBA, a OT BCEX.

ITycTb yHKINS code (c) TIO 3aJaHHOI OyKBe BBIIAET ee HOMep B pycckom anda-
BUTE (ECIM CUMBOJI He sABIsgeTcs OYKBOil pycCKOIo s3biKa, TO OyIeM CUMTaTh, YTO
¢yHKIMSA code BbiaeT 3HaveHue (). BoT kak, HampuMep, MOXeT BHIJISIACTh dTa
¢yHKUMA HA I3bIKe Java:

public static int code (char c) {
return "aOBIIe&X3UNKIMHONIPCTYOXIIUNIIEEL 301" .
indexOf (Character.toLowerCase(c)) + 1;

}

Ha camom nene, Ha TIpakTHKe OOBIYHO TTPOCTO MCITONB3VIOT BHYTPEHHHM KOI KasK-
JOr0 CUMBOJIA, TAK YTO (PAKTUUECKM B BbI30BE (DYHKIMHU code HET HEOOXOAUMOCTH.

Teneps MOXHO NPUMEHATh 3Ty MYHKIMIO KaK 6a30ByI0 Ul ompeneaeHus QyHK-
Uy pacctaHoBKHU. [lpexkme Bcero obecmednM 3aBUCUMOCTh 3HAYCHUS (DYHKITUN
PacCTaHOBKM OT BCeX CUMMBOJIOB c¢ioBa. I 3TOro cioxuM Koibl Bcex OykB. Jlo-
TMTOJHUTENBHO, JIJIST TOTO YTOOBI TO3UIMS OYKBBI B CJIOBE TakkKe WTpajia HeKOTO-
pyio ponb, OyaeM H00aBIATh K KOOy Kaxaoii OykBbl HoMep ee moszuuuu. Hanee
pelmM, ciioBapb Kakoro pasMepa Ham notpedyetcs. B KoHeuHOM cueTe 3HaueHue
(GYHKIMHA XIIUPOBAHUA JOKHO MOJIYYUThCS OOCTaTOYHO PABHOMEPHO pacipe-
JIEJIEHHBIM Ha MHOXECTBe BceX oOpabaThiBaeMbIX CJIOB, U MOTMAAaTh B AUara3oH
[0, n—1], roe n — pasmep ciaoBaps. [JdocraTouHo paBHOMEpPHOE pachpeieieHue
TTOTy4YaeTesl, €ClIM BEIUUCISITE WHAEKC 1o dopmyrne (PxX + Q) % n, thoe uncra Pu
(Q — DTO HEKOTOpbIe IPOCThHIE YMCIA, IO MOPAAKY OAu3KHUe K #; X — BbIUMCIICH-
Has cyMMa KoJoB GYKB CJIOBa, a CHMBON % 3amaeT omepallnio BEIYUCTCHHUST OCTaT-
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Ka OT LeJodYuciaeHHoro aeneHusa. Eciau, Hampumep, cuuTaTb, YTO CJAOBaps B
1000 croB OymeT mOCTATOYHO U HAIIUX Iejieli, To MOXHO BwIOpath mist P u Q
3HayeHus 557 u 811, Torna GpyHKIUUST PACCTAHOBKU IMPUMET CIESAYIOIIUIA BUI:
public static int hash(String str) {

int sum = 0;

for (int i = 0; i < str.length(); i++) {

sum += code (str.charAt(i)) + i;

}

return (557 * sum + 811) % 1000;
}

Tenepb MOXHO ONpeAeIUTb CAOBapb (TUCTUHTL 3.2), B KOTOPOM OyIeT XpaHUThCS
HEKOTOpOe MHOXKECTBO ¢J10B. Ml ompeaeauM GpyHKIIMIO J0OABAEHUS CIOBA B CIIO-
Bapb U (YHKIHUIO ONpeneNeHus], CONEP:KUT JU CI0BAPb 3adaHHoe cloBo. B obenx
GYHKIMAX CJI0BO (MWJIM MECTO IS 3TOrO CJIOBA) UIIETCA CXOXUM 00pazoM: IO CJIOBY
BbIUMCISETCA 3HaYeHue (PYHKIMK PACCTAHOBKH, 3aTeM IPOUCXOIUT Iepebop Mo3u-
LM CJIOB B MAaccuBe, IMpeaHA3HAYEHHOM I XpaHeHUs CJIOB, M0 TeX IOp, IOKa
JIN6O UCKOMOE CJIOBO He OyIeT HaiaeHo, MO0 He BCTPEeTUTCS MyCTOe 3HAYEHUE.

Ecnu cnosa He yaansitoTes M3 cjoBaps, a TOJbKO JOOABISIOTCS B HETO, TO TaKOM
AITOPUTM TIoMcKa OyAeT KOPPEeKTHBIM, XOTS MPU OOJBINON 3arpy>KeHHOCTH CJI0-
Baps TOUCK MOXET OCYIIeCTBIAThCS JAOCTaToyHo noiro. B mpenenbHoM criydvae,
KOTZIa BCe MO3WUIUU B CIOBAPE 3AHSITHI, TIPU TIOWCKE CIIOBA MOXET OKAa3aThCs HE-
00XOIUMBIM TIEPEOPATH BCE CJIOBA.

NuctuHr 3.2. OnpegeneHue NpocToro cnoBaps

/********************‘k‘k‘k‘k********************************

* Krjlacc ompenenseT NPOCTOM CJOBaphb, MCIIONbIyumMY OyHKIIMIO
* pacCTaHOBKM IJisL I[IOMCKa& CJIOB
*/
public class HashDictionary {
String[] dict = new String[1000]; // xpanmmmme Ha 1000 ciioB

/******************************************************

* QyHKLMA onpemeiseT kopj OyKBEl KakK €€ INOPSIKOBBIL
* HOMep B andaBuUTe PYyCCKOI'O SA3BIKA
*/
private static int code (char c) {
return "aOBIIe&X3UNKIMHOIPCTYOXIIUIIIEEE 305"

.indexOf (Character.tolLowerCase(c)) + 1;
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/**********‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k**k*k*k*k***********************

* OYHKLUMSA PACCTAHOBKM, OCHOBaHHAS Ha CJIOXEHUM KOIOB
* OyKB CO CMeleHreM, COOTBETCTBYIIVM VX I1O3VLIVN
*/
public static int hash(String str) {
int sum = 0O;
for (int i = 0; i < str.length(); i++) {
sum += code (str.charAt (i));

}
return (557 * sum + 811) % 1000;

/**********‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k**k*k*k*k***********************

* BHYTpeHHSS GQYyHKUMS [HOMCKa HO3MLMM CJIOBa B CJIOBape
*/
private int findPos (String word) {

int counter = 0; // cuerumk nepeCpaHHBIX CJIOB B CJIOBApEe

int i = hash(word); // Tekyumil MHOEKC CJIOBa B CJIOBape
for (; counter < dict.length; counter++) {
if (dict[i] == null || dict[i].equals (word)) {
return i;

// CIOBO MM ero HOBMLMA OJIS BCTABKM HallIeHH

}

if (++i == dict.length) i =0 // mepexon K ClenyilomeMy MHIEKCY

~.

}

return -1; // mnepebpaHE BCe NOBMULMM B CioBape!

/******************************************************

* QyHKUMA OOOABJIEHMS CJIOBA B CJIOBAPhL. ECIM CJIOBO yXke €CTb
* B CJIOBape, TO BTOPOM pas3 OHO B CJIOBapb He IonamaeT
*/
public void add(String word) {
int 1 = findPos (word) ; // mosuumsa CioBa B CIlOBape
if (i == -1) return;

dict[i] = word;

// TONBKO B Clydae IepenojiHeHMus CJoBaps!

// moBaBiieHMe ClOBa WM €ro Iepe3anuchb

/******************************************************

* OyHKLMS NPOBEPK) HalM4uMsa CJIOBa B ClOBape

*/
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public boolean hasWord (String word) {
int 1 = findPos (word) ;

return i != -1 && dict[i] != null;

[lpuBenem mpumep MCIOIb30BaHMS Kiacca HashDictionary AIS PeIeHUs cle-
aytouieil 3amauyu. IlycTh 3amaHo HEKOTOpoe IpelIoXeHMe Ha PYCCKOM S3bIKe.
TpebyeTcs MpoBepUTh, €CTh JIU B HEM CJIOBA, BCTpevalolluecsd I10 KpaitHeid mepe
IBaXAbpl. Jlasa pelieHuss B5Toil  3amayd  cJAOBApb, OIpPeNeNeHHBbId KIACCOM
HashDictionary, OyIeT JOCTATOYHO yAOOHBIM CIIOCOOOM IIPENCTABICHMS MHOXEe-
CTBA CJIOB B MpeMIoxXeHuUu. JefcTBUTENbHO, Mbl MOXEM HCCIEeI0BAThL 3aTAHHOE
MpeIIokKeHHEe CIOBO 34 CJIOBOM, A00ABII KaXIblil pa3 cloBo B cioBapb. Ilepen
J00aBIeHHUEM CJIOBa CTAHEM IIPOBEPATb, HE BCTPEUATOCh JHU YXE 3TO CJIOBO B
NPeIoKEeHUU PaHbIIIE.

I[J'[SI OCJICHUS MNPCITOXCEHWA Ha CJI0BA BOCITOIB3YEMCS CTAHIAPTHBIM KiIIaCCOM
s3bpika Java java.util.StringTokenizer. MYAKONSA twice, TpeacTaBIeHHAs
HMXKE, peIIacT NMPpEITOKEHHYIO 3an1a4y W BbIOACT CJIOBO, BCTPETUBILCECS B MPEO-
JIOXXeHUU BTOopol pa3. Ecnu Bce cioBa B MPEUTOXKEHUN PAa3INYHBl, (YHKIIUS BbI-
JIaeT B KAYECTBE PE3yJIbTara MYyCTYIO CCBUIKY.
public static String twice (String text) {
// B KauyecTBe pasmesmTesiell CJIOB MOIYT MCHIOJb30BATHCH NPOOEJE,
// BHaKM [PENMHAHVS, KABBUKM, CKOOKM M OpyIve "myCTee" CHMBOJIEL
StringTokenizer tok =
new StringTokenizer (text, " ,.!?2;:—=()\'"\"\n\t\f");
HashDictionary dict = new HashDictionary():
while (tok.hasMoreTokens()) {
// BeOEpeM ouepelHOe CJIOBO U IpeofpasyeM eTo K HUXHEMy pPeImcTpy OyKB
String nextWord = tok.nextToken () .toLowerCase () ;

if (dict.hasWord (nextWord)) {

return nextWord; // CIIOBO yXe BCTPEUAJIOCH
} else {
dict.add (nextWord) ; // mobaBiigeM HOBOE CJIOBO
}
}
return null; // B OpemJIOXeHUM HeT OIOUHAKOBEIX CJIOB

}
Hanpwumep, creayromimit BbI30B 3ToM GyHKITUN

System.out.println (twice (

"IIeICTBUTEJILHO, MBI MOXEM MCCJIENOBaTh 3BallaHHOE NpelyioxeHre " +
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"CIIOBO 3a CJOBOM, HOOABIAS KaxXIpll pas CIJIOBO B CJIOBapb."

)):
MPUBEAET K TOMY, UTO OyAeT HaleyaTaHo CJIOBO "CIOBO".

BepHemcst elie pa3 K Ha3BaHMSIM UCIIOJb3YeMOTo HaMu MeTofa: (DyHKIIMSI pac-
CTAaHOBKM WU (pyHKIUST xaumupoBaHus. [lepBoe HazBaHMWe oTpaxaeT Iefb WC-
MOJIB30BaHUS (DYHKIIUU — BBIYUCIUTH HEKOTOPBIM MHIEKC, ¢ MOMOIIBI KOTOPOTO
MOXHO "paccTaBUTh" cjloBa B clioBape. Bropoe Ha3zBaHHe OTpakaeT METOJ, ¢ Mo-
MOIIBIO KOTOPOTO BTOT WHAEKC BBIUMCISETCS, — paspe3aHue cjioBa Ha YacTh U
"mepeMelnuBaHne"” MOJYyYUBIIUXCS KycoukKoB. JlocnoBHO Taron hash MoxXHo Tie-
PEBECTU C aHTJIMMCKOTO s3bIKa Kak "KPOIINTH", a B KaYeCTBE CYIIIECTBUTEIHHOTO
3TO CJIOBO MOXHO TIEepeBecTU KakK "MyTaHuia", "mepedpasupoBaHue” WIH AaxXe
"MsICHasI OKpoIIKa".

Hano ckazatb, 4To BbIOpaHHBII HaMU B BbIIIEM3I0XKEHHOM IIPUMEPE METOMd pas-
pelieHuss KOH(IMKTOB IPU HKCIOAB30BAHUM (YHKIIUMK PACCTAHOBKM HE OYEHb
yao0eH. Bo-mepBbix, KaK yxKe ObLIO yHOMSHYTO, MPU OOJBILIOH 3arpy:KeHHOCTH
CIOBapsl BCS BBITOAA, IOJAYYEHHAs OT OBICTPOTO BBIUMCASHUS 3HAYEHUST XIIll-
(GYHKIIMHU, MOXET CBECTHCh HA HET, U MPUAETCS BCE PaBHO Iepeduparb 3HAUYM-
TeJIbHYIO YAcTh CJIOB B CJIOBape KaK MIpM JUHEHHOM Ioucke. Bo-BTophix, eciu
TpebyeTcs He TOJbKO M00aBIsATh, HO U YOAIATH CJI0BA M3 CJI0BAPS, METOHA OKa3bi-
BAETCSl BOBCE HEMPUEMIIEMbIM, IIOCKOJIbKY "ABIpKU" B CJI0OBape MOIYT IIpepBaTh
IOMCK HECMOTPs HA TO, YTO HYKHOE CJIOBO BCE-TAKHU B HEM cOmepXKUTCA. JIMKBM-
Jauust ke "IbIpoK” — 5TO KpaliHe TPYAOEeMKUI Ipolecc.

Yamre mcnonbayeTcst Ipyroil MeTon pasperieHus KoHGInKToB. KpoMe ocHOBHOTO
MaccWBa, COACPXKAIIETO CJI0Ba, B CJIOBApPE OPraHM3yeTcsl "00MacTb TEpeIojTHE-
HUS", KyJa W OMEIIATCsS BCe CIOBA NMPW BO3HWKHOBeHUM KoH(muKkTOB. Yare
BceTo 00J1acTh MEPEITOTHEHNSI OPTAaHN3YETCSI B BUAE CITICKOB CJIOB ¢ OMMHAKOBLIM
3HAYEHUEM (DYHKITUYW PACCTAHOBKM.

Eiue ogHo BaxHoe 3ameuyaHue. Yaiue Bcero Tpedyercs XpaHUThb CIOBA HE CaMU I10
cebe, a CBA3BIBATh C OTUMHU CJIOBAMU HEKOTOPYIO MH(OPMALMIO, HAIIPUMEP, KO-
JIMUECTBO BTUX CJIOB B TeKCTe, WK APYIy0 MH(OpMALIMIO, 3aBUCSILLYIO OT 3aJauM.
Tak, HampuMmep, €cld B KOMIWISITOpe TpeOyeTcs OpraHu30BaThb CIOBApb M3 BCEX
KUCIIOAb3YyEeMbIX B TEKCT€ IIPOrpaMMbl MAEHTU(MUKATOPOB, TO ¢ KAXKIbIM UAEHTH-
GUKATOPOM MOXHO CBA3bIBaTh MHMOPMALMIO O €ro TUIIE, JOKAAM3aLMU M T. .
IMosToMy uwaie Bcero cioBapu (KOTOpPbIe elle HAa3bIBAIOT X3LI-TablULAMKM) CO-
JepXaT He IPOCTO CI0BA, A Mapbl, B KOTOPBIX ¢ KAXIbIM CJIOBOM CBSI3aH HEKOTO-
PBlil JOMONHUTENbHBI 00BeKT. B 2TOM cilydae cl10BO, 10 KOTOPOMY MPOUCXOIUT
MOMCK, HAa3bIBAIOT KIIOYOM IOMCKA, a COOTBETCTBYIOLIMI OOBEKT — 3HAYEHUEM,
CBA3aHHBIM C 3TUM KioyoM. Ilo cMbicy onepauyu MOMCKA B X2II-TA0IMILE KAX-
Jblid KJII0Y HAXOAUTCSA B Ta0Nulie B €IMHCTBEHHOM 2K3€MILLIPE, OAHAKO, pa3yMe-
eTcsl, 3HaueHUs: PYHKLUUU PACCTAHOBKU MOIYT ObITh OJMHAKOBBIMU JIs pa3ivy-
HbIX KJIIOYEM.
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B nucrunre 3.3 npuBeaeHa ellie oJHA peanu3alus cJIoBaps, B KOTOPOH ¢ KaxXIbIM
CIOBOM (KJIIOUOM) CBS3aH HEKOTOPBIA OOBEKT, & KOH(IMKTBI pa3pellalorcs Iy-
TEM OpraHM3alMM CIMCKOB IS KaXAoro 3HayeHusd kiroda. Cama ¢GpyHKIIMS pac-
CTAHOBKM TOXE HECKOJbKO MOAMGULIMPOBAHA M chenaHa Oojiee YHHUBEpPCATb-
HOI — B KauecTBe KOMOB OYKB BHIOMPAIOTCA BHYTPEHHME KOIbl CUMBOJIOB.

Nuctur 3.3. YnyuweHHas peanusauus cnoBaps

/****************************************************************

* YJIydlleHHBEDI BapMaHT CJIOBaps, OCHOBAHHOT'O Ha BHMUMCIJIEHUU
* 3HaueHMN QYHKUMM PaCCTaHOBKMU
*/

public class HashDictionary {

/**************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*************************************
* DJIeMEeHT CIMCKAa, COHepXaupil KJIOU ¥ CBSA3aHHBEI C HUM OOBEKT
*/

private static class ListElem {

public String key; // ximou
public Object obj; // CBABAHHEII OOBEKT
public ListElem next; // CCEHUIKA Ha CJIeIylumil B3JIEMEHT

// TIpOCTOM KOHCTPYKTOP IJIS COSIAHMUSA DJIEMEHTOB CIMCKA
public ListElem(String key, Object obj, ListElem next) {
this.key = key;
this.obj = obj;

this.next = next;

private static final int ILENGTH = 1000; // pazMep cioBaps
private static final int P = 557; // MHOXUTEJNb IUIS BEUUCICHUS

private static final int Q = 811; // craraeMoe OJiS BHUMCJIEHUSA

// MaccuB CIUCKOB, COIepXalMx CJIOBa CJIOBaps

private ListElem[] dict = new ListElem[LENGTH];

/******************************************************

* OYHKUMUSA pPacCcCTaHOBKM, OCHOBAaHHaA Ha CJIOXeHUM KOIOOB CHMMBOJIOB

*/
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private static int hash (String str) {
int sum = 0;
for (int i = 0; i < str.length(); i++) {
sum += str.charAt (i) + i;

}
return ((P * sum + Q) & Integer.MAX VALUE) % LENGTH;

/************************‘k‘k‘k***************************
* QyHKLMS HOOaBJIEHNMS HOBOTO OOBEKTa 10 KJIoUYy. Ecim oOweKT,
* CBABA@HHEL C DTVM KJIOUOM, yXE COIEPXUTCsS B CIOBape,
* TO HOBEII OOBEKT He nmoBaBiigeTcs
*/
public void add(String key, Object obj) {
if (key == null) {

throw new NullPointerException ("IlycToi kimou HemomycTum') ;

int index = hash (key); // BHaueHue hash-QyHKLMN

ListElem current = dict[index]; // TeKymmil BJIEMEHT CIMCKa

// TlouCk KJoua B CJIOBape:
while (current != null && !'key.equals(current.key)) {
current = current.next;

}

if (current != null) return; // Kiou yxke ecThb B ClOBape

// CospmaeM HOBBII SJIEMEHT CHOMCKa ¥ HoBaBjigeM B Hadajlo CIUCKAa
ListElem newElem = new ListElem(key, obj, dict[index]);

dict[index] = newElem;

/**************************‘k***************************

* QyHKLMS IIOMCKa OOBEeKTa MO KIoUy. ECIM KoY He HalIeH,
* 7O QyHKLUMS BO3BpallaeT IyCTYK CCBUIKY
*/
public Object find(String key) {
if (key == null) {
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throw new NullPointerException ("IlycToi kimou HemomycTuMm'") ;

int index = hash (key); // 3BHaueHue hash-QyHKLMK

ListElem current = dict[index]; // TeKymmil BJIEMEHT CIMCKAa

// TlouCk KJoua B CJIOBape

while (current != null && !'key.equals(current.key)) {
current = current.next;

}

if (current == null) return null; // KoY He HalOeH

return current.obj;

/******************************************************
* OyHKUMSA yIOalleHusa oOOBeKTa [0 3alaHHOMYy KIIoUY .
* PesynbTaT QyHKLUMM — yKal3aTejb Ha yIalsgeMell OOBeKT.
* ECIM KJIIOW He HalileH, TO OyHKLMS BO3BpallaeT IIYyCTYK CCBUIKY
*/
public Object remove (String key) {
if (key == null) {

throw new NullPointerException ("IlycToi xinou HepmomycTmMm'") ;

int index = hash (key); // BHaueHue hash-QyHKLMK
ListElem pred = null; // Opempmympil SJEeMEHT CIMCKA
ListElem current = dict[index]; // TeKymmil BJIEMEeHT CIMUCKa

// TlouCk KJoua B CJIOBape
while (current != null && !'key.equals(current.key)) {
pred = current;
current = current.next;
}
if (current == null) return null; // K04 He HaNOeH
// VickyoueHue sSJEMEeHTa U3 CIUCKA
if (pred == null) {
dict[index] = current.next;

} else {
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pred.next = current.next;

}
// BO3BpaT pesysbTara

return current.obj;

C NOMOLIBIO TAKOrO OMNpeAeJeHMs CIOBAPSI MOXHO PelllaTh caMble pa3zHooOpas-
Hble 3a1a4u 1o obpaboTke TekcToB. Hampumep, yxe yrnoMsHyTas 3agada KOMIIM-
JIALIUM MOXET UCIOJb30BATh JaHHBIA CJI0OBApb A1 XpaHeHUsS U moucka UHGOp-
Mauuu o6 MAeHTU(UKATOPAX, COMEPXKAalIUXCsI B HeKoTopoil mporpamme. Ilpasna,
Ui OOJBIIMHCTBA 33434 HeoOXOAMMO 110 KpaliHed Mepe ellle HeCKOJbKO (ByHK-
LM, KOTOpbIE BbIIABATM Obl MHMOpMAIIMIO 000 BceM caoBape B LeioM. Herpya-
HO OIpeaeanuThb caeayioine GyHKIWMT:

public int size(); // KOJIMUYEeCTBO CJIOB B CJIOBape
public Iterator keys(); // WTeparop BCex KJIIOUell CJioBaps
public Iterator objects(); // uTepaTop BCEX CBS3aHHEIX OOBEKTOB

Tem He MeHee, y TIpUBENIEHHON peaqu3allMu MUMeEeTcs ellle Psii HeTOCTaTKOB.
Haubonee cepbe3Hblit 13 HUX — pa3Mmep cjioBaps BEIOpaH MPOU3BOJBHO W HUKaK
He 3aBUCUT OT KOJWYecTBa XpaHSIIUXcs B ciioBape ci1oB. [Ipu HEOOTBIITOM KOIH-
YecTBE CJIOB 3TO MPUBOAMT K TOMY, UTO HalpacHo pacxojayercs namsath. Haobo-
POT, €CIU KOJUYECTBO XPAHUMBIX CJIOB BEJIMKO, TO CITUCKHU CJIIOB C OMHUM W TeM
Xe 3HAaYeHWeM (bYHKIIUM paccTaHOBKHW CTaHOBATCS UTMHHBIMU, a 3TO TTPUBOAUT K
CUJIBHOMY 3aMe/UIEHWI0 BCEX OCHOBHBIX omepainnil co cioapem. Jlydie Bcero B
TaKUX CIOy4yasix CBSI3BIBATH aJTOPUTM padOTHl (DYHKIIMU PACCTAHOBKH M OOIIYIO
OPTAaHU3AITMIO CITOBAPST ¢ KOJIUYECTBOM CJIOB, XpaHSIUXCsT B cioBape. Hampumep,
ecin obliee KOJMYecTBO cjioB Bojiee, yeM B JIBa pa3a MpeBbIlIacT pa3Mep MaccuBa
CTTMCKOB CJIOB dict, TO MOXHO TPOBECTH TaK HasbIiBaeMoe "TepexslinpoBaHue”.
ITpu sToM MaccuB paciiupsiercsl (Halpumep, B JiBa pas3a), (pyHKIIUST pacCTaHOBKKU
W3MEeHsIeTCSl B COOTBETCTBUM C HOBBIM pa3MepoM CJIoBaps, a Bce CJOBA BMeCTe CO
CBSI3aHHBIMM C HUMU OOBEKTaMU TIepeMelllatloTcsl B HOBBIE CIIUCKKM B COOTBETCT-
BUW C HOBBIMHM 3HAYCHUSIMU (DYHKIIMN paccTaHOBKUA. KoHewHo, mepexsmmpoBa-
HHUE — BTO cephe3Hasi U JUIUTeNIbHAsT orepalusi, Ho 3aTo Tocje €€ BBITIOJTHEHUS
Bce omepaliy co cioBapeM HauWHaT padoTaTh ObIcTpee.

B sa3bike Java uMeercsl CTAaHAAPTHBIN KilacC Hashtable, ONPEAENSIIOLINI AOCTa-
TOYHO CJIOKHO OPraHU30BAHHYIO TabJUILy, COAEPXKAlIYyl0 KJIIOYU U CBI3AHHbIE C
HUMU 3HayeHUs. XpaHEHHE OCHOBAHO HA IPUMEHEHUM (PYHKLMU PacCTaAHOBKU
hashCode (), IPA 3TOM B KayecTBe KIlOYeil MOIYT BBICTYNATh JIIOOble OOBEKTHI,
JIMLIB OBl 11 HUX MOXHO ObLJIO Obl BHIYMCIMTh 3HaUYeHHUe X31I-Koga. CooTBeTCT-
BylolliMe (YHKIMM OIpeneaeHbl I BCEeX CTaHAAPTHBIX OOBEKTOB (HAIPUMEP,
JUIsl caMOro o0ObeKkTa Hashtable OHA oOIpelieleHa KaK CyMMa XdII-KOAOB BCeX
XpaHsILMXCcS B Hell kiiodeil). bomee Toro, gyHKUUS hashCode () BKIIOYE€HA B



naBa 3. ObpaboTka TekcTa 137

uHTepdeiic "npapoaureas” Bcex KiaaccoB Java — kiacca object. KoHeuHo, eciaun
[IPOIrPAMMMCT XOUET MCIIO/Ib30BaTh OOBEKThl HEKOTOPOIO HECTAHAAPTHOIO Kiacca
B KauyecTBe KJIIOYedl B XdUI-TaOJule, TO XDUI-KOM I TaKUX OOBEKTOB ClIeIyeT
OIIPEAEIUTb CAMOMY.

B xmacce Hashtable OTIpeneIeHO YAaCTWMYHO YITPABISEMOE MpOTpaMMoil Tiepexa-
mmpoBadue. [lapaMeTphl TepexsIUPOBaHNS MOTYT OBITH 3allaHbl TIPW CO3NTAaHUN
obBeKTa Kilacca Hashtable. BoobIme ke, cTpyKTypa 0OBEKTOB 3TOTO Kiracca
OYeHb TIOXOXKa Ha CTPYKTYpPY TONBKO YTO  OIpeAelieHHOTO — Kiracca
HashDictionary, XOTS KJacC Hashtable, KOHEYHO, Oojee obmuit. Omnpeneiasith
caMOMY KJTaccChl, TTOMOOHBIE HashDictionary, 4allle Bcero He Tpedyercs. CraH-
JTApTHEIN KTacc MOXET He TIOIOMTH, TOTBKO eCIN TPeOYIoTCS HEKOTOpBIE CIIeIn-
dmnaeckre ocobenHocTr. HampuMep, B Kiracce Hashtable HEBO3MOXHO CBS3aTh C
KJTFOYOM 3HAYeHWe TYCTOro yKaszaTeds null. EIle MOXeET MCITOTh30BaThCS CBOIT
AITOPUTM TIEPEXIITNPOBAHNS, MOXET He MONOUTH cTaHmapTHasA (hYHKITNST BEIYHC-
JIEHWS X3II-KOJOB IS 00BbEeKTOB, BEIOPAHHEBIX B KQUeCTBE KITOYa, W T. 1.

3.3. CnoBapwm, npeactaBnieHHble
cnucKamu n gepeBbamMmun

Tabnuna, dopMupyeMasi ¢ MOMOIIBI (YHKIIMU PACCTAHOBKHU, — 3TO OJWH U3
OCHOBHBIX CIMTOCOOOB MPEACTABIEHUS CIOBAPEN, A W BOOOIIE JTIOOBIX IPYTUX TA0-
JIUI, B KOTOPBIX TpedyeTcsl TTOMCK Mo Kiouy. TeM He MeHee, 3To, KOHEYHOo, Ja-
JIKO He eIWHCTBeHHBIM croco® opraHusalmu wHbopMmannuu. B mporpammax B
3aBUCUMOCTHU OT CJIOXKHOCTHU, YacTOTHI TToucKa, Habopa BBITTOTHSIEMbIX Oorepaluit
WCTIONB3YeTCss MHOXECTBO PAa3IUYHBIX cMOCOOOB OpraHM3alMM JAHHBIX, KOTOpPHIE
yale BCero CBOMASTCS K KOMOWHAIIMKM CTIMCKOB, MAacCMBOB M JiepeBbeB. B maHHOM
pasfiesie Mbl pacCMOTPUM HECKOJIBKO cITOCOOOB OpraHU3alliM cioBapeil OT caMbIX
MMPOCTBIX — YITOPSITIOUCHHBIN CITMCOK KIHOYed — /10 JOCTAaTOYHO CIIOXHO OpTaHW-
30BaHHOTO "Oopa" — JepeBa, B KOTOPOM cJioBa pasfeleHbl Ha OYKBBbI, W TIOUCK
OCYIIECTBIISIETCS] B COOTBETCTBUM C BHYTPEHHUM COCTaBOM CJIOBA.

OpraHu3zanus caoBapsd B BULE YHOPSAOOHEHHO20 CHUCKA 108 HE TIPECTaBIsIeT HUKA-
Koii cinoxHoctu. IIpakTuyecku Bce onepauuu ObLIM YK€ HAMU PACCMOTPEHBL B
pazd. 1.2, BKIoyasd BCTABKY B YIOPSIIOUYEHHBI CIMCOK, MOITOMY MbI IIPOCTO MpH-
BelieM IIpUMEp 3a0a4d, B KOTOPOU YIOPSIOYEHHbIE CIIUCKU OYIyT MCIOAb30BATHCS
U1l XpaHeHus MHQOpMALMM O CJI0BaX HEKOTOpOro Tekcra. Mbl Oyaem MCIONb30-
BaTb YIOPSIOYEHHBIA CIIMCOK KAK aOCTPAKTHBIM TUII JAHHBIX, a [UIS 9TOrO OIpene-
JIUM HECKOJIbKO MHTEPGhEIcoB, B KOTOPBIX OYIYyT 3alaHbl BCE OCHOBHBIE ONEPALIMU.

Hpeme BCETO, YTOOBI JIEMEHTHl CIUCKAa MOXHO OBLIO yrnopsaopo4nuBaTtb, Hald €ro
QJIEMEHTAMUN OOJI>KHDBI OBITH OTIPEACIICHBI OCHOBHBIC OINEpAallun CpaBHEHHA. Ecmm
onepanusgd equals OIpPEACICHA YK€ B Kilacce Object W, CIETOBATCIbHO, MOXET
OBITH MCTMOJB30BaHA TSI CPaBHCHUS JTIOOBIX 06B€KTOB, TO JIs1 HCITOJIB30OBAHUSA
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JIMHeiiHoro mopsaka (omepauuy Tima "6ojblie” MU "MeHblle") OOBIYHO CIYXHUT
CTAHIAPTHBIH MHTEpdeiic Comparable, KOTOPBI OIIMCAH CIEAYIOLIUM 00pa3oM:

public interface Comparable {
int compareTo (Object object);

}

Onepauus compareTo MpeIHA3HAYEHA IS CpaBHEHMS 3aJAHHOIO OOBEKTa C HEeKO-
TOPLIM APYTUM (ApIyMEHTOM OIEpalMu), MpU 3TOM (DYHKIMS JOKHA BbIIABATh
OTpHULIATENIbHOE LIEJ0e, eCAU 3adaHHbId OOBEKT B HEKOTOPOM CMbicie "MeHbile"
aprymeHra, Hylb, €CIM OOBEKThl PABHbI, U IOJOXKUTEIBHOE 1IE10€, eCU 3aIaHHbIIA
obbekT "Oosblue" aprymeHTa. Eciu oObeKThl HE CpaBHUMbI, TO OIEpaLus
compareTo B036ymﬂaerMCKﬂKﬁUﬂEﬂbHyK)CMTyauMK)ClassCastException.

MHorue cTaHmapTHbBIE Kiacchl si3bIKa Java peanusyroT 3ToT uHTepdeiic. JpyrumMmn
cJloBaMH, BO-TIEPBBIX, JUISI TaKUX OOBEKTOB, KakK OOBEKTHI Kjacca String,
Integer, Date, Character OIPEACICHA OMNEpalus compareTo, TO3BOJSIOIIAA
CPaBHUBATH 3TU OOBEKTHI ¢ OOBEKTAMM TOTO Xe Kiacca (MHOTIA U ¢ oObeKTaMu
JPYTUX "pOJICTBEHHBIX' KIJIACCOB), a BO-BTOPBIX, OOBEKTHI 3THX KJIACCOB MOXKHO
BCeI/ia UCTOJIb30BaTh B KauyecTBe apryMEHTOB (DYHKIUM, TpeGyIIIuX apryMeHTa
KJlacca Comparable.

B Hauiem ciyuyae, ogHAKo, 3J€MEHTAMM CIIMCKA BBICTYIIAIOT HE IPOCTO CIOBA,
KOTOpbIE MbI OyJeM MpeicTaBIsiThb CTPOKAMU, a IApbl, COCTOAILUE U3 CJIoBA U
CBSI3aHHOro ¢ HUM o0bekTa. IloaTomMy ompelenuM cHayajaa IpPOCTOM Kiacc, mpea-
CTaBISIIOLIMI TAKYIO Mapy U COAEpKALIMI MOMUMO OIepalMu JOCTyIa K KIoUy 1
CBA3aHHOMY C HMM OOBEKTY €lle M ONEPALUM CPABHEHUS compareTo M equals.
DT0T KiIacc NpuUBeAeH B auctuHre 3.4.

. Nuctunr 3.4. Onncanne Knacca Ans Napbl "Kntoy/3HaveHne"”

/‘k*
* OTOT KJIACC HNPEeACTaBisgeT Hapy M3 CTPOKOBOIO KJIOYUA

* U CBS3aHHOTO C HUM OOBEKTa

*/

public class Pair implements Comparable {

String key; // wImou
Object obj; // CBSABaHHEN OOBEKT
// ———— KOHCTPYKTOP NaPH

public Pair (String key, Object obj) {
this.key = key;
this.obj = obj;



naBa 3. ObpaboTka TekcTa 139

// ———— OyHKUMM IOOCTyNa K KJIOUYy U OOBEeKTYy

public String getKey() { return key; }

public Object getObject () { return obj; }

public void setKey (String newKey) { key = newKey; }

public void setObject (Object newObject) { obj = newObject; }

// ———— OYHKUMM CPaBHEHWS
public int compareTo (Pair anotherPair) {
// CpaBHeHMe Hap CBOOUTCH K CPABHEHUK KJIIOUE

return key.compareTo (anotherPair.getKey());

public int compareTo (Object object) {
// Eciu apryMeHT He NpMBOIMM K KJjlaccy Pair,
// TO BOBHMKHET UCKIOUMTEeJIbHas cuTyalums ClassCastException

return compareTo ( (Pair)object);

public boolean equals (Object obj) {
if (this == obj) {
return true;
} else if (obj instanceof Pair) ({
return key.equals(((Pair)obj).getKey());
} else {

return false;

}

B mpuBemeHHOM Kitacce ompeseNleHBl IBE OMepalni compareTo. OmHA W3 HUX
BBIUMC/IAET PE3yAbTAT CPAaBHEHMA IBYX IIap C IIOMOIIbIO BBI30BA COOTBETCTBYIO-
et onepanuy TS Kimova. Jlpyras meiTaeTcesl BHITIOMTHATE MPUBEACHNE 00BEKTa K
KJIaccy Pair M, €CJIM ITO yIAeTCs, TO Pe3ylbTaT cpaBHeHUs OydeT, KOHEYHO, TeM
ke caMbIM. Eciy ke mepemaHHBIN apTyMeHT He SBISeTcs 0OBeKTOM Kiracca Pair,
TO omepanusa Bo30YXAAaeT CUTYalMIO ClassCastException KaK pe3yabTaT He-
yIAYHOM TIOMBITKN TIPUBEACHUS 00BheKTa K KITACCy Pair.

Omnepalinst equals OMNpefAelicHa B 3TOM Kilacce TaKMM 0OpasoM, YTo cpaBHEHME
rnap IpPoU3BOIUTCSA TOJABKO MO KIlouy. Takum o6pa3oM, B ciaydae PaBeHCTBA KO-
yelt obe omepanmi — KaK compareTo, TaK H equals — OYAYT OMWHAKOBBIM 0Opa-
30M OIPENessATh PABEHCTBO Iap.
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Tenepp omuileM cl10Bapb KakK YIOPSIOUEHHBIH CIIMCOK Iap, DJEMEHTAMU KOTO-
pOTO SIBIISTIOTCS TTApHI KJTacca Pair, TIPHYEM KITIOYOM B KaKIIOM Mape CIYKUT CIIO-
BO U3 caoBaps. i paboTel ¢ TAKUM CIMCKOM HaM MOHAmo0ATCA olmepaluu Io-
WCKa W BCTABKM B YIOPSIOUYEHHBIN CTTHCOK HOBOTO 00BekTa. IMockombKy pabora
onepaluuil ¢ ynopsaouyeHHbIM CIMCKOM OTIMYAeTCsl OT paboThbl ¢ HEYIMOpPSIIouYeH-
HBIM CITUCKOM, JIYJIIle Bcero OymeT BBECTH B pacCMOTpeHWE HOBBIN abCcTpaKTHEIM
TUI JAHHBIX — YIOPSIIOYEHHbIA CIIMCOK. DTOT THI AAHHBIX KAK OOBIYHO MOXHO
OymeT 3amaTh ¢ TIOMOIIBI0 WHTepdeiica, KOTOpHIf OymeT MoxoxX Ha wHTepdelic
IList, OMMCAHHbIA B KOHIE pa3d. 1.2, oMHAKO B JAHHOM CIy4yade BCE DJEMEHTHI
CTIMCKA TOIKHEI YAOBISTBOPSATh WHTepdeiicy Comparable. KpoMe Toro, HeKoTo-
pble ompeleneHHbie B HHTepdeiice IList omepaluu, TakKue KaK addFirst,
addLast, insertBefore W JPYTHe JUISI YMOPSIOYEHHBIX CIHMCKOB, HE UMEIOT
cMbicna. JIOMOMHUTENBHO OIpeneauM Olepaluio MoMcKa find, KoTopad Oyder
TTPON3BOANTE TIOMCK B CITHCKE TIEPBOTO 3JIeMEHTA, paBHOTO 3aTlaHHOMY.

public interface ISortedList {
// UMCIO 2JIEMEHTOB CHMCKa
int getCount () ;
// VOamurTb BCE BSJIEMEHTH, PABHHE 3aJaHHOMY
boolean remove (Comparable item) ;
// BCTaBUTHL BJIEMEHT B YHOPSINOUEHHEN! CHOUCOK
void insert (Comparable item);
// TIOUCK MEPBOIO B3JIEMEHTA, PABHOI'O 3BalaHHOMY
Object find(Comparable item);
// BHEWHW MTepaTop COuCKa
Iterator iterator():;
// BHYTPEHHWUII UTEpaTop CIMCKAa
void iterator (Visitor visitor);

}

MBI He cTaHeM TIPWBOAWTH 37ech HUKAKOW pealn3alny SToro WHTepdeiica, HO
OymeM cuyuTaTh, 4YTO UMeeTcs "¢abpuka’, ¢ MOMOIIBIO KOTOPOH MOXHO MOJYYUTh
SK3eMTITSIp YIOPSITOYEHHOTO CIIHCKA, YAOBICTBOPIIONINI 3TOMY WHTepdelicy.
OnucaHHbIA HMXE CJI0Bapb OCHOBAH HA YIIOPSIOYEHHOM CIIMCKE, KOTOPbIA CO3-
JaeTcs B KOHCTPYKTOPE 3TOTO CJIOBApsl ¢ TOMOIILIO TaKol ¢abpHUKN CIemyIomnM
0o0pazoMm:

SortedListFactory.createSortedList () ;

Omnncanne cJoBapsad TIPUBCIACHO B JIMCTUHTE 35 B BHAC ONNCAaHWS Kiracca
ListDictionary
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Nuctudr 3.5. CnoBapb, 6a3mpyOLLMACH HA YNOPSAOYEHHOM CNUCKe

/***************************************************************

* KjlacC ONMCHBAET peaimM3alLyio CJIOBaps, OCHOBAHHYK Ha yIOPSLOUYEHHOM
* CHMCKe Hap U3 CJIOBA U CBABAHHOTO C HUM BHAUSHUS
*/
public class ListDictionary {
// Crnmcok list comepxmuT yHNOPAINOUYEHHHII CHMUCOK Iap

ISortedList list = SortedListFactory.createSortedList();

// OyHKLMA HOOABIAET B YIOPAOOUEHHBII CIIMCOK HOBYI APy
public void add(String key, Object obj) {

list.insert (new Pair (key, obj));

// OyHKLMS OCymWECTBJISeT IIOMUCK I[apkl IO KUY M yHaJsgeT
// HalimeHHyO Hapy, €Ciy OHA B CHUCKe OwUla
public void remove (String key) {

list.remove (new Pair (key, null));

// OyHKLMA IOMCKA CBABAHHOIO OOBEKTa IO KIIOUY
public Object find(String key) {
Pair found = (Pair)list.find(new Pair (key, null));

return (found == null ? null : found.getObject());

// OYHKLMS BHIOAEeT BHENHWY UTepaTop [ap, MUCIOJNb3YS BHEMHNA
// MTepaTop YHOPSAIOUEHHOTO CHMCKa
public Iterator iterator() {

return list.iterator();

Oo6paruTe BHUMAHUE HA TO, KAK 3allporpaMMUpPOBaHa (HYHKIMS [MOUCKA 110 KO-
uy. Husg noucka ¢dopMupyercss HOBasi Iapa ¢ I[OMOILUBIO BbIPAXEHHUS new
Pair (key, null) ¢ IIyCTbIM 3HAYEHHUEM CBSI3AHHOIO ¢ Kio4oM obbekTa. Eciau
mapa ¢ 3ajaHHbIM KI1104oM OyleT HaiijeHa B CIMCKE, TO B pe3yJbTrare rnoucka oy-
JeT BblJaHa He 5Ta "Hopas" mapa, a mapa, comepXallascs B CIIMCKEe B KAuecTBe
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5JIeMEHTa, YTO MO3BOJUT IPU HEOOXOJUMOCTH MOAUMPUUMUPOBATH HANIEHHBIA
00BEKT.

Teneps MOXHO IepeiiTu K camoii 3amave. IlycTb 3agaH TeKCT, comepXKallldid clo-
Ba, pasfejcHHBIC TpobenaMi W 3HaKaMW TIpemnHaHusa. TpebyeTcst HaTH CJIOBO,
BCTpeyalolleecs B TeKCTe MAKCUMAIbHOE YMCIO pas.

g penieHus 9TOH 3amayd OpraHU3yeM CJI0Bapb, B KOTOPOM € KaXAbIM CJIOBOM
CBSDKEM TIeJI0e YUCIIO — KOJTMYeCTBO OOHApY:KEHHBIX BXOXKIEGHWIT 3TOTO CJIOBa B
TeKcT. Takoe 4uciao HeynoOHO MPeACTaB/IsTh B BUIe 00beKTa CTAHAAPTHOIO KJIac-
ca Integer, TTOCKOJBKY BTOT KJacc TpedHA3HAUeH TS TPEACTaBICHUS TOJIBKO
KOHCTAHT, 4 HAM HEOOXOIMMO YBEJIMYUBATh 3HAYEHUE CUETUMKA CJIOBA, KAK TOMb-
KO oOHaApy:KMBaeTcsT HOBOE BXOXICHHUE YKe BCTpeuaBIeTocsT paHee ciiopa. Perrre-
HMe 3anuiieM B BUAe QYHKIIMH, IOJYYAIONIeil TEKCT B KAUeCTBe apryMeHTa U BbI-
JaroIIel Tmapy M3 caMoTo YacTo BCTPEYAIONIETOCS ClIOBA W KOJMWYECTBA BXOXK-
JeHU ero B TeKCT. OTa (QyHKIMSA BMECTe C OIMCAHMEM Kiacca I
MPEICTABIEHUA CUETYMKA CI0B (Counter) MPUBEACHA B JIMCTUHTE 3.6.

i NucTuar 3.6. Mouck camoro YacTo BCTpevaloLlerocsi CnoBa B TEKCTe

/********************‘k‘k***************************************

* Kjacc, HpencTaBjdoIMil M3MeHAeMoe LejlIoe 3HaueHue
*/
class Counter implements Comparable {

int counter; // mose miisa XpaHeHus LeJjoro 3HAUEHUS

// KOHCTPYKTOPEL
public Counter () { this(l); }

public Counter (int n) { counter = n; }

// OyHKUMM IOOCTyIa
public int getCounter() { return counter; }

public void setCounter (int n) { counter = n; }

// VBenndeHme SHAYEHMA Ha eIUMHULLY

public void inc() { counter++; }

// TlpeoBpasoBaHme K CTPOKE

public String toString() { return Integer.toString(counter); }

// OYHKLUMM CPaBHEHNS

public int compareTo (Counter anotherCounter) {
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return counter — anotherCounter.counter;

public int compareTo (Object obj) { return compareTo ((Counter)obj);

public boolean equals (Object obj) {
if (obj == this) {
return true;
} else if (obj instanceof Counter) {
return counter == ((Counter)obj).counter;
} else {

return false;

/***********‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*~k~k~k~k~k~k************************

* QYHKLMSA HAXOXIEHMS B TEKCTe CJIOBAa, BCTPEYanlerocsd B HEM
* HauBoJIblIee KOJMMUECTBO pas3. Pe3ysbTaT BBOAETCS B BUIE I[APH,
* cocTodmelr M3 CcaMoTo CJIOBA UM CUEeTUMKAa UMCJa eT0 BXOXISHUIA
*/
public static Pair FrequentWord (String text) {
// tokenizer ciyxuT IJIA BEIOEJIEHMA CJIOB M3 TEKCTA.
// PasmenmuTeNaMy ABJIAITCA NPOOesEl, BHAaKM NpenVHaHusS, KaBLUKM,
// cuMBOIE TaOynAUMKM U [IEPEeBOIa CTPOK
StringTokenizer tokenizer =
new StringTokenizer (text, " ,./2;:!=-\"\"\t\n\f");

ListDictionary dict = new ListDictionary(); // croBapb

// 1. BaHeceHMe CJIOB B CJIOBapb
while (tokenizer.hasMoreTokens ()) {
// BEIOOp OUEpemHOTO CJIOBAa
String token = tokenizer.nextToken().toLowerCase() ;
// VmeM B CJOBape S5TO CJIOBO U 3alOMMHAEM CBS3aHHEBIL C HMM OOBEKT
Counter wordCounter = (Counter)dict.find(token);
if (wordCounter == null) {

// CroBa eme He OBUIO; BaHOCKMM €0 B CJIOBAPH CO CUETUMKOM = 1

}
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dict.add (token, new Counter());
} else {
// CioBO yxe OBUIO; yBEeIMUMBAEM SBHAUEHME CUeTuuMka Ha 1

wordCounter.inc () ;

// 2. BHOOp CjiOBa C MaKCHMMAJBLHOM 4aCTOTOM

Pair maxPair = new Pair ("", new Counter (0));
for (Iterator i = dict.iterator(); i.hasNext();) {
Pair nextPair = (Pair)i.next();

// CpaBHMBaeM CUETUMKM IOBYX [ap
if (((Counter)nextPair.getObject())
.compareTo ( (Counter)maxPair.getObject()) > 0) {

maxPair = nextPair;

// 3. Bemaua pesyiibTara

return maxPair;

Y nmpuBemeHHON peaTw3allii ecTh Ba OYEBUIHLIX HemocTarka. Bo-TiepBBIX, camo
TIpeNCTaBIeHIe CcIoBaps B BHIE JMHEHHOTO CIMCKA TTPUBOINT K JITUTETHLHOMY TTO-
WCKY B clTydae OOJBINTOTO KomudecTBa cJioB. Wcmomb3oBanme WIS STHX TeJel crm-
cKa MOXET OBITh OTIPABIAHO, TONHKO €CIM 0OpabaThbIBAeMBIN TEKCT He CIHMITKOM
JUTMHHBINA. B 5TOM ciIyyae TIpocToTa peanns3anny OKYITAT Hall BEIOOpP. Bo-BTOphIX, B
clTy4ae, KOTJa CJIOBO BCTPEYaeTCs B CITHCKE BIEPBEIE, MTONUCK B CMMCKe (haKTHIECKN
MTPOW3BOIUTCA ABAKIBI: CHAYaa CITMCOK IMPOCMATPHUBACTCS U TOTO, YTOOHI BBISIC-
HHTH, YTO HOBOTO CJIOBA HET B CJIOBApe, a 3aTeM CITMCOK TIpOCMATPUBAETCS ellle pas
TTPM BCTaBKe CJIOBA HA CBOe¢ MecTo. Bo3MoOXHO, ciemoBao ObI omricaTh GYHKITHIO,
KoTopasi coBMecTiIa Obl B cebe cBOMCTBA (PYHKIIMY TTOMCKA W BCTABKN — (HYHKITIIO
VCIOBHOM BCTAaBKW CJIOBA, KOTOpas B clydae, eciiv CJI0BO He HaimeHo, MobaBisieT
€To B CITOBAph, & €CITA CJIOBO YK€ BCTPEYATOCh — BBIIACT CBSI3AHHEIN ¢ 3THM CITO-
BoM 00BeKT. HecmoxkHo BHecTH Takoe W3MeHEHWe, Topasno TpyAHee PelnTh, Jeii-
CTBUTENBHO W (DYHKINSA YCIOBHOIM BCTABKM WMEET CAMOCTOSITESTbHOE 3HAYeHWe U
MOXeT OBITh WCTIONB30BaHA BHE paMOK pellracMoif 3a1aqm.

,D,JBE[ cly4dyasa Oosiee JIMHHOTO TEKCTAa MOXHO NPECIJIOKUTD HPEACTABICHUE CJ10BaAPA
B BUIEC 6I/IHapHOFO ACPpEeBa IOMCKd, B KOTOPOM Y3J1aMM ACPEBA CIyXaT TE 2K€ ca-
MbI€ IIdpbl, COCTOAILUE U3 KIO4Yd U CBA3AHHOI'O ¢ HUM 06’bCKTa, 4yToO M B CJiydyae
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[peJcTaBieHus cjloBaps B BUJE cllUcKa. BHellHe onucaHue ciloBaps, OCHOBaH-
HOIO Ha JBOMYHOM JIEPEBE IIOMCKA, OYEHb IIOXOXE HA OMNUCAHUE CI0Baps, OCHO-
BaHHOro Ha crnucke. Harpumep, eciid 3a OCHOBY B3SITb PEAIM3ALMIO JBOMYHOIO
JepeBa, MpUBEIeHHYIO B paszd. 2.4 (cMm. auctudr 2.19), To peanuzauus cioBaps
MOXET BBIIJISAETh TaK, KakK B jucTuHIe 3.7. B 3TOil peaquzaumu UCIIONb3YIOTCH
olepaluuu Ui [OUCKa, BCTABKM U UTepalMu JBOMYHOIO JigpeBa noucka. Mbl He
OyzneM BbLIENSTb 3TU oOllepaluy B Buje uHTepdeiica mis padoTbl ¢ ABOMYHbBIM
JIEPEBOM, B YAaCTHOCTHU, ITOCKOJIbKY JIBOUUHOE JEPEBO HE NpeicTaBiser codoii ad-
CTPaKTHBIM TUIl JaHHbBIX, 3TO, CKOPEE, IIPOCTO CIIOCOO OpraHM3alUu YIOPSAI0-
yeHHo uHdbopMauuu. BMecro onucaHus uHTepdeidca HAIOMHUM OIIpeae/ieHue
KJIacca SearchTree B BuJe "cKejeTa" KIacca ¢ OMYILIEHHbIMU TelaMu (DYHKLIMIA.
public class SearchTree {

public Comparable search (Comparable key) { ... }

public Iterator iteratorInfix() { ... }

public void insertlLeaf (Comparable item) { ... }
}
Torga Kiacc TreeDictionary, NPEICTABISIOLIMIA CJlOBapb, PEaJU30BAHHbIA Ha
0aze OMHAPHOIO IepPeBa MOMCKA, MOXET ObITh OIKCAH CAEAYIOLIMM 00pa3oM.
public class TreeDictionary {

// IepeBo tree CONEPXUT YINOPSANOUEHHEII CHMCOK Iap

SearchTree tree = new SearchTree();

// OyHKLMA HOOABIIAET B OEPEBO HOBYK APy
public void add(String key, Object obj) {

tree.insertleaf (new Pair (key, obj));

// OyHKLMA OCYyWECTBJISET IIOMCK I[Iaphl IO KUY M yOaJsgeT
// HalimeHHyO Hapy, €Ciy OHA B HOepeBe OwUla
public void remove (String key) {

tree.remove (new Pair (key, null));

// OyHKLMA IOMCKA CBABAHHOI'O OOBEKTa IO KJIOUY
public Object find(String key) {
Pair found = (Pair)tree.search(new Pair (key, null));

return (found == null ? null : found.getObject());
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// OyHKLMSA BBOAET BHELHWY UTepaTop ap,
// WCHOJNB3ys BHEMHMI UTEPaTop OepeBa IIOMCKA
public Iterator iterator() ({

return tree.iteratorInfix();

}

Tenepp Ta xe camagd QYHKIUS MMOKMCKA CAMOTO YACTO BCTPEYAIOIIErocsd CloBa B
TEKCTe MOXKET ObITh peaju30BaHa C HCIOJIb30BAHMEM CIOBApS TreeDictionary
BMECTO CJIOBapd ListDictionary. DKCIEPUMEHTHl ITOKA3BIBAIOT, YTO YXe IJIsd
Tekcra, coiepxaiiero 6oiaee 40—>50 cioB, peanusauus B BUAe IBOMYHOIO IepeBa
MOMCKa OKa3biBaeTcsl 0oJiee BLITOJHOM, YeM peanu3alidsd B BUAE YIOPSAOYEHHOIO
crnucka. Bopouem, KoHeUHO, peajibHble LU@PBL OYAYT 3aBUCETb OT XapAKTEPUCTUK
HCIOJIb3YEMOIr0 KOMIIbIOTEPA, MPUMEHIEMOro KOMIIMISATOPA, BUpPTyanbHOM Java-
MalIMHbL U T. II.

B nmanHoM pasnerne MbI TIPEUIOKUM ellle ONWH CIToco0 opraHu3alru ciioBaps —
"0op". Ha aHTmMiickoM S3BIKE 3TOT CIIOCO0 OpraHM3allni JAaHHBIX Ha3bIBacTCs
trie — BTO UCKYCCTBEHHO CO3JJaHHOE CJIOBO, MOJYYeHHOE BBIPE3KOM cpefHei yac-
TH U3 CJIOBa retrieval — BHIOOPKA. AHAJTOTUYHO, CJIOBO "0Op" TONIYYEHO B PYCCKOM
SI3BIKE MYTEM BBIPE3KM CPEHEI YacTH M3 COOTBETCTBYIOIIETO PYCCKOTO TEpMUHA.
BT1a opraHmuzanus ocobeHHO XOpollla, eclIW MHOTHE cJioBa UMEIT OJMHAKOBbIE
Havajga (nMpeduKchl) U OTINYAIOTCS TOJBbKO CBOMUMH OKOHYaHWsIMU. Harmpumep,
JUISI CJTOB PYCCKOTO SI3bIKa TaKasl OpraHU3alusi MOXET OKa3aThCsl BBHITOAHOU, ecin
B TIpoliecce paboThl cO cIoBapeM 4acTo OYyIyT BCTpeuaThes clIoBa, oTanYarImuecs
TOJNILKO TAJEKHBIMUA OKOHYaHUSIMH. B Oope ciioBa XpaHSTcsl He 1eJNKOM, a To-
OYKBEHHO, M 3a CYeT 3TOro MOWCK CJIOB B CJI0Bape MOXET OKa3aThCsl JOCTATOUHO
3¢ heKTUBHBIM.

Ilyctb, HanpumMep, B cloBape Hamo xpaHuThb caenywoliue 10 cioB: "KoH", "KOHb",
"kopt", "Kot", "KkpaH", "kpeM", "kpeH", "kpect”, "kpoHa", "kpor". C KaxIbIM U3
9TUX CIOB HAIO CBA3aTh HEKOTOPBIA 00beKT. Ilpemnaraerca opraHu3oBaTh XpaHe-
HME 3TUX CJIOB TaK, KaK 1oKazaHo Ha puc. 3.3.

Ha sToM pucyHKe BHAHO, UTO CJIOBA XpaHATCS B BUJE CITMCKOB, COCTaBIEHHBIX U3
WX OYKB, a OOBEKTHI, CBSI3aHHBIE CO CJIOBAMU, TTOKAa3aHBl B BUAE TPEYyTOJbHUKOB.
B peanuzanum "6op" MoxeT ObITH MpEACTaBIeH B BUJE CINCKA JEPEBLEB, Y3JbI
KOTOPOTO cOAepKaT OTaebHbIe OYKBbI cOB. CBSI3aHHBIN €O CIIOBOM OOBEKT MO-
XKeT OBITh MpeJcTaBlIeH Jubo B BUJIE OTACIBHOTO y3ja B 3TOM Xe nepee, T1bo B
BHJIC caMOCTOSITETBHOTO TOJAST B KaxaoMm y3ie. TlepBulit crocod mmeer To mpe-
WMYIIECTBO, UYTO CBSA3aHHBII OOBEKT MOXET OBITh MPEJACTABICH JIHOOBIM yKazaTe-
JieM, B TOM 4YUcje W TYCThIM, HampuMep, ecin ¢ KaKuM-T10o cJIOBOM He HYXHO
CBSI3BIBaTh HUKaKoW WHdbopMannu. Bropoil crocob ynobHee misi peanusalivm,
OJIHAKO OH UCTIOJb3YeT OONBINUI O00BbEeM TaMsITH, W, KPOME TOTO, MYCThie yKasza-
TeIn OYIyT UMETh CNEMAbHYIO TPAKTOBKY. Eciu mycToil ykaszareiab comepKuTcs
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B HEKOTOPOM Y3JI€, TO 3TO 6YZLCT O3Ha4aTb, YTO CJIOBO HE MOXKET 3aKaHYUBATLCA B
JAaHHOM Y3JIC.

AODO A O wOOOD
A A A AAOGA
A A

Puc. 3.3. Opranunsaumsa cnosapsa B Buae 6opa

IMpuBenem ¢dparMeHT peanwsaliny cjaoBapsd B Buae Oopa, MpUYeM BBIOEpEeM Tep-
BEIIT CITOCOO TIpefcTaBIeHNs CBA3aHHBIX 0OBeKTOB. JlepeBbs OyaeM TpencTaBIaTh
B BUIE ABOMYHBIX JEepeBbEB TaK, KaK OMHMCAHO B pazd. 1.3, Tak 4to 6Gop, mpead-
CTaBIEHHEIN Ha puc. 3.3, 6ymeT nMeTh Gusndeckoe TPeACTaBIeHNe, TTOKa3aHHOe
Ha puc. 3.4, THe KaXIBI y3ea JaepeBa MpencTaBieH oO0beKTOM, COMepKaIlluM cle-
TYIOTITNE TIONS:

O info — moje, coiepxailiee ouepeaHylo OYKBY cIoBa JUOO yKas3arelb Ha CBS-

3aHHBIA CO CJIOBOM ODOBEKT;

O terminal — MPU3HAK CBI3aHHOTO 00BEKTa, comepKallerocs B Tojie info (Ha
pUCYHKE He TTOKa3aH);

O son — yKaszaTejb HA CIMCOK IMOAAEPEBLEB CASAYIOLIErO YPOBHS;
O brother — yKazaTelb Ha CISOYIOMINA Y3l B CTTHCKE Y3JTOB OTHOTO YPOBHS.

IIycThie yxazaTenu Ha puc. 3.4 0003HAYEHBI [EPEYEPKHYTHIMU IIPSIMOYTOJIbHUKAMMU,
a CBA3AHHBIE CO CJIOBAMHU OOBEKThl — 3ALUTPUXOBAHHBIMU IPSIMOYTOJBHUKAMMU.

B mpuBeaenHoit B aucTHTe 3.7 peann3anny Kiacca TOKa3aHo TOJBKO TPeacTaB-
JeHre Gopa W peamn3aiis OMHOTO W3 METOJIOB — IOWCKA CBA3aHHOTO 00BEKTa IO
Kmrouy. Peanmmsanns ocTambHBIX METONOB He CIWIITKOM CIIOXHA, OTHAKo Tpebyer
AKKypaTHOCTH W XOpoIleH TEeXHWKNW TPOrpaMMHUPOBAHUS 00pabOTKU CITOXHBIX
CTPYKTYp JTaHHBIX.
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Puc. 3.4. ®usunyeckoe npeacrasneHue Gopa

Nuctur 3.7. Peanun3aumnsa noucka B 6ope

/*****************‘k**‘k‘k‘k‘k‘k‘k‘k***********************************

* Kilacc mpencramigeT coOoM peanm3almio 6opa

*/

public class Trie {
/************************~k~k~k~k****~k~k~k~k~k~k************************
* Yzen TrieNode comepxmuT OOBEKT, MNpencTaBasommii OyKBY B CJIOBE
* MM CBABaHHBI CO CJIOBOM OOBEKT
*/

private static class TrieNode {

Object info; // ouepemHas OyKBa WM CBS3aHHEN OOBEKT
boolean terminal; // mpmsHak CBSA3aHHOTO OOBEKTa
TrieNode son; // yxaszarejb Ha CJIeNyluMi yYPOBEHb

TrieNode brother; // ykaszaTesjbr Ha CIEOylOuMi y3eJ TOTO Xe YPOBHS

// KoHCTpyKTOp y3ia

public TrieNode (Object info,
boolean terminal,
TrieNode son,

TrieNode brother) {
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this.info = info;
this.terminal = terminal;
this.son = son;

this.brother = brother;

TrieNode root = null; // xopeHb Gopa

// OYHKLMS MOUCKA CBABSAHHOTO OOBEKTAa [0 KINOUY
public Object find(String key) {

TrieNode curNode = root; // Teryumil ucciemyeMeil y3es oopa

// 1LMKJI IOMCKAa IO OUepemHOl OyKBe
for (int i = 0; i < key.length(); i++) {
// Ouepenmnas OyKBa U3 KIIOUA
Character nextChar = new Character (key.charAt (i));
// Vimem 5Ty OyKBy B TeKylleM ypOBHE 6Gopa
while (curNode != null &&
(curNode.terminal || !nextChar.equals(curNode.info))) {
curNode = curNode.brother;
}
if (curNode == null) return null; // 6ykBa He HalimeHa

curNode = curNode.son; // mepexom Ha Clenyoumi ypOBEHb

// Bce OyKBH KJOUa HalmeHel. Tenepb HANO HANTM CBASAHHBIL
// CO CIIOBOM OOBEKT, E€CHIM OH CyHEeCTByeT
while (curNode != null && !curNode.terminal) {

curNode = curNode.brother;

// Bulmaua pes3yJbTaTa

return (curNode == null ? null : curNode.info);

Ha Tecrax, comepxammx OGOBITOC KOJMWYESCTBO CHIBLHO OTIMYAIOIINXCS APYT OT
JpyTa CJIOB, pean3anns cioBaps B Buae Oopa TOKa3biBaeT HEe OYEHDb XOPOIIYIO
MTPON3BOIUTEIBHOCTE. DTOT CTOcod TIPENCTABICHUS caoBapsl OyaeT AeHCTBUTEIHHO
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MIOJIE3HBIM, TOJAbKO €C/IM 00padaThIBAIOTCA IOXOXUE CA0BA, TAK YTO B ODIIEM CIy-
qae cJIeayeT BoloMparh 0ojiee MPOoCcThie WK 0ojee 00lIre CIOCO0bl pealn3alm.

Ha sToM MBI 3aKoHYMM omucaHue cltocoboB TpencTaBieHusT ciopapeit. IMoase-
JieM HEKOTOPBIA WTOT, CpaBHUBAS MeXAy coboli 4 crocoba TpencTaBIeHsT Clio-
Baps — YIOPSAMOUYEHHBIH CITHCOK, OMHApHOE TepeBO TTONCKA, X3II-Tabanta u 6op.
HecmoTps Ha HEKOTOPYIO YCTOBHOCTH MPWUBOINMEIX OIIEHOK W OTCYTCTBHE TOY-
HBIX NP, BCe Xe 3TH OIeHKHW MOTYT OKa3aThCs TONEe3HBIMU TIPW BEIOOpE TIpea-
CTaBIIEHNS VTS CIIOBAPHBIX CTPYKTYP.

1. Ynopsadouennwiii cnucox cienyeT BoIOMpPATh M1 MPeACTABIEHUs CIOBapsl, €ClIU B
CIOBape IMpearnoaaraeTcs XpaHuTh Hebobllioe Yucao cjioB. C pocToM cioBaps
9TOT CcIOco0 pealu3alii CTAHOBUTCS Bce 0ojiee HEBBITOAHBIM, M, B KOHIE
KOHIIOB, OKA3bIBAETCd HAMXYALIMM M3 BCeX, KOrla KOJMYECTBO CJIOB CTaHO-
BUTCS OYEHb OOJBILIMM.

2. bumapuoe depeso TioucKa SIBASIETCS XOpoIllel MpocTolt aabTepHATUBOI yropsi-
JIOUCHHOMY CITMCKY JIJISI cJloBapsi cpenHero pasMepa. K coxaneHnto, GuHapHoe
JIEPEBO MOXKET MMETb "TUIOXYI0" CTPYKTYPY, a METOMbI, MO3BOJSIONINE YIIyu-
ATk W TOJACPXKUBATH CTPYKTYPY JepeBa, yKe Jajeko He Tak MpocThl. [To-
3TOMY peau3alus MOXET CHJIBHO TOTEPSTh B MPOCTOTE, HE CUJBLHO BLIUTPAB
B 5(bheKTUBHOCTH.

3. Xow-mabauya oObIYHO SIBJSETCS HAWIYYIIMM CIIOCOOOM peaniu3aluu cioBaps,
0CO0EHHO B T€X CIyyasx, Korma pasMep cJIoBaps MOXHO JerKo OLEHMUTb ¢ ca-
MOro Hayajna. XdII-Tabauily He CIelyeT UCMOAb30BaTh TOAbKO A HEOOIbIIUX
claoBapeil, Korga ©ojee MpoCTbie METONbl OKa3bIBAIOTCSI U Oosee 2a¢hdexTus-
HBIMU, M, KPOME TOIrO, B peaju3allid, OCHOBaHHOI Ha (YHKIMIX PaccTaHOB-
KW, MHOTO BPEMEHM MOXKET YATU Ha "IepexsliMpoBaHue”, MOITOMY M CJIOo-
Bapeil, pasMep KOTOpPbIX 3apaHee OLEHUTb TPYAHO, 3IG(PEeKTUBHOCTb M3-3a
9TOr0 MOXET CHU3MTHCS.

4. Dbop cTOWUT MCTOJB30BATH JUISl peanusaliui cIoBaps TOJABKO B crelnpUuiecKoM
ciyyae, KOTJia cjIoBa, coAepsKaluecsl B cJloBape, OYeHb IOXOXU JPYT HA ApyTa.
B aToit cutyaruu obmuit 00beM JAHHBIX YMEHBITACTCST 32 CUET "CKICUBAHUS "
OIWHAKOBEIX CHMBOJIOB 1, COOTBETCTBEHHO, 3(PPEKTUBHOCTL PabOTHl MOXKET
CYIIECTBEHHO YAYUIINThCSI. Kpome Toro, opraHmsamis JaHHBIX B Bume Oopa
JOCTATOUHO CHeIMGUIHA — OHA CYIICCTBEHHEIM 00pa3oM OMMUpaeTcsl Ha To,
YTO CJIOBA JIEHCTBUTENFHO COCTOST M3 OTAENBHBEIX OYKB, B TO BpeMs KaK BcCe
OCTaJbHBIE CTOCOOBI OpraHM3allny cJIoBapell MCMONL3YIOT JINIL CBOMCTBO
yropsitodeHHOCTH Kimoueil. TakuM oOpa3zoM, TiepBBIe TpU cliocoda opraHu3a-
WA CJIOBaps MOXHO TIPUMEHSITh B CJIydae JIF000TO YITOPSIOUYeHHOTO MHOXKEe-
CTBa KJTIOYEH, a opraHu3aIs B BHe Oopa MPeabsIBIsSIeT ocoOble TpeOOBaHMS K
CTPYKTYpe caMUX KITIOUeH.



nhaBa 4

CuMBONbHbIE
npeobpasoBaHus 0

B aToit mraBe mpeacTaBIeHO HECKONBKO KITACCHYCCKUX ATTOPUTMOB CHMBOJLHEIX
MpeoOpa3oBaHWl — TaKMX KaK BEIUMCICHHWE 3HAYCHWS CHMBOJBLHOTO BBIPAKEHWS,
yTpotieHne GopMyaEl 1 Ip. BeipakeHNs MpencTaBlIeHbl IepeBbIMH, Y3TaMW KO-
TOPBIX CIYXKAT 3MEMEHTH STUX BHIPpAXKEHWN, TaKk YTO 0OpaboTKa BHIpAKCHUIH
OOBIYHO COCTOUT B OOXOJIE BCEX Y3JIOB MiepeBa M BEITIONTHEHUN 0OpaboTKU comep-
Katieiics B y3max mHopMaIim.

B paso. 4.1 paccMmarpuBaloTcsl crnocoObl OpeacTaBieHUs] GopMya (CUMBOJbHBIX
BBIpAXEHUI1) B BUle IepeBbeB. B pazd. 4.2 npuBoauTCcsl aIrOPUTM BBIYUCICHUS
3HAYEHMSI BBIPAKEHMS IO 3aJaHHBIM 3HAYeHUsSIM omepaHmoB. B pazd. 4.3 pac-
CMAaTPUBAETCS HECKOJIBKO &JITOPUTMOB MpeodpazoBaHus GhopMyl.

4.1. NMpepcTaBneHne Bbipa)keHuin

MHorHe S3BIKH TIPOTPAMMUPOBAHUS HWCITONB3YIOT TOHATHE BBIPaKEHHUS. XOTS
CHHATAKCHUC W CEeMAHTHWKA BBIPAKEHHI B PA3NHYHBIX SI3BIKAX TPOTPAMMUPOBAHUS
OTIMYAIOTCS, TeM He MeHee IPU aHajn3e BBIPAKEHWH MOXHO BHIICTHUTL OOIINe
YepThl MHOTHX CITOCcOOOB TMpeACTaBIeHUs BBIpaKeHNH. OOBYHO CYMTACTCS, UTO
BEIP&KEHHWE COCTOWT M3 JIEMEHTAPHBIX (M TIEPBUYHBIX) OTIEPAHIOB, COSTNHEH-
HBIX B HEKOTOPYIO CTPYKTYPY C TTOMOIIBIO TIPOGEITOB, 3HAKOB OTepauit w/uian
ckobok. Yacto Tpebyercst HammWcarh TpoTpaMMy, KoTopas, TIOJIYYWB B KadecTBe
WCXOMHBIX MAHHBIX TEKCTOBYIO CTPOKY, paccMaTpHBaeT e¢ KaK BBIpakeHHe, 3aITH-
caHHOe TIO TIpaBUJIaM HEKOTOPOTO sI3bIKa. OT MpoTpaMMBl MOKET TTOTPeOOBaThCS
BEISIBUTH CTPYKTYPY BEIpaKeHHS, TIpeoOpa3oBaTh €ro B TY WINW WHYIO GhopMy 3a-
MMHCH, BEIYUCITUTD 3HAUeHNE BBIPAXKEHUS, MTpeodpa3oBaTh MO ONpeAeIcHHBIM TIpa-
BHJIaM W T. TI.

PaccmoTpuM paziuuHble crocoObl IMpeacTaBieHusa GopMyl U paszdepeM HEKOTOo-
phbl€ 13 METOAOB X 00PadOTKU.

ByneM cunrtaTth, 4TO B HEKOTOPOM SI3BIKE (hOPMYIIa COCTONT M3:

O OykBeHHO-LIMGPOBBIX UASHTUDUKATOPOB (OYKB JaTUHCKOro andaButa U
uudp, IpuYeM MepBbIM CUMBOJIOM MAEHTU(UKATOPA AOKHA ObITH OYKBa);
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a KOHCTAHT, IMPEACTAB/IAIOIINX HCOTPHULATCIbHBIC LIC/IbIC YUCId B BUAC I1OCICIO-
BAaTCJIbHOCTU ACCATUYHbIX L[l/I(I)p;

O KpymIBIX CKOOOK;
(J 3HaKoB olepauuil U3 IOIYCTUMOrO Habopa olepaiuid.

Takyo ¢GopMyay MOXKHO paccMaTpHUBaTh KaK CTPOKY CHMBOJOB (IOTTYCTUMBIMU
CHMBOJIAaMH SIBISTIOTCA OYKBBHI JIJATMHCKOTO andaBWTa, ACCATHYHBIC MHGPHI, MTPo-
Genbl, CKOOKM W 3HAKW OTepariii) W, COOTBETCTBEHHO, TIPEICTABIATh CTPOKOIL,
T. e. B BUIe 0OBEeKTa THTTIA String.

YroOBl paboTaTh CO CTPYKTYpOil Takoii (popMy/bl, Haa0, BO-IEPBLIX, BbIAEIUTh B
9TOIl CTPOKE DAEeMEHTAPHBIe eAMHMIIbI (TO €CTh BBIUIOJHUTh JEKCUUSCKUI aHANIU3
dopMynbl), a BO-BTOPBIX, pa3zobpark (GOpMyly B COOTBETCTBUM C IPUOPUTETOM
HCIMOJIb3yEeMbIX OIEPallMii U PACCTAHOBKOI CKOOOK (TO €CTb BBIIOJHUTh CMHTAK-
cuyecKuil aHanus). OOBIYHO Pe3yIbTaTOM JEKCHMUECKOro aHaau3a OymeT mocieno-
BaTeJIbHOCTD JIEKCUYECKUX eAMHUII (JIEKCEM) — aTOMOB, U3 KOTOPBIX COCTOMT BbI-
paxeHue. Pe3yabTaTroM CUHTAKCHYECKOro aHalu3a SBASETCS IepeBOo, IPEencTaB-
JISIOLIEE CTPYKTYPY BbIPAKEHMUSI.

IMycTb, HanmpuMep, UMeeTcsT BRIpaKeHne, 3alicaHHoe B BUE CAENYIONIei CTPOKU:
Cr"2 == A"2 + B"2 — A*B*cos (alpha)

TMocnegoBaTeIbHOCTE CHMBOJIOB, COCTABISIIONINX 3TY CTPOKY, MOXET ObITh M30-
OpaxkeHa Tak, Kak MpejacTaBieHo Ha puc. 4.1.

*

(o] [2] [=]=[ [al*[2] [+] [e]~[2[ |-] |A]-]e

c[o]s[|a]t]e]n]a])]

Puc. 4.1. BoipaxeHue, npeactaBneHHoOe CTPOKOW CMMBONOB

IMocie mekcmyeckoro aHajam3a 3Ta MOCICAOBATSILHOCTH CHMBOJIOB OVACST Mpem-
cTapjieHa ciaenyolieil mocieaoBaTeIbHOCThIO iekceM (puc. 4.2).

I AR E R EH A E] s [ e D]

Puc. 4.2. BoipaxeHne, npeacTaBfeHHOE NMOCNeA0BaTENIbHOCTBIO IEKCEM

HepeBo, BeIpaxaroliee CTPYKTYPY STOTO BBIPAXKEHUsSI, OYAET COMEpXaThb B y3lax
OTIepaHABI W OTepalrui, Tak YTO MOXHO M300pasuTh 3Ty CTPYKTYPY B BUJIE JepeBa
(puc. 4.3).

B cTpyKkType CMHTAKCHMYEeCKOIo AepeBa BbIPAXKEHMSI-Y3/Ibl, MPEACTABIAIONINE 3HA-
KU OMepalnil, UMEIOT B KQUeCTBE MOTOMKOB OIlepaH/bl OTUX ONepaluii, KOTOpbIE,
B CBOIO OY€pelb, MOI'YT ObITh KAK DJAEMEHTAPHBLIMU BBIPAXKEHUSAMU (KOHCTAHTAMU
U IePeMEeHHbIMU), TaK U 00J1e€ CIOXKHBIMU MOABLIPAXKEHUSIMHU.
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B caeaywiuux npumepax ajrOpUTMOB U MPOIPAMM OrPAHUMYMMCS HE CJIUIIKOM
CIOXHBIMU BbIpaKeHUsIMU. BylneM cuuTarh HOMYyCTUMBIMU OIEPALIMSIMU TOJIbKO
apudMeTryecKe onepaluy Ham LEIbIMM YUCIAMU: CIOXEHHEe, BBIYMTAHHUE, YM-
HoxeHue. [lpuMeHeHUEe OCTalbHBIX OIEpaluid, a TAKXe 3JeMEHTapHbIX (PyHK-
LMii, OyldeM CuMTaTh HeAOIyCTUMbIM. [ljisl olpeie/eHus MOPSIKa BbIIOJHEHMS
omnepalyii BOCIOAb3YeMCd CKOOKAMM, a IMPU MX OTCYTCTBMU — OOBIYHBIMU IIpa-
BUJIAMU MPUOPUTETOB apupMETUYECKUX OIepauuil (yMHOXEHHE BBIIOJHAETCS
PAHBLUE CJIOXEHUS U BBIYUTAHUSA; OllEPALMU OLHOIO IPUOPUTETA BBIIIOJHSIOTCS B
nopsiake "cieBa Hampaso').

Puc. 4.3. BbipaxeHune, NnpeacTaBNeHHOEe CUHTAKCUYeCkKUM OePEeBOM

Torna ysnamu nepeBa MOIYT ObITb OOBEKThI CIEAYIOIIUX TUIIOB:
O uenoe yKcsio, IPECTaBIEHHOE OOBEKTOM TUTA Integer;
O nepeMeHHas , IpeACTaBAEHHAI CTPOKOU (00BEKTOM THUIIA String);

a oricpanus, o0003HaYeHHAsT CUMBOJIOM 3HaKa oTIcpaivi M OABYMS OINCpaHIaMH,
KaKAbIU 13 KOTOPbBIX MPEACTABICH ACPEBOM BBLIPAKCHUS.

B kauyectBe BhIpaxeHUs cIOCOOEH BBICTYNATH JI0O0H M3 ITUX TUIIOB Y3J10B, MPU-
yeM TpeTUil TUIl y3/1a (omepaiys) MOXeT ObITh ONMCAH C IIOMOILIbBIO CAEMYIOLIEro
ompeaeneHusa Kiacca:

public class Operator {

char operSign; // BHaK omnepauumn
ExpressionTree operandl; // NEepBbil ONnepaHil
ExpressionTree operand?2; // BTOPO Onepaxi

// KOHCTPYKTOp:

public Operator (char sign, ExpressionTree opl, ExpressionTree op2) {
operSign = sign;
operandl = opl;
operand2 = op2;



154 CospnaHue n obpaboTka CTPyKTYp AaHHbIX B NpUMepax Ha Java

// OyHKLUMM IOCTyIla

public char getOperSign() { return operSign; }

public ExpressionTree getOperandl () { return operandl; }

public ExpressionTree getOperand2 () { return operand2; }
}

Ecnmm ycmoBHThCST M306paxarh AepeBO BBIPAXKEHUS TakK, YTO y3JaM PasHbBIX TUTIOB
OyIyT COOTBETCTBOBATL pasHbie (PUIYPHI, TO ASPEBO BBIPAKEHMS

(a +b) * (1 + x)
MOXeT OBITh M300paXKeHo TaK, Kak MoKa3aHo Ha puc. 4.4. 3nech TpeyrolbHUKaMu

M300paKeHbl Y3JIbI-0IEePAaTOPhl, KBAApaTaAMU IPeACTaBIEHbl Y3JbI-IIePeMEeHHbBIE U,
HaKOHEIl, B KPYy;KKax copepkarcs KOHCTAHTHL.

Puc. 4.4. [lepeB0O NpoOCTOro BbipaxXeHns

Haimeit nepBoil 3amaueit OyaeT HamKMcaHWe NBYX TpeodpasoBaTesieli: 13 CUMBOJIb-
HOW CTPOKM B CUHTAKCWYECKOE NEPEBO BBIPAKEHUWS W OOPATHO W3 CHHTAKCHUYEC-
CKOTO JigpeBa B CcTpoOKy. [l 3Toro BBeleM THIl JJAHHBIX ExpressionTree, MPea-
CTaBJISIIONINN CHHTAKCUYECKOE JAEepeBO BbIpaXeHUs (BBILIE 3TOT TUI YXe ObLI
WCTIONB30BAH TIPU OMMCAHWUM Kjacca Operator). Toraa (GpyHKIWU TpeobpazoBa-
HHSI MOTYT OBITh BBIpaKEHBI KaK METOJBI KJIacca ExpressionTree, HAIPUMEp:

public class ExpressionTree {
public String toString() { ... }
public static ExpressionTree parse (String source) { ... }

}

Meros toString () MOXET ObITh PealM30BaH CPABHUTEILHO IIPOCTO, €CAM TOJbKO
MBI He OyneM 3a00TUTheS 00 ONTUMATLHON paccTaHOBKe cKoboK. OCHOBHOE TIpa-
BUJIO Mpeodpa3oBaHUs BBIPAXKEHUS U3 JePeBa B CUMBOJBHYIO CTPOKY MOXET OBITh
BEIPAKEHO CIICTYIOMNM 0Opa3oM:

O ecnw B KauecTBE JAEPEBA BBICTYMAET KOHCTAHTA WJW TEPEMEHHAsl, TO €ero CHM-
BOJIbHBIM IIPEJACTaBJIEHUEM OYIET CTPOKOBOE IPE/ACTABJIEHUE ITOM KOHCTAHTbI
IV TIEPEMEHHOIA;
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O eciau B KOpHE JepeBa HAXOAUTCS 3HAK ONEepalyM, TO CTPOKOBbIE IIpeacTaBlie-
HUS OIIEPAHIOB COCIVHSIOTCS 3HAKOM OIIEpPAllU, U PE3yIbTaT 3aKIIOYACTCST B
CKOOKHU.

IlepBoe M3 9TUX NIpaBUl IOMJEPXKMBAETCS CTAHJAPTHBIMU METONaMM toString
KJIacCOB Integer M String. BTopoe MpaBUJio MOXHO peajin3oBaTh ¢ MOMOIIBIO
OIIPEACICHNA (l)yHKLlI/Il/I tostring AI4 00BEKTOB KJ1acca Operator.

public class Operator {
// CTpyKTypa M KOHCTPYKTOP KJIACCA [OKA3aHbl BHIIE

// B onpemenenny kijiacca "Operator"

// OyHKLUMSA NPpeobpasOoBaHmMsa B CTPOKY
public String toString() {

return " (" + operandl + operSign + operand2 + ")";

}

3aeck B ompeneleHMM GYHKIMH toString HESBHO UCHOIb3YEeTC (DYHKIMI
toString JUISl Kiacca ExpressionTree. Tenepb, MOCKOAbKY (PYHKIIUS toString
OIIpeacjacHa yXKe€ HJI1 BCEX TUIIOB Bpra)KeHl/Ifl, B CaMOM KJIaCC€ ExpressionTree
OMpeACIIEHNE METOJA toString OKA3bIBACTCI OYCHD MPOCTBIM:

public String toString() {
return root.toString();

}

,D,Jlﬂ Kaxa0oro M3 BO3MOXHBIX THUIIOB KOpHA 3TOro ACpeBa 6YZL€T BbI3BaHa CBOA
BEpCU METOJIA toString.

Yro Xe kacaeTcs oOpaTHOTO MpeoOpasoBaHWS M3 CTPOKHW B JEPEBO BBIPAKCHUS,
TO 3AeCh CUTyallUsd HAMHOTO ciloxHee. TeM He MeHee, Mbl MOXEM BOCIIOJIb30-
BaThCsT VK€ 3HAKOMBIM HaM aJTOPUTMOM M3 pa3d. 2.2, Thoe Toxoxas 3amava perra-
JJachk Ul BBIUMCASHUS 3HAYEHMSA BBIPAXKEHMS, 3aAaHHOTO CTPOKOH. 31eCh MbI
MOXeM TPUMEHUTDH TOT K¢ CaMbIii alTOPUTM, B KOTOPOM 3ajadya pelnanach ¢ Mc-
MOJb30BAHUEM ABYX CTEKOB — CTeKa OIEPAHIOB M CTEKAa olepaluii, TOJbKO B
poNM 3HAYeHUs BHIpAKeHUsS OyIAeT BBICTYIATh Teleph MOCTPOCHHAS YacTh CHH-
TAKCHYECKOIo JepeBa BhIpAXEeHHUs. B ocTalbHOM IrOPUTM OKA3bIBAETCI IOJHO-
CTBIO TIPUTOTHEBIM JUTSI UCTIONB30BAHMS B 3TOM 3amade.

Taxk xe, Kak U B paszo. 2.2, HeoOXoMUMO cHavaia onpeae/IuTh JIeKCUUeCcKUil aHamn-
3aTOpP, KOTOPBIA, IIOJYIUB HA BXOAE UCXOIHYIO CTPOKY, OYAeT HAa BBIXOJE [eHEPUPO-
Barhb JIEKCEMBI — YMCJIa, TIepeMeHHBIe, CKOOKM M 3HAaK! onepanuii. MoxHO, Kak 1
paHbllle, MCIOJAb30BaTh €IMHCTBEHHBIA KJIACcC Lexical, HEMHOIO PACLIMPUB €ro
oTpesiesieHne, YToOb! BKIIOYNUTH B HETO HOBBIC THITHI JiekceM. JIydine, omHako, To-
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CTYIIUTh MO-IPYTOMY: ONPEAEIUM Lexical KAK aOCTPAKTHBIA KJACC, a4 BCE KOH-
KpeTHBIC THTIBI JIEKceM OyleM 3a7aBaTh B BUIC HACIETHHKOB 3TOTO abCTPaKTHOTO
kinacca. B nmuctunre 4.1 npeacrapieHbl OMMMCAHUS COOTBETCTBYIOLIMX KJIACCOB.

IlnuctuHr 4.1. OnpepeneHune KnaccoB fiekcemM

/**
* ABcTpakTHEM Kjacc Lexical npencraBisger aOCTPaKTHYO JIEKCEMY
* py omnpemnesisieT BOSMOXHHE JIEKCHMYUECKME KJIACCH IJIS aHalm:3aTopa
*/
public abstract class Lexical {
// OnpemernseM BO3MOXHHE JIEKCUUECKUE KJIACCH
public static final int NUMBER = 1;
public static final int VARIABLE = 2;
public static final int OPERATOR = 3;
public static final int LEFTPAR = 4;

public static final int RIGHTPAR = 5;

public abstract int getlLexClass();

/**
* Kjlacc LexNumber nNpencTaBiISeT JIeKCeMy — LeJIOe UMCJIIO
*/

public class LexNumber extends Lexical {

protected int number; // mpencraBiisgeMoe UMUCIIO

// KOHCTPYKTOP JI€KCEME!

public LexNumber (int num) { number = num; }

// OyHKLMA ONpenesieHMsd KJlacCa JIEKCEME

public int getlexClass () { return Lexical.NUMBER; }
// OYHKLMUS DOCTyIa

public int getNumber () { return number; }

/**

* Knacc LexVariable mpepncraBiseT JiekceMy-MIeHTUOMKaATOP
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*/
public class LexVariable extends Lexical {
protected String variable; // mnpencraBiseMbll MOEHTUOMKATOPD
// KOHCTPYKTOP JIEKCEMEL

public LexVariable (String v) { variable = v; }

// OyHKLMS OIpellefieHus Kjlacca JIEKCEMEH

public int getlexClass() { return Lexical.VARIABLE; }
// OyHKLMA IOOCTyma

public String getVariable() { return variable; }

/**
* Kyacc LexOperator npeAcTabBideT JIeKCeMy — 3HaK ONepaluy MU CKOOKY
*/

public class LexOperator extends Lexical {

protected char oper; // npencTaBiSeMEll 3HAK ONepaluuy WM CKoOKa

// KOHCTPYKTOP JI€KCEME!

public LexOperator (char oper) { this.oper = oper; }

// OyHKLMA ONpelesieHus KJIacca JIEKCEME

public int getLexClass () {

return
(oper == ' (' ? Lexical.LEFTPAR
oper == ")'" ? Lexical.RIGHTPAR

Lexical.OPERATOR) ;

// OYHKLMSA BBUMCIICHUSA OPMOPUTETA OIepaLn
public int getPrio() {
return (oper == '-' || oper == '+' 2?1

oper == '"*'" 2 2 : 0);

// OyHKUMA IOOCTyma
public char getOperSign() { return oper; }
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Tenepp MOXHO ONpPeNeNMUThb JIEKCUYSCKUI aHAIM3aTOp HOJOOHO TOMY, KaK Mbl
5TO JIeNalu B paszd. 2.2. AHanuzaTop OepeT Ha BXOJe HEKOTOPYIO CTPOKY U IIpeod-
pasyer ee K MOCIenoBaTeAbHOCTH JIEKCeM. YIOOHO MpeAcCTaBIATh aHANU3aTop B
BUIE UTepaTopa, BLIIAIOIIEIO BCE JEKCeMbl M3 CTPOKHU IO OYEpeIu C MOMOIIbIO
OOBIYHOM I UTepaTopa ONepalMHu next (). JOMONIHUTENbHO A4 aHAIM3a BO3-
MOXHBIX OIIMOOK OmpeneJuM METOH, BbIAIOUIMI 3HAYEHME TeKyLleld MO3MIIUU
IpY AHATK3€ CTPOKU. 3Mech Mbl He OyneM IMPUMBOAUTb HUKAKON peanu3alluy JeK-
CHYECKOI0 aHaIM3aTopa, OMHAKO HIDKE MpeAcTaBieHa cXeMa TaKoi peaju3aluu
(Tena GyHKIIMIA HEe MOKA3aHbl).

public class LexAnalizer implements Iterator {
// KOHCTpYKTOD
public LexAnalizer (String expr) { ... }
// OyHKUmMM, pearmsyoume uHTepdelic ureparopa
public boolean hasNext () { ... }
// Tpemnonaraercs, 4YTo QyHKLMS next () NpousBOIUT OOBEKTH kjlacca Lexical
public Object next() { ... }
public void remove () { ... }
// Texkymas MO3MLUMUS [PV aHaIn3e CTPOKMU:
public int getCurrentPosition() { ... }

}

Tenepp Bce IOTOBO OISl TOTO, YTOObI PeaanM30BaTh (PYHKLMIO MPeoOpa3soBaHM
BbIPAXEHUS U3 CTPOKOBOI'O MPEJICTABIEHUS B IIPEACTABJIEHUE B BUAE JBOMYHOIO
JepeBa. AJTOPUTM BbIUMCJAEHMS BBIPAXKEHMSA U3 pa3d. 2.2 MoaudUIIMPOBAH Tak,
YTOObI CTEK OIEPAHIOB TEIEPb COAEPXKal B KAYECTBE PE3YJIbTATOB BbIYMCIEHUI
yKaszaTeJyd Ha IOCTPOEHHbIE YaCTU CUHTAKCMUYECKOIO JepeBa BbIPaxKEHUS, a CTeK
olepaluii OyaeT cojepxKarbh JIEKCEMbl, MPEJACTaBIAIONIME 3HAKM Olepaluid u Je-
Bble CKOOKM. DTOT alrOpUTM IMpeIcTaBleH B JUcCTUHre 4.2 B Buie (PyHKIMU
parse U3 OIIPEACICHUS Klacca ExpressionTree.

B AJITOPUTME CACTAHO C€II€ OAHO BAXXKHOEC OOINOJIHCHUE. TEINEPb OH HE TOJIBKO
CTPOUT CUHTAKCHYECKOEC NECPEBO IS TPABUIIBHOTO BBIPAXKECHHWA, HO TAKKE TOTOB B
clIyqac HEMPaBUJIbHOTO BLIPAKCHUSA BOS6YI[I/ITB NCKITIOYUTEIDbHYIO CUTYAIUuIO.

AHaJIU3 [IPABUIbHOCTU BbIPAXEHUS] OKA3bIBAETCS JOBOJIbHO IIPOCThiM. [lpy aHanuse
KQXK/IOM JIEKCeMbI M3BECTHO, JOIYCTUMA JIM 9T JIEKCeMa B BBIPAXEHUU B TEKyILE
nosuuuu. B mporpamme ompeneneHa NepeMeHHas waitFlag, KoTopas B JIIOOOM
MOMEHT BPEMEHM COAEPKUT 3HAUSHME, YKA3bIBAIOLIee HA TO, JEKCeMa KaKoro Kiac-
ca OXMJaeTcsl Ha COOTBETCTBYIoLIEeM MecTe. Bo3MOXHbI 1Ba BapuaHTa: "0XUIAETCS
onepann” U "oxumaercs: omeparop”’. B mepBoM ciyyae AOMYyCTUMbBIMM SIBISIIOTCS
JIEKCEMbI, MPEACTABISIONIME YUCIO, IEPEMEHHYIO U JIEBYIO (OTPhIBAIOLIYIO) CKOOKY.
Bo BropoMm ciy4ae JOIYCTMMbIMU SIBJISLIOTCS. 3HAK Ollepaluu U IpaBasi (3aKpblBaio-
wast) ckobka. OuYeBUIIHO, 4YTO IIOC/IE OYEPEIHOr0 ONepaHIa WM 3aKpblBarOLLEH
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CKOOKU JOJKHA CJIEAOBaTh ONepalys WIM 3aKpbiBalollias cKoOKa, a mocjie 3Haka
onepaLuy WIK OTKPbIBAIOLLEH CKOOKY — omepaH/.

Eme omuH THT omMMO0K BO3MOXKEH M3-3a HapYIIEHWST CKOOOYHOM CTPYKTYPHI BhI-
paxeHns. B 3ToM ciyuae mporpamma GymeT TMHITaThesT U3BIEYh JaHHBIE W3 MYCTO-
TO cTeKa OTepaHIoB WM U3 TIYCTOTO CTeKa omepalnii. TakuMm obpaszoM, olmbKa
3TOTO THWTIA pacTo3HaeTcs TIPU BO3HWKHOBEHWN CUTYAIIMN MCUSPIaHUS CTeKa.

B InporpaMme HMMEIOTCA AOIIOJIHUTCAbHBIC IMOACHEHHWA, Pa3biACHAIOLIUE HEKOTO-
pbIC JETATN aJITOPUTMA.

NucTtuHr 4.2. Knacc ExpressionTree U (hyHKUUS aHanu3a BbipaXeHUs

public class ExpressionTree {
// Tumel y3J0B mepesa
public static final int NODE NUMBER = 1;
public static final int NODE VARIABLE
public static final int NODE OPERATOR = 3;

I
N
~

// Toye root HpenCcTaBlIgeT y3ell OepeBa OOHOTO U3 TPEeX BOBMOXHEIX TUIOB

protected Object root;

// Tpu KOHCTPYKTOPa i CO3HAHVS y3JIOB BCEX BOBMOXHEIX TUIIOB
public ExpressionTree (int number) { root = new Integer (number); }
public ExpressionTree (String variable) { root = variable; }

public ExpressionTree (Operator oper) { root = oper; }

// OyHKLMS NpeoCpa30BaHMsa OepeBa B CTPOKY

public String toString() { return root.toString(); }

// OyHKLUMA BBEMMCIICHUA TUIIA y3Ja
public int getTreeClass () {
return (root instanceof Integer ? NODE NUMBER
root instanceof String ? NODE VARIABLE
/*root instanceof Operator*/ NODE OPERATOR) ;

// OyHKUyA "BBIIOJIHEHMA" ONepalyy Ha CTEeKax
public static void doOperator (
IStack operands, // CTek OmepaHIoB COLNEPXMT HOEePEBbLSI

IStack operators // CTek ornepaTopoB
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) throws StackUnderflow {

// OnepaHmpl yid ONepalyy M3BJIEKATCH M3 CTeKa ONepPaHIOB

ExpressionTree op2 (ExpressionTree) operands.pop () ;

ExpressionTree opl = (ExpressionTree)operands.pop () ;

// BhHak onepauuu OepeTca U3 CTeKa OIepaluii

char opSign = ((LexOperator)operators.pop()).getOperSign() ;

// B kauecTBe pe3yJbTaTa "BHIIOJIHEHMS" orlepaluy CTPOUTCS HOBBEIL y3ell,
// comepxaupii 3HAK ONepauyyu ¥ OBa IOIIepeBa

operands.push (new ExpressionTree (new Operator (opSign, opl, op2))):

// OyHKLya "BBIIOJIHEHMA" Cepuy ONEepaLyil COIVIACHO MX IIPUOPUTETaM

public static void doOperators (

IStack operands, // cTex omepaHmoB
IStack operators, // cTex onepaTopoB
int minPrio // TPaHUYHEI OPUOPUTET

) throws StackUnderflow {
while (!operators.empty() &&
( (LexOperator)operators.peek()).getPrio() >= minPrio) ({

doOperator (operands, operators);

// OcHoBHas OGYHKLMS aHammM3a CTPOKM U IOCTPOSHUS HEPEeBa BHPAXESHNS

public static ExpressionTree parse (String source)

throws ParseException {
// KoHCTaHTH mIsg 3HaueHuin "oxumaeMoro" Kiacca JIeKCEeMel
final int WAIT OPERAND = 1;
final int WAIT OPERATOR = 27

// CTexu omepaHIoOB U OlepalMii CO3NATCA CTaHIAPTHEM OO0pasoM
// ¢ nomompio "pabpuru" MO NPOM3BOACTBY CTEKOB

IStack operands = StackFactory.createStack();

IStack operators = StackFactory.createStack();

// Jlekcuueckuil aHaJIu3aTop BHPAXEHUS

LexAnalizer analizer = new LexAnalizer (source) ;

// ®Iaxok OXUOAEMOV JIEKCEMB

int waitFlag = WAIT OPERAND;
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try {
// LUKJI MO JIEKCEMaM MCXOIHOW CTPOKM
while (analizer.hasNext ()) {
Lexical lex = (Lexical)analizer.next();
if (lex == null) ({
throw new ParseException ("HemseecTHas snexcema',
analizer.getCurrentPosition());
}
if (waitFlag == WAIT OPERAND) {
switch (lex.getLexClass()) {
case Lexical.NUMBER:
// Uucio mpeobpa3yerca B y3es CHMHTAKCHMUECKOTO IepeBa
// ¥ B3anuceHBaeTCcd B CTEK OIEepaHIoB
operands.push (new ExpressionTree (
( (LexNumber) lex) .getNumber())) ;
waitFlag = WAIT OPERATOR;
break;
case Lexical.VARIABLE:
// TlepeMeHHas npeofpasyeTcs B y3eJl CUHTaKCUUEeCKOTO IepeBa
// ¥ BanmuceBaeTCHa B CTEK ONEpPaHIOB
operands.push (new ExpressionTree (
((LexVariable) lex) .getVariable()));
waitFlag = WAIT OPERATOR;
break;
case Lexical.LEFTPAR:
// CkoOka MPOCTO BaNMUCHBAETCA B CTEK ONepaLmi
operators.push (lex) ;
break;
default:
// JlekcemMa HEOXMIAEMOT'O KJlaCCa CBUIETEJECTByeT 06 ommbke
throw new ParseException ("Oxumancsa omnepaHn",
analizer.getCurrentPosition());
}
} else { // waitFlag == WAIT OPERATOR
switch (lex.getLexClass()) {
case Lexical.RIGHTPAR:
// TlosIBJIeHVEe BaKpHBanme CKOOKM BEIBHBAeT "BHIIOJHeHVEe"
// omnepaumii u ymasieHue COOTBETCTBYIIEN OTKPHBAKMEN CKOOKM

doOperators (operands, operators, 1);
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operators.pop () ;
break;

case Lexical.OPERATOR:
// BEHIIOJIHAEM onepauyyu C IPMOPUTETOM HE MEHbIE TEeKymero
doOperators (operands, operators, ((LexOperator)lex).

getPrio());

// BHak ouepemHOM onepaluy BaluCHBaeM B CTEK olepalmi
operators.push (lex);
waitFlag = WAIT OPERAND;
break;

default:
// JlekceMa HEOXMIaeMOT'O KjlacCa CBUIEeTeJIbCTByeT o0 oumoke
throw new ParseException ("Oxmpancsa 3Hak onepaumn',

analizer.getCurrentPosition());

}
// BEIIOJIHAEM [OCJIeOHME OCTABUMECS B CTEKe OIepaLym
doOperators (operands, operators, 0);
// PesysbTaT — IOCJIeAHEEe SHAYEHVEe B CTEKEe OIIepPaHioB
return (ExpressionTree)operands.pop();
} catch (StackUnderflow ex) {
// VicuepnaHme CTeka CBUIOETEJbECTByeT 00 oumbke
// B CKOOOUHON CTPYKTYPE BBIPAXKEHIS
throw new ParseException ("OmmuGka B CKOOOUHOM CTPyKType BepaxeHusa',

analizer.getCurrentPosition());

Omneparmmy TIpeodpa3’oBaHNsT BHIPAKEHUS M3 CTPOKW B CMHTAKCHYECKOE NEPEBO U
00paTHO ABJAIOTCSA B HEKOTOPOM CMBICAE OOpaTHBIMUM APYr K apyry. Tem He Mme-
Hee, BTO BCe-TakKM BEPHO TONBKO ¢ TOYHOCTHIO IO BO3MOXHBIX BapWaHTOB pac-
CTAHOBKM CKODOK M Hanmuuus mpobenoB B cTpoke. Tak, HampuMmep, B pe3yabTare
BEIYHCIICHHS CIICMYIONIETO offepaTopa

ExpressionTree tree = ExpressionTree.parse (" (atb)* (ctd) + 1 + 2*a");
OyIeT MOCTPOEHO IepeBO, U300paKeHHOe HA puc. 4.5.
Ecnu teneps npeodbpazoBarh ero 06paTHO B CTPOKY € ITOMOILLbIO BbIPAXEHUS

tree.toString ()
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TO B pe3ylibTaTe "00paTHOro" npeodpazoBaHus MOAYYUTCS CTPOKa
"((((atb)* (ctd))+1)+(2*%a))"

B KOTOPOIl IO CPaBHEHUIO C MCXOMHON CTPOKOH OTCYTCTBYIOT IPOOENbl MEXIY
JleKceMaMU U Jo0aBIeHbl JUIIHUE CKOOKU.

Puc. 4.5. CuHTakcu4yeckoe AepeBo BhlpaxXeHus (a+b) * (c+d) +1+2*a

YTo K& MOXHO JeNaTh ¢ BBIPAKEHMEM, MPEACTABIEHHbIM B BUIE CMHTAKCUYECKO-
ro aepena?

CHCKTp BO3MOXKHBIX onepaunﬁ JOCTATOYHO IINPOK: MOXHO BBIYUCIUTH 3HAYCHNEC
9TOr'0 BBIPpAXKEHUS, €CIIN 3aJaHbl 3HAYCHUS BXOOSIINX B HETO MEPEMEHHDBIX, MOX-
HO OCYIIECTBUTDL MOACTAHOBKY HEKOTOPOTO MOABLIPAZKECHUSI B NCXOOHOEC BbIPpAZKE-
HHUE BMECTO BCEX BXOXICHWI HCKOTOpOﬁ HCpeMeHHOﬁ; MOJXHO OCYUIECCTBUTDH
Hp606paC‘)OBaHI/I€ 3TOTO BBIPpAXKEHUS B MOCJICIOBATECIIBHOCTE KOMAaHA €T0 BbIYUCIIC-
HUS B HCKOTOpOﬁ MallIvHE U T. O.

HexkoTopeie 13 Takux aJropuTMOB MPEACTaBIEHBI Jaibllie B 3Toi KHuUre. KoHeu-
HO, MHOTHE M3 Ollepaluii Hal BbIpaxkeHHEeM MOXHO M300pa3uTb B BUAE 00X0oaa
JepeBa HEKOTOpPhIM uUTeparopoM. OmHAKO, B OTIMYME OT MHOIMX MPEAbLAYILIHX
CIyyaeB, KOIma UTepaTop MCIIONb30BAICS TOJBKO IS MOAYYeHHMS MMOCIeI0BATE b
HOCTU DJIEMEHTOB HEKOTOPOM CTPYKTYPhbl B OJHOM M3 BO3MOXHBIX MOPAIKOB, a
caMa CTPYKTypa IIPH 3TOM OCTaBaIach HEM3MEHHOI, MpU 00pabOTKe BbIPAXKEHUI
yacTo oOpaboTKa Y3J0B OKAa3bIBAETCSA 3HAUMUTENBHO Oosee CIOXHOH. 3mech yxe
HEJOCTATOYHO TOJbKO IOJY4YaTh JIEMEHTHl B HEKOTOPOM IIOPSIIKE, UTepaTopy
MOXeT MmoTpeboBarhcs Oojee miybokas obpadborka yznoB. IlosToMy TeXHUKY pa-
OOTBI ¢ UTEPATOPAMU MPUIALTCI HECKOIBKO 0000IIUTD U PACHIUPUTD.

IMpexnme Bcero, pu 06pabOTKe BBIPAKEHWI TPAKTUYECKA He OYIYT MCIONB30-
BaThCsT BHEIIHWE HUTepaTropbl. [TOCKONBKY alTOPUTM 0OpabOTKH Y3TOB JICKWT 3a
TpeneiaMi BHEIITHETO WTeparopa, TO 3TOMY alTOPUTMY CTAHOBUTCS HETOCTYITHOIM
CTPYKTYpPa BBEIPAKEHUSI, KOTOpasT 9acTO CaMBIM CYIIECTBEHHEIM 00Opa3oM JITOJKHA
BIWSTH Ha alTOpUTM 0Opabotku. KpoMe Toro, HemocTaTKu, MPUCYIINE BHYTPEH-
HUM WTepaTropaM, — HEBO3MOXHOCThL TIpepBaTh WTEpallli0 J0 MOCTIKEHHS ee
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KOHIIA, HEBO3MOXHOCTb Mapa/lieJbHONH 00paboTK HECKOJbKUX CTPYKTYP M Ap. —
111 00pabOTKK BBIPAXKEHUI HE OYeHb CyllecTBeHHbI. Iloaromy misi oOpaboTku
BBIp&KEHUI Mbl OyIeM HCIONB30BaThb TEXHOJOIMIO, OJMU3KYIO K IOHSATUIO BHYT-
pEHHEro uTeparopa — TeXHOJIOIMIO "MoceTUuTeNb" (Visitor).

B s1oit TexHomorMn 1A 0OpabOTKM CIOKHOW CTPYKTYPHI TpeaHa3HAYeH CITEIIH-
ATHHEIN OOBEKT-TTOCETUTETh, KOTOPHIA OTBeYaeT 3a 0O6paboTKy ompeaeleHHBIX
THTIOB Y3JIOB B COOTBETCTBUH CO CBOMM BHYTPEHHUM anTopuTMoM. Cama cIToxKHas
CTPYKTYpa (HampuMep, CHHTAKCHYECKOE MePEeBO BBIPAKEHWS) TIPH DTOM JINIID
HAaIMpaBJIsgeT TMOCeTUTENS K CBOUM y3JIaM B OTpeleeHHOM Topsinke. MoXXHO CUH-
TaTh, YTO TTOCETHTENDh TIPOTANTKHUBACTCS TIO0 IEPEBY, TTPH STOM B KaXKIOM V3lie BEI-
TTOTHSIETCST OJHA M3 OTlepalldii "ToceeHns ", COOTBETCTBYIOIIAST THITY 3TOTO V3a.

JaHHag TeXHOIOrus BMECTE ¢ HEKOTOPbIMU MPUMEpPaMU XOPOIIO OIMCAHA B KHHU-
re [2]. B Hauieli kHure oHa OyaeT MCHOIb30BATLCA CASAYIOIIUM OOpPa3oM.

OnuiireM abCTpakTHBIN Kilace Visitor, B KOTOPOM OTIpEAeUM MeTONbl Jjisi oopa-
OOTKM pasIMYHBIX TUTIOB Y3JIOB JiepeBa BbIpakeHMs. Kaknblit mMeTom mojydaeT B
KayecTBe apryMeHTa OOBEKT COOTBETCTBYIOIIETO TUTIA, KOTOPBIA COMEPKUTCS B y3IIe.
s obpaboTKu JepeBa BBIpAKEHUST TIpeaHa3HAYeH METON accept (Visitor v),
MPOCTO BBHIOMPAIOIIUIA HYKHBII METOJ TIOCETUTENS JJIsI TIOCEIEHUSI COOTBETCTBYIO-
mero y3na. ITocerurenb, B CBOW ovepenb, MOXET JMOO "MPOTOAKHYTH' ceds st
00paboTKU MOIEepEBLER, TNOO CO3/IATh JJIsT STOTO HOBBIN 3K3EMILISIP TIOCETUTES.

[Ipexne, yeM mepexoauThb K 0ojiee CAOXHBIM ITOPUTMAM, PACCMOTPUM [IBa IIPO-
CTBIX IIpUMEpPA I1OA00HOI 00pPabOTKU AEPEBA BhIPAKEHUSI.

B mepBoM mpuMepe ompeneiM MHOXKECTBO Pa3TUYHBIX TEPEMEHHBIX, CYILIeCT-
BYIOIIIMX B BBhIpAKEHUU. JIJISI TIPEACTABICHNS 5TOTO MHOXECTBA MCMOJB3yeM 00b-
eKT KJtacca HashSet. OGXond mepeBo, GyaeM TOCIEIOBATEIBHO J0OABISITh B 3TO
MHOXECTBO BCTpeyaroluecs TepeMeHHBIe. B KoHIe paboThl MTOCETUTENTh Y3JI0B
cobepeT B MHOXECTBO BCE€ BCTPETUBLINECS TIEpEMEHHEIC.

B sTtoMm npuMepe oiH U TOT Xe MOCETUTE/Ib "MPOTANKKUBAeTcs" MO JepeBy, cobu-
pas Bcio Hy:XHyl0 uHpopMmauuio B mpouecce obxoma. CoOTBETCTBYIOLIAS MPO-
rpamMMma mpeacTtasieHa B auctunre 4.3. Ha Hem cHayana onucaH OOIIMI HMHTEp-
deiic mocerureneil, comepkaliui MeTOIbl OOpPabOTKU Y3/I0B IepeBa BBIPAKEHMS
U KaKIOr0 U3 TpeX BO3MOXHBLIX THUIIOB Y3JIOB. 3aTeM CHENaHO AOMOIHEHHE K
KIaccy ExpressionTree — OIIMCAH METOJ accept UISL "mpueMa” IMOCETUTEIS.
HaxoHen, ompeneneH IOCETUTENb VariablesPicker IS cOopa IMepeMEHHbIX.
OOparure BHUMAaHWE, KaK IIOCETUTENb OOecleuuBaeT MpOTaJIKUBaHUE cedsl 110
AEepeBY B peajiM3alliu METOJlA visit (Operator operNode).

NucTtuHr 4.3. Peanu3auua nocetutens Ansa coopa uHcgopmaumm
O NepeMeHHbIX BblpaXeHusi

/**
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* VuTepdelic noceTuTesss ys3JIOB IepeBa BHPAXEHUS
*/
public interface Visitor ({
public void visit (Integer intNode);
public void visit (String varNode) ;

public void visit (Operator operNode) ;

/** JONOJHEHME K ONpemesIeHMiO Kiacca ExpressionTree
*
*/

public class ExpressionTree {

// Merom mis oBpabOoTKM y3Jia NPOM3BOJIBHEM [IOCETUTEIIEM
public void accept (Visitor v) {
// BBIOOp METOHA MMPOMBBOIMUTCH COIJIACHO THMILY y3Ja
switch (getTreeClass()) {
case NODE NUMBER:
v.visit ((Integer)root) ;
break;
case NODE VARIABLE:
v.visit ((String)root) ;
break;
case NODE OPERATOR:
v.visit ( (Operator)root) ;

break;

// Tenepb omnpemesnfgeM KJIACC [OCETUTEJIA IJIA OIpeleJjIeHMA MHOXEeCTBa

// TNEepEeMEeHHBIX BHPAaXEHNS
public class VariablePicker implements Visitor ({
// MHOXeCTBO MEepEeMEHHHX Peain30BaHO B BuIe oOObeKTa kjlacca HashSet

HashSet variables = new HashSet () ;

// OYHKLUA DOCTyIa

public HashSet getVariables() { return variables; }



166 CospnaHue n obpabotka CTPYKTYp AaHHbIX B MpUMeEpax Ha Java

// Peammsauysa (QyHKLUUI [NOCETUTEI

// Tocemenne ysja — LEJOTO 3HAUEHUS HUUETO He HOOABILET

// K MHOXECTBY II€PEMEHHEIX

public void visit (Integer intNode) ({}

// TlocemeHVe MNEepPeMEHHON MNPUBOIMUT K €€ SBaHEeCEHMI B MHOXECTBO
// IyOIMKATBH HE BaHOCATCH

public void visit (String varNode) {

variables.add (varNode) ;

// TlocemeHre onepaTopa CBOIUTCA K [OCENEHMI0 €TI0 OIepaHIOB
public void visit (Operator operNode) {
// TlocertutTesnp nepenaer ceOsa NOCIENOBATEJILHO CHAaYajla B I[EPBLHA
// omnepasi, a HnoTOM BO BTOPOM, HaKaMBas MHGOPMALMIO
operNode.getOperandl () .accept (this) ;
operNode.getOperand?2 () .accept (this) ;

Ecnu Tenepb B3ATh HEKOTOpPOE JAEpEBO, TOJYUYEHHOE U3 CTPOKHU, Hampumep, cle-
JYIOLIMM 00pa3zoM:

ExpressionTree tree = ExpressionTree.parse (" (atb)* (c+td)+1+2*a");

TO MHOXKECTBO TIE€PEMEHHBIX 3TOTO BBIPAXKEHHUA MOXKET OBITH HAIlEYaTaHO C IT0-
NKngK)CﬂCHyKHHCﬂ,HOCHCHOBaTeﬂbHOCTM OIICPATOPOB!:

VariablePicker picker = new VariablePicker();
tree.accept (picker);

System.out.println (picker.getVariables());

PesynbraToM UCIONHEHUs DTUX ONEPaTopoB OYAeT BbIBOI CAedylollell cTpoKu (C
TOYHOCTBIO JIO TTOPSIIKA IMepeMeHHBIX 1 ohopMIeHNS MHOXeCTBa):

[b, a, d, c]

Bropoit mpumep uyTouky ciaoxhee. Hamuiiem ¢yHKIMIO KOIMPOBAHMSA AepeBa
BEIPRKEHHUS, TIPUYEM CAETaeM 3TO TAKKe ¢ TIOMOIIBI0 TEXHOJOTHH "TIOCETUTEND .
3amaveil moceTUTeNs MPU MOCELIEHUU MM Y3714 AepeBa BbipaxkeHUs OyaeT co3maTh
KOTIMIO 3TOTO y3nma. IS y370B TIPOCTHIX TUIOB (IIeJIoe YNCIO W TIepeMeHHasT) Ta-
Kagd KOIUsg MOXeT OBbITh co3daHa Hampsamylo. [lig co3maHuss KOINUM y3jia-
omepanyy MOCEeTUTETh (GOPMUPYET ellle ABa IK3IEMITISApa TMOCETUTENeH M NCITONb-
3yeT UX I IMOCTPOEHHUs KOIIMI OMepaHIOB, MOCIE YEro yxXe Jerko caeiarb Ko-
MU0 WCXOTHOTO y37Ia.
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B nucrtunre 44—HpeﬂCTaBﬂeHa,peaHM3aHMﬂ,COOTBETCTByKHHeFO IIOCETUTEIAA B BU-
Je ONpeneieHus Kiacca Copier.

JNnctuHr 4.4. NMocetutenb AN KONUPOBaHUA AepeBa BbipaXeHus

/**
* Knacc Copier peanmm3yeT NOCETUTENS y3JIOB IepeBa BHPAXEHUS,
* Npy4YeM pPes3yJbTaTOM I[IOCENEHNMs SBJISeTCsS CO3IaHMe KOIMM BEPaXEHWUS
*/
public class Copier implements Visitor {
// JIOKaJIbHO XpaHAMAsCS KONUS BHPaXEHNS

ExpressionTree copy = null;

// OyHKLMA IOOCTyma

public ExpressionTree getResult() { return copy; }

// MeTOmpl MOCENEHUS y3JI0B
// Komusa yzsja Leloro uucia CO3OAaeTCs HEeNOCPeICTBEHHO
public void visit (Integer intNode) {

copy = new ExpressionTree (intNode.intValue());

// Komusa yzja NepeMeHHONM CO3IaeTCsd TaKKe HeNOCPelICTBEHHO
public void visit (String varNode) {

copy = new ExpressionTree (varNode) ;

// Komusa yzja omnepaTopa

public void visit (Operator operNode) {
// CO3HAanTCs HOBHE SK3EMIUISPH I[10CETUTEIIEN
Copier visitorl = new Copier();
Copier visitor2 = new Copier():;
// TloceweHue. ..
operNode.getOperandl () .accept (visitorl);
operNode.getOperand?2 () .accept (visitor2);
// HOBBII y3€J CO3HAaeTCs M3 pPesylibTaTOB [NOCEEHIS
copy = new ExpressionTree (

new Operator (operNode.getOperSign(),

visitorl.getResult (),
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visitor2.getResult()));

}

Ecnu BHUMaTeNbHO M3YyYWTh UCTIONB30BAHHOE HAMU TIpEeNCcTaBIeHWe JiepeBa U To,
KaKk 9TO MpeNcTaBaeHue MPUMEHSAETCS B MPUBEAEHHBIX IMPOCTHIX IpUMEpax, TO
MOXHO YBUJETh, UTO (HDaKTHYECKN MBI PACCMATPUBAEM TOJBKO "KOHCTAHTHHIE" BbI-
paxeHus. Mbl He MpemocTaBWIM HUKAKHUX BO3MOXKHOCTEH, C MOMOILBIO KOTOPBIX
MOXHO ObITO OBI, cKaxkeM, 3aMEHWUTh TIEpPeMEHHYIO Ha ee 3HauyeHWe, cleaarb Moj-
CTAHOBKY ME€pPEMEHHBIX U T. II. Takoil MoAxXom MOJHOCTBIO AHAJIOTMYEH MOAXOMY K
onpesieieHU0 cTpokK B si3bike Java. Kiace string Takke He COAECPXKUT METOMOB,
[O3BOJISIOLIMX 3aMEHSTh YaCTU CTPOK, BCTaBIATb WIM YIISTh CUMBOJbLL M T. II.
Takum obpaszoM, Kiacc String B Java nmpeacrapisieT "KOHCTAHTHBIE" CTPOKMU.

KoneuHo, MOXXHO 6BITO OBl OTIpENeNTh W IPYTHE JEPeBhs BHEIpAKCHWN, HAPH-
Mep, T00ABUB ONEepali0 MPUCBAMBAHUSA HOBOTO 3HAYEHUS MUMEIOLIEMYCS Y311y B
Habop omepanmii. Torna Bce omepanny 3aMeHBI YacTell BBIpAXXCHUS CTATA OBl
BO3MOXHBIMU. Hike moKazaHo, KaK MOXHO ObLIO Obl IPEeACTABUTh TAKUE OIepa-
MW TTIPUCBAMBAHWSI B BUIEC METONOB KJlacca ExpressionTree.

public class ExpressionTree {

protected Object root;

public void set (int number) { root = new Integer (number); }
public void set (String variable) { root = variable; }
public void set (Operator oper) { root = oper; }

}

HMutepecHo onHako, 4yTo A0GABIEHME TAKUX ONEpAlMil BCe PaBHO He MO3BOJISET
TTOCETUTENISIM Y3JIOB MEHSITh COCTAB W CTPYKTYpY BBIpaKeHWIl. [lemo B TOM, 4TO
MOCeTUTeAb IIOJy4yaeT B KayecTBe apryMeHra He caM y3el (kiacca
ExpressionTree), @ €0 COACPKUMOE, TAKUM 0OpasoM, y HEro Bce paBHO HeT
BO3MOXHOCTH U3MEHMTDb colep:kumMoe y3na. KoHeuHo, Bce-TakKu MOXKHO JOOUThCS
"M3MEHSIEMOCTU" JePEBBhEB BHIPAKCHWN ¢ TIOMOIIBIO ellle HEKOTOPBIX YCWINMA,
ONHAKO Mbl HE CTaHeM DTOoro nenarb. KOHCTAHTHbIE OepeBbs MMEIOT Pd Ipe-
MMYIIECTB Tepel W3MeHIeMBIMH CTPYKTypamMu (TaK e, KaK W KOHCTaHTHBIe
CTPOKH KJIacca String Mepel U3MEeHsAeMbIMU CTPOKAMU Kiacca StringBuffer).

CBOICTBO "KOHCTAHTHOCTH" BBIPAXEHUII MHOIAA MOXET OKAa3aThCs O4YeHb ya00-
HBIM: €CJIN TIe-HUOyab WMeeTcsT yKasaTelb Ha BhIpaXeHUE WIIM eTO YacTh, TO 3TO
BbIpAaXEHME OCTAHETCS] HEM3MEHHBIM HEe3aBUCHMO OT TOrO, KakKuie ollepaluy Bbi-
moHSTINCh Ham HUM. COBCTBEHHO, 3TO CBOUCTBO NEPEBLEB BLIPAKCHUM M HA3bI-
BaeTcs "KoHcmaumHocmeio”. B panbHeillieM IpuBeJeHHbIE BbIIE ONEpalUu set
HWTJIC UCTTONB30BAThCs He OYIyT.
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Tem He MeHee, Mbl HUYErO He TepsieM IO cyllecTBy. Bo Bcex anropurmax, mpu-
BOIMMBIX Jlajiee B BTOM pasfene, Mpu TpeodpasoBaHMsIX BHIPAKCHUS BMECTO U3-
MEHEHMsI MCXOMHON CTPYKTYpPHI JepeBa BCerma CTPOUTCI HoBoe (BooOlle roBops,
W3MEHEHHOES) BEIpaXKeHUeE.

ArmapaT MToCceTUTEIIEN JAaeT OYCHDb THOKHAE BO3MOXKXHOCTH I aHaJInu3a U 110-
CTPOCHUS BBIPAXKECHHA. TeMm He MEHEEC, 3T BO3MOXHOCTHU BCC XKE CICAYET OOMOJI-
HUTb HEKOTOPBIMU OII€palNsIMU, OOBIYHBIMUA JUTST BCEX O6B€KTOB, HE3aBUCUMO OT
TOTO, ABIAIOTCAd OHW KOHCTAHTHBIMU WJIW HET. B HHTCp(beﬁCC KJjlacca Object —
ponoHavYaJIbHUKAa BCEX KJIACCOB Java — OMpPECACJICHDBI CICAYIOIINUE METOAbI, KOTO-
pble OBITO OB TOJIE3HO TEPEOTIPeNeUTh IS JIePeBbEB BHIPAXKEHWH: clone (),
equals (Object o), hashCode().

Yro kacaercsa nocieaHero Metoaa (hashCode), TO €r0 peanusalus MpPeaocTaBlsd-
eTCcd Ha ycMoTpeHue uutareneil. Ilo-BuauMoMy, oHa OyIeT OTpaxaTb BKYChl aB-
TOPOB B 00JACTU M300peTeHUs] M KOMOMHMPOBAaHMS (YHKIIMI PacCTaHOBKU.
A BOT HepBbI€ ABA METOAA Mbl PACCMOTPUM 0o0Jiee MOAPOGHO.

IMo cymecTBy, METOA clone, MpEAHA3HAYEHHBIA I CO3MAHUS KOMUM OOBEKTA,
y3Ke HaMU peajn30BaH ¢ TTOMOIIBIO TTOCECTUTENTSI Copier. TAKUM 0OGpa3oM, MOXHO
O6bUTO OBI HATIMCATH CICAYIONIYIO TIPOCTYIO PEeaTu3alliio 3TOr0 METOMA.

public Object clone () {
Copier copier = new Copier();
accept (copier) ;
return copier.getResult () ;

}

TeM He MeHee, MMeeT CMBICI HANMCATh OTASIbHYIO Pealu3aluio DTOI0 METona,
HE3aBUCHUMYIO OT HaIUYMS TAKOIO JOCTaTOYHO CIelupUIecKOro Kiacca, Kak
Copier. KpoMe Toro, uro rakas peaausaius He TpeOyeT ompeneneHUs CHeluaib-
HOro Kjiacca, oHa euie W mpouie U 3hdekTuBHee. YIoOHee BCEro peaan3oBarb
METO/[, ¢ IOMOILLBIO PEKYPCUBHON (DYHKIIVH.

@OYHKIWIO CpaBHEHUS BHIpAXXEHWI Ha COBIIaJeHNE (equals) TOXe MOXHO peain-
30BaTh TMOXOXHUM obpazoM. TOYHO Tak ke MOKHO OBITO OBl ONMpEeAeTUTh MOCETH-
TeJNsI, TIPOBEPAIONIETO PaBEHCTBO V3JIOB, OMHAKO 37¢Ch MBI OTpaHMYnMcs Ooiee
TTPOCTHIM TTOAXOIOM.

B nucrtunre 4.5 npeacraBieHbl 006a MeToaa — clone U equals, — pPeaJM30BAH-
HBIX B BUIE MPOCTBIX PEKYPCUBHBIX (DYHKIIMA.

INuctuHr 4.5. Peanu3auua ctaHAapTHLIX onepauui Kknacca Object ana aepesa
BblpaXkeHusA

// Cumraercsi, 4TO BCe NPMBEEHHEE HMKE ONepalLyy OIPEeeJIeHEL

// B KOHTekCTe kjlacca ExpressionTree
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Jx*
* Peanuzauys olepauyy KONMPOBAHVA
*/
public Object clone() {
// BJITOPUTM KONMPOBaHMS BEOUpAETCS B BaBUCUMOCTU OT TUIa KOPHEBOTO y3Ja
switch (getTreeClass()) {
case NODE NUMBER: // yzen tuna "uenoe umcio"
return new ExpressionTree (((Integer)root).intValue());
case NODE_VARIABLE: // y3en tuna "nepemenHas"
return new ExpressionTree ( (String)root);
case NODE OPERATOR: // ysen Tuna "onepatop"
ExpressionTree opl = // xommsa MepBOTO ollepaHIa
(ExpressionTree) ( (Operator) root) .getOperandl () .clone() ;
ExpressionTree op2 = // xomms BTOPOTO OllepaHIa
(ExpressionTree) ( (Operator) root) .getOperand2 () .clone() ;
return new ExpressionTree (
new Operator (((Operator)root) .getOperSign(), opl, op2)):;
default: // HUKAKMX OPYIMX TUIOB y3JIOB HE MNPEeIlyCMOTPEHO

return null;

/**
* PeanmmsBalys onepalyy CpaBHEHMS Ha PaBeHCTBO
*/
public boolean equals (Object obj) {
// Eciu apryMeHT He gBideTca OOBeKTOM Kilacca ExpressionTree,
// mo Bymer Bo3OyxmeHo npepwiBanre ClassCastException

return equals ( (ExpressionTree)obj) ;

public boolean equals (ExpressionTree tree) {
if (tree == null) return false;
int nodeClass = tree.getTreeClass(); // TuUIl KOPHEBOTO y3Ja apryMeHTa
if (nodeClass != getTreeClass()) return false;
// BJITOPUTM CpaBHEHMUS BHOMPAETCS B BaBUCUMOCTM OT THUIIa KOPHEBOTO y3ia
switch (nodeClass) {

case NODE NUMBER: // cpaBHMBaeM LEeJEe 3HAUCHUS
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return ((Integer)root).equals (tree.root);
case NODE VARIABLE: // CpaBHMBaeM [EePEMEHHHE KaK CTPOKA
return ((String)root).equals((String)tree.root);
case NODE OPERATOR: // CcpaBHMBaeM 3BHaKM Olepaluii ¥ OllepaHIE
return ((Operator)root).getOperSign() ==
( (Operator)tree.root) .getOperSign() &&
( (Operator)root) .getOperandl () .equals (
( (Operator)tree.root) .getOperandl ()) &&
( (Operator)root) .getOperand? () .equals (
( (Operator)tree.root) .getOperand2()) ;
default: // HUKakux IOpyTUx TUIOB y3JIOB HE MNPeIlyCMOTPEHO

return false;

B naHHol peanusanuu cpaBHEHHWE BbIPAKEHUH MPOU3BOIUTCS "(hopMalibHO", Tak
YTO ¢ TOYKHM 3PEeHUS] METOJA equals BBIPAKEHMSI (a + b) + ¢ U a + (b + c)
OynyT, pasymeeTcsi, pasiuuHbIMU. bojiee "MHTeIeKTyalbHas" ornepalusl cpaBHe-
HUS MoTJia OBl YYUTHIBATH KOMMYTaTUBHOCTh OTIEpalliil CIIOKEHUST U YMHOXEHUSI,
MPOU3BOAUTL KOHCTAHTHbBIC BBIUMCIAEHUST U T. M. KoHEYHO, MbI HE B COCTOSTHUU
Hamucarh aJITOPUTM, KOTOPBLIU omnpenensii Obl 3KBUBAJEHTHOCTH TTPOWN3BOIBHBIX
BBIpAXEHWU B cMbIce TTpeodpasyeMoCcTH UX APYT K APYTY.

Hackobko 001KuM gBIS€TCS Hall MOAX0J, K OIPEeIeHUI0 JepeBa BbIPAKEHUS U
onepauuii Hag HUM? UTO MU3MEHMTCS, €CIU Mbl OIPOOYEM MEPEUTH OT LIEJIOYUC-
JIEHHBIX BBIPAKEHMI, CKAXEM, K BbIPAXEHUSIM HAA JOIMYECKMMU 3HAYEHUSIMU
(mpormo3unmoHanbHeIM (popMmynam)? HackoabKo MOXHO pacIlIMpPUTh HOMEHKIIA-
Typy onepauuii? Yro, eciu, Hapsay ¢ OMHApPHbIMU OIEepauusIMU, [OHATOOUTCS
BKJII0YATh B COCTAB BBIPAKEHUIl YHApHBIE OMepallid WJIM BbI3OBBI 2JE€MEHTAPHBIX
GyHKUIMiA?

I OTBETOB Ha 3TH BOTIPOCHI TOMpoOyeM oOBOOIINThL HAIlle AePeBO TaK, YTOOBI
OHO JOTTYCKAJIO TIPOW3BONBHBIEC THITHI OTIEPAHIOB W Pa3TMYHBIC OMepalTini.

[Ipexne Bcero, o6OOLIMM MOHITUE y3Ja TUHA "LieJI0e YUCI0" [0 MOHITUS Y314, CO-
JEpXKAIEro HEKOTOPYIO MPOM3BOJIbHYIO KOHCTAHTY. I1OCKONbKY HU THIT 9TOM KOH-
CTAHThI, HU HAOOp BO3MOXHBIX ONEpalyil 3apaHee HEU3BECTEH, TO CJedyeT CUM-
TaTb, YTO CAMO 3HAYEHME NPEACTABIEHO OOBEKTOM Kiacca Object. Tem He MmeHee,
JUISL TOrO, 4YTOObI OTIMYATH HTOT THUII Y3Ja OT OCTAJbHBIX, ITOTpedyeM, YTOObI BCe
HAIM KOHCTaHTbI MPUHAMLIEXAIM aObCTPAKTHOMY TUIIY Constant. DTOr0 MOXHO
JOCTUYb, €ClIi BBECTU MHTepdeiic Constant, KOTOPLIA He OyIeT coaepXaTh HUKA-
Kux omepauuid. EagmHcTBEeHHAs Liesb TOro MHrepdeiica COCTOMT B TOM, 4TOObI
00eCneynTh OTIIMYME KOHCTAHTHBIX 3HAYEHUI OT APYTMX TUIIOB Y3JIOB Jepena.
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public interface Constant { }

g mpencTaBiaeHNsT MEbIX W BEIISCTBEHHBIX YHMCENT, a TaKKe JTOTMIECKUX, CHM-
BOJNIBHBIX W JIPYTUX CTAHAAPTHBLIX 3HAYCHWN HaM He TOoTpebyeTcsl ONMMChIBaTh pea-
JTM3AITNI0 HOBBIX KJTACCOB, BO BCEM TOIOOHBIX MMEIOTIIMMCS CTAaHAApTHBIM KiTac-
caM Integer, Boolean W Jp. [IpaBma, K COXaJCHHUIO, HE YIACTCS OIPEICTUTDH
HOBHIT KJTacc KakK paclIMpeHne CYIISCTBYIOIIETO CTAHIAPTHOTO Kiacca M TIPOCTO
yKa3arb, YTO 3TOT HOBBIM KITacc YAOBIETBOPSAET MHTepdeicy Constant. BoT Kak,
HampuMep, MODIO OBl BBITJSIACTh OMMCAHWe Kiacca JUTS TPEACTABICHUS IIETBIX
KOHCTAHT, XpaHAIINAXCI B IepeBe:

public class Treelnteger extends Integer implements Constant { }

K coxaneHnuio, craHAapTHBIA K1acc Integer (TaK Ke, KaK U Apyrue "KOHCTAHT-
HBble" CcTaHIApPTHBIE KJIacchl) IO BIOJHE OYEBUIHBIM TNMPUYMHAM OOBSIBICH Kak
final, U IOTOMY HEBO3MOXHO OIIpeAe]IuTh ero paciuupenue. Bmecto 3Toro
TIPUJIETCS ONPEAETUTb HOBBIM Kilacc, UMEIONINI 0OBEKT Klacca Integer B CBOEM
coctaBe B BuIe noja. OQHAKO, pa3yMeeTcsl, HUKAKMX HOBBIX OIepaluii Ham
"pacIIMpeHHBIM" TIeJIbIM BBOJUTH HE CTaHEM; BCe ofepallnu Hal oObeKTaMW 3TO-
ro Kkjnacca OyayT HpocTo oOpaiiaTtbCsd K COOTBETCTBYIOIIMM MeETOAAM Kiacca
Integer. Takoll Kyacc TpenacTasieH B aucTuHre 4.6. W3 onepainit Ham 1embIMI
B HEM [PUBEACHbl TOJbKO TpelyroliuMecss Ham B JAJbHEHLIEM METOMbL
toString (), equals() M intValue(), a TaKXke, pasyMmeeTcsi, KOHCTPYKTOPHI.
OnHaKo HeTPYyAHO PacllMpUThL OMNpeAeaeHMe ITOro Kjacca O4eBUIHBIM 00pazoM
TaK, 4TOOBI BKIKOYUTH B ONpeNesieHue Jo0ble ApyTue onepaliii Hal HeJTbIMU.

JIluctuHr 4.6. Knacc, npeacraBnsiiolWmni Lenble Yncna B BUAge KOHCTaHTbI
AepeBa BbipaXeHus

public class Treelnteger implements Constant {

Integer value;

// KOHCTPYKTOPHL LIEJIBIX KOHCTAHT
public Treelnteger (Integer i) { value = i; }
public Treelnteger (String s) { value = new Integer(s); }

public Treelnteger(int i) { value = new Integer(i); }

public String toString() { return value.toString(); }
public boolean equals (Object o) { return equals((Treelnteger)o); }
public boolean equals (TreeInteger o) { return value.equals (o.value); }

public int intValue() { return value.intValue(); }
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PaSYMCCTCH, €CJIU B ACPEBE MPEANOIAracTcs XpaHUTb B KA4YECTBE OIIEPAHIOB HE
TOJIbKO LECJIbIC, 4, CKaXeE€M, BCLICCTBCHHbLIC MM CUMBOJIbHBIC 3HAYCHHUA, TO IIO-
Tp€6y€TCH OTIPEACIINTDL N COOTBETCTBYIOIINEC TUITBI KOHCTAHT.

Teneps HeoOOMMMO OOOGIINTE TIOHATHE oTeparopa. KoHeuHo, HecI0KHO BBECTH
HOBble OMHApHBIC OINepaluu, HAMpuMep, AeJeHUe, cpaBHEeHHE (C IMoaydeHHueM
3HAYeHWH HOBOTO THITA — JIOTWYECKMX 3HAYEHWIT); HECKONBKO CIIOXKHEe BBECTH
omnepaluun ¢ IPYruM YKUCIOM OIepaHAoB (YHapHble MIM TepHAPHbIE) WJIM BKIIO-
YUTH B YUCJIO OTepalnit aneMeHTapHble HYHKINN, TaKWe Kak jJoTapudM WIH CH-
HyC BeLISCTBEHHOIo 4ucia. MoxHO cpasdy omnpeieauTb IIOHSITHE oImeparopa ¢
TTPON3BOIBLHBIM YUCTOM OTICPAHIOB M 3HAKOM OTepallii, COCTOSAIIAM W3 ITPOU3-
BOJIBHOIO uMcia cuMBooB. Torga yacTHbie ciiydyau, Takue Kak GMHApHbIA orepa-
TOp, MOTJIA OBl OBITH OTIpeNeIeHBl B BUIE pacIIUpeHMs Kiracca, 3amafollero ore-
paTop B caMoM oO0LIEM BUIE.

BBenem aGcTpakTHBIN KJace Operator, UMEIOIINI B CBOEM COCTaBe 3HaK orepa-
IIMU B BHUJE CUMBOJIBHOU CTpOKM U HabOp olepaHIoB, MPeACTaBICHHBIH CITUCKOM
5JIEMEHTOB, KaXIbIi M3 KOTOPBIX SIBISETCSI HEKOTOPBIM JIEPEBOM BBIpaXKeHUS
(TTpu 3TOM MBI TTojlaraeM, 4TO CITMCOK MOXET OBITh MpeAcTaBlIeH OOBEKTOM C MH-
TepdeiicoM IList, KOTOPBIIT OBUT Ompe/esieH MPUMEPHO TaK, Kak 3TO ObLIO cie-
JJaHO HaMU B KOHIIe pa3d. 1.2). DToT Kiacc TipesacTaBieH B nuctuHre 4.7. B gaH-
HOM cllyyae MBI HCIOJB3yeM He olpeiefeHue uHTepdelica, Kak 3To OBLIO
c/JelaHO HaMU, HampuMep, TIpU (POpMYTUPOBAHNU TIOHSITUSI aOCTPaKTHOU KOH-
CTaHTHI, a ompesiefieHue abcTpakTHOTO Kiacca. DTO MO3BOJIUT HaM 3a/1aTh MHOTHE
orepalim yxXe HEeMmocpe/lICTBeHHO TIPH OMpeAeieHNN Kilacca Operator — B 4acT-
HOCTU, KOHCTPYKTOP KJacca, JIOCTYI K 3HAKy ofepaliui W ero ornepaHaamM, omnpe-
JielleHe KoJlindecTBa OTepaHioB (BBYUCIeHHE "apHocTH" omneparopa). O6partute
BHUMaHUe, 4YTo A JOcTyla K ofepaHjaM ofeparopa Mbl MCMOIB3YeM ITPOCTO
BHEITHWH WTeparop cIcKa omepaHaoB. HexoTopwle apyrue omepannn (Imoka 3ToO
TOJNILKO Ofepalusl clone, MO3Xe MBI JOOABUM ellle U Olepalunio BbIYUCIECHUS
3HAYEHMSI evaluate) MPUCYTCTBYIOT B ONMpeAeIeHNH Kiacca Kak abcTpaKkTHBIE.

Tam xe B JUCTUHIE npeacraBjicH U ﬂpyroﬁ KjacC — Binary, — OHI/ICbIBalOLLLI/Iﬁ
OOHY M3 BO3MOXHBIX peaau3alyii YaCTHOIO cJiydasl oleparopa — OMHAPHYIO Olle-
pauuio. KOHG‘{HO, orepalurn Haia 00BEKTaMU 3TOrO Kjacca MOXHO CACJIaTh IIpaK-
TUYCCKM TAKHUMHU XK€, KdK 3TO ObL1O CIAC/IAHO paHeEe IJ1d HALICro JEpe€Bd B KJIACCe
Operator.

NucTtuHr 4.7. Knaccel, onpeaensiowue onepauum B 0606LLeHHOM
AepeBe BbipaXeHus

/**
* Knacc Operator ompepenser ofumit Bun u HambOosee ofume IeNCTBUS
* IS omepaumyu C IPOUBBOJIBHEM UMCIJIOM OINEPAaHIOB

*/
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public abstract class Operator {
protected String operSign; // BHak omnepauumn

protected IList args = ListFactory.createList(); // CIOMCOK onepaHmoB

// KOHCTPYKTOp CO3HaeT OIepalyi, HE COIEpXallyld (IOKa) OIepanHIOB
public Operator (String sign) {

operSign = sign;

// C moMompio Clenyilomero MeTOoAa MOXHO IOOABJIATHL ONEPaHIE B OINEPALIO
public void addOperand (ExpressionTree operand) {

args.addLast (operand) ;

// OYHKLUMU OOCTyNa MNO3BOJSRT ONPEeNelIUTh BHAK Olepalyu. . .

public String getOperSign() { return operSign; }

// ... KOJIMUECTBO ONEPAaHIOB M. ..
public int arity() { return args.getCount(); }
// ... mepefpaTb ONepaHis C IOMOIBD BHEMHETO MTepaTopa

public Iterator operands() {

return args.iterator();

// Onepauysa toString onpenender Haubosee oOWy0 NPedMKCHYID B3aluch
// mia omnepaumii C NPOUBBOJBHBEM UMCIIOM ONEPAHIOB. KOHKPETHHE pPacCUMpeHNS
// xnacca Operator OymoyT NepeonpemessaTb STOT METOI B COOTBETCTBUM CO
// CBOMM NpeNCTaBJIEHMEM O TOM, KAaK HOOJDKHO BHIIVIAIAETH BHPAXEHUE
public String toString() {
String result = operSign + ' (';
// OnepaHmpl BaKIoUalnTCsd B CKOOKM U PaBOEJISOTCS BalaThMA
for (Iterator ops = args.iterator(); ops.hasNext(); ) {
result += ops.next().toString();
if (ops.hasNext()) result += ", ";
}

return result +')';
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// Onepaums CpaBHEHUS OIEPATOPOB [IPOBEPSET PABEHCTBO BHAKOB OIEPalln,
// KOIMYeCcTBa OINEPAaHAOB M CaMUX OIEpPaHIOB
public boolean equals (Object other) ({
return equals ( (Operator)other);
}
public boolean equals (Operator other) {
boolean eq = getOperSign () .equals (other.getOperSign()) &&
arity() == other.arity();
Iterator argsl = operands();
Iterator args2 = other.operands();
while (eq && argsl.hasNext()) {
eq = ((ExpressionTree)argsl.next()).equals(args2.next()):;
}

return eqg;

// RBCTpaKTHasg onepauus clone omnpereisgeT BO3MOXHOCTH CO3MAHUS KOIUU

public abstract Object clone();

/**
* Kjacc Binary omnpepenseT OMHApPHy OIepalyio KaK peasm3aLiio
* YacTHOTO Cllydad olepaTopa ofmero Buia
*/

public class Binary extends Operator {

// KOHCTPYKTOp MOJiydaeT B KaueCTBe apTyMeHTOB KakK BHaK onepaluu,

// Tak u oBa omnepaHza

public Binary (String opSign, ExpressionTree opl, ExpressionTree op2) {
super (opSign) ;
addOperand (opl) ;
addOperand (op2) ;

// OYyHKLMU OOCTyNa K ONepaHmaM BHOMPAKT UX U3 CIMCKA OINEPaHIOB.

// BO BpeMsa HPOIPaMMUPOBAHMUS STUX QYHKIMI MOXHO OBITH YBEPEHHEBM,
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// 4TO HpM HPaBWJIIBHOM CO3maHmm OOBEeKTa Kiacca Binary oba omnepanma
// obBsazarenbHO OyIoyT NPUCYTCTBOBATL B CIUCKE ONEPaHIOB
public ExpressionTree getOperandl () {
Iterator args = operands();
return (ExpressionTree)args.next();
}
public ExpressionTree getOperand2 () {
Iterator args = operands();
args.next () ;

return (ExpressionTree)args.next();

// Onepauys npeofpas30BaHMsa K CTPOKE IIepeolperesideT BalaHHylo B Kiacce
// Operator npedmkCHy© BanmMcChb, yCTaHaBIMBAA OOJi€e NPMBBUHYIO IJIA CJIydas
// GuHapHOM onepauuy MHOMKCHYIO Banuch
public String toString() {

ExpressionTree opl, op2;

Iterator args = operands();

opl = (ExpressionTree)args.next();
op2 = (ExpressionTree)args.next();
return " (" + opl.toString() + getOperSign() + op2.toString() + ")";

// Peammszaumsa onepaumyu CO3LAHMUS KOIMM MUCIOJB3YEeT KOIMPOBAHME OIEPaHIOB
public Object clone() {
return new Binary(getOperSign(),
(ExpressionTree) getOperandl () .clone (),

(ExpressionTree)getOperand2 () .clone()) ;

MBI TIpUBETN TOJBKO peaNn3aliiio OMHAPHBIX OTepallnii, oJHaKo, ¢CIM B JepeBe
OGyIyT TIpUCYTCTBOBAThH, CKaKeM, YHApPHBIC OTepallii W 3IeMeHTapHble (hyHKIINN,
TO MOSKHO JIETKO JTOOABHUTH AOTTOTHUTENLHBIC KIACCHI-HACTCTHUKYA TIPUMEPHO TaK
Ke, KaK 3TO cAe/IaHo I OMHApHBIX OTMEepaTopOB.

Teneps MBI IOJHOCTBIO TOTOBBI K TOMY, YTOObI ONpPEISNUTb ACPEBO BBIPAKEHMS
camoro obiero Buga. B yzngax aroro aepeBa OyayT HAXOAMTbCS KOHCTAHTBI (BO-
0011Ie TOBOPsI, PasIMYHBIX TUIIOB), IEPEMEHHbIE K ONepaTopbl (BooOIlle roBops, ¢
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MPOU3BOJBHBIM YKCIOM omepaHaoB). B nuctunre 4.8 noxaszaHo HOBOe ollpejene-
HME KJlaccCa ExpressionTree.

NucTtuHr 4.8. OnpegeneHune "o0606LEHHOrO" AepeBa BbipaXKeHUs

public class ExpressionTree {
// Twumel y3Jj0B:
public static final int NODE CONSTANT
public static final int NODE VARIABLE = 2;
public static final int NODE OPERATOR = 3;

Il
=
~

// KopeHEb »epeBa NpencTaBlleH OBBEKTOM OIOHOT'O U3 TpexX KJIaCCoOB

protected Object root;

// Tpu KOHCTPYKTOpa 3amalT KOPEHb OIHOTO M3 TPEeX BOBMOXHEIX TUIOB

public ExpressionTree (Constant number) { root = number; }
public ExpressionTree (String variable) { root = variable; }
public ExpressionTree (Operator oper) { root = oper; }

// OyHKLMS BBIAET TUI KOPHS, aHAIM3UPYS KJIACC COOTBETCTBYHIETO OOBEKTA
public int getTreeClass () {
return (root instanceof Constant ? NODE CONSTANT
root instanceof String ? NODE VARIABLE
/*root instanceof Operator*/ NODE_OPERATOR) ;

// TpeobpazoBaHue IOepeBa B CTPOKY

public String toString() { return root.toString(); }

// OyHKLMS COBHAHMSA KOOWM OepeBa BHPAXEHUI IepeolpelesigeT CTaHIAPTHYO
// dysxiumio kyacca Object. IOnosmHMTENbHO BBOmATCA GyHKUMA cloneTree,
// BeDaomas oOwBeKT Kiacca ExpressionTree

public Object clone() {

return cloneTree () ;

public ExpressionTree cloneTree() {

switch (getTreeClass()) {
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case NODE CONSTANT:
// CaMa KOHCTaHTa He KONMPYyeTCs, HO CO3IaeTCs HOBHI y3el,
// comepxaumii TY Xe KOHCTaHTY
return new ExpressionTree ( (Constant)root) ;
case NODE VARIABLE:
// To %e camoe NPOMCXOIUT U C NePEeMeHHOM!
return new ExpressionTree ( (String)root);
case NODE OPERATOR:
// Komms omeparopa CO3IaeTcsa C IIOMOIBI ero omepalmy clone
return new ExpressionTree ( ( (Operator)root).clone());
default:
// HewsBeCTHEII THUN y3ja?

return null;

// Onepaumsa CpaBHEHUS LOEPEBLEB CPABHUBAET UX I[IOBJIIEMEHTHO,

// mpoxoms MO BCEM y3JaM IepeBa

public boolean equals (Object obj) {

return equals ( (ExpressionTree)obj) ;

public boolean equals (ExpressionTree tree) {

// TepBulit QUIBTP OPOBEPSET, UTO APTyMEHT He [IyCT
if (tree == null) return false;
// BTOpBM MATOM CPABHMBAKTCSH TUMEl Y3JIOB, JIEXAlMX B KOPHE
int nodeClass = tree.getTreeClass|();
if (nodeClass != getTreeClass()) return false;
// Iamee pes3ysbTaT CPaBHEHMS BaBMCUT OT TUIA y'3Ja, JIEKAWETO B KOPHE.
// TlockomnbKy omepalus equals ompernejeHa IS BCEX TUIIOB Y3JIOB, ee
// MOXHO MIPMMEHATH HENOCPENCTBEHHO, OINHAKO IUIA Cllydas CpPaBHEHUS
// TepeMeHHBX MCHIOJIb30BaHa Ipyrasd onepalms
switch (nodeClass) {
case NODE CONSTANT:
case NODE OPERATOR:
return root.equals (tree.root) ;
case NODE VARIABLE:
// CpaBHeHME MEepeMeHHHX OeJIaeTCAa C UTHOPUPOBAHUEM perucTpa OyKB

return ((String)root).equalsIgnoreCase((String)tree.root);
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default:
// IpyTux TUIOB y3JIOB He OhBaeT

return false;

// Onepauys npueMa HOCEeTUTENEN y3JI0B
public void accept (Visitor v) {
switch (getTreeClass()) {
case NODE CONSTANT
v.visit ( (Constant) root) ;
break;
case NODE VARIABLE:
v.visit ((String)root) ;
break;
case NODE OPERATOR:
v.visit ( (Operator)root) ;

break;

B nucrtuHre mpuBeneHbI He Bce OINEPALIMH, KOTOpble ObLIM MPeaCTaBAEHBI IS
JepeBa paHblie. JleiicTBUTEIbHO, Tenepb QYHKIMSA parse, OINUCAHHASA paHee AJId
npeobpa3zoBaHus BBIPAXEHUS U3 CTPOKU B IEPEeBO, HE MOXKET ObIThb oIpeneseHa
BHYTPHU 3TOrO KJIAacca, MOCKOJbKY OHA MpUCIOCOONeHa AAS aHaIM3a BhIPAXKEHUI
BIIOJIHE KOHKpeTHOro Buaa. Boobiiie, mo-BUAMMOMY, B HOBBIX YCIOBUSX OIpede-
JIUTh TaKyl0 (YHKIIMIO B TOCTATOUHO OOILEM BUAE MPOCTO HEBO3MOXKHO.

Bmecro ommcanust ®YHKHMH parse BHYTPHU KJIACCA ExpressionTree YHO6H66
BCETo CO3/aTh JIOMOJHUTEIBHBIN Kilacc, eMWHCTBEHHBIM Ha3HAuYe€HUEM KOTOPOTO
Oyner omnmucaHue (QYHKIMU TIpeodpa3oBaHMUsI BBIPAKEHUS M3 CTPOKU B NEpeBo.
HazoBem Takoit kiacc Parser M TPOCTO TIepeHeceM B Hero u3 Kiacca
ExpressionTree ONPEACICHUS ®YHKHMH parse MW BCIIOMOTATCJILHBIX ®YHKHMﬁ
doOperator W doOperators. He OynemM MONTHOCTHIO BOCIPOU3BOAUTEH KOJ BTOTO
Kjacca, TMpuBeieM JUIb ero "cKeaeT", B KOTOPOM OMYIIEHB! Teda BceX (DyHKIIMHA.
KoHeuHo, 3TOT Kilacc mpucmocobyieH TOJIbKO JUISl TIOCTPOCHUsI JepeBa U3 BbIpa-
KEHWI KOHKPETHOTO BWJA, B HAllleM cllydyae — BBIpaXeHWi, coaepxaiux Ou-
HapHble apudMeTHnyecKre onepalnu, 1eble KOHCTaHThI, MTepeMeHHbIE U CKOOKH.

public class Parser {
public static void doOperator (IStack operands, IStack operators)
throws StackUnderflow { ... }
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public static void doOperators (IStack operands, IStack operators,
int minPrio)

throws StackUnderflow { ... }

public static ExpressionTree parse (String source)
throws ParseException { ... }

}

Ha sToM 3akoHYMM [OAHHBIA pasies, IOCBSILUEHHBIA IPeICTABICHUIO [EPEBbEB
BbIpaXEHMI, U HepeidieM K OINMCAHUIO AIrOpUTMOB MX 00paborku. Byiem wuc-
M0J1b30BaTh "00001IeHHOe" AePEBO B TEX CUTYALMIX, KOIIa aJropuTMbl 006padboT-
KU JepeBbeB IIPUMEHUMBI B 00LUEeM ciydae, U OyileM BO3BPAlLaThCsl K YACTHOMY
cilyyai npocthix (opMyl ¢ OMHAPHBIMU OIEPaTOpaMu TOINA, KOINA aJrOpUTM
00paboTKu He HocUT "Bceolbluero” xapakrepa.

4.2. BbluncneHua no doopmynam

B JAaHHOM pasiciac pacCMOTPpUM AJITOPUTMBI BBIYUCICHUA 3HAYCHUS BBIPAXKCHUA
TIpU 3aJaHHDBIX 3HAYCHUSAX TTICPEMCHHDBIX.

IIpexne Bcero oTMeTUM, 4YTO, KOHEUHO, BBIpaKEHME, MPEACTaBASHHOE B BUAE Je-
peBa, ropasao yerde ooOpabarbiBaTh, YeM BbIpAXKEHUE, MPEICTaBAeHHOE CHUMBOJIb-
Hoil cTpokoii. [losToMy, HECMOTpPS Ha TO, UTO B pazd. 2.2 yxe ObUI paccMOTPeH
QITOPUTM BBIUMCAEHUS 3HAYEHUS] KOHCTAHTHOIO BBIPAXEHMS, 4allle BCEro BMECTO
Hero ymobHee UCIOJIb30BATh AArOPUTM IMPeoOpa3soBaHus BBIPAXKEHHS B AEPEBO, B
KOTOPOM YK€ U IPOU3BOIUThL BCE BbIYMCIECHUS.

3HaueHNe BBIPAKEHUSI MOKHO BBIYUCIUTH TOJIBKO B TOM cllydae, eciid ofpesene-
HBl 3HAYEHUST BceX BXOMSIIIIUX B HEro TepeMeHHBIX. ['0BOPST, 4TO JOJKEH OBITh
3alaH "KOHTEKCT" ISl BBIYMCIEHUS BBIpaKeHUsl. Ecii MBI XOTUM HammucaTb J10C-
TATOYHO OOUINI AITOPUTM, TO He clieAyeT OTPAaHMYMBATLCS KAKUM-HUOYb OMHUM
Mpe/cTaBlIeHeM KOHTEKCTa, TO3TOMY OyleM CUYUTaTh, YTO KOHTEKCT TepeMeH-
HBIX — BTO HEKOTOPBIN abCTpakTHBIN TUT JaHHBIX, BKIOYAIOIINK B ceds onepa-
MW BLITAYW W 3alMCH 3HAYEeHWS TepeMeHHo#. Kak o6bHO, 3TOT abecTpaKTHEI
TUT JJAHHBIX OyaeM TIpeAcTaBisITh UHTepdelicoM Context. DTOT uHTEpdelic mo-
XOX Ha CTAHJAPTHBIN WHTepdeiic java.util.Map s3biKa Java, oHaKo, B OTJIM-
yye OT HEro, B HallleM KOHTEKCTEe KIIOUOM SIBIISIETCSl HE TTPOU3BONBHBIN OOBEKT, a
CTpOKa — WM TTIepeMeHHOM, a 3HaYeHWEeM, CBSI3aHHBIM ¢ 5TOi TepeMeHHOM, BhI-
CTymaeT KoHcTaHTa. KoHeyHo, KOHTEKCT TepeMeHHEBIX — 3TO pPasHOBUIHOCTDH
cjoBapsl, KOTOPBHIN noapoOHO obcyxaancs HaMu B pasd. 3.2.

Hrak, aGCTpakTHBI KOHTEKCT [EPEMEHHBIX MOXET ObiThb MPEACTABICH WHTEP-
deiicoM, U300paKeHHBIM B JUcTUHTe 4.9.



InaBa 4. CumBosibHble npeobpasoBaHus 181

JNIncTuHr 4.9. AGCTpPaKTHLIW KOHTEKCT NepeMeHHbIX

/**
* AOCTPaKTHBI KOHTEKCT COINEPAXMT B KadeCTBe KJIOUEM MMeHa
* IIepeMeHHHIX M B KauyeCTBe BHAUEeHUN — KOHCTaHTH.
*/
public interface Context {
// HaliTu BHaueHyme [NEPEeMEHHON [0 3aAaHHOMY WMEHM
public Constant get (String key);
// CBs3aTh NEpEeMeHHyl C BalaHHEM 3HaUeHVEM.
// PesymbTaT true, eciy NepeMeHHas yxe ObUla B KOHTEKCTe
public boolean put (String key, Constant value);
// TIpOBEPUTL, CONEPXATCA JIM IIePEMEHHAs B KOHTEKCTE
public boolean containsKey (String key);
// YIOamuTh MepeMeHHYK U3 KOHTEKCTA.
// PesymbTaT true, eciM NepeMeHHas Objla B KOHTEKCTE
public boolean remove (String key);
// OuMCTUTBH KOHTEKCT, YHNAJUB U3 HErO BCE [IePEeMEHHEE
public void clear();
// TIpOBEpUTL, €CThb JIM B KOHTEKCTEe XOTh OIHAa [IepeMeHHas
public boolean isEmpty();
// KOmMuyecTBO MEPEMEHHHX B KOHTEKCTE

public int size();

B kauectBe peanmzanyu 3TOro MHTepdeiica MOXET MOCIYXUTh Ji00asd peanus3a-
MST clToBapsl, HalpuMep, peanusalus B BHUAe X3uI-Tabauisl. B nuctunre 4.10
NpUBeIeH IpPUMEP TaKOH pealu3allyd, OCHOBAaHHOIl Ha CTaHZAPTHOM Xd2Ili-
TabIMIe Kiacca java.util.Hashtable.

NucTtuHr 4.10. Peanu3auus KOHTEKCTa NepeMeHHbIX B BUAeE X3LW-Tabnuubl

/**
* PeanmmsBalys KOHTEKCTa B BUOS XBI—TaOJMLEL
*/
public class HashContext implements Context {
// Peamuszalysa KOHTeKCTa OOBeKToM Kijlacca Hashtable

Hashtable context = new Hashtable();
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// HaliTu BHaueHyme [EPEeMEHHON [0 BaaHHOMY WMEHM
public Constant get (String key) {

return (Constant)context.get (key.toLowerCase()):;

// CBa3aTh MNEPEMEeHHYK C SalaHHLM 3HAUSHMEM.
// PesysnbTar true, ecim NEepeMeHHas yxke ObUla B KOHTEKCTE
public boolean put (String key, Constant value) {

return context.put (key.toLowerCase (), value) != null;

// TIpOBEPUTL, CONEPXATCA JIM IIePEeMEHHAs B KOHTEKCTE
public boolean containsKey (String key) {

return context.containsKey (key.toLowerCase()) ;

// VOamuTh NEPEeMEeHHYK M3 KOHTEKCTA.
// PesymbTar true, ecim NnepeMeHHas Owla B KOHTEKCTE
public boolean remove (String key) {

return context.remove (key.toLowerCase()) != null;

// OuMCTUTL KOHTEKCT, YIAaJIMB M3 HEIO BCE [NepEeMEHHHE
public void clear () {

context.clear();

// TpoBepuUTh, €CThb JIM B KOHTEKCTE XOThb OIHA [IepeMeHHasd
public boolean isEmpty () {

return context.isEmpty();

// KOmMuecTBO MEepPEMEHHHX B KOHTEKCTe
public int size() {

return context.size();
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B peanuzanuu Xxopouio BUAHO, YTO B OCHOBHOM MbI IIPOCTO MCIIONb30BAIM OIE-
palMU Kjiacca Hashtable IJIS1 TOrO, YTOOBl PEAIM30BaATh MPAKTUUYECKU TAKUE XKe
omnepaiun uHTepdeiica Context. Paznuyue cBOIUTCSI, B OCHOBHOM, K YTOUHEHUIO
TUIIOB TAHHBIX — BMECTO Object MUIS KJIIOYA U Object IJIA CBI3AHHOIO 3HAYEHUS
HUCIMOJB3YIOTCA String U Context COOTBETCTBEHHO.

B mpuBeneHHOM peann3aniy METOI get BBIIAET 3HAYEHWE null, €CJIM NEpeMeH-
Hasl OTCYTCTBYET B KOHTeKcTe. Takum o0Opa3oM, BO BCeX alTOPUTMAaX, KOTOPLIS
OYIyT UCIIONB30BATh 3TY peajn3alliio KOHTEKCTa, CleAyeT YIMTHIBATh, YTO TIepe-
MEHHBIM, 3HAYE€HWS KOTOPBIX B KOHTEKCTE He OIpeic/IcHBI, He IPUITHCHIBACTCS
HWKAKOTO 3Ha4YeHUS "TI0 ymMordannio”. KoHedHo, J1erKo MOXKHO TIpe/IcTaBUTE cebe
¥ JIPYTYIO peaqun3alinio, KoTopas, HalmpuMmep, BO30YKAAeT CIeUaIbHYI0 MCKITIO-
YUTEJIbHYI0 CUTYAlIMI0 TPU TIOMBITKE BBIUYUCIUTH 3HAYCHWE MEPEeMEHHOM, OTCYT-
cTByloiell B KoHTekcTe. Emme ogmH crmocol TipeacTaBileHWs] KOHTeKCTa — BhIma-
BaThb HEKOTOPYIO 3apaHee ONpeAcicHHYI0 KOHCTAaHTY B KadecTBe HeONpeae-
JIeHHoTOo 3HaueHUs. Hampumep, ecan pedb HAST TOJIBKO O IIETOYNCICHHBIX
KOHCTAHTAaX, TO IS HEOTIPEJSICHHBIX TIepeMEHHBIX MOXHO B KauecTBE 3HAYCHUS
BBIIABATh HOJb. TakuM o0pa3oM, pasjInyHbIe CITOCOOBI peaInu3alnyd KOHTEKCTa
OTIPENETISTIOT PA3TUYHBIC CTPATeTUH I BBIYMCIACHHUS 3HAYCHHWS BBIPAKCHUS B
33aHHOM KOHTEKCTE.

Eule onHo 3ameuaHue. B onepaluu npoBepKuU JIEPEBbEB BbIPAKEHUI Ha coBlajie-
HUE (MGTO[L equals Kiacca ExpressionTree) Mbl HE pas3inyalind PEerucTpbl 6yKB
[P CPAaBHEHUM MUMEH [epeMEeHHbIX. B cOOTBETCTBUM C 3TUM IIPU peaiu3aldyd KOH-
TEKCTA Mbl TOXE UCIOJb3YEM LISl XpAHEHUSI UMEH TIEPEMEHHBIX U, COOTBETCTBEHHO,
BO BpeMsl IIOMCKa 3HAu€HMsSl B KOHTEKCTE, TOJIbKO PEruMcTp CTpouHbiXx OykB. Ilpu
JKEJaHUMU 3TO TOXE HETPYIHO U3MEHUTb: 1OCTaTOYHO B OIEPALUAX C [TEPEMEHHBIMU
yKa3blBaTh UMEHA [IEPEMEHHbIX B CTPOIOM COOTBETCTBUU C TEM, KAK OHU 3aIIUCAHbI.
Koneuno, mpu 3TOM OBUIO OBl PA3yMHO COOTBETCIBYIOLLUM OOpPa3oM U3MEHUTb U
peanmu3anuio MEeToAa equals B OIIPEAC/ICHUU KACCA ExpressionTree.

Tenepb, nMed armapar st OnpeaciIcHus 3Ha‘-I€HI/II71, MOXHO 3aHATHCS COOCTBEH-
HO BBIYUCIICHUEM 3HAYCHUS BBIPpAXKCHUS.

[Ipoiie Bcero HemocpencTBEHHO B KJIACCE ExpressionTree OINPEeNeNnuTh METOM
evaluate (Context), KOTOPbIA U OydeT IPOU3BOAUTHL HEOOXOIMMBbIE BHIYMCIIECHMS.
[Mo-BuarmMoMy, B OOJBIIUMHCTBE CUCTeM 00pabOTKM BbIpAXEHUH IMPUCYTCTBUE Ta-
Koil omepauuu OyaeT ompaBaaHo. TpyaHOCTb 3[€Ch COCTOUT TOJABKO B TOM, YTO
Mbl ONpPEAEIUIN IEPEBO B HACTONBLKO OOLIEM BUAE, YTO TelEePb HEIOHATHO, CMO-
KEM JIM MBI KOPPEKTHO ONpede/]MTh AOCTATOYHO OOIUMEe IpaBUia BbIYMCASHUS
3HAYEHMS] DTOrO BBIPAXKEHMS B 3a1aHHOM KOHTEKCTe.

Koneuno, mig storo HeobXxommMo, YTOOBI TTpaBWIa MOXKHO OBUTO 3aITporpaMMEpPO-
BaTh JUTA BCceX TWIIOB Y3JIOB TakKoro mepeBa. MOXKHO CUMTATH, UYTO Pe3YALTATOM BEHI-
YNCIIEHNSI 3HAYCHHUSI KOHCTAHTHl BeeTAa SBISETCS caMa 3Ta KOHCTaHTa, a Pe3yiIbTa-
TOM BBIUMCIICHHUS 3HAYEHHS TIepeMEeHHOM BBICTYITAeT 3HAYCHNE STOM TIepeMeHHO B
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3aJaHHOM KoHTekcTe. OIHAKO ¢ TAKON XK€ JETKOCThIO OIIPCACIUTb 3HAYCHMUEC BbIpa-
XKEHUA, IIPEACTABICHHOIO IIPOMU3BOJIBHbIM OIIEPATOPOM, HE YyIACTCA.

HexkoTtopsle 1marv mo nyTH ofpeeNieHus] 3HaYeHUsT ofeparopa B 3aJaHHOM KOH-
TEKCTe BCE-TAKM MOXKHO IpeanpuudaTs. Hampumep, MoOXHO ¢ OOJbLIOH monei
JIOCTOBEPHOCTH CUWTATb, YTO JJISI BBIMUCICHUS] 3HAUEHUST BBIPAKEHUS, TIpECcTaB-
JIEHHOTO HEKOTOPBLIM OIEeparopoM, cHayalza HeoOXOAMMO BBIYMCIWTL 3HAYEHUS
Bcex ero omnepaHaoB. Ha caMoM siesie 3To He BMOJHE OYEBWJIHO, HEKOTOPBIE XO-
POILIO M3BECTHBIE ONepaluM, TAKMe Kak, Hampumep, 3HAKOMble o A3bikaM Cu U
Java omnepanun jgornueckux "MU" n "MIJIN" (s¢s& W | |) 3TOMY yCIOBUIO HE yIOBJE-
TBOPSIOT. ONHAKO JIA TaKUX OCOOBIX CAyYyaeB IPABMJIO BbIYMCIECHMWS 3HAYESHUMH
BBIPAXEHWS BCErJa MOKHO TIepeoTpeieUTh.

IMoce Toro Kak 3HAYEHWS OTIEPaHIOB BLIYMCICHEI, HATO NMPUMEHUTH OTMepaITnio
K BBIYMCICHHBIM 3HaYeHUsIM. OJHAKO ceMaHTUKa BBITTOTHEHUS OTepalii B 00-
ImeM BUAe HaM HeusBecTHA. [1o3ToMy Jydille BCETO ONMPENeaNTh OTIepariio BhI-
YUCTEHNS 3HAYCHWST BBEIPAKEHUSI, 3aJaHHOTO OTIEpaTopoM C W3BECTHBIMU 3Haue-
HUSMH OIepaHaoB, Kak abcTpakTHyo. Pasymeercs, B Kakmoll KOHKpETHOI
peaM3aIiy orepatopa (HampuMep, B Kilacce Binary) OyAeT HEOOXOIMMO 3a1aTh
CEMaHTHKY 3TOI olleparini.

B nuctunre 4.11 npuBeaeHbl olnpeieneHuss HeoOXOAUMbIX (DYHKIMA [J1 BbIYUC-
JICHHUS 3HAYE€HUA BbIPAXKECHUA B KI1ACCAX Operator, Binary U ExpressionTree.

Ilnctunr 4.11. Onepaums BbIYUCIEHUA 3HAYEHUA BbipaXeHUsl
B 3a4aHHOM KOHTEKCTe

// Peammzsauysa QyHKLUMNA IS BLEUKUCIICHWS SHAUYESHUS BEIDAXEHMA B Kjlacce Operator
public abstract class Operator {

// BBcTpakTHas GyHKUMS UIS BHUKMCIIEHVS SHAUEHMS HAa OCHOBE BHAUEHUA

// onepaHOoB NOJIydaeT MUTepaTop SHAUEHWM apryMeHTOB (kjacca Constant)

// ¥ BHIDAET pesyJbTaT Takke kjacca Constant

public abstract Constant evaluate (Iterator constArgs);

// OyHKLUMSA BBUMCIIEHMS SBHAUEHMS B 33aJAHHOM KOHTEKCTe (GOopMMpYyeT CIMCOK
// BHaueHui ONEepPaHIOB, MCIIONbL3Ys ONPEeNeJIeHHY najiee (QyHKLMO IS
// BBUMCIIEHMS BHAUEHMS BEPAXEHVs B Kjacce ExpressionTree,
// a 3areM NpUMEHSET ONPENEJIeHHYO Bhlle aOCTPaKTHYO (GyHKLVIO
// IJis HOoiydeHuMs pesyJibTara
public Constant evaluate (Context ctx) {
IList ops = new List(); // CHOMCOK SBHAUEeHWI OlEepPaHIOB
for (Iterator it = operands(); it.hasNext(); ) {

ops.addLast ( ( (ExpressionTree)it.next ()) .evaluate (ctx));
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// P
publ
//
//
//
//
//
//

}

return evaluate (ops.iterator());

eammzauys OyHKUMM OJ1sS BEMMCIIEHMS 3SHAUEHMs BEPAXEHMS B Kjlacce Binary
ic class Binary extends Operator ({

OyHKLISA BHUKUCIIEHNMS BHAYEHMs OMHAPHON olepalyy IpemnojaraetT,

YUTO BEMUMCIIEHHBIE BHA4YEHMA OIEPaHIOB NpuHaniexaTr kiaccy Treelnteger,
OIpelesIeHHOMY HaMM Kak OOHa M3 peaymsauuil mHTepderca Constant.
Ecom 3TO He Tak, TO BOBHMKHET UCKIIOUMTEJbHAA CUTYalMA
ClassCastException. Ecim xoTsa OBl OOVH M3 OINEPAHIOB MMEET 3HAUEHUE

null, TO M BCe BHpaxeHue OyIneT MMEeTb 3HadeHue null.

public Constant evaluate (Iterator args) {

Treelnteger opl = null, op2 = null;
// BHOOpKA BHAUYEHW OIepaHIOB
if (args.hasNext ()) {
opl = (Treelnteger)args.next();
if (args.hasNext ()) {

op2 = (Treelnteger)args.next();

}

// TlpoBEepKa HENyCTOTH OINEPaHIOB

if (opl == null || op2 == null) return null;

// BEHIIOJIHEHME OIepauyuy COIVIACHO BHAKYy ONlepaLyn

switch (getOperSign().charAt(0)) {
case '+': return new Treelnteger (opl.intValue() + op2.intValue());
case '-': return new Treelnteger (opl.intValue() — op2.intValue());
case '*': return new Treelnteger (opl.intValue() * op2.intValue());

default: return null;

// Peammszauysa GyHKUMIA IS BEUMCIIEHMS SHAUEHMS BBPAKEHUS

// B knacce ExpressionTree

public class ExpressionTree {

public Constant evaluate (Context ctx) {

switch (getTreeClass()) {
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case NODE CONSTANT:
// 3BHaueHye KOHCTAHTH BHIAETCS HENOCPEeICTBEHHO
return (Constant)root;
case NODE VARIABLE:
// 3BHaueHye NepeMEeHHON OGepercs M3 KOHTEKCTa
return ctx.get ((String)root) ;
case NODE OPERATOR:
// 3BHaueHye olepaTopa BHUUCISIETCS C IOMOUBI ONPEeldesIeHHOTO BHIIE
// meroma evaluate wsacca Operator
return ((Operator)root).evaluate (ctx);
default:

return null;

HpI/IBeﬂ,eHHaﬂ pcanus3alusd O4YCHb IIOXO0XKda Ha OoIlepaluu COo3JaHuA KOIIMU BbIpa-
XKEHHA U IMPOBEPKHU COBIIAACHUA Bb[pa)I(eHMﬁ. Eciu 3a1aTb JC€PEBO BbIPAKCHUA U
KOHTEKCT BXOIALIMUX B HEro NEPEMEHHbIX ¢ IIOMOILLIO Ol'[(i':p?lTOpOB1
ExpressionTree tree = Parser.parse("(a + b)*(c + d) + 1 + 2*a");

Context vars = new HashContext ();

vars.put ("a 1);
vars.put("b" 2);
vars.put ("c 3);
vars.put("d" 4);

TO omeparop

System.out.println ("PesyneTaTr Bepaxenusa " + tree.toString() + " paBen " +

tree.evaluate (vars));

JOOJIKEH HamnedaTtaTb CAICAYIOMIYIO CTPOKY:

PesynbTaT BepaxeHua ((((atb)*(ctd))+1l)+(2*a)) paBen 24

Bropoit BapuaHT omiepallnu IS BHIYMCIEHUS] 3HAYEHUST BBIPAXKEHUS] COCTOWT B
TOM, YTO BMECTO OMNpeeJeHUs] MeToJa evaluate BHYTPM CaMoro Xjacca
ExpressionTree MOXHO OIMCaTh KJacc-MOCETHUTENb, 3adadyeil KoToporo Oyjaer
00X0J1 Y3JIOB BBIpAXEHUS U "cOOpKa" 3HAUCHUS BBIPAXKEHUS MO XOAY TMOCElIeHUS
y3710B. [laHHoe pelieHue SBaseTcsl "BHENIHWUM' TIO0 OTHOIIEHWIO K KJjaccy

! Ipeanonaraercs, 4To Parser — 3TO KIACC, ONpEAEIEHHbI N/ onepauuu Mnpeodpaso-
BaHMS W3 CTPOKM B JEPEeBO BHIPAXEHWUS, COAepXKallee MepeMeHHBbIe, IieJibie KOHCTaHThI
Kjacca TreeInteger M OMHApHbIe apubMeTHUECKHE OMepaTophl Kjacca Binary.
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ExpressionTree, T. €. H€ 3aTparuBaeT ero ompeaeaeHud. TakuMm obpazom, mpa-
BUJIA BBIYMCJIEHMS BbIpaKeHHUS (METOId evaluate) BBIHOCATCA M3 Kiacca
ExpressionTree U OIPENEISAIOTCS BMECTO 3TOIO B CIELMUAIbHO CKOHCTPYUPO-
BaHHOM /151 BbIYMCIEHUS BBIPAKEHUI MMOCETUTEIE.

TMocetuTens ISt BBIYUCIEHUSI 3HAYEHUST BBIPAKEHUS MOXET OBITh MOCTPOEH O
TOI ke cxeMe, YTO W TOCETUTENb JUISI CO3AaHUST KOTIMU BBIPAXKEHWS U3 TIPEIbILY-
mero pasaeia. [Tpu moceleHun mpocThIX y3I0B (Y3J10B TUTa "KOHCTaHTa" U "Te-
peMeHHasd") OH HeMoCpPe/NCTBEeHHO BBIIAET 3HAUEHHWE, XpaHsieecsl B y3jie WIN B
nepeJaHHOM eMy KoHTekcTe. IIpu mocellieHUH y3aa TUMa "orneparop” MoceTUTeNb
BBIYUCIUT WCKOMOE 3HaueHue TyTeM TpUMeHeHUs] abCTpakTHOW (QYyHKIIMU
evaluate KJAccCa Operator.

OnpeaeneHue "BhIMUCIUTENS 3HAYEHUS!" IPUBEIEHO B JIUCTUHIe 4.12.

INuctuhr 4.12. MNMoceTuTtenb y3noB AepeBa BbIPaXeHUs ANSA BbIYUCIIEHUSs
3Ha4YeHMUs BbipaXeHusi

public class ExprEvaluator implements Visitor {
Context context; // KOHTEKCT IJIS BHUUCJIEHVS BHPAXEHUS

Constant result = null; // pes3ynbTaT BHUMCIIEHNUS

// KOHCTpPYKTOp MNOJIyyaeT KOHTEKCT B KaueCTBEe apryMeHTa
public ExprEvaluator (Context table) {

context = table;

// OYyHKLUMS OOCTyNa K Pe3yJibTaTy BHUMUCIICHNN

public Constant getResult () { return result; }

// OYHKLMU MOCENEHVS y3JIOB PAa3HEX TUIIOB.

// TlocertuTesnp y3ia Tumna "LEeJOUrCIIeHHAs KOHCTaHTA" Oeper BHaueHue
// n3 ysna

public void visit (Constant intNode) {

result = intNode;

// Tocerurens y3na Tuna "nepeMeHHaa" OepeT 3HAUEHUE U3 KOHTEKCTAa
public void visit (String varNode) {

result = context.get (varNode) ;
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// ToceruTens y3ia Tuna "3Hak onepauum"” BHUKUCIISET 3HAUEHUE
// MO 3HAUEeHMAM OIEPAHIOB M BHAKY OIepaLunu
public void visit (Operator operNode) {

result = operNode.evaluate (context) ;

}

B obuiem, peanmnsaiiusi BBIMUCIUTENS] BBIPAKEHUN C TTOMOIIBIO TIOCETUTENS OTIU-
JaeTcd OT peaTu3alriu ¢ TOMOINBIO BHYTPEHHEIoO METOMA evaluate TOJIBKO
ocopmMieHreM, OJJHaKO Bce 3Xe OHa HOCHUT Oosiee oOmuii xapakrep. Kak HU Tpo-
CTO OHpCHCHGHHC(pYHKHHM evaluate KJacca ExpressionTree, BCE XK€ OHO CO-
JEPXKUT B cebe, HAampuMep, TOT (haKT, YTO 3HAYEHUEM JIHOOOM KOHCTAHTHI SIBISIET-
csl oHa cama. B To xe Bpemsl peanusanusl BBIYMCICHUS BBIPAKEHUS C TTOMOIIIBIO
TTOCETUTEIISI MOKET TPAKTOBATH 3HAYCHWE KOHCTAHTBHI U YYTOUKY ITO-APYromMy, Ha-
MpUMeEP, CUYNTAsT 3HAUCHUEM IIeIOYMCIIEHHON KOHCTAHTBI OOBEKT Kilacca Integer
WJIN 3HAYCHWUE THUTIA int.

[lpumep mpuMeHeHMUS OIepally BbIYMCICHMS 3HAYEHMS BBIPAKEHMS OymeT Te-
Mepb BHIISAETh UYyTh-UyTh CIOXHee (CUMTaeM, YTO AEPEBO tree U KOHTEKCT BbI-
YUCIEeHUH vars 3aJaHbl TAK Xe, KAK U B IIPENbIIYIIEM cydae):

ExprEvaluator evaluator = new ExprEvaluator (vars);
tree.accept (evaluator) ;
System.out.println ("PesynbraT BepaxeHus " + tree + " paBenH " +

evaluator.getResult());

Bce 3TO0 MOXeT TMoKaszarhes 4epecdyyp CIOXHBIM IS Takoif, B OBIIeM-TO, He-
CTOXHOM 3amaun, Kak BBIYMCICHNE 3HAUCHWUS BBIPAXKEHUST IO 3aJaHHBIM 3Hade-
HUSAM TTepeMeHHBIX, HO BBl CMOXETE OIMYTHTh TTPEUMYIIIeCTBA MOTOOHOM OpraHm-
3aITMM  BBIYUCICHW, €CIW TOTIpodyeTe paclUpUTh O0JacTh MPUMEHUMOCTH
TpuBeIeHHOTO TipuMepa. [lombITaiiTech, HANpUMep, 3aMEHUTH IIeJTOYHCICHHBIC
KOHCTAHTHEl Ha BEIISCTBCHHBIC, PACIIUPHUTh HAOOpP MOMYCTHMBIX OTIepallnii, BBe-
CTM YHapHBIE OTepalnyW M 3JIeMeHTapHBle (GYHKIMN. BBl yBUANTE, HACKOIBKO
MTPOCTO M €CTeCTBEHHO OCYIIECTBISTIOTCSA TaKWe W3MEHEHUS, © UMEHHO 3TOT (akT
W ABJISIETCS OCHOBHBIM JTOCTOWHCTBOM TIPUBENICHHOTO TTOIXONA.

4.3. NpeobpazoBaHune chopmyn

B sToM paznene Mbl MpUBEAEM HECKOJIBKO JITOPUTMOB Pa3IMYHBIX Mpeodpa3oBa-
HMI 31aHHOTO I€peBa BhIPaKEHMS.

Cpa3sy ke oroBopuMcS, YTO TOn "TpeobOpazoBaHmeM" Bcerma OymeT TTOHWMAThCS
He CTOJBKO W3MEHEHME CTPYKTYPHl U COAECpPKaHUS MMEIOLIerocsl BhIPaXKeHUsI,
CKOJILKO TIOCTPOEHWE HOBOTO JiepeBa BBIPAXKEHUS], OCHOBAHHOTO Ha HEKOTOPOM
WCXOMHOM JiepeBe BEIpakeHHs. Takol TOmXom MOXKET TTOKa3aThesl He OYeHb eCTe-
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CTBEHHbIM, OJHAKO, €C/M BCIIOMHMTD, YTO HAllle AEPEBO BhIPAXKEHUS IIPEACTABIIsI-
eT coboi "KOHCTAHTHOE" BbIpaXK€HMUE, TO BCEe BCTAHET HA cBoM MecTa. JleicTBU-
TEJIbHO, IIPU HALUEM OIpele/eHUU IEPEeBa BbIPAXKEHUSI Y HAC IIPOCTO HET CPEACTB
JUISl U3MEHEHMSI BbIpAaXEeHMsI "Ha MecTe”, HO 3aTO Mbl BCerJa MOXKEM UCIONb30-
BaTh IIPU BCEX IOCTPOCHHUSIX JIOObIE YACTU MCXOMHOIO IepeBa, He Ol1acasich, YTO
9TH 4aCTH MOLYT BIIOCIEACTBUM HU3MEHMTBHCSI IO BO3ACHCTBUEM T€X WIM MHBIX
ornepauui.

MoxeTr TToKasarbcs, YTO "KOHCTAHTHOCTL' BBIPAKEHWI TPUBOINT K W3ITUIITHUM
pacxojlaM pecypcoB MaMSTH U BPEMEHU, TTOCKOJbKY MBI BCETJIa BMECTO JIOKAThb-
HBIX U3MEHEHWN BHYTPEHHEH CTPYKTYPHI JiepeBa OyIeM CTPOUTH HOBYIO CTPYKTY-
py manHblX. OMHAKO M 3TO He coBceM BepHO. OTpeneeHHBIE BBITOIB MBI CMO-
KeM TIOJYyYNUTh, HalpuUMeEp, B TOM cJIydae, KOTJa OTIeJbHbIe OTWHAKOBEIE YacTH
CTpoSIIIETOCd JepeBa BCTPEUAlOTCS B JAepeBe HEOMHOKpaTHO. B 3ToM cirydae MBI
WMEEeM BO3MOXKXHOCTb WCIIOIB30BATh TONBKO ONWH 3K3EMIUISIP TaKOi ITOBTOPSIO-
1Ie¥ics yacTw, a 3To OyIAeT O3HaYaTh M SKOHOMWIO TIaMSITH, U B HEKOTOPBIX CITy-
yasx Jaxe SKOHOMUIO BpeMeHU (MpaBia, 3TO MPOU3OUIET TOJIBKO B TOM cllyyae,
KOTZa BCe K¢ HEKOTOpPBhIe U3MEHEHUsI B CTPYKTYype JepeBa OYAyT JOMYCTUMBI, B
JAHHOM pasjiejie TakKue CUTYallii OTOBOPEeHBI 0c000).

B nmaHHoM paszgene Mbl pacCMOTPUM TpU cCaydyas Opeodpa3oBaHuUsi BbIpaKeHMI:
MOACTAHOBKY B JIEPEBO BMECTO IepeMEHHbIX APYTUX MOJABbIPAXEHUH, yIpoLIeHne
dopmyn, nuddepeHuupoBaHue GOPMybL.

IlepBas 13 5TUX 32724 — MOACTAHOBKA IEPEMEHHBIX — BO3HUKAeT Mpu obpador-
Ke BBIpAXXEHWI JOCTATOYHO YACTO KaK PE3YILTAT BEACHUS aHATUTHUYECKUX Mpe-
obpazoBaHuii. Bce LIKOAbHbIE 3a4a4y 10 (U3UKE OOBIYHO CBOAATCS B KOHIIE
KOHIIOB K TOMY, UTO B OJHW W3BECTHBIE (DOPMYJIBI BMECTO HEKOTOPBIX MEpeMEH-
HBIX MOJACTABIAIOTCS Apyrue (POpMyJbl, a 3aTeM MPOU3BOAUTCH YIPOLIEHUE IOy~
YEHHOTO pe3yIbTara.

Bropas 3amaya — auddepennmpoBaHue (GpopMyslbl — YacTo MCIOJIB3YyeTcs TIPH
MPOrpaMMHMPOBAHUN B KaYECTBEe IpUMepa MpeoOpasoBaHUsl ¢ XOPOILIO U3BECTHBI-
MM TIPOCTBIMU TIPAaBUJIAMU, KOTOpbIE, TEM HE MeHee, MOTYT TIPUBECTH K 3HaYM-
TEJbHBIM U3MEHEHMIM M YCIOXHEHUIO UCXOTHOIO BhIPAKEHHUS.

TperTbs 3amaua — 2TO 3amaya yNpoIleHUs BbipaxeHud. B OOJNbLIMHCTBE ClydaeB
VIIPOTIeHNE COBEPIIEHHO HEOOXOAMMO NeNaTh MOCie CIOXHBIX MpeobpasoBaHmit,
HanpuMmep, TAKUX KakK B MEPBBLIX ABYX 3a4aYax. YIIpollleHUue B 000UX caydyasx Io-
3BOJINT TIPEICTABUTH PE3YIbTaTEl 00paboTKN B Oojlee KOMITAKTHOM BWIIE.

PaccmotpuM Temeph 3TH TpH 3amavyn 6ojiee MOIpoOHO.

321,[[21‘-13 O TTOACTAaHOBKE TIEPEMECHHDBIX BHCIIHE BBLIIVISIAUT OYEHDb TMOXOXeUW Ha 3ama-
4y O BbIYMCICHHUMU 3HAYCHUA BbIPAXKCHUA. Pazniuuue cocrour nuiib B TOM, 4YTO B
CJIydac BBIYUCIICHUS 3HAUYCHUS KOHTEKCT TMMEPEMEHHBIX XPAHUT B KAYECTBE 3HA4YC-
Hug HNE€PEMEHHBIX KOHCTAHTbI, M, COOTBETCTBEHHO, PE3YJIbTATOM BCEI'O IIPpOLECCA
6YI[€T BBIUKNCJICHHOE 3HAaYeHWe KOHCTAaHTHL. B cirydyac K€ TMOACTaHOBKU KOHTEKCT
HNEPEMECHHDbIX 6YZLCT COICP2KaTb B KaUCCTBE 3HAYEHU U HNEPEMEHHBIX IMOACTABJIAC-
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(Px1]

MBI€ TIOABBIPAXKECHUS W, COOTBETCTBCHHO, PE3YJAbTATOM "BBIYACJICHU I 6YI[€T n3-
MCHEHHOC OE€PECBO BbIPAXKCHHA.

CylliecTBEHHOE OTJMYME DTOH 3agauyd OT 3aJayd BBIYMCICHHUS BBIPAXKEHUS 3a-
KJTI0YAaeTcsd B TOM, YTO B TIPUHIIUIE TOACTAHOBKY 3HAYEHUN MEPEMEHHBIX MOXHO
[IPOM3BECTU, JAXE HE 3HAY, KAKWE KOHKPETHO OIEPATOPbl UCIIOIb3YIOTCA B UC-
XOJHOM BBIp&XKeHUU. [elcTBUTENbHO, BCE, UYTO HYXKHO CrejaTb, — BTO BBITION-
HUTb [OACTAHOBKY BO BCEX Oll€paHaax onepauuu, HE3ABUCUMO OT CEMaAHTUKU
WU BHEITHETO Tpe/icTaBieHusT 3Toi omnepainu. Ha mepBbIit BT KaxkeTcsl, 4To
9TO MO3BOJMT HANMCATb QPYHKIMIO MOACTAHOBKM HE3aBUCUMO OT MHOOpMAILUU O
TOM, Kakue WMEHHO OIllepaTopbl MCIIOL3YIOTCS B BhIpakeHUU. OMHAKO 31ecCh
UMeeTcs ogHa TPYAHOCTb.

Ecau MBI XOTUM COXpaHWTb CBOWCTBO KOHCTAHTHOCTU JEPEBLEB BbIPAXKECHUH, TO B
XOJIe ofepaluyi MOJACTAHOBKM HaM Hajlo Oy/leT co3/laBaThb HOBBIE Y3Jbl, coepkKa-
IHe Te e OoIepaTopbl, YTO U Y3/Ibl UCXOJHOTO jAepeBa. be3 3HaAHUS O TOM, YTO
5TO 32 ollepalui, HEBO3MOXHO WCIIONb30BaTh JJIsl JAHHOUW 1eNU KOHCTPYKTOP.
ITpaBna, B Kjacce Operator oONpeneiieHa ele abcTpakTHash (DYHKIMSI clone, C
TTOMOIIBIO KOTOPOH Takke MOXHO CcO37aBaTh HOBBbIE OOBEKTHI, OMHAKO TMPHU 3TOM
co3naeTcss KOMus y3ja, cofepxKailasi, ecTeCTBEHHO, Te e caMmble OTepaHAbl, YTO
W VCXOJHBIN Y3ell.

O4eBUIHO, B ONpeAeIeHHOM HAMU KJIACCE Operator HE XBATAET CPEACTB AJIS TO-
ro, 4yroObl MOXHO ObUIO OoOJiee CBOOOAHO MAHUIIYIMPOBaTh omnepaHgamu. Taxue
cpencTBa MOXHO NOOAaBUTh PAa3HbIMU IIYTSIMHU, HO HYXHO HMETb B BUAY, YTO B
HEKOTOPBIX U3 TAKUX CIIOCODOB peaiu3aluUd MOXHO IOTEepATb CBOMCTBO KOH-
CTAHTHOCTM JepeBa BhIpaxeHus. B KauecTBe MpocToro pelueHus mpodaeMbl MOXK-
HO IpelIOXUTh N00ABUTH B a0CTPAKTHBINA KJIACC Operator €llle OAHY abCTpakT-
Hyl0 GYHKIHIO — cloneWithNewArgs, KOTOpasg JOMKHA [UId 3aJaHHOIO
omneparopa MOCTPOUTh HOBBLII OIepaTop ¢ TEM Xe CaMbIM 3HaKOM OIepaliu, HO ¢
JpYTUMU 3HAYEHUSIMU oIlepaHmoB. Peanuzaiimu abcTpakTHOro omeparopa (Takue,
KAaK Binary) AOMXKHBI OMPEesiTh pealu3aluio 3Toil (YHKUMU TaK, 4TOObl OHA
co3faBajia KOMMIO Olleparopa ¢ HOBbIMU 3HAUYEHUSIMM omepaHmoB. Bor xak Oyayr
BBIIJISIIETh TEIEPh KIACCHI Operator U Binary. (IIOKa3aHbl TOJBKO ONpPEAeTESHM
HOBO#1 (PYHKIIUMU cloneWithNewArgs).

public abstract class Operator {

// Co3maHye KOOMM ollepaTopa C HOBEMMY BHAUEHMAMM OIEepPaHIoB.
// BpPTyMeHT newArgs 3alaeT HOBHE BHAUeHUs OINepaHIOB

public abstract Operator cloneWithNewArgs (Iterator newArgs) ;

public class Binary extends Operator {

// HOBBII KOHCTPYKTOP MCHOJIE3YyEeTCS IS CO3IaHus OMHAPHOTO OlepaTopa
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// Ge3 omepaHmoB

protected Binary (String operSign) { super (operSign); }

// Peammszauusa odyukuuy cloneWithNewArgs oxumaeT pPOBHO OBa OMNepaHma.
// Ecnu omepaHmoB OymeT MeHblle, TO B KaueCTBe HUX OyIyT
// TMOOCTaBJIEHHl IIyCTHE yKas3aTenr. ECIM OlepaHIOB OKaxeTcs OGoJble,
// TO BCe omepaHmp, KpOMe [EepPBHX OBYX, UTHOPUPYITCS
public Operator cloneWithNewArgs (Iterator newArgs) {
// Co3paeMm HOBBII SK3EMIUIAP OMHAPHOTO OmepaTopa 0es3 ONepaHiIoB
Binary result = new Binary(getOperSign());
// IloBaBiseM HOBHE OIEepaHIEl, B3ATHE W3 UTepaTopa NewArds,
// ecnu OHM HEelCTBUTEEHO eCTb
result.addOperand (
newArgs.hasNext () ? (ExpressionTree)newArgs.next () : null);
result.addOperand (
newArgs.hasNext () ? (ExpressionTree)newArgs.next () : null);

return result;

Tenepb, nMest BO3MOXKHOCTD CO3/IaBaTh KOMHAIO OTleparopa Mpon3BOJILHOTO THITA C
HOBBIMW 3HAYEHWSIMU apTyYMEHTOB, MBI MOXEM TOJTHOCTBHIO peayn30BaTh MOMCTA-
HOBKY TIepeMEHHBIX ¢ TTOMOIIBIO TTOCETUTENSI, KOTOPEIN OyIAeT MCITONb30BaTh KOH-
TEKCT TTepeMeHHBIX IJIS BBITTOMHEHUS 3TOM 3amavyn. B mmuetmhre 4.13 mpencrasie-
Ha peau3ansT KOHTEKCTa TIEPeMEeHHBIX CO 3HAaYeHWSAMH B BHIE JepeBHEB
BEIPZKEHUH W peaTn3aIiis MOCETUTENS, HOPMUPYIOIIETO TP 00X0Je Y3JIOB Iepe-
Ba BBIpAXXEHMST HOBOE JEPEBO, B KOTOPOM Bce TIepeMeHHBIe 3aMeHEHBI Ha MOIIe-
pEBbS, B3ATHIEC N3 3aJaHHOTO KOHTEKCTA.

INMuctuHr 4.13. PewieHne 3agaym noACTaHOBKN NEPEMEHHbIX
B 3a1aHHOM BbIpaXXeHUu

/**

* PeanmBalyss KOHTEKCTa II€PEMEHHEIX CO BHAUEHMAMV—LOEPEBbSAMY BEPAXSHNMN
*/
public class ExprContext {

// Peamuszalysa Takke OCHOBaHa Ha CTaHIApTHOM kjlacce Hashtable

Hashtable context = new Hashtable();
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// BuBOpKa BHAUEHUS [EePEeMEHHOM [0 KJIUy. Permcrp OyKB UIHOPUPYETCS
public ExpressionTree get (String key) {

return (ExpressionTree)context.get (key.toLowerCase());

// 3anmuch HOBOI'O SHAUEHWS [EPEMEHHOM.
// PesymbTaT true, eciM IEpeMeHHasd yXe UMEeeTCS B KOHTEKCTe
public boolean put (String key, ExpressionTree value) {

return context.put (key.toLowerCase (), value) != null;

// TlpoBEepKa HaIMuMs [EePEMEHHOM B KOHTEKCTE
public boolean containsKey (String key) {

return context.containsKey (key.toLowerCase()) ;

// VioajieHye NEepeMeHHON M3 KOHTEKCTA.
// PesymnbTar true, ecim NnepeMeHHas ObUla paHee B KOHTEKCTE
public boolean remove (String key) {

return context.remove (key.toLowerCase()) != null;

// VioajneHye BCeX IEPEMEHHEIX U3 KOHTEKCTa
public void clear () {

context.clear();

// TlpoBepka IyCTOTHE KOHTECTa
public boolean isEmpty () {

return context.isEmpty();

// KOmmMuyecTBO MMEUMXCS IIE€PEMEHHEIX B KOHTEKCTE
public int size() {

return context.size();
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/**
* PeanmmsBalys [OCETUTENST y3JIOB OepPeBa BHPAXEHNUS IS 3aMEeHEH
* [epeMeHHHX Ha 3BalaHHHEe B KOHTEKCTE MMONBHPAXEHUS
*/
public class Substitutor implements Visitor {
ExprContext context; // KOHTEKCT IepeMeHHEX
ExpressionTree result = null; // pe3yJabTaT NOONCTAHOBKU
// KOHCTPYyKTOp ©epeT B KaueCTBE apryMEHTa KOHTEKCT II€PEMEHHEBIX
public Substitutor (ExprContext ctx) {

context = ctx;

// OYyHKLUMS OOCTyNa K pe3yJibTaTy INOCENEeHUS y=3jla — HOBOMY IOEPeBY
public ExpressionTree getResult () {

return result;

// OYHKLUM [IOCEMEHMS
public void visit (Constant constNode) {
// KoHcranTa ocraercd 06e3 MU3MEHEHU

result = new ExpressionTree (constNode) ;

public void visit (String varNode) {
// 3BHaueHye NepeMEeHHON Oepercs M3 KOHTEKCTa
result = context.get (varNode) ;
// ECiu IepeMeHHOM HEeT B KOHTEKCTe, TO Pe3yJilbTaToM Oyner
// cama sTa nepeMeHHas
if (result == null) {

result = new ExpressionTree (varNode) ;

public void visit (Operator operNode) {
// I NOICTaHOBKM B OIEpPaToOp CO3MaeTCs UTepaTop,
// BHIOAKIMI HOBEE BHAUEHMUS OMEPAaHIOB.
// 2ToT mTepaTop GepeT CTaphle ONepaHOs U BaMeHIeT WX

// Ha pe3ylbTaT HONCTAHOBKM, I[OJIyUEHHEI C IIOMOUIBI
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// PEKYPCHMBHOI'O BHI30OBA IIOCETUTEJIS
Operator newNode = operNode.cloneWithNewArgs (
new NewArgsIterator (operNode.operands()));

result = new ExpressionTree (newNode) ;

/**
* PeammsBaums uTepaTopa Ijis IIOOCTAHOBKM B ONEpPaHmOEl OoIepaTopa
* BMECTO IEePEMEHHBIX MX BHadeHUM M3 3aJaHHOT'O KOHTEKCTA.
* JIcnosib3yeT KOHTEKCT II€PEMEeHHBIX, BalaHHBI BO BHEMHEM KJlacce.
*/
private class NewArgsIterator implements Iterator {

Iterator oldArgs; // MTepaTop MMEKIMXCS OINepaHIOB

// KOHCTPYKTOp MOJiydaeT MUTepaTop MMEKIMXCS ONepaHIIoB
// B KadyecTBe apryMeHTa
public NewArgsIterator (Iterator args) { oldArgs = args; }

// Merom hasNext () mpocTo HpoBepseT, eCTb JIM elle OlepaHmb

public boolean hasNext () { return oldArgs.hasNext(); }

// Merom next () OPOMBBOOMT MNOINCTAHOBKY IIE€PEMEHHBIX B CJIEOYIONEM
// omnepaHIle, M TOJILKO I[IOCJIE STOTO BHIAET IOIyUMBIIEECS 3HAUEHUE
public Object next() ({
// BepeM ouepemHOl OlepaHI, e€CJii OH eCTb
ExpressionTree nextArg = (ExpressionTree)oldArgs.next();
if (nextArg == null) return null;
// CTpouM HOBBII SK3EMIIAP "MONCTAHOBIMKA" IUIS MNOACTAHOBKM
// B OuepemHON ONepaHn U MNPUMEHSeM eTr0o K ONepaHmIy
Substitutor argVisitor = new Substitutor (context);
nextArg.accept (argVisitor);
// BeIDAeM pesyJsbTaT MNONCTAHOBKM

return argVisitor.getResult () ;

// Peammsauma mMerToma remove (), kak 1 Meroma hasNext (),
// He BHOCUT HUUETO HOBOTO

public void remove () { oldArgs.remove(); }
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C IOMOILBIO MOCETUTENS Substitutor Mbl MOXEM MOACTABISATH BMECTO HEKOTO-
pbIX (OBITH MOXET, BCEX) MepeMEeHHbIX BbhipaxeHus. Hampumep, naBaiite moacra-
BUM B (pOpMyJy U1 KUHETUUYECKON DHEPIUM MAaTEPUAbHON TOUKU

mxvy2/2
BMECTO IEPEeMEHHOI v (OpMyly MIHOBEHHOH CKOPOCTU IIPU PaBHOYCKOPEHHOM
JBVXKEHUU ¢ HAYAJbHOH CKOPOCTBHIO V) U YCKOPEHUEM ¢ B MOMEHT BPEMEHU ¢

v=wvtaxt.
Ecau CUMTATb, YTO B BbIPAKCHHUM JOIIYCTHUMaA oI€panud ACICHUA, a OIICpalud
BO3BCICHUA B KBAJPAT BbIpaXEHa ¢ IIOMOLIbIO YMHOXECHKUA, TO TAKYI0 IIOACTAHOB-
Ky MOXHO BbIPa3uThb C IIOMOILUbIO CICIYIOLNIUX OII€PATOPOB.
// TlocTpomMm OepeBO GOPMyJEl WIS KMHETHMUECKON SHEPIVM
ExpressionTree energy = Parser.parse ("m*v*v/2");
// Co3pmamiM KOHTEKCT, B KOTOPOM II€PEMEHHON! V COOTBeCTByeT (GopMysia
ExprContext speed = new ExprContext();
speed.put ("v", Parser.parse("v0 + a*t"));
// Tocerurens substitutor MCHONB3yeT MOCTPOEHHBIT KOHTEKCT IJIS 3aMEHH
Substitutor substitutor = new Substitutor (speed);
energy.accept (substitutor) ;
// BepeM HOBy® GopMysly U MeuyaTaem ee
energy = substitutor.getResult();

System.out.println (energy) ;

HcxoaHoe nepeBo BhIPaKEHM, MOJyYSeHHOE ITOC/Ie aHAIM3a BbIPAKEHUS m*v*v/2,
Oyler BBIISLIETh TAK, KAK [10KA3aHO Ha puc. 4.6. JlepeBo, npencTaBisiiollee Bbi-
paxeHue v0 + a*t, UCIOJAb3YEeMOE B IIOACTAHOBKE BMECTO MEPeMEeHHOH v, Ipem-
craBieHo Ha puc. 4.7. HaxoHeu, pesynbTaT MOACTAHOBKM MPEACTaBAeH Ha
puc. 4.8. O6paTuTe BHUMAaHUE, YTO IIPU IOACTAHOBKE OJHO U TO XK€ AEPEeBO, CO-
Jepkalieecss B KOHTEKCTE IMepeMEeHHBIX, ObUIO MCIIONb30BAHO ABAXIbI, I03TOMY B
PE3YABTUPYIOIIEM AepeBe 00pa3yloTcs ABE CChUIKM HA OMHO M TO XK€ MOINEPEeBO.
CTporo roBops, pe3y/ibTarT He OyIeT ABIATbCS ACPEBOM.

B pE3YIbTATE UCITIOTHEHUS 5TUX OMEPATOPOB B BLIXOTHOM TTOTOKE 6YI[CT TTOJIydeHa
caenymliiasi ctTpoka:

(((m* (vO+(a*t)))* (vO+(a*t)))/2)
Tenepp MOXHO IPOAO/KUTH HMpuMep. J1oOaBMM B KOHTEKCT MepeMeHHbIX MOA-

CTaHOBKY BMECTO Ha4yaJbHOM CKOpPOCTH V) HYJICBOIO 3HAYCHHUA U IIPOU3BCIACM
HOACTAHOBKY.

speed.put ("v0", Parser.parse("0"));
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energy.accept (substitutor) ;

energy = substitutor.getResult();

System.out.println (energy) ;

B Tponecce MOoACTAaHOBKHU 6YI[6T CcO3naHa HoBasg KOIIUS A€peBa BBIPpAXKCHUA, ITO-

3TOMY YacTh JepeBa, MPEACTABIAONAs MOABBIpAXKeHNE v0 + a*t, OymeT myomm-
pOBaHa, W AepeBO TIpHobpeTeT BU, TTOKA3aHHBIN Ha puc. 4.9.

a t

Puc. 4.7. [lepeBo BblpaxeHus,
Puc. 4.6. VicxonHoe fepeBo BhipaxeHus NOACTABNSEMOro BMECTO MEPEMEHHON v

Puc. 4.8. Pe3aynbTar noacTaHOBKM
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Puc. 4.9. PeaynbTar NoACTaHOBKU B BblpaXeHue 3HaveHus vo = 0

PesyabraT MCHOJHEHUS BCEH [OCJIEN0BATE]bHOCTU OIEPATOPOB MPEJICTABIEH B
CJIECLYIOLIEH CTPOKE:

(((m* (0+(a*t)))*(0+(a*t)))/2)

KoneuHo, Hago Obl yHpPOCTUTh MOJYYEHHOE BBIpaKeHMeE, yOpaB HyJeBoe ciarae-
MO€, OJHAKO I10KA Mbl He UMeeM CpelcTB chenarh 5To. Haiei ciaenyiomneil 3aga-
yeil Kak pa3 u OymeT yrpollueHue Gopmyi.

ITpu ympoieHun ¢hopMyabl TIPOU3BOAUTCS 3aMeHa Y3JI0B JiepeBa BBIPAXKEHUST Ha
JIpyTHE Y3JbI, BOOOIIE TOBOPSI, MMeollne 0ojiee MPOCTyo CTpyKTypy. OnsiTh BO3-
HWKaeT BOIPOC O "KOHCTAHTHOCTU', W OMATH OyJaeM pa3peliaTh ero TeMH Xe Me-
TOIAMHU: BMECTO WM3MEHEHUSI CTPYKTYPBI UMeEOIIEerocs jJepera MOCTPOUM Ha ero
OCHOBE HOBOE JIepeBO ¢ 0ojiee TTPOCTON CTPYKTYPOT.

Hackoibko cepbe3HbIMU MOLYT ObITb YIpouleHUsA? DTO, KOHEYHO, 3aBUCUT OT
[IyOMHBI QHANU3a BBIPAXKEHMS, KOTOPBLIA Bbl XOTUTE U MOXKETe NpoAeiaTb. Mbl
OTPAHUYUMCS CIEAYIOIIMMU IPOCTHIMU MPeoOpPa3oBAHUIMU:

O nobGapmeHne W BBIMUTAHWE HYIS MOXHO yOpaTh, pe3ylbTaToM VIIpOolIeHNs Oy-
JIeT BTOPOW oTiepaHs;

O yMHOXeHHEe U AeJeHUEe Ha eIUHULY MOXHO YOpaTb; pe3ylbTaToM YIPOIIeHUS
TakKe OyIeT BTOpOii OIepaH;

O yMHOXeHWe Ha HOJMb W HOJb, ACJICHHBIA Ha HEHyJeBOe 3HAUCHNE, MAloT B pe-
3ynmbTaTe HOJNb;

O onepaly Hal KOHCTAHTHBLIMU 3HAYEHWSIMU MOXHO BBITOJHUTEL (LIS 3TOro
MPUTOTUTCI METON evaluate C IIYCTbIM KOHTEKCTOM MEpEMEHHbIX) U OIepa-
TOP 3aMEHUTh Ha OJYYeHHBIA pe3yJibTar.

YTo6BI TiposesaTh Bce ATH TIPeoOpa3oBaHUsI, 3aIpOrpaMMUPYeM TTOCETUTENST, KO-
TOPEIt TIpW OOHApY:KEHNW OWHAPHOM oIepallny OymeT WcclaemoBaTh ONepPaHIbl B
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MOMCKAX OMHOIO U3 YEThIPEX MePEUMCIEHHBIX CAy4aeB M, B clydae yAauyHOIO IO-
KCKA, CTAHET BBIIOJHATH COOTBETCTBYIOLLUE NPeo0pasoBaHusl (TOUHEE, CTPOUTH
HOBBIA y3€]1 B Ka4eCcTBe pe3yJbTaTa YIPOILEHUS).

Hecmotps Ha To, 9TO HAII TMOCETUTENb OymeT HamrcaH, BooOIe TOBOpS, I ab-
CTPAKTHOTO JiepeBa, OH, KOHEYHO, CMOXET BBHITIOJTHATL TIpeobpa3oBaHUs TOJIHKO
JUTSI TeX OIepaTopoB, CMBICT KOTOPBIX eMy M3BecTeH. [1oaToMy TipeobpasoBaHus
OyIyT BHITIOMTHEHBI TOJBKO TS OTIEPaTOpOB, MPEACTABIAIONNX OWHApHBIE oTepa-
nnn. OTipeneeHne COOTBETCTBYIONIETO KiTacca TPeaCcTaBIeHo B TUCTHHTE 4.14.

NucTtuhr 4.14. NoceTutenb AnNs ynpoweHUs AiepeBa BblpaXeHusi

/**
* I[ocernrens Simplifier mocemaeT y=3JEl mepeBa BHPAXEHUS Y CTPOUT HOBOE,
* QoJiee IPOCTOE IEPEBO, MPEACTAaBIAlIee PEe3yJbTaT YIPOWEHMUS BEPaXSHV
*/
public class Simplifier implements Visitor {
// Pe3ynbTaT yIOpOLEHUS — HOBOE IOCTPOEHHOE OepeBO

ExpressionTree result = null;

// OyHKLMA OOCTyIA K IOCTPOSHHOMY pPe3yJibTaTy

public ExpressionTree getResult() { return result; }

// KoOHCTaHTa He yOpomaeTcs, a OpOCTO KONMPYyeTCsS B pe3yibTaT
public void visit (Constant constNode) {

result = new ExpressionTree (constNode) ;

// TlepeMeHHas Takke He MOIJIEXUT YIPOIEHUO
public void visit (String varNode) {

result = new ExpressionTree (varNode) ;

// VopoumeHre ornepaTopa BO3MOXHO TOJIBKO B TOM Cliydae,
// xorma omepaTop NpelcTaBileH CMHAPHOM olepalmeit
public void visit (Operator operNode) {

if (operNode instanceof Binary) {

Binary binOperator = (Binary)operNode;

// BulOenseM OTIeJbHEE 3JIeMEHTH OUHAPHOM ONepaLuu.
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// Tlpexme BCero, BHOMUpPAEM ONepaHIEl, IPOOyeM YIPOCTUTL MX C IIOMOUIBIO
// crneumManbHO COBIAHHHIX IJIS B5TOTO HoceTuTesel kiacca Simplifier
Simplifier visitorl = new Simplifier();
binOperator.getOperandl () .accept (visitorl) ;

ExpressionTree opl = visitorl.getResult(); // nepBwit omepaHmn

Simplifier visitor2 = new Simplifier();
binOperator.getOperand? () .accept (visitor?2) ;

ExpressionTree op2 = visitor2.getResult(); // BTOpoOl omepaHn

// Temepb CHeLMaJbHO IJIS CPaBHEHMI CO3HaIMM OBE KOHCTAHTHEL —
// HONb M emMHUIy — B BUIOE OEPEBbEB BHPAXESHNA
ExpressionTree zero = new ExpressionTree (new Treelnteger (0));
ExpressionTree unit = new ExpressionTree (new Treelnteger(l));
// Cnyuait 1: O+e, l*e BameHdeM Ha e
if ((binOperator.getOperSign () .equals("+") &&

opl.equals (zero)) ||

(binOperator.getOperSign () .equals ("*") &&

opl.equals (unit))) {

result = op2;
// Cnyuait 2: e+0, e-0, e*l, e/l BameHseM Ha e
} else if (((binOperator.getOperSign().equals("+") ||
binOperator.getOperSign () .equals ("-")) &&

op2.equals (zero)) ||

( (binOperator.getOperSign () .equals ("*")
binOperator.getOperSign () .equals ("/")) &&
op2.equals (unit))) {
result = opl;
// Cnyuait 3: 0*e, e*0, 0/e =BamMeHAeM Ha HOJb
} else if (binOperator.getOperSign().equals("*") &&
(opl.equals(zero) || op2.equals(zero)) ||
binOperator.getOperSign () .equals ("/") &&
opl.equals (zero) && !op2.equals(zero)) {
result = zero;
// Cnyuait 4: c+c, c—-c, c*c, DOe C — KOHCTAHTH,
// BaMeHsdeM Ha pes3yJbTaT BHEIIOJIHEHUS ONepaluyu
} else if (opl.getTreeClass() == ExpressionTree.NODE CONSTANT &&
op2.getTreeClass () == ExpressionTree.NODE CONSTANT) ({

// CHauaja CTpoOMM LOEpPeBO M3 BHAaKa OlepaLunu



200 CospnaHue n obpabotka CTPYKTYp AaHHbIX B MpUMeEpax Ha Java

// " OBYX KOHCTAHTHEIX OIIEPAaHMIOB. . .
result = new ExpressionTree (
new Binary (binOperator.getOperSign(), opl, op2));
// ... & 3aTeM BHIIOJHAEM OlepalLyio C IOMOUBI BEI3OBA METOLA
// evaluate C OyCTEM KOHTEKCTOM B KAUECTBE apryMeHTa
result = new ExpressionTree (result.evaluate ((Context)null));
} else {
// CobupaeMm y3es M3 3HAKA ONepauyy ¥ YIPOUWEHHEX OIEPaHIOB
result = new ExpressionTree (
new Binary (binOperator.getOperSign(), opl, op2));
}
} else {
// OnepaTop, He NpeNCTaBJIEHHHN CMHAPHOM onepalmein,
// OpOCTO KONMpYeTCs B pPe3ysbTaT

result = new ExpressionTree (operNode) ;

B mpuBepeHHOM aNTOpuUTME cHavaja pPEeKYPCUBHO YIIPOIIAIOTCS OTEpaHABl OM-
HapHOW OTepalinv, IPUYeM JUTS STOTO MUCIIONB3YIOTCSA TOTMONMHUTEEHO CO3MaHHbIe
SK3eMTITSIPHI TIOCETUTENS Simplifier. Ha caMoM mesre MoXKHO OBIIO B3SITH TOT XK€
CaMBINl 3K3eMIUTAP TTOCETUTENST, "TIPOTATKNBasA" €ro B OTIepaHABl M TIoNy4ast pe-
3y/MbTAT Ha BBIXONE, HO TIPUBEACHHBIM BapUaHT KaXeTcsl Goilee ACHBIM U eCTeCT-
BeHHBIM. [locie ympollleHnsT oTiepaHIoB pa3ouparoTes YacTHBIC CITydan BO3MOXK-
HOTO VIPOIICHUS aHATU3NPYyeMOH oTepali, MpudeM JUTSl 3TOTO MCTONB3YIOTCS
HEeKOTOpbIe M3 paHee pa3oOpaHHBIX OIMepaldii: IS CpaBHEHWSI ¢ KOHCTAaHTaMU
CIIYXUT OTICPAIINS equals, OTpeAeScHHAS UTI MePEeBbeB, a I KOHCTAHTHBIX BbI-
YUCTEHNN — OTepalmns evaluate ¢ MyCTHIM KOHTEKCTOM MEePEMEHHBIX.

BcrioMHMM Temepb, UTO IpU MOACTAHOBKE B (GOPMYIY IJIA BbIYMCIEHUS KUHETH-
YEeCKOH DHEpPrMd BMECTO MEPeMEHHOH V) HyJAeBOro 3HAYEHWS Mbl IMOAYUYMJIMU BbI-
paxeHue

(((m* (0+(a*t))) * (0+(a*t)))/2)

,[laBaﬁTe YIIPOCTUM TCIIEPb OTO BBIPAXKECHHE C IIOMOLIbLIO IIOCETUTCIA KJlacca
Simplifier.

Simplifier simplifier = new Simplifier();

energy.accept (simplifier) ;

energy = simplifier.getResult();

System.out.println (energy) ;
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BripaxeHue ynpocTutcs 1o
(((m*(a*t))*(a*t))/2)

Ecnu TEIIEPb NOACTABHUTL HYJICBOC 3HAYCHUE TAKXKE M BMECTO HCpCMGHHOfI a, a
34T€M BHOBb YIIPOCTUTD HOHy‘{eHHbel pE3yabTar,

speed.put ("a", Parser.parse("0"));

energy.accept (substitutor) ;

energy = substitutor.getResult();

energy.accept (simplifier) ;

energy = simplifier.getResult();

System.out.println (energy) ;

TO BbIPAXKECHUEC YIIPOCTUTCA OO HYJIA, U B BBIXOAHOM IIOTOKE OKAXKETCA PEe3yJibTaT:
0

IMoacraHoBKa W ylpolleHUe — 3TO, HaBeEpHOe, Haubosiee yacTo yrorpedsioie-
csl M ecTecTBEHHBIe cIMocoObl Tpeobpa3oBaHUs BhIpaXeHUi. OgHako, Tak ke
[IPOCTO MOXHO peajl30BaTh U 0oliee clloXHbIE IIpeodpa3oBaHus. B kayecrse no-
cjelHeTO TIpUMepa B 3TOW TWaBe paccMOTpUM nudbdepeHIIMpoBaHue (BBIUKC-
JIEHUE I[EePBOI IMPOM3BOAHONI) BEIPAXKEHMS I10 33JAHHON IepeMeHHoi. OnsiTh or-
paHuYMMcS TONBKO aucdepeHIMpoBaHeM OWHAPHBIX ollepaluii, KOHCTAHT W
[ePEMEHHDbIX, OJHAKO, €CJIU BbIpakKeHUe OYyIET COCTABAEHO U3 APYIUX JIEMEHTOB,
BKJTIOUAIOIIIUX, HalpuMep, 3AeMeHTapHble (PYHKIIMU, TO aJTOPUTM JIETKO MOXKHO
pacnpoCTPaHUTh U HA BTU JIOINOJHUTEbHbIE Clyvyau.

HamomHuM mpaBuia MOCTPOEHMS IEPBOH IPOM3BONHOH UIA BCEX MCIOIb3YIO-
IIIUXCS HAMW THUTIOB BBIPasKEHWIA:

a TIPOU3BOOHAA 10001 KOHCTAHTHI €CTh HOJTB,

O mpousBomHAs TTepeMeHHON ecTh eMMHUIIA, eCTW 3TO Ta IepeMeHHas, o KOTo-
poii mpousBonutTcs AuddepeHInpoBaHUe, B OCTAIbHBIX CIy4Yasdx MPOU3BOAHAL
TTepeMeHHON paBHA HYITIO,

O mpousBoAHBIE UTI YeThIpeX apU(PMETHUeCKNX OTepanwii BBEIYUCIAIOTCS IO
caenyioluM hopMynam:

e (uxv)=u=xv,

o (uxV) =uxv=uxv,

o (u/ VW =Wxv—uxv)/v
Hcnonbayqa ot GopMynbl, HECIOXKHO HAMUCATh COOTBETCTBYIOIIUI Mpeodpa3oBa-
TeNb BHEIpAKEHWS TIO TOM Ke caMoil cxeMe, YTO yXKe WMCITOTbh30Bamach HaMW BO
Bcex MpuMepax gaHHoro pasnena. Ilocetutenb Diff, NpeAcTaBI€HHbIA B JUCTUH-
re 4.15, BBITIONHSET 3Ty padoTy.

JNncturr 4.15. NoceTutenb, BEIYUCASIOWMA NEPBYIO NPON3BOAHYIO BblipaXeHus
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public class Diff implements Visitor {

// OnumeM OBe KOHCTAHTH, NPEeACTAaBIIAOIME LEePEeBbs IS HYJS W €OVMHMLEL
final static ExpressionTree zero =

new ExpressionTree (new Treelnteger(0));
final static ExpressionTree unit =

new ExpressionTree (new Treelnteger(l));

String variable; // mnepeMeHHas, IO KOTOPOM BepeTCs NPOM3BOMHAS

ExpressionTree result = null; // pes3yibTaT BHUMCIIEHUA

// KOHCTpYKTOp MOJyuyaeT [IepeMEeHHYK, O KOTOpOol GepeTcd NpOM3BONHAS,
// B KauecTBe apryMEeHTa U 3aloMMHAeT ee

public Diff (String variable) { this.variable = variable; }

// OYyHKLUMS OOCTyNa K pPe3yJibTaTy BHUMUCIICHNN

public ExpressionTree getResult() { return result; }

// TlpousBOOHASA KOHCTAHTH €CThb HOJIb
public void visit (Constant constNode) {

result = zero;

// TlpousBOIHas NEePEeMEeHHOM eCThb HOJIb JMOO enOVHMLA .
// CpaBHeHNVE IepeMeHHHX NPOUBBOIMUTCS 0e3 yueTa pervrcTpa CHMBOJIOB
public void visit (String varNode) {

result = (varNode.equalsIgnoreCase(variable) ? unit : zero);

// Haubosiee ciioxHas paboTa BHIIOJIHAETCH NPy IOCEWEHNY OMHAPHOM OIepaLlmn
public void visit (Operator operNode) {

// YmeeM mmbbepeHLVPOBATH TOJILKO OMHAPHEE ONEepPaTOpPH

if (operNode instanceof Binary) {

Binary binOperator = (Binary)operNode;

// CpoesnaeM BHIOOPKY OIEPHIOB M BEMUCIIAM UX IPOUBBOIHEE .
// TlepBBII ONEepaHi:

ExpressionTree opl = binOperator.getOperandl () ;

Diff visitorl = new Diff (variable);

opl.accept (visitorl);
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// TlpousBOOHAA IEPBOIO OMEPAHIA:

ExpressionTree opldash = visitorl.getResult();

// BTOpOI onepaHi:

ExpressionTree op2 = binOperator.getOperand?2 () ;
Diff visitor2 = new Diff (variable);

op2.accept (visitor2);

// TpousBOmHAS BTOPOTO ONEPaHIA :

ExpressionTree op2dash = visitor2.getResult();

// 1. NpousBOmHAS CyMMEl M pPasHOCTM: U + VvV, U — V
if (binOperator.getOperSign().equals ("+") ||
binOperator.getOperSign () .equals ("-")) {
result = new ExpressionTree (
new Binary (binOperator.getOperSign(),
opldash, op2dash));
// 2. Npon3BOmHAA NPOUBBENEHMS: U * V
} else if (binOperator.getOperSign().equals("*")) {
result = new ExpressionTree (
new Binary ("+",
new ExpressionTree (
new Binary("*", opldash, op2)),
new ExpressionTree (
new Binary("*", opl, op2dash))));
// 3. NpousBOmHAS UACTHOTO: U / V
} else if (binOperator.getOperSign().equals("/™)) {
result =
new ExpressionTree (
new Binary("/",
new ExpressionTree (
new Binary("-",
new ExpressionTree (
new Binary("*", opldash, op2)),
new ExpressionTree (
new Binary("*", opl, op2dash)))),
new ExpressionTree (

new Binary("*", op2, op2))));
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} else {
// s OpyTUx SHAKOB ONepalyil pe3ysbTaT He OIpeleleH
result = null;

}
} else {
// Iy OomepaTopoB OPYIMX TUIOB PEe3yJIbTaT HE OIIpedesieH

result = null;

Tak Xe, KaKk MU B cilIyyae IMOACTAHOBKM, Mmocje omepauuu nuddepeHIImpoBaHusI
JIepeBO, CTPOTO TOBOPS, MOXKET OKa3aThesT VoKe He MepeBOM M3-3a TOTO, YTO (hak-
TUYECKM M3 Pa3HBIX y3JIOB 3TOro "AepeBa’ MOIYT 00pa30BaThCsl CChUIKM HA OMHU U
Te Xe ToABBEIpakeHHs. [aBaiiTe mpociaeanM, Kak MEHSeTcsS AepeBO TIPH BHITION-
HeHUHU onepauun AMpGepeHIIMPOBAHUS HA IPOCTOM IpUMEpE.

Ha puc. 4.10 usodpaxeHo aepeBo BbipaxeHust (x + 1)/(x — 1). ¥Y3isl 3T0r0 aepe-
Ba, KAaK U paHbliie, U300paxKeHbl I'eOMETPUYECKUMHU (bUrypaMu Pa3Hoil GOpMbI B
3aBUCMMOCTM OT TUIIA y3JIa: KBajpaThbl COAEPXKAT IE€PeMEHHbie, KPYIM — KOH-
CTaHTBI, & TPEYrOJbHUKU — 3HAKKM OUHApHbIX orepauuii. Takoe gepeBo Morio Obl
ObITh OPOXKIEHO C IOMOILLBIO BbI30BA (PYHKLIMU

Parser.parse (" (x+1)/(x-1)");

Puc. 4.10. JepeBo BbipaxeHus (x + 1)/(x — 1)

IMocne muddepentmpoBanns OGYIET MOCTPOSHO IEpeBO, comepxaliee TOBOJTHLHO
GOJTBITOE KOMWYECTBO HYJIeH W eNWHUWII, TIpUIeM 3TH HYJAW W eIWHUIE HE CTPO-
ATCSl KAKIBIN pa3 3aHOBO, a TIOCTOSHHO MCIIOIB3YIOTCA OMHHW U Te K¢ KOHCTAHTHI,
ompeneNeHHble KaK CTaTHYecKWe TOsT B Kiacce Diff. KpoMe Toro, Bo Bpems
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auddepeHIUpoBaHUS YACTHOIO OJHU M T€ K€ BBIPAXKEHMUSI MCIOAb3YIOTCI IMpU
[OCTPOeHUU OMHApHbIX onepaluii MHorokparHo. Ilosromy nocie auddepeHuu-
poBaHus OyaeT MOCTPOEeHA JOBOJLHO CIOXHASI KOHCTPYKLIMS, KOTOPYI0O MOXHO
M300pa3uTh TaK, KaK MoKazaHo Ha puc. 4.11.

KoHeuHo, monyyuBIieecs: nepeBo MOXHO W HY>KHO YITPOCTUTL. B pesyibTare yr-
pOIIeHNUST MHOTWE Y3JIbl UCUYE3HYT, HO HEKOTOpbIe Y3JIbl — HA0OOPOT, MOSBSITCS!
BTO MPOU3OHAET TTOTOMY, UTO MOCETUTETh Simplifier HEKOTOPBIE Y3JIbI AepeBa
WTHOPUPYET, a IpyTHe — CO3JaeT 3aHOBO (KOTIMPYET), TaK UTO TOcje YIpOolIeHUs
JepeBo npuobpeTeT BUA, Kak Ha puc. 4.12. CTpykTypa nepeBa mocie obpaboTKu
CTAHOBUTCSI JAEHCTBUTENBbHO OoJjiee MPOCTOH, OJHAKO KOJUUYECTBO Y3JOB B 00cUX
CTPYKTYpax OKa3aJloch OJWHAKOBBIM. [IpaBna, KoludecTBO CBs3eil TMoche ympo-
IIEHNST HECKOJBKO COKPATHIOCh: B IEpeBe, MOCTPOEHHOM "yIpocTUTeeM” BMeCTO
18 cchutok ocrajoch Beero 14.

Puc. 4.11. [depeBo, nony4mBLieecs nocne andpepeHumpoBaHng BelpaxeHns (x + 1)/(x — 1)

Puc. 4.12. lNMocne ynpoueHns pesynbTata anddepeHunpoBaHns
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B 3axnioueHue gaHHOro pasiena — OAHO 3aMevyaHue.

[onpoGyiiTe BBECTM B HAOOP MCIIONL3YEMbIX ONEPATOPOB ONEPALMIO BO3BEAEHUS B
LIEJIYIO HeOTPUILIATENbHYIO cTereHb. COOTBETCTBEHHO, BaM MPUIETCA T00aBUTh HOBbIE
MpaBuia 1JIs1 KOHCTAHTHBIX BBIYMCICHUH, HOBBIE MPABUIA YIPOILEHUS (BbIpaxKeHUe B
Hy/JI€BOM CTeMeHd paBHO €IMHMIIE M Op.), HOBble MpaBwia AUGGEpEeHIMPOBAHUS
dopmyn. Eciu Bel npofenaere Bee 3T0, TO YBUIUTE, YTO U3MEHEHUE COCTaBa U CTPYK-
TYPhI BBIPXKEHUI 0OXOOUTCS JOBOJIBHO AOPOro — HAAO BHECTH MHOIO MEJIKUX M3Me-
HEHUI B pa3Hble MeCTa pealu3aludyd. DTO TOBOPUT O HEKOTOPOil OrpaHMYeHHOCTU
Hallero IOAXoma K OpraHuM3aluy JepeBa BbipakeHus. OH XOpPOIIO MPUCIOCOOIeH
TOJILKO IS CIy4as, KOIJa B IPOLIECCEe Peald3aluu CTPYKTYPa BBIPAKEHUHA MEHSIEeTCS
penKo. 3aro o4eHb JIETKO BBOAUTH HOBbIE CIIOCOOBI O0PAOOTKH BBIPAKEHHI — 3TO MBI
BUAENN Ha IIpUMepe ompeneseHus] HOBLIX omepanuii. TeM He MeHee, B paMKax 3TOM
KHUTKM Mbl He OyleM paccMaTpuBaTh APYIUX IOIXOAOB K OPraHM3alMM CIOXHBIX
CTPYKTYpP IAHHBIX BOOOIIE M, B YACTHOCTH, JEPEBbEB BhIPAXKEHUI.
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Anroputmbl 06paboTku
ceTeBO UHhopmauun o)

B »r1o0ii rmaBe npeacraBieHbl HEKOTOPbIe KIACCUYECKME aITOPUTMbI O0OpabOTKU
rpadoB ¥ MpUBEIEHBl IPUMEPbL UX UCIIONb30BAHUA. AJTOPUTMbL HA rpadax Tpa-
JUIMOHHO OTHOCATCH K Haubosee CJIOXHbIM, B 3TOH 001acTu ObUIO IOJYYEHO
MHOIO HMHTEPEeCHBIX Pe3ybTaToB. Bosbllioe KOJMYECTBO JUTEPATYPhl MOCBAILEHO
ONMCAHUAM AJITOPUTMOB Ha rpadax, JOCTATOYHO YIOMSAHYTh Takue (QyHmaMeH-
TaJbHble PadoThl, Kak [1], [7] u [8]. B Hawy 3agayy He BXOAUT IIyOOKMI aHaIU3
9TUX AJITOPUTMOB, Mbl IaXKe He OydeM MbITATbCS HAXOAUTh BO BCEX CIIy4yasx OIl-
TUMaJbHbIe pellleHus. 3amaya 3TOH IJaBbl COCTOMT B TOM, UTOOBI OMNpPEIEIUTbH,
KaK BbIOpaHHOE IpencTaBleHue TAHHBIX BIMIET HA BHIOOP aIrOpUTMOB, U, KpOMe
TOTO0, MHTEPECHO MOCMOTPETh, KaK PEATU3YIOTCA KJIACCUYECKUE AJITOPUTMbI HA
s3bIKe Java ¢ IpUMeHEHUEM COBPEMEHHbIX TEXHOIOTUI CO3MaHMs IPOrpaMM.

5.1. O6xoabl N NOUCK MO ceTH

OCHOBY MHOI'MX aJrOPUTMOB O0pabOTKMU CETeBOM MHGOPMAaLMU COCTABILIOT all-
rOpUTMBL 00xona (uTepaiuu) rpacos, B MPOLECCe KOTOPOIo MPOU3BOIUTC MOUCK
HEeoOX0nMMON MHGpOPMALIMU WM OmpedeleHne KaKuX-I100 XapaKTepUCTUK CETHU.
Ecnu rpad umeer N BepuiuH u M ayr, TO rOBOPSIT, YTO JITOPUTM 00X0da MHIY-
LMPYET HyMepalulo BEPIIUMH W Ayr rpada, npumnucbiBag uM Homepa ot 1 1o N u
oT 1 10 M cooTBeTCTBEHHO B Iopsiake obxoga. MrepaTophl rpacda MOryT ObITh KakK
BHEIIHMMHU, TaK MU BHYTPEHHMMH, IMPU OTOM BHEIIHUNA HTEPATOp, KaK OOBIYHO,
BbIIAeT BEpIIMHbI WIM Ayrd rpada B mopsake obxoma, a BHYTPEHHUH UTeparop,
00xons rpad, MOCEIAeT ero BepPLIMHbI M AYTM W BBIIOJHIAET B KaXIOH M3 HUX
"mpoleaypy moceleHus".

B mporiecce obxoma oOBIYHO WMCTIONB3YyeTCs] MWHGOPMALNS O CBI3IX MEXKIY Bep-
IMTHAMY, T. €. aITOPUTMBI OOXOABI, TIpocMaTpuBast rpad, TepexomsiT Bcerma oT
BEepIINHBI K OMHOW W3 CBA3AHHEBIX C HElO BepIWH. Pasymeercs, 3To He o0s3a-
TENTFHO 03HAYAET, YTO TOPSIOK 00X0/ma BEepIIMH TaKKe TaKOB, YTO 32 OMHOW Bep-
IITTHON HEeMpeMEeHHO B KauecTBe CIeNYIoNIeH BepITUHBl WAECT OMHA U3 CBA3AHHBIX
¢ Heit. boiee Toro, B GOJBIIMHCTBE CIyYacB TaKON 0OXOM TTOCTPOUTH TIPOCTO He-
BO3MOXKHO (0OXOIBI, ONMCAHHBIC BLINIC, HA3BIBAIOTCS [aMUALMOHOBBIMI NYMSAMU.
g cymecrBoBannsl [aMMIbTOHOBA TIYTH Tpad AOKEH VIOBICTBOPSTH OTMpene-
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JIEHHbIM ycnoBugM). Ho anroputmbl 06xoga MpPOCTO MCHOJB3YIOT CBA3U MEXAY
BEpILIMHAMU IJI Iepexona OoT OAHUX BEPILUMH K APYIUM.

Ecnu nyrm, cBssbiBawolide BeplIUHBI Tpada, — HanpasieHHvie (C TEXHWUYECKOM
TOYKM 3pEHUST 3TO O3HAYaeT, UTO €CIU OT BEePIIUHBI A MOXHO MEPEUTH K Bepiln-
He B, To 9TO He O3HayaeT, YTo OT BEPUINHBI B MOXHO 00s13aTeIbHO HEMOCPeacT-
BEHHO MepeiTn K BepllinHe A), To Jaxe IS CBI3HOTo rpada He Bceraa ynaercs,
BBIOpaB HEKOTOPYIO BEPIIMHY B KAaYecTBE WCXOIHOM, OOONTU ero Bech, MPOXOAs
TOJILKO TIO HampaieHUsIM Ayr. B aTom ciiyyae yacTo MocTynamT cAeayIliuM o0-
pasoM. BbIOMparoT HEKOTOpYl BeplIMHY rpacda U OOXOmSIT BCE €ro BeplINHBI,
JOCTUXUMBIE U3 BuiOpaHHO#. Ecnu B rpade octamuch elne HempoueHHbIE Bep-
IIWHBI, TO BHIOUPAIOT OJIHY M3 TAaKWX BEPINUH U CHOBA OOXOMST BCE BEPUINHHBI,
JOCTUXKMMBIE M3 BbIOpaHHON (pasyMmeeTrcs, eciii B Tpoliecce o0Xofa MomaaeTcs
OJIHA U3 yke O0OMIEHHBIX BEepIINH, TO HE TOJIbKO €€, HO U Bce, TOCTUXUMBIE U3
Hee BeplUIWHBI TOBTOPHO paccMaTpuBaTh He Hano). Ilpolecc mpomoirkaercs 10
TeX Top, Toka B Tpade He ocTaHeTCs] HU OMHOU HempoineHHOoH BepliuHbI. Ecnn
JyTu B rpade He HalpaBieHHBIE, TO OMUCAHHBIN alTOPUTM TIPUBEET K TOMY, UTO
KaXIbIif pa3 mocjie BhIOOpa HAavYaJlbHOW BepILIMHBI OyaeT MpoiieHa ogHa KOMIO-
HeHTa cBsA3HOCTU rpacda. Pazymeercs, ecnu rpadh — cesa3wwiii, To Kakyr OBl Bep-
IIWHY HU BHIOpaTh B KauyecTBE HAYaIbHOM, Bce OCTalbHBIE OYAyT U3 Hee JOCTH-
KUMBI, TaK 4TO HWKOTAA He ToTpedyeTcsl mocjie obxoma Bcell KOMITOHEHTHI
CBSI3HOCTHU TIPOU3BOIUTE €Il OAWH BBIOOP BEpPITUHEL.

Hapsany ¢ obxogamu, mpu KOTOPBIX MOCELIAIOTCS BCe BEPIUMHBL Ipada, MOXHO
TAKXKe paccMarpuBarh OOXOMbI, MpelHAa3HAYeHHbIE IS MPOXOXIEHMSI BCEX IyT
(pebep) rpacda. Takue 00XoAbl MHAYLUPYIOT HEKOTOPYIO HyMEpaLMI0 Ha MHOXeE-
CTBe pebep MOJOOHO TOMY, KAK OOXO[bl BEPLIMH UHIYLUUPYIOT HYyMEpalulO0 Ha
MHOXeCTBe BeplluMH. Ha mpakTuke OObIYHO MOXHO MCIOL30BATH M1 0OXONOB
Iyr U BeplUMH rpada OAHU U Te Xe aJropuTMbl. [efAcTBUTEIbHO, OONBILIMHCTBO
aJIropuTMOB 00Xxo0maa rpada XxoTd Obl IO OJHOMY paly 0043aTENbHO MCCAEAYIOT KaK
BEpUIMHBI, TaK ¥ Ayru rpada. Jag Toro yTobbl MOHATh, HE HAXOAUTCA JIM HA KOH-
1Ie HEKOTOpOW Ayrd €lle HEeNpoiijieHHas BeplliuHa, Tpedyercs uccieaoBarTb 3Ty
ayry. 1 HaoGopoT: ecnu mpoxomdarcs Bce AyTd, TO 3HAYMT, U BCE BEPLIMHbL OyIyT
MPOIAEHBI, IOCKONBKY KaxKaas BepILIMHA HAXOAUTCS HA KOHIIE HEKOTOPOM OYIHU.

Mpl OyneM paccMarpuBaTh aITOPUTMBI 00X0Jd, MCTIONB3YIOIIUE TIpeCTaBIeHNE
rpacda, onmucaHHoe B pa3d. 1.5, mox Ha3BaHueM L-Tpada, B KOTOPOM JUISI KaKIoi
BEpPUINHBI UMEeTCsl CIUCOK AYT, BBIXOASIINUX U3 3TOW BepIIUHBL. [T a1ropuTMOoB
00xoj1a Takoe TIpeacTaBleHne Hanbojee ecTeCTBEHHO, TTOCKOJAbKY UMEHHO B 3TOM
Tpe/ICTaBICHNUN sIcHee BMIIHA CTpyKTypa rpada. MMes ykasatenb Ha HEKOTOPYIO
BEepIUINHY, MBI JIETKO CMOXEM HalTH Bce CMEXHbIe ¢ Hell BeplIMHBI, UCCaeays
BBIXOJASIIIIME U3 3TOM BEpPUIMHBI AyTH. B omucaHWM aaropuTMoB OyaeM CUUTATh,
YTO 3TH AITOPUTMBI MOCHEA0BATEBHO MPOXOAST BEpINUHBI rpada, HO Ha caMOM
JieNie UX JIerKo MoaAudUIMpoBaTh Tak, YTOOB HyMepaluu TOABeprajuch HE Bep-
LIWHBI, a IyTH rpada.
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IIpencraBnenue B Buae L-rpada onuchiBaeT OPUEHTUPOBAHHBINA rpad, B KOTOPOM
BCE IyIru MMEIOT HarpasjieHue. Takum oOpasoM, eciii HEKoTopas Ayra cBs3blBaeT
BepLIMHY A ¢ BeplIMHON B, TO M3 3TOro ellle He CIASAyeT, YTO U3 BeplUMHbl B
MOXHO IPOHUTHU B BepliMHy A. MoXeT okazaTbCsd, YTO JaXe I CBA3HOro rpada
He 0053aTeNIbHO YAacTcsd IPOMTH ero Bech, HauaB 00X0/ C IIPOU3BOJIBHO BblOpaH-
HOI BEPLUUHBI.

Kak u B ciygae obxona aepeBbeB, TS TpadoB CYIIECTBYIOT A1Ba OCHOBHBIX Kjlacca
00X0/10B: 00XObI "B TYOUHY" U 00OXO/BI "B IIUPUHY .

O6xoabl "B [IyOMHY" IBITAIOTCA KaXAblii pa3 Mocje IMPOXOXIAESHUsT HEKOTOPOit
BepLIMHBI A BbIOpaTh B KayecTBe CJIEdYIOIed Takylo BEpIUUHY B, B KOTOPYIO U3
BepLIMHBI A BegeT ayra. Eciau Takux HempoilleHHBLIX BEPIUIMH HET, TO alrOpUTM
BO3BpalllAaeTCsd K IPeObLAYIIEA, paHee NPOHICHHON AYre, U IbITAETCAd HAUTU OYe-
penHyIo Iyry, BeOylIylo M3 Hee B KaKylo-1MOo IpYIyio elie He MPOHIeHHYIO Bep-
wuHy. Eciy M Takux BepliMH HET, TO CHOBA MPOMCXOAUT "OTKAT', U TaK IO TeX
Mnop, Moka Jub0 Bce BEPILMHBI He OyayT MpoiAeHbl, JUOO AITOPUTM BEpPHETCH
Ha3al B BepIIMHY, BLIOPAHHYIO B KAYECTBE MCXOMHOM.

OO6xonbl "B MMPUHY" TIBITAIOTCS, HAaUYaB ¢ HEKOTOPO BEpIIMHBI, B KauecTBe oue-
PENHBIX paccMaTpuBaTh JIMIIb BEPIIMHBI, HETTOCPEACTBEHHO CBSI3aHHBIE C MCXO-
Hoit. TobKO Mocyie TOro, Kak Bce TaKWe BEPIIUHBI OKaKYTCS PacCMOTPEHHBIMH,
B aJTopuTMe OyaeT ocylllecTBIeHa TOMNBITKA TPOAHATU3UPOBATh CJICAYIOIINHT
"coi" BeplIWH, HEMOCPEACTBEHHO CBA3AHHBIX C TOJBKO YTO MpoOUAeHHBIMU. Ta-
KUM 00pa3oM, alropuTM o0xona "B MIMPUHY' MOCHenoBaTeIbHO paccMarpuBaeT
Bce OoJiee yaaleHHbIC OT MCXOMHOU BepUIMHBI A0 TeX Top, MoKa Jnbo Bce Bep-
IIWHBI HE OyAyT MpONAeHBI, TUOO He ocTaHeTcsl Oobllle BEpIINH, TOCTHKUMBIX

W3 VUCXOITHOI.

AnroputMmbl 00xoaa rpagos (Tak Xe, KaKk U IEePeBbeB, U CIIUCKOB) MOIYT OBITh
peaM30BaHbl KaK BHEIIHUMM, TAK U BHYTPEHHUMU UTepaTopaMu. BHeIIHU uTe-
paTop OepeT mpencrapieHue rpacda B KayecTBe apryMeHTa B MOMEHT CO3aHUS
UTEpaTopa, a 3aTeM OCYIUECTBISET IOCAeN0oBaTeIbHYI0 BbIIAYy BeplUMH rpada
(MM MX HOMEPOB), UCIIONb3Ys A1 00X0Aa JOKaIbHbIE OOBEKThI, TAKKE, KAK CTEK
Wi ouepenb. BHYTpeHHHUH UTepaTop peanu3yercd B BUIAE PeKypCUBHOM (yHK-
LUK, KOTOpasd, IPOXons MO oYepedu BeplUMHbI Ipada, BLIMOIHAET I KaXI0i U3
HMX HEKOTOpoe NeiCTBUE, 3aJaHHOE B KAUECTBE apryMeHTa UTeparopa.

Paccmorpum B KadecTse ipuMepa rpad, n3o0pakeHHBIH Ha puc. S.1.

Brot rpad coaepxkut 9 BepiinH U 12 myr. OH COCTOUT U3 IBYX KOMIIOHEHT CBI3-
HOCTH, TaK 4TO 3aBEIOMO He yJacTcsl OOOMTH ero Bech, BLIOPAB HEKOTOPYIO Bep-
LIMHY B KAY€CTBE MCXONHOW M MPOXOASA TOJABKO IO HAampaBieHusM ayr. Tem He
MeHee, ec/d cHayala BbIOpaTh B KAueCcTBE MCXONHOW BepLIMHbI BepUIMHY 1, TO
BCE OCTaJbHBIE BEPILMHBI OJHON KOMIIOHEHTbI CBSI3HOCTM M3 Hee OymyT MOCTH-
JKUMBI, ITOBTOMY, 10 KpaiiHeil Mepe, 5Ta KOMIIOHEHTA CBI3HOCTU OyImeT mpoiiaeHa
J0 TOro, KaK MmoTpedyercd BHOBb BbIOMpaTh HAYaIbHYIO BepLUMHY. TeM ke cBOIi-
CTBOM 00/1a1aI0T MU BC€ OCTAJIbHbIE BEepIUMHBI rpacda, Kpome BepluuHbl 7. Ecau
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BBIOpATh €€ B KaueCTBe HAYaAbHOM’, TO OymeT MpoilleHa TOJbKO OHA caMa, a Io-
TOM moTpedyeTcsl BHOBb BbIOMPATH HEKOTOPYIO BEPIIMHY B KayecTBe HaYaJIbHOMN
U1 00X01a OCTAIbHBIX BEPILIMH.

Puc. 5.1. [Mpumep OpMEHTUPOBAHHOIO rpada

Ecnau B KauecTBe anropuT™Ma oOXofa B3SITh aIrOpUTM obxona "B TIyOMHY", KOTO-
pBIfl Bcerna M3 BceX BO3MOXHBIX aJIbTEPHATHB BHIOUpAET MPOXOJ K BEPIIMHE C
HauMEHBIIIUM HOMEpOM, TO TIONYUYWUTCS CIAEAYIONIUN TMOopsSaoK obxoaa BepUINH

rpada:

0;1;4,6;3;7;2;8; 5.

IMopsimox ob6xoxa "B mMMpWHY' B JaHHOM CJIyYae OTIMYAETCS OT TOpsaKa obxoda
"B IyOMHY" He3HAYUTEJBHO:

0;1;4,6;7;3;2;8; 5.
Ho sr10, KOHEeYHO, TTpOCTO MOTOMY, YTO Tpad, BEIOPAHHBIA HAMU ST TIPUMeEpa,

oveHb HeboabInoi. OOBIYHO B ciiyyae OOJBIINX TpadoB MOPSIIKA 00X0Ma OTIH-
YaroTcsl BechMa CYIIECTBEHHO.

Ha puc. 5.1 uzobpaxena joruyeckasi cTpykrypa rpacga. Jjg Toro uroObl sicHee
[MOHUMATh PabOTy AITOPUTMOB 00X01a, HEOOXONUMO XOPOILO MPEACTABIATh TAKKE
1 GU3MIECKYIO CTPYKTYPY MaMmiaTU o0bekTa 3Toro rpada. B mpeacrapieHuud B BU-
ne L-rpacda mMeercd 9 cnucKoB Ayr (M1 KaXIO# BEpILUMHBI CYLIECTBYET CIIMCOK
ucxomdiiux u3 Hee ayr). Ha puc. 5.2 mpuBeneHo ¢u3uMyeckoe MNpencTaBieHue
rpaca, IoKazaHHoro Ha puc. 5.1.

Ha puc. 5.2 n3obpaxkeH MaccUB CITUCKOB AYT (OKOJO KaXIOTO BJIeMEeHTa MaccuBa
MOKa3aH HOMEP COOTBETCTBYIOIIEH BepIUHBI Tpada). Jdyru mpeacTaBieHbl Mpsi-
MOYTOJIbHUKAMHU, COAEPKANTUMU HOMEDP TOI BEpIINHBI, B KOTOPYIO Iyra BXOJUT.

B kauectBe mepBoro mpumepa pacCMOTPUM BHEIUHUN HTEpaTop BeplIMH rpacda
npu obxone "B rnyouny”. st 3Toro onpeaennM Kiacc, o0beKTbl KOTOPOTO IOy~
YaloT UCXONHBINA rpad B BUAE apryMeHTa KOHCTPYKTOPA, U 3aTeM OCYLIECTB/SIOT
ero obxoj, peaau3ysd CTAaHAAPTHLIA uUHTepdeiic ureparopa. nsg Toro 4robbl Me-
peiTH OT Tekyllel BeplUMHBI rpada K cledylollei, UTepaTop AOKEeH, BO-
MePBbIX, 3AIIOMUHATH, KaKHWe M3 BEPILUMH YX€ MPOHAeHbI, a BO-BTOPBIX, LI (-
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(eKTUBHOro BO3BpaTa K Ipeablyllel BeplIMHE MOMHMTb IOCIeI0BATENbHOCTD
JOyr Ha IyTH M3 BbIOpAaHHOH HAYaJbHOH BEpIIMHBI B TEKYLIYIO. DTy IOCIEI0BA-
TeNbHOCTDb AYT ynoOHee BCero IPencTaBlIsaTh B BUIE CTEKA, DIEMEHTAMU KOTOPOro
U OyayT Ayrd B BBIOpAaHHOM IpEICTaBIeHUU Ipada.

DT
/4.4%7.

pi

T
LT

T
T~ ;

Va0 0 W W W

[9)] N
[ ] [ ] [ ]

Puc. 5.2. ®usnyeckoe npeactaeneHve rpada

Ilyctb anroputMm BbiOpan B KadyecTBe HayalbHOH BepiuuHy ¢ HoMepom 0. Torma
obxon rpada HauHeTCA B CUTYAlWH, TTPUBEICHHON B TIEpBOI cTpoKe Tabi. 5.1.

Tabnuya 5.1. NocnenosatesibHOCTb COCTOAHUI Npy obxofe rpagha "B riybuHy"

War Cnncok npoiiieHHbIX Tekywiasn Crek pyr Ha nyTu
BepLUNH BepluMHa K TeKylleli BepLUMHe

1 - 0 —

2 0 1 01

3 0,1 4 01,154

4 0,1,4 6 01, 154,46

5 0,1,4,6 3 01, 154, 456, 653

6 0,1,4,6,3 7 01, 154, 457

7 0,1,4,6,3,7 — —

8 0,1,4,6,3,7 2 —

9 0,1,4,6,3,7,2 8 28




212 CospnaHue n obpabotka CTPYKTYp AaHHbIX B MpUMeEpax Ha Java

Ta6nuuya 5.1 (oxoHuyarne)

War Cnuncok npoliaeHHbIX Tekywasn CTtek Ayr Ha nyTh
BEPLUNH BepLUMHa K TeKyLlel BepLUnHe

10 0,1,4,63728 5 28,855

11 0,1,4,6,3,7,2,8,5 — —

AJITOPUTM OOXODUT TEKYIIYI0 BEpLIMHY, BbIIABASA €€ B KauecTBe ovepenHoil
(next ()), ¥ BBIOUPAET CAEMYIOLIYIO BEPIIMHY M3 YMCIa T€X, B KOTOpbIe BEAyT Iy-
I'M 13 Tekylleil BepiuHbl. [locie mepBoro urara cutyaius OyaeT Takoi, Kak Io-
Ka3zaHo B cTpoke 2 Tabn. 5.1. Cienyoliye Tpy LIara BhIIOIHSAIOTCS aHATOTUYHO, a
[OCJ/IeI0BATe]bHOE U3MEHEHUE CUTYalMU I10Ka3aHo B Tabl. 5.1 B ctpokax 3—3.

B TOoT MOMEHT, KOrma TeKylleil cTajga BepIINWHA 3, OKA3BIBAETCH, YTO COAMHCTBCH-
Hasl Iyra, Bemylas U3 Hee, BedeT B yXKe MPoiaeHHYI BepiunHy (, mostoMy cie-
LIyeT, UCTIOb3YsI CTEK, BEPHYThCH HA IIAar Ha3ald W MOMBITAThCS HAUTH OYEPEIHYIO
BEPLIMHY MO OOHONM M3 CIEAYIOIIMX OYT, BEOyIIUX 13 BeplIUHBI 6. TTOoCKOMBKY
HOBBIX YT, BEOYIIMX M3 BEPLIMHBI 6, Toke GOJIbIIEe HET, TO AeiaeM elle Iiar Ha-
3an K BepirnHe 4. Terepb HAXOIUTCS AyTa, BeOyLIAsd W3 3TOW BEPIINHEBI B €Ile He
MPOMICHHYIO BEpUIMHY 7, TaK 4TO 0Opasyercsl HOBasl CUTyallMsl, MMOKA3aHHAs B
tabm. 5.1 B cTpoke 6.

Ilocne mpoxoxaeHus BEPIIMHBI 7 OKA3bIBAETCH, YTO OOJIbIIE HET Ayr, BeAylIuX B
elle He IMPOiJieHHbIE BEPLUMHbI HU M3 BEPIIMHbL 7, HA M3 BCEX IPEIbLAYLIUX
BEpIIMH Ha MyTU B 2Ty BepliuHy. B cTpoke 7 TabauLbl MOKa3aHa CUTyalus, BO3-
HUKIIIAS [OCIe MPOBEPKU BCeX ITUX Ayr. Temepb MOXHO CHOBA BbIOpAaTrh Mpou3-
BOJIbHO OIHY M3 HENPOHASHHBIX BEpILUMH, CKaXeM, BEepIIUHY 2, U Jajee aaro-
PUTM IIOCJI€IOBATeAbHO IlepebepeT BeplluuHbl 2, 8§ M 5 TaK, KaK II0KA3aHO B
crpokax 8—11. Tenepp Bce BepLIMHBL Ipada 0KA3BIBAIOTCS IPORIEHHBIMU.

B nucrunre 5.1 mpuBeneHo onucaHue Kjacca, peausyrolero rpagd Tak, Kak 3To
OblI0 cAenaHo B pa3d. 1.5, v onucaHue Kiacca, pealusyrollero BHEITHUNH uTepa-
TOp BeplIWH Tpada B COOTBETCTBUU € YKa3aHHBIM alropuTMoM. OCHOBHOE cO-
Jiep>KaHue aJlTopUTMa BKJIIOYEHO B pealu3aiivio dyHKIHMU next (). ITo cpaBHe-
HUIO C OINMCAaHWEeM, TIPUBEICHHBIM BBIlIE, B OMNpeneJeHun (QYHKIUU caelaHo
HebobIIoe U3MEHEHKE: BMECTO MHOXKECTBA ITPOMICHHBIX BEPIIMH BO BpeMsl pa-
OOTHI AITOPUTMA XPAaHUTCSI MHOXKECTBO €Ille He TIPOMJACHHBIX BEPIIUH. DTO U3Me-
HEeHWe, pa3yMeeTcsl, HUUero He MEHseT MO CYIIECTBY aJTOpuTMa, HO obyerdaer
peanusaiuio MeTo/a hasNext ().

Crek Iyr mpeacrapieH OOBEKTOM arcs Kiacca Stack, DIEMEHTAMMU 2TOrO CTEKa
OyayT oOBeKTbl, 3amawoliue ayru B L-rpade. MHOXECTBO BeplUUH MPEICTaBICHO
00BEKTOM setNotPassed Kjlacca Set, KaK OH ObL1 olpedelieH B paszd. 1.4. Jlo-
MOJHUTENbHO CYUTAEM OIpeleNeHHbIM METON first () 9TOro KJIacca, BhLAAIOIUI
MEePBbIA 2AEMEHT MHOXecTBa (ecau, pasyMeeTcs, MHOXECTBO He IIyCTO) U METO.
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card (), BbLOAIOUIMA KOJMYECTBO DJIEMEHTOB B MHOXECTBE. DJIeMEHTAMU 3TOIO
MHOXeCTBa SBISIOTCSI HoMmepa BepiuuH rpada. Homep Tekyiieil BeplUIMHBL CO-
JIepKUTCS B IEPEMEHHOMN current, IPU ITOM IepeMeHHas MMeeT 3HadyeHue —1,
€CJIM TEeKYILlas BeplliiHa He 3aJaHa.

JNncTturr 5.1. BHewHun ntepartop BepLUMH rpaca

public class LGraph {
// Kiacc Arc HOpencTaBideT OyTry, Bemyuyio B y3ei end
static class Arc {
int end; // HOMep y3ja, B KOTOPHIA BXOOUT 3Ta IyTa
Arc next; // crlenmyoumas Oyra B CIUCKE
public Arc(int e, Arc n) { end = e; next = n; }

bi
Arc[] graph; // MaccuB CchomMckoB nyr rpada

LI11177707777777777777777777777777
// KOHCTPYKTOp:
// n - KOJUYECTBO BEPIMH
LIT1170777777777777777777777777777
public LGraph (int n) {
// VHuLMamM3aumMs MacCUBa CHIUCKOB OyT
graph = new Arc[n];
for (int i = 0; 1 < graph.length; i++) {
graph[i] = null;

[11177771777717777777777777777777777
// OyHKLMA BBOAET KOJIMUYECTBO BEPIMH
[1117777177777777777777777777777777
public int vertexCount () {

return graph.length;

LIT1177777777777777777777777777777

// IobaBnenue myru B rpad

L1111 71777 77777777777 77777777777777
public void addArc (int from, int to) {
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graph[from] = new Arc(to, graph[from]);

public class ExtGraphlterator implements Iterator {

Set setNotPassed; // MHOXECTBO HENPOMIEHHHX BeplH

int current = -1; // Texymas BepuyHa

IStack arcs = StackFactory.createStack(); // CTek NpPOMOEHHEX IIyT
LGraph graph; // rpad

L1110 77777777777777777777777777777777777777777777
// BHEWHUl UTEpPaTop:
// graph - rpad mns obxoma
L1111 7777777 7777777777777 77777777777777777777777777
public ExtGraphlterator (LGraph graph) {

this.graph = graph;

setNotPassed = new Set (0, graph.vertexCount() - 1);

setNotPassed.inverse(); // MHOXECTBO CONEPXUT BCE BEpPIIMHEI

// OyHKLMA remove oBecreurBaeT COBMECTMMOCTHL MHTEphecos

public void remove () {} // He peanmM30BaHO

// OYHKLMS NPOBEPAET, OCTaJIMCh JIM elle HENPOMIEeHHHE BepPUIIHEL
public boolean hasNext () {

return setNotPassed.card() > 0;

// OyHKUMS, BHOALmAS HOMED OUYEepemHOM BEpUMHEL Ha IIyTu O0xXoma
public Object next() {
if (!hasNext()) return null;
// 1. Eciu Tekymasd BepuMHa HE OINpelesleHa, TO OHAa BHOMpPAETCS
// n3 setNotPassed
if (current == -1) {

current = setNotPassed.first();
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// 2. TpOxXOomM TEeKylylD BEPUHY
Integer result = new Integer (current);

setNotPassed.remove (current) ;

// 3. HaxomyM ouepenHyl BepUHY
// CHauajla paccMaTpuBaeM OyTV, BEIXOIAIME M3 TeKyllel BeplHE
LGraph.Arc nextArc = graph.graph[current];
for (;;) {
if (nextArc == null) {
// OdepemHOl HOyTM HeT
if (arcs.empty()) {
// Crex myr Takxke INyCT: KOMIOHEHTA CBASHOCTM MPOimeHa
current = -1;
return result;
} else {
// BeOMpaeM ouepenHyl IOyTy U3 CTeKa
try {
nextArc = (LGraph.Arc)arcs.pop():;
} catch (StackUnderflow x) {
}

}
// Iyra, Bemymasa B HEKOTOPYK BEpUMHY, HalimeHa
int vertex = nextArc.end; // oTO GymeT clemyomas BepuHa
if (setNotPassed.has (vertex)) {
// BTO HempoliIeHHAs BEpIMHA; OHAa OOBABIIAETCA TEeKymen
arcs.push (nextArc) ;
current = vertex;
return result;
} else {
// TlepexomM K Clenyomein myre

nextArc = nextArc.next;

}

O6xo/ "B IyOuHY" OKa3bIBaeTCs IOJE3HBIM B Cllydae HEOPUEHTUPOBAHHOIO Ipa-
da (HamOMHUM, YTO B IIPEIACTABACHUM HEOPUEHTUPOBAHHOILO Ipada BMecTe ¢
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nwoboii ayroit (A, B) obszarenbHo comepxutca U ayra (B, A)). B srom cnyuae,
KaKkylo Obl BEPIIMHY HU B3SITh B KAUECTBE UCXOIHOI, cieayrolumu OyayT BbiOpa-
Hbl BCE JOCTHMXUMbIE U3 Hee BepluuHbl. TakuMm oOpa3oM, Bce BEpLIMHBI, [IPUHAJI-
JISXKALIME OMHONM M TOM Xe KOMIIOHEHTE CBSI3HOCTH, IIOAYYalOT IIOC/Ied0BaTe/lb-
HbIE IIOPSLIKOBbIE HOMEDA.

MoOXHO 3aMeTHTh, YTO TIPU MEPEXOJie OT OJHOW KOMITOHEHTBI CBSIBHOCTH K JIpy-
rofl TepeMeHHas current UTEpArTopa Kilacca ExtGraphlterator MOJYYAET 3HA-
yeHue —1. [ToaTomy Jlerko MOXXHO 100aBUTH (PYHKIINUIO, KOTopas OyneT BbIIaBaTh
KOJNINYeCTBO TMPONIAEHHBIX KOMIIOHEHT cBsI3HOocTH. JIjg »3Toro B Kiacce
ExtGraphIterator Haj0 JUIIb cO3/aTh CYETUYUK KOMIIOHEHT CBS3HOCTH, KOTO-
pBIil OyaeT yBeMUYUBATHLCS Ha €IWHUILY KaXIbI pa3, KaK TOJIbKO TMepeMeHHas
current OyfmeT TIpUHUMaTh 3HadyeHue —I1. B auctuHre 5.2 mokasaHo Takoe pac-
IIWpeHue Kilacca ExtGraphIterator, a TakXkKe TMPUBENCH MPUMEP MPUMEHEHUS
OMUCAHHOTO AJTOPUTMA JUTS TIepevyUCcIeHUs] BEpUIMH Tpada Mo KOMITOHEHTaM
CBSI3HOCTH.

INMucTtuxr 5.2. NMepeyncneHne BepLUMH rpada Nno KOMNOHEHTaM CBA3HOCTH

public class ExtGraphlterator implements Iterator {

int components = 0; // KOIMMYECTBO MNPOMIEHHHK KOMIIOHEHT CBSA3HOCTN

LI1117777777777777777777777777777777777777777777777

// OyHKUMS IS [HOACYEeTa IPOMIEHHEX KOMIIOHEHT CBSI3HOCTN
L1110 77777777777777777777777777777777777777777777
public int getCompPassed() {

return components;

// ... BOecb He IIOKa3aHa OCTAaBUASACA HEM3MEHHOM YacTb pPeasM3alin.

// Peamzaumsa MBMEHSETCS TOJIbBKO B MeTome next ()

// OyHKUMS, BHOAOmAS HOMED OUYEpemHONM BEpUMHEl Ha IyTu o0xXoma
public Object next() {
if ('hasNext()) return null;
// 1. Eciou Tekymas BepuyHa He OIpedesieHa, TO OHA BHOMPAETCS
// n3 setNotPassed
if (current == -1) {

current = setNotPassed.first();
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// 2. TpOxXOomM TEeKylylD BEPUHY
Integer result = new Integer (current);

setNotPassed.remove (current) ;

// 3. HaxomyMm OuepenHyld BEpUHY
// CHauajyla pacCMaTpMBAEM IIyTM, BHEXOISAIME M3 TEKylel BepIMHE
LGraph.Arc nextArc = graph.graph[current];
for (;;) {
if (nextArc == null) {
// OdepemHO} HOyTM HeT
if (arcs.empty()) {
// CTex OyrT Takxe MIyCT: KOMIOHEHTa CBSA3HOCTM MpOiIeHa
current = -1;
components++;
return result;
} else {
// BeOMpaeMm ouepenHyl OyTy U3 CTeKa
try {
nextArc = (LGraph.Arc)arcs.pop();
} catch (StackUnderflow x) {
}

}
// Iyra, Bemymasa B HEKOTOPYK BEpUMHY, HalmeHa
int vertex = nextArc.end; // oTO GymeT clemyomas BepuyHa
if (setNotPassed.has (vertex)) {
// 2TO HempolimeHHAas BepUMHA; OHa OOBABIIAETCA TEeKymen
arcs.push (nextArc) ;
current = vertex;
return result;
} else {
// TepexomMm K CIenyolei oyre

nextArc = nextArc.next;
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public class Test {

public static void main (String[] args) {
LGraph graph;
/* 3pmech mepeMeHHas graph nosydyaer BHaueHue */
int componentNo = -1;
for (ExtGraphIterator i = new ExtGraphlterator (graph) ;
i.hasNext (); ) {
int curComp = i.getCompPassed();
if (curComp > componentNo) {
componentNo = curComp;
System.out.println();
System.out.print ("BepumHE KOMIOHEHTH CBS3HOCTM #" +
componentNo + ": ");

}
System.out.print (i.next ());

System.out.print ("; ");

ITpu obxone BepiinH (M ayr) Tpada 4acTo MPUXOAUTCS BBITIONHSTH Oojiee ClIoX-
HyI0 paboTy, 4eM 3JieMeHTapHas HyMmepalius BeplinH. B sToll cutyanum Oojee
TMOKMM OKa3bIBAaeTCs ammapar MpUMeHeHWs BHYTPEHHUX utepatopoB. [lpw sToMm
CTpYKTypa Tpada, Kak MpaBujo, BHE OMNpeAesieHusl Kiacca, pealusyroliero rpad,
HeusBecTHA. [ToaToMy TexHUKa, TIPU KOTOPOW TTOCETUTENb Y3Jia caM oIlpenessier
TOPSIIOK U coJiepKaHWe JATbHEHIINX TIoceleHUit, UCmoab3yeTcsl peako. bonee
YIOOHBIM U YacTO MCIONB3YEMBbIM pelleHUeM OKa3bIBaeTcsl OIpe/eeHUe BHYT-
PEHHETO UTepaTopa, KOTOPBIM OOXOMUT y3Ibl M AyTH Tpada Mo ompeneieHHOMY
WM CaMMM ajJITOPUTMY, BbI3BIBASI MPU BTOM pasuuyHble DYHKIIUU TIPU 3aXofe B
V3JIbI, TIPU BBIXOJIE U3 Y3JIOB, TIPU TIPOXOXACHUU IO AyTe, W T. 1.

OnpeaenuM, Hanpumep, odbxoa "B IyouHY" B BUJE BHYTPEHHEIo UTepaTopa, Ko-
TOPBIA MOJyYaeT OOBEKT-MOCETUTENb B KAYECTBE APIyMEHTA U BbI3BIBAET pasjidy-
HbI€ METOMBl TOrO MOCETUTENS BO BpeMsl IMPOXOXKACHMUS BepIlUvH U ayr rpada. Bo
BpeMs obxoma "B MIyOMHY" JJISI KaKI0il BepIUUHbBL rpada ecTh ABa CYIECTBEHHbIX
MOMeHTa BpeMmeHHU. [lepBblii — 2TO0 MOMEHT, KOria BeplliiHa IOCEeIaeTcs B Iep-
Bbld pa3. UMeHHO Torga Halll BHEIIHUH HTepaTop ExtGraphIterator BbLIABAJI
HOMEp BTOIl BepILUUHBI B KayecTBe ouyepeaHoil (next ()). Bropoil cyliecTBeHHbII
MOMEHT — 2TO MOMEHT OKOHYATEJILHOIO MOKMAAHMWS BEPIIMHBI, KOLAa yXe pac-
CMOTpEHbl BCE BBIXONAILME M3 Hee Ayrd. DTO TOT MOMEHT, KOrla MpPOUCXOIMT
BO3BpAT MO Ayre, Bedyllleil B 3Ty BEpIIMHY, a AId BeplLIMHbI, BHIOpAHHOH B Kaye-
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CTBE HaqaﬂbHOﬁ,—— 9TO MOMCHT, KOIJd 3dKaH4YMBA€TCA PAaCCMOTPCHUEC O HOM
KOMITOHEHTbI CBA3HOCTH.

st Kakaoil MyrM Takke MOXHO BBIACIHWTH JBA OCHOBHBIX MOMEHTA: MOMEHT,
KOTIa IMPOMCXOMUT Mepexol MO ITOM Ayre B HOBYIO MJIM B YX€ IOCEIEHHYIO pa-
Hee BeplUIMHY, U MOMEHT, KOr/la MpOUCXOIUT BO3Bpar 1o stoit ayre. Eciu ayra
BEJET B YX€ IOCELIEHHYI0 paHee BeplLIMHY, TO BO3BpaT IPOUCXOJUT Cpasy XKe.
Ecnu xe nyra BemeT B "HOBYW" BEpIIMHY, TO BO3BpaT MO 3TOU ayre MpoOu30HaeT
TOJILKO ITOCJ/IE TOrO, KaK 2Ta BepllMHA OyIeT MOKMHYTA OKOHYATEIbHO.

CylliecTBEHHBIM MOMEHTOM MpK 00xone B IIyOUHY SBIAETCS TakkKe MOMEHT BbI-
6opa TIPOM3BOIBEHON BepIIMHEI, KOTAA YKe WCCIeNOBAaHBI BCe MYTH, BEAyIINE W3
paHee BbIOpaHHOMH BepLIMHBIL. 19 HEOpUeHTUPOBAHHOTrO rpada 3TO COOTBETCTBY-
eT MOMEHTY Tiepexofa K HOBOI KOMIIOHEeHTe CBI3HOCTH Tpada. CoOTBETCTBYIO-
LIMHA 9TOMY MOMEHTY METOI TaKXe CJIeayeT BKIIOUMTb B MHTepdeiic paboThl Mo-
CETUTEIS.

Hrak, omnpenenum uHTepdeiic nmoceTuTenss y3lmoB U Iyr rpacda TakuMm obpasowm,
4yTOOBI B HEM COAEPKAIUCH METOAbL AJisI 0OpabOTKU BeplUMH Ha "BXxode" U "BhIXO-
ne", i obpaboTKu Ayr Ha myTw "Tyma’ u "oOpaTHo", a Takxke aas 0oOpaboTKH
MOMEHTa BbIOOpa ouepelHOl BeplivHbl. MeToabl 00padOTKU BEpLIMH I10y4Yar B
KayecTBe apryMeHTa HoMep oOpabaThIBacMOM BepIITMHEI, 4 METOABI 0OpabOTKI IyT
MoJy4yaT B KaueCTBE apryMeHTOB HOMEpa BEpLIMH, KOTOPbIE BTa Oyra COEAMHSET,
¥ WHDOPMAITIIO O TOM, TTocelIaach M paHee Ta BepllIMHA, B KOTOPYIO BElET 3Ta
ayra. BoT kak MOXeT BBIIJISAAETh OllpeaeaeHue TAKoro nHrepdeica:

public interface IGraphDepthVisitor ({
void vertexIn (int vertex);
void vertexOut (int vertex);
void arcForward (int begin, int end, boolean newVertex) ;
void arcBackward (int begin, int end);
void newSelection (int vertex);

}

Cam oOxoa BepllIMH W AyT Tpada MoxeT ObITh pealu30BaH MO TOMY Xe caMoMy
ITOPUTMY, KOTOPbII ObLT UCIOJb30BAH HAMU AJIS1 Pealu3aluy BHELIHEero urepa-
Topa. B nuctmHre 5.3 Takas peanuszanus TpuUBeleHA B BUAE MeTola
traverseDepth () Klacca LGraph. HeckonbKo M3MeHeHa CTPYKTypa OOBEKTOB,
ToMelaeMbix B cTek ayr. B mpencrasieHuu L-rpacda ayra coaepXuT WHpopMa-
LIMIO TOJBKO O HOMEpE BEPILMHBI, B KOTOPYIO OHA BxomuT. OMHAKO IPH IPOXOXK-
JEHWH OYTH TpebyeTcs 3HATh TakKe W BEpIIMHY, W3 KOTOPOi myra ucxomaut. [Mo-
9TOMY BBeI€H HOBBII KilacCc OOBEKTOB — ExtendedArc, SBIAIOLIMUIC
paclIMpeHneM Kiacca Arc M COAepXXalllui B KadecTBe pacliupeHus WHpopma-
LIMIO O HAYAJIBHOM BEpIIMHE TYIU.
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INMuctuar 5.3. O6x0a "B rmy6uHy"” ¢ NOMOLLLI0 BHYTPEHHEro uTteparopa

public class LGraph {
/* OcHOBHOe omnpemejieHne rpaba OCTAaeTCH HEUBMEHHBEM.

* Tloka3aHO TOJIbKO IHOoHoJiHeHMe: kJjacc ExtendedArc m dyHkuus traverseDepth

*/

static class ExtendedArc extends Arc {

int begin; // HOMEp BEpUMHEl, HAXONAWENCs B Havajle OyTu

// KOHCTpyKTOp NojyuaeT OCBUHYK OyTy Ipada
// B KadyecTBe OINHOT'O M3 apIr'yMEHTOB
public ExtendedArc (int b, Arc arc) {

super (arc.end, arc.next);

begin = b;
}i

// CoBcrBenHo dyukuma obxoma rpaba "B rminyCuny"
public void traverseDepth (IGraphDepthVisitor visitor) {
// MHOXeCTBO HENPOMIEHHHX BeplH
Set setNotPassed = (new Set (0, graph.length-1)).inverse();
// Crek myrT
IStack arcs = StackFactory.createStack();
// Tekymas paccMaTpuBaeMas BepluHa
int current = -1;

// Tocrenuas BuOpaHHAs BepuHa

int selected = -1;
while (setNotPassed.card() !'= 0) {
if (current == -1) {

selected = current = setNotPassed.first();
visitor.newSelection (selected) ;
}
visitor.vertexIn (current) ;
setNotPassed.remove (current) ;
ExtendedArc nextArc =
(graph[current] == null ? null

new ExtendedArc (current, graph[current]));



Maga 5. AnroputmMmbl 06paboTku ceteBoli uHgbopmaLuu 221

for (;;) |
if (nextArc == null) {
if (arcs.empty()) {
current = -1;

visitor.vertexOut (selected) ;
break;
} else {
try {
nextArc = (ExtendedArc)arcs.pop();
} catch (StackUnderflow x) {
}
visitor.vertexOut (nextArc.end) ;
visitor.arcBackward (nextArc.begin, nextArc.end);
nextArc = (nextArc.next == null ? null
new ExtendedArc (nextArc.begin, nextArc.next));
}
} else {
visitor.arcForward (nextArc.begin, nextArc.end,
setNotPassed.has (nextArc.end)) ;
if (setNotPassed.has (nextArc.end)) {
current = nextArc.end;
arcs.push (nextArc) ;
break;
} else {
visitor.arcBackward (nextArc.begin, nextArc.end);
nextArc = (nextArc.next == null ? null

new ExtendedArc (nextArc.begin, nextArc.next));

}

[Monuklil "mpoToKOA" pabOTHL UTEpaTOpa TEIePb MOXHO MOCMOTPETh, €CAU OIpe-
JeJIUTh IOCEeTUTENsI, KOTOPBI OymeT MPOTOKOIMPOBATH BCE 3asBICHHBIC MEHCT-
Bug. Tak, Hampumep, ecnu ik NPUBEISHHOIo Ha puc. 5.1 mpuMepa BbIIOAHUTD
00X0/1 C IOMOIIIBIO BBI30BA:

graph.traverseDepth (new IGraphDepthVisitor () {

public void vertexIn (int vertex) {
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System.out.println ("vertexIn: " + vertex);
}
public void vertexOut (int vertex) {
System.out.println ("vertexOut: " + vertex);
}
public void arcForward (int begin, int end, boolean newVertex) {
System.out.println ("arcForward: beg=" + begin +
"; end=" + end +
"; new=" + newVertex);
}
public void arcBackward (int begin, int end) {
System.out.println ("arcBackward: beg=" + begin +
"; end=" + end);
}
public void newSelection (int vertex) {
System.out.println ("newSelection: " + vertex);
}
1)
TO B pE€3YyJIbTaTe pa6OTbI ureparopa 6YZLCT BBIBEACH CJIGZLYIOLLII/Ifl IIPOTOKOJI:
newSelection: 0
vertexIn: 0
arcForward: beg=0; end=1l; new=true
vertexIn: 1
arcForward: beg=1l; end=4; new=true
vertexIn: 4
arcForward: beg=4; end=6; new=true
vertexIn: 6
arcForward: beg=6; end=3; new=true
vertexIn: 3
arcForward: beg=3; end=0; new=false
arcBackward: beg=3; end=0
vertexOut: 3
arcBackward: beg=6; end=3
vertexOut: 6
arcBackward: beg=4; end=6
arcForward: beg=4; end=7; new=true
vertexIn: 7

vertexOut: 7
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arcBackward: beg=4; end=7
vertexOut: 4

arcBackward: beg=1l; end=4
arcForward: beg=1l; end=7; new=false
arcBackward: beg=1l; end=7
vertexOut: 1

arcBackward: beg=0; end=1
arcForward: beg=0; end=4; new=false
arcBackward: beg=0; end=4
arcForward: beg=0; end=6; new=false
arcBackward: beg=0; end=6
vertexOut: 0

newSelection: 2

vertexIn: 2

arcForward: beg=2; end=8; new=true
vertexIn: 8

arcForward: beg=8; end=5; new=true
vertexIn: 5

arcForward: beg=5; end=2; new=false
arcBackward: beg=5; end=2
vertexOut: 5

arcBackward: beg=8; end=5
vertexOut: 8

arcBackward: beg=2; end=8

vertexOut: 2

Ta xe camag 3amada o mepebope BceX KOMITOHEHT CBA3ZHOCTH HEOPUEHTHPOBAaH-
Horo rpacda OyaeT Tenepb PelaTbCs ¢ MOMOIIbIO MOIXOMAIIEro onpeaeaeHus Io-
ceTUTeNsT AyT W BeplImH Tpada. DTOT TMOCETHTENh MOKeH OyaeT TIpHM BHIGOpE
ouepenHol BepLIMHBI (newSelection) BblAABATb MH(OPMALIMIO O HAyale HOBOMI
KOMTIOHEHTHI CBSA3HOCTH, 4 MPH 3aX0fe¢ B KaXAYI0 HOBYIO BEpIIMHY Tedararh ee

HoMep. Huxe nokasaH coOTBETCTBYIOLLUIA (PPArMEHT [IPOrPAMMBI.

graph.traverseDepth (new IGraphDepthVisitor ()
int componentNo = 0;
public void vertexIn (int vertex) {
System.out.print (vertex) ;
System.out.print ("; ");
}

public void vertexOut (int vertex) {}
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public void newSelection (int vertex) {
System.out.println();
System.out.println ("BepurHE KOMIIOHEHTH CBS3HOCTM # " +
(++componentNo) + ":");

}

public void arcForward (int begin, int end, boolean newVertex) {}
public void arcBackward (int begin, int end) {}

b

C ToMOIIBI0 BHYTPEHHETO WTepaTopa, OTPEIeIeHHOTO TaKMM 0bpa3oM, MOXKHO
pemrath u 6ojee cOXHBIC 3amaun. HampuMep, ciemyromas 3agava U3BECTHA TIOI
Ha3BaHHWEM TOIOJOTUYECKON COPTUPOBKY BepIINH Tpada.

Ilycth opueHTUpOBaHHBIA Ipad HE MMEeT LMKIOB, T. €., eC/IM, Clelys IO Ha-
[IPABAEHUIO IYr, MOXHO IIONACTb U3 BEeplUMHbL A B BepLIUMHY B, TO U3 BEpLIMHbI
B nonactb B BepluuHy A 3aBelOMO HEBO3MOXHO. B 4acTHOCTHU, 3T0 O3HAYAET, YTO
B rpacde HeT netesb — Ayr Buaa (A, A). [Ipumepom takoro rpacda MOXET CIyKUThb
CXeMa BBIIOJHEHUS] HEKOTOPOr0 MHOXeCTBa pabor, IpuyeM 3jleMeHTapHbie pabo-
ThL 0003HAYAIOTCS BepliMHAMM Ipada, a [yra IPOBOAUTCS U3 BepiiuHbl A B BEp-
wuHy B, eciu pabora b MOxXeT ObITh BBIUIOJHEHA TOJBKO IIOC/IE TOrO, KaK 3aKOH-
YUTCSl BbIIOJIHEHKE PaboThl a.

3amaya cOCTOUT B TOM, YTOOBI TIEpeHYMEPOBATh Bce BEPIIMHEI Tpada TakuM obpa-
30M, YTOOBI J00asg Ayra Bejla M3 BEepPIIWHBI ¢ MEHBIIMM HOMEpPOM B BEpIINHY C
6opmiM HoMepoM. Ecim rpad mpencraBnser coboif cxeMy BEITIONMHEHUS pabor,
TO MOXHO CKasaTh, YTO TaKasg HyMepallds 3afaeT BO3MOXKHYIO JIMHEIHYI0 Tocie-
JOBaTeILHOCTD paboT, HATIpUMeEp, VTS TTOCTIeOBATEIFHOTO BEITIOMHEHUS BCeX pa-
60T OMHUM W TeM K¢ pabOTHUKOM.

HecnoxHo mokazaTh, 4TO 1S OPUEHTUPOBAHHOIO rpada 6e3 LHUKIOB 3a1a4a UMe-
eT Mo KpaiiHeii Mepe omHo pelieHue. OTHO K3 BO3MOXHBIX PELIEHUH MOXHO
HalTU C [OMOILbIO CJAEAYIOLIErO aJIroOpUTMa.

Bynem HymepoBarh BeplIMHBI, HAaYWHas ¢ MakcHUMaJlbHOTO Homepa. s sToro
3aMyCTUM QJITOPUTM o0xona "B TAYyOWMHY", U cTaHeM TMPUITUCHIBATL OuepeHON
HOMep BepllIMHe, KOorja 3Ta BeplliMHA OKOHYATENbHO MOKWIAETCS aJTOpUTMOM
obxofa (vertexout). B 9TOT MOMEHT Bce BEPIIUHBI, JOCTMXKUMBIE U3 TTOKWAAe-
Molt, yXe OyAyT mpoHYMepoBaHB M, TAKMM obpaszoM, OyIyT MMeTh HOMEp, 3aBe-
JoMO OOJIBIINI HOMepa, TIPUITMCHIBAEMOTO TeKyIlei mokuaaeMoit BepinnHe. ITo-
CKOJIbKY Tpad He mMeeT IIUKIIOB, TO 3Ta BEpIIMHA HE JOCTKMMA U3 Hee caMoW,
MMO3TOMY BCE YCJIOBUS 3aJJa4i OKA3bIBAIOTCS BBITTOJTHEHHBIMMU.

BYZLGM CYUUMTATb, YTO HYMEpALUMUIO BEPIUMHBI MOXHO OCYLICCTBUTHL C IIOMOILLbIO
METOdAa setMark (int vertex, int number).IIpeHHOﬂQXMNITaKme,HTO oIIpe-
ACJIeHbl METO[, getMark (int vertex), BbLZ[ElIOLLll/Iﬁ HpI/IHI/ICElHHbel BEpLIMHE HO-
Mep (—1, eciu BepllMHA elle He ObUld MPOHYMEPOBAHA), U METO/ isMarked (int
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vertex), IIPOBEPSIOILIMI, MPUIIMCAH JU BEPLIMHE HEKOTOPbLA HoMmep. Pasymeer-
Cd, peanusalud 0TUX METOJOB HE NPCACTAB/IACT HUKAKOIo Tpylda. TOFﬂ,a peueHune
32/1a44 TOIIOJIOIMYECKO COPTUPOBKU BePIUUH rpaca MOXeT ObITh 3aIUCAHO Clle-
LyIOLMM 00pa3oMm:
graph.traverseDepth (new IGraphDepthVisitor () {

int number = graph.vertexCount () ;

public void vertexIn (int vertex) {}

public void vertexOut (int vertex) {

graph.setMark (vertex, —-number);

}

public void newSelection (int vertex) ({}

public void arcForward (int begin, int end, boolean newVertex) {}

public void arcBackward (int begin, int end) {}

b

Puc. 5.3. lNpumep OpMEHTUPOBAHHOIO aUMKIM4Yeckoro rpada

Ecnu npumeHuTh 5Ty Hnpolenypy K rpady, u300paxkeHHoMy Ha puc. 5.3, To Mmojay-
YUTCS MAapKUPOBKA BEPIIWH, TIpUBEICHHAS HIXKE.

Bepumua # 0; mark=2
BepmmHa 1; mark=4
BepmmHa 2; mark=0
3; mark=5
4;
5;

; mark=1

#
#
Bepumna #
Bepumna #
#

BepmmHa ; mark=3

C NOMOIIBIO TOIO K€ CAMOrO AIrOpUTMA MOXHO IPOBEPUTb, NEHCTBUTENbHO JU
rpadp He uWMeeT UMKIOB. IS 3TOTO HOCTATOYHO TIPU TIPOXOXKICHUW OYyTH
(arcForward) IMPOBEpPATb, HE BEIET JIM OTA Ayra B yXKe MpOMIeHHYI0, HO ellle He
MTPOHYMEPOBAHHYIO BepIIMHY. Pean3oBarh Takoe paclmpeHne TPeaocTaBiIseTcs
YUTATENIM.
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BuyrpeHHuii urepatop AJjisg obxoma BeplUMH U Ayr rpacda "B LIyOUMHY' MOXHO
peaNn30BaTh U IPOoLle, YeM ITO IpeacTaBieHo B nuctuHre 5.3. g sToro gocra-
TOYHO OMNpPEIeIUTh PEKYPCUBHYIO (YHKIIMIO, OOXOIAIIYI0 BCE BEPIUMHBI U AYTH,
JOCTUKMMBbIE M3 3aTaHHOM BepPILMHBL. DTa peKypcUBHASA QYHKIIMSA (traverseRec)
U COOTBETCTBYIOLLMI MeToj ob6xoma "B IMyOuHy" (traverseDepthRec) IIPeACTaB-
JIEHbI B JILCTUHTE 5.4.

INMucTtuHr 5.4. PekypcuBHBIM anroputm o6xoaa rpada "B rnmyouHy"

public class LGraph {
/* TlokasaHE TOJBKO HOBHE byHKLMM traverseRec m traverseDepthRec */
private void traverseRec (
int v, IGraphDepthVisitor visitor, Set setNotPassed) {
visitor.vertexIn(v);
setNotPassed. remove (V) ;
for (Arc arc = graph[v]; arc != null; arc = arc.next) {
boolean newVertex = setNotPassed.has (arc.end);
visitor.arcForward (v, arc.end, newVertex);
if (newVertex) {
traverseRec (arc.end, visitor, setNotPassed);
}
visitor.arcBackward (v, arc.end);

}

visitor.vertexOut (v) ;

public void traverseDepthRec (IGraphDepthVisitor visitor) {
Set setNotPassed = (new Set (0, graph.length-1)).inverse();
while (setNotPassed.card() !'= 0) {
int selected = setNotPassed.first();
visitor.newSelection (selected) ;

traverseRec (selected, visitor, setNotPassed):;

Bra peanusauusd BbILIAINT Oonee ecTeCTBEHHOM ellle U IIOTOMY, 4YTO BbI3OBbI OC-
HOBHBIX onepaumﬁ HoCeTuTeIsl — vertexIn, vertexOut, arcForward H
arcBackward — PAcCIIOJOXKEHBI BHYTPU OIIPCACICHUA (byHKLLl/II/I traverseRec
CUMMETPUYHO HA "cBOUX" €CTeCTBEHHbIX MECTax.
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Temnepb paccMOTPUM ANITOPUTMbI 00Xx0aa rpada "B mupuny". s 006xon0B "B K-
pUHY" He CYLIECTBYET TAKOIO [IPOCTOrO WM M3SILIHOIO PEKYPCUBHOIO AJIIOPUTMA,
KakK [IJI TOJBKO UYTO PAacCMOTPEHHOro crocoba obxoaa "B rayouHy". ITosrtomy
pasbepeM nBa crocoba obxoga rpaga "B ILUPUHY' — C MOMOILbIO BHEIIHEro U
BHYTPEHHEI0 WUTeparopoB, KOTOPhIE, 110 CYLIECTBY, IPEACTABISIOT cOB0il MOmu-
duKalu OTHOTO U TOIO Xe AITOPUTMA, CXeMATUYHO OMKMCAHHOIO HILKE.

BreiGepem Tpou3BOSBHYIO BeplWHY Tpada M HauyHeM oOXOA ¢ 3TOW BEepIIMHEIL.
B niporiecce paboThl anroputMa OyneM JeIuTh Bee BepIIMHBI Tpacda Ha TpU Kilacca:

O npoieHHbIE BePIIKHbI;
O BepIIWHBI, KOTOPBIE OYAYT TPOWJACHBI HA CIECAYIOIIEM TITare alTOPUTMA;
O Bce ocTajbHbIC HENPOHICHHBIE BEPILIHbDI.

B HavyagbHBINT MOMEHT pa6OTI)I BI)I6paHHa$I WCXOOHas BEpINWHA TTOMCEIIACTCSI BO
BTOPOC MHOXECTBO, a4 BCC OCTAJIIbHBLIC BCPINMHLI — B TPETHE. OI[I/IH mar pa6OTBI
AJITOPUTMa COCTOUT B TOM, YTO 6CPYTCH BC€ BECPIIWHDLI BTOPOTO MHOXKECTBA, IIPOXO-
JATCA (I/I TIOMCHIAIOTCS B TIEPBOC MHO)KGCTBO), HaxoIsiITCS BCE BEPIIWHBI TPETHETO
MHOKECTBA, B KOTOPLIC BEAYT AYTM M3 TOJIBKO YTO HpOﬁI[eHHbIX BEPUINH, U BCC
HalIeHHbBIE BEPIOWHBI MEPEBOIATC U3 TPETHLETO MHOXKECTBA BO BTOPOC.

Ecnu BTOpOoe MHOXECTBO OKAa3bIBAETCS MYCTbIM, TO OTO O3HAYAET, UTO IPOMAEHBI
yXe BCE BEepLIMHBI, JOCTKKUMbIe U3 ucxonHoi. Eciu npu aToMm B rpade eie oc-
TaJIMCh HENPONAeHHbIE BEPIIMHbLI, TO MOXHO CHOBA BbIOpAThb OAHY M3 HMX B Ka-
YeCcTBe MCXOMHON M MMOBTOPUTH PaboTy aropuTMA.

Ha TIPpakKTUKE BTOPOC MHOXECTBO MOXXHO OPraHU30BATH B BUIAEC OYCPEAU, TOraa
BEPIIMHBI MOXKHO 6paTI) O OJHOW W3 TOJIOBBI ouepean, a HOBBIC BEPIIUHLI, B
KOTOPbIC BEAYT U3 HEC AYTH, Cpa3y K€ MOMEINATh B KOHECII OYEPEaAN.

B nuctunre 5.5 mpeacrapieH BHELIHHUII MTEpaTop, pPealM3yIONIMA OMMCAHHBIIL
anroput™. B HeM IepBoe MHOXECTBO — MHOXECTBO MNPOMACHHBIX BEpILUUH —
du3nuecKku HUKAK He IpeacTaBieHo. Bropoe MHOXECTBO HpeacTaBleHO ouepe-
IbIO gNext, U TPETbE€ MHOXECTBO — IEPEMEHHOMN setNotPassed Kjlacca Set.

INMuctuxr 5.5. BHewHu utepatop Ans o6xoaa rpacda "B WMpuHy”

public class BreadthGraphlterator implements Iterator {

LGraph graph; // mpad mis obxoma
IQueue gNext = QueueFactory.createQueue(); // ouepemnb BepumH
Set setNotPassed; // MHOXECTBO HENPOMIEHHHX BEpIVH

public BreadthGraphIterator (LGraph g) {

graph = g;
setNotPassed = (new Set (0, graph.vertexCount ()-1)).inverse();
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public boolean hasNext () {
// ECTb ele HENPOMIEHHHE BEPUVHEL?

return ! (gNext.empty () && setNotPassed.card() == 0);

public Object next() {
if (!hasNext()) return null;
if (gNext.empty()) {
// BriOupaeM HOBYH MCXOIHYKD BEPUMHY W3 €le HEIPOMIEeHHEBIX
int selected = setNotPassed.first();
gNext.enqueue (new Integer (selected));
setNotPassed. remove (selected) ;
}
// BeOMpaeM BEpUMHY U3 Odepemy
Integer vertex = null;
try {
vertex = (Integer)gNext.dequeue();
} catch (QueueUnderflow x) {
}
// TlpocMaTprBaeM LOyTM, BeOyule W3 5TOM BEepIVHEL
for (LGraph.Arc arc = graph.graph[vertex.intValue()];
arc != null;
arc = arc.next) {
if (setNotPassed.has (arc.end)) {
setNotPassed. remove (arc.end) ;

gNext.enqueue (new Integer (arc.end));

}

return vertex;

// OyHKLUMA remove () BamaHa TOJBKO IJIS COBMECTUMOCTN

public void remove () {}

B nucruHre 5.6 TOT Xe ANrTOPUTM IIPUBEAECH B BHUIAE BHYTPEHHErO HTEPATOpA,
[PEJCTaBIEHHOIO  METOJOM  traverseBreadth €  apryMEHTOM  KJjacca
IGraphBreadthvVisitor. [TocKoibky Npu obxomax "B IMIUPHUHY' OECCMBICISHHO
FOBOPUTb O BO3Bparax IO JyIe, TO METO/Abl arcBackward M vertexOut OTCYTCT-
BymTISHHTGp@GﬁCGIGraphBreadthVisiton
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INMuctuhr 5.6. BHyTpeHHUI ntepartop ansa o6xoaa rpacda "B WMpuHy”

public class LGraph {
/* B JMCTMHIE€ [IOKA3aHa TOJIbKO HOBas QyHKLMSA traverseBreadth */
public void traverseBreadth (IGraphBreadthVisitor visitor) {
// Ouepenb BepumH
IQueue gNext = QueueFactory.createQueue();
// MHOXeCTBO ele He NPOMIEHHHX BEPUH

Set setNotPassed = (new Set (0, vertexCount ()-1)).inverse();

while (! (gNext.empty() && setNotPassed.card() == 0)) {
if (gNext.empty()) {
// BHIOOp OUEpEemHOM MCXOIHOV BEepIMHEL
int selected = setNotPassed.first();
visitor.newSelection (selected) ;
gNext.enqueue (new Integer (selected));
setNotPassed. remove (selected) ;
}
// BuOOp BEPUMHEI M3 Ouepeln
Integer vertex = null;
try {
vertex = (Integer)gNext.dequeue();
} catch (QueueUnderflow x) {
}
visitor.vertexIn (vertex.intValue());
// TIpOCMOTP BCeX NOyT, BEeOyUMX M3 STOM BEPUIMHEL
for (LGraph.Arc arc = graph|[vertex.intValue()];
arc != null;
arc = arc.next) {
boolean newVertex = setNotPassed.has (arc.end);
visitor.arcForward (vertex.intValue(), arc.end, newVertex);
if (newVertex) {
setNotPassed. remove (arc.end) ;

gNext.enqueue (new Integer (arc.end));
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O6xoabl rpacda "B LIMPUHY' HPUMEHSIIOTCS B CleylolleM paziene s IMoucKa
KpaTuapilnux nyreil B rpade.

5.2. NMounck KpaTyanwmx nyrten

Camag mipocTast 3amava ITOMCKa KpaTdaiimero MyTH B Tpade COCTOWT B CIEAYIO-
meM. IlycTh 3amaHBl B BepIIWHLI — HadajgbHas W KoHewyHasd. M3BecTHO, 4TO
UMeeTcsT TI0 KpaitHelt Mepe OfIWH IyTh, MO KOTOPOMY MOXHO TIPONTH, YTOORI TTO-
MacTh W3 HAaYaJbHOW BepIIWHLI B KOHeUHVI0. TpebyeTcs ykasaThb OAWH W3 TaKUX
TyTelt, comepsKalInii HanMeHbIIIee KOJTMYECTBO TTPOMEKYTOUHBIX BEPIITIH.

i penieHys AaHHON 3amaud MOXHO HMCIIONb30BAThb HECKOJIbKO MOAUMUIMPO-
BaHHBI anropuTt™m odbxona rpada "B 1wmpuHy". [lig 3TOoro BbiOepeM B KauyecTBe
HMCXOMHON BepIUMHEL JId 00X0Ja HadyaabHylo Bepiluudy. Hanee Oyaem o0XOmXUTh
BEpLUIMHBI M IyrM rpada Tak, KaKk 3TO AEJAN0Ch B OObIMHOM ajropurMe obxona,
TOJIbKO HJIS1 KaXIOH MPOXOAMMON BEpLIMHBI CTAHEM OTMEYaTh TY BEpIIMHY, U3
KOTOpOIi OHA ObUIa AOCTUIHYTA IO Ayre (COXpaHsd TakKUM oOpa3oM IyTH, Bedy-
IIKMe M3 HAYaJbHOM BeplLIMHbI BO BCE OCTAJbHBIE, AOCTHXUMBIE U3 Hee). B Tor
MOMEHT, KOorfaa OyaeT JOCTUIHYTa KOHeUHAs BepliuHa, paboTy aIropuTMa MOXHO
3aKaHYMBaTh. Temepb Kpardyaillinidi MyThb MOXHO MOJIYYMTb, €CIM IPOCAEIUTh BCe
BEPIIMHBI, OT KOHEYHOM U 10 HAYAJIbHOM IO OCTABIEHHBIM OTMETKAM.

IMTpusenennas B JUCTUHTE 5.7 (DYHKIUS peliaeT MocTaRIeHHYI0 3a1avyy, UCMojib-
3ys1 OCHOBY ajlroputMa obxoja "B mupuHY'. B KadecTBe pesynabrata HyHKIINUS
BO3BpalllacT MAacCHUB, cofepXallluii HoMepa BceX BeplIWH Ha MYyTU U3 HavalbHOM
BEepUIWHBI B KOHeuHYyw. Ecim Takoro myTu He cyliecTByeT, (YHKIIUS BEpHET B
KavyecTBe pe3ysibTara MycTol MaccuB.

JInuctunr 5.7. HaxoxaeHue KpaT4yanwwero nyTyv U3 sagaHHou HavyanbHOW
BEpPLUUHbI B KOHEYHYH

public class LGraph {
/* B JMCTMHIEe [OKa3aHa TOJIbKO HoBasa dyHKuma getShortestPath */
public int[] getShortestPath (int beg, int end) {
// TpUBMANBHENI CJIydall COBINAIEHVS HauaJIbHOM ¥ KOHEUHOM BeplMH
// paccMaTprMBaeTCd OTIEIIBHO
if (beg == end) {

return new int[] { beg };

// BeOMpaeM HauajbHYl BepIMHY B KaueCTBEe MCXOIHON
int selected = beg;

IQueue gNext = QueueFactory.createQueue();
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Set setNotPassed = (new Set (0, vertexCount ()-1)).inverse();

int[] marks = new int[vertexCount () ];

// VHuLmanmM3aumMsa MACCuBa OOPATHEIX METOK
for (int i=0; i < marks.length; i++) {

marks([i] = -1;

setNotPassed. remove (selected) ;

gNext.enqueue (new Integer (selected));

// OCHOBHOM Lmki ofxoma "B umprHy"
loop:
while (!gNext.empty()) {
Integer vertex = null;
try {
vertex = (Integer)gNext.dequeue();
} catch (QueueUnderflow x) {
}
for (Arc arc = graph|[vertex.intValue()];
arc != null;
arc = arc.next) {
boolean newVertex = setNotPassed.has(arc.end);
if (newVertex) {
setNotPassed. remove (arc.end) ;
marks[arc.end] = vertex.intValue();
// 3mech OPOUCXOmAT NPOBEPKAa Ha NOCTIXEHME KOHEUHON BEPUNMHEL
if (arc.end == end) {
break loop;
}

gNext.enqueue (new Integer (arc.end));

if (marks[end] == -1) {
// TlyTb B KOHEUHYI BEPUMHY X3 HAUAJBLHOM HEe HalIeH

return new int[] {};
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} else {

// TlomcueT KOJIMUECTBA BEPUMH Ha IIyTM B KOHEUHYH BEpIMHY

int count = 1;

for (int i = end; marks[i] !'= -1; 1 = marks[i]) {
count++;

}

// ®opMMpOBaHUE pPe3yIlbTUPYIIETO MACCUBA

int[] result = new int[count];

for (int i1 = end; marks[i] !'= -1; 1 = marks[i]) {
result[--count] = 1i;

}
result[0] = beg;

return result;

Ecau 3anmyctuTh (QyHKIMIO HAaXOXIASHUST Kpardaifiero myTw Ha Tpade, n3odpa-
>KeHHOM Ha puc. 5.1, ¢ aprymeHtamu O u 3, To B pesyabTaTe padoThl (HYHKIIUN
MOJIYYUTCST MACCUB ¢ TpeMsl KoMmoHeHTamu: 0, 6, 3, a ecin B KauecTBe apryMeH-
ToB 3a7aTh 0 1 8, To B pe3yapTaTe paboThl Oy/IeT MONyYeH MyCcTO MacCcHUB.

Heckonbko Gonee nHTepecHas 3amadya COCTOUT B TOM, YTOOBI HAUTU KpaT4yailinil
MyTh MEXIY NBYyMs BepILIMHAMM IPHU YCJAOBUM, YTO Kaxkaas Ayra UMeeT ompeie-
JIEHHYIO JIMHY, TaK YTO MEpPOil TAKOIO paccTOsAHUSI OyaeT He KOJMYECTBO Oy Ha
KparyaiiiieM ImyTH, a cymMMapHasd njiuHa nytu. ['pad, B KoTopom ¢ Kaxmoil myroi
CBSI3aHO HEKOTOPOE 3HAUYECHUE, HAZBIBACTCS HACPYICEHHBIM 2PagpoM.

TMepBoIM pelieHne 3TOM  3aMauyM  TMpemToXun W omydonukosan . Ilelikerpa
(E. W. Dijkstra), mo3ToMy ONMUCHIBAEMBIH HMXKE aJITOPUTM HA3BIBAETCSI alTOPUT-
MoM JIeiKCTpHI.

AJIFOPUTM [IOMCKA KpaTyaiIliero MyTyd B 3TOM clly4yae TaKXe HEeCKOJIbKO HAIIOMU-
HaeT aaroputMm obxona rpada "B IIMPUHY" ¢ TOI pasHULEH, UTO HAa KaXIOM Liare
BO MHOXKECTBO pacCMaTpUBAEMbIX HA CJIEAYIOLIEM Ilare BepluuH (MHOXECTBO No 2)
000aB/sieTCs JIMIIb OIHA BEpLIMHA — Ta, KOTOPAas HAXOMUTCS HA KOHIE caMoii
KOPOTKOM Iyrd M3 Ayr, BeIyLMX M3 BepliMH MHoxecTBa Ne 2 B ellie He IIpoii-
IeHHble BepluuHbL. Jas mojcyera CyMMapHOil JIMHBL [1IyTM B MAacCUB OOpaTHBIX
CCBUIOK 3aIIMCBIBAETCs TAKXKE HE TOJbKO MHGMpOpMALMI O Mpeablaylleil BepliMHe
Ha [yTW B JAHHYIO, HO TAKXe [UIMHA [IYId, IO KOTOPOI ObUL CHENAH MOC/IeIHMIT
wiar. Pabora ¢ ouepenbio TakXKe HECKOJIbKO OTAMYAETCS OT KIACCUYECKOIOo MHO-
JKECTBa ollepalmii 1o pabore ¢ ouepenblo, TaK YTO B STOM AIrOPUTME YMECTHEe
FOBOPUTh O MACCUBE BEpLIMH, PACCMATPUBAEMbIX HA CJIEAYIOILEM Liare.
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Peanuzanusa aroro airopurMa NOpuBeleHa B JMUCTUHIE 5.8 B BMUAE MeToda
getDijkstraPath, B KauecTBe IapaMETPOB KOTOPOMY 3aJAlOTCSl HOMEpa Havajb-
HOIl U KOHEYHOM BEeplIMH Ha KpardyailleM IyTH, a TakXe MepeMeHHasl, KoTopas
Oyzer copepkaTb MACCUB HOMEPOB MPOMEXYTOUHBIX BEPIIMH HA IYTU U3 HA4allb-
HOIl BeplIMHbL B KOHEUYHYl0. [Jig 3Toro mapaMerpa CIeLUalbHO OIpeleiaeH HO-
BBIil KJIACC Path, OIpeAe/ieHUue KOTOPOro TaKXKe COAep:KUTCS B IucTuHre 5.8. Pe-
3y/lbTaToOM paboThl MeToda OydeT cyMMapHas AAMHA KpaTyailiero myTu.

ng peannsanuy alroputMa TpebyeTcsl Takke BHECTH HEKOTOPBIe KOPPEKTHBHI B
MpencTaBleHne camoro rpada. Temeph BMecTe ¢ Kaxmoil myroil rpada B HeM
JOJDKHA XpaHWThCS eTo JTHHA, TTO3TOMY OoTipesie/ieHre BHYTpEeHHETO Kiiacca Arc B
KJTacce LGraph W3MEHEHO.

NucTtuHr 5.8. AnroputM onpeaeneHust KpaTyanLwero NnyTy ¢ y4eTom AMWUH Ayr

public class Path ({
public int[] path;

public class LGraph {
// Kjacc Arc OpemcTaBisgeT OyTy, Bemyllylo B y3en end

static class Arc {

int end; // HOMep y35a, B KOTOPLII BXOOUT B3Ta HOyTa
Arc next; // crenyomas Oyra B CIUCKE
int length; // DvHAa IyTu

public Arc(int e, Arc n, int len) {

end = e; next = n; length = len;

}i

// Ianiee omnpenesyieHMe KjlacCa OCTaeTCHa HEM3MEeHHEM OO OlpelesieHNVA

// HoBoro MeToma getDijkstraPath

public int getDijkstraPath (int beg, int end, Path path) {
// TPUBMAJIBHEIL CJlydail COBIAAEHVMS HAYAJIbHOM ¥ KOHEUHOM BEepIVH
// paccMaTprMBaeTCsa OTAEJIBHO
if (beg == end) {
path.path = new int[] { beg };

return 0;



234

CospnaHue n obpaboTka CTPyKTYp AaHHbIX B NpUMepax Ha Java

// BeOMpaeM HAdajbHYyl BEpPIMHY B KadeCTBE MCXOIHON
int selected = beg;

// BeKTOp, NpPeICTaBJILOIMII MHOXECTBO BEPUIMH,

// paccMaTpMBaEMEIX HAa CJIEOyOIEeM mare

Vector arrNext = new Vector();

Set setNotPassed = (new Set (0, vertexCount ()-1)).inverse():;
int[] marks = new int[vertexCount ()];
int[] length = new int[vertexCount()];

// VHuLpanmM3aumssa MAcCuBa OOPATHEIX METOK
for (int i=0; i < marks.length; i++) {
marks([i] = -1;
length[i] = 0;

setNotPassed. remove (selected) ;

arrNext.add (new Integer (selected));

// OcHOBHOM Lmkj ofxoma "B mmpuuy"
while (setNotPassed.card() > 0) {
// TIOMCK MMUHUMAJILHOM OyTu

Arc minArc = new Arc (0, null, Integer.MAX VALUE);

int minVertex = -1;
for (int 1 = 0; i < arrNext.size(); i++) {
int vertex = ((Integer)arrNext.get(i)).intValue();

for (Arc a = graphlvertex]; a!= null; a = a.next) {
if (setNotPassed.has(a.end) && a.length < minArc.length)
minArc = a;

minVertex = vertex;

}
if (minArc.length == Integer.MAX VALUE) {
// BoJiblle HET HY ONHOM HOBOW BEpPIHLL

break;

arrNext.add (new Integer (minArc.end)) ;

marks [minArc.end] = minVertex;

{
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length[minArc.end] = minArc.length;
setNotPassed.remove (minArc.end) ;
if (minArc.end == end) {

// KoHeuHas BepuyHa HOOCTUTHYTa !

break;

if (marks[end] == -1) {
// TlyTb B KOHEUHYI BEPUMHY U3 HaAUaJIbHOM He HalIeH
path.path = new int[] {};
return 0;
} else {
// Topcuer KONMMUECTBA BEPUMH HA I[IyTHU B KOHEUHYH BEPUMIHY
int count = 1;
for (int 1 = end; marks[i] != -1; 1 = marks[i]) {
count++;
}
// dopMMpOBaHME PE3YIIbTUPYIETO MACCHBA
int wholelength = 0;
path.path = new int[count];
for (int i1 = end; marks[i] !'= -1; 1 = marks[i]) {
path.path[--count] = i;
wholeLength += length[i];
}
path.path[0] = beg;

return wholelLength;

Hns mpuMmepa Harpysum ayru rpada, nsoOpaxeHHOro Ha puc. 5.1, HEKOTOPbIMU
LeJBIMU YMcIaMK, 0003HAYAKIUMU JUIMHY ayTH. B pesyiabTate momyuutes rpad,
Mpe/ICTaBIeHHbIN Ha puc. 5.4.

Ecinu tenepb MOMmbITATLCSA HAWTHU KpaTdaillliMi MyThb MEXIY BeplIMHAMKU 3 U 4, TO
OyleT HaljeH IyTh, Ipoxoidiuuil yepes BepuiuHbl 3, 0, 1, 4. CymMmapHas UIMHA
3TOIO IyTU COCTABISIET 6 €IMHUIL U, XOTS U CYLUECTBYET IIyTh, IPOXO/SLIMI Yepes
MeHbliiee 4ucjao BepiuuH (3, 0, 4), HO ero cyMMapHas IIUMHA OKasbIBaeTcs OObIiie
(8 emuHMII), TAK YTO B KAYECTBE KpaTdaiiiiero oyaer BoIOpaH MMEHHO MEPBbIH MyTb.
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Puc. 5.4. HarpyxeHHbin rpad

BuizoBeMm as1 3TOro rpada Meron getDijkstraPath ¢ MapaMeTpaMM IJIs1 HAXOX-
JeHUs KpaTJaifliero NyTyd U3 BepLIMHbL 3 B BEPLIMHY 4:

Path path;

System.out.println ("KpaTuaiumil nyTb X3 BEPUMHHE 3 B BEpUMHY 4 COCTAaBJIAET

"

+ graph.getDijkstraPath (3, 4, path = new Path())
+ " emuHMI, ¥ OPOXOOUT 4Yepe3 BEepUMHH:");
for (int i = 0; i < path.path.length; i++) {
System.out.print ("" + path.path[i] + "; ");
}
System.out.println();

Torna B pe3ynbrare MOMYYUTCS CAEOYIONIMA TEKCT:

KpaTualmmii oyTh M3 BEePUMHE! 3 B BepumHy 4 COCTaBISeT 6 €OMHULL M IPOXOIUT
yepes BEPUMHEL:

3; 0; 1; 4;

Ausroput™ JleifiKeTphl MOCAEI0BATEAbHO [IPOCMATPUBAET BCE AYTU, MUCXOMIIME U3
paclupsIolerocss MHoxecTBa BeplunH. Eciau rpad umeer N BepuuuH u M ayr, To
Ha KaXKIOM Illare ajropuTMa pacCMaTpUBaeTcs BIUIOTb 0 M Oyr, MpUYeM U3 HUX
BBIOMPAETC TOJIbKO OJHA ¢ MUHUMAIBHON AJIMHONK. DTO 03HAYAET, YTO B XYALIEM
cllyyae CKOpOCTb paboThl ajiropurma mpubauxaercs Kk MxN. Dro, Bopouem, Id0-
BOJIbHO €CTECTBEHHO, T. K. B XyIIleM clydae ACHCTBUTEIbHO MPUXOAUTCA Iepe-
CMOTpPETb BCe MYIM, BBIXOMAILNE U3 BCEX BeplUMH rpada.

PaccmoTpum Temepb 3amavy, B KOTOpo#l TpeOyeTcss HaiiTM BCEBO3MOXHBIE Kpar-
yaiine MyTH M3 BCexX BepllMH rpacda Bo Bce Ipyrue BepluHBL. PesynbratoM pa-
OOTBHI TAKOTO AJTOPUTMA JIOKHA OBITh MATPUIIA, B KOTOPOW TS KAKAOW MApHI
BepIInH (i, /) conepXXuTcesl JJIMHA MMHUMATBHOTO TIYTH U3 BEPITUHBI i B BEPIINHY .
7151 HaxokAeHUs] caMuX TyTelt MOXHO TakXKe TOCTPOUTh MaTpuily, B KOTOPOWl B
kietke (i, j) comepXWUTcS HOMep TIEPBOM BEPUIMHBI Ha KpaTyaifliem MyTH W3
BEepIIWHBI [ B BeplnMHy j. Pa3zymeercsi, MOXHO BOCTIOJB30BAThCS aJTOPUTMOM
HeiKeTpbl, TPUMEHUB €ro TocIenoBaTeIbHO JIIST Beex Tap BepINUH, OJHaKo 3¢-
(eKTUBHOCTH €ro paboThl OyIeT HeBETUKa.
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[pexnae, yeM mepedTH K paccMOTPEHUIO AIrOpuUTMa Ul pellieHus MPpUBeIeHHOI
3amayn, pazdoepeM ellie oJHy 3adady, BooOlue roops, bonee mpocryio. Ee 00001ie-
HME JACT HAM MCKOMBIHA aaropuT™. 3amaya COCTOMT B TOM, YTOObI Ui 3adaHHOIO
rpadga G HAWTU €ro TPAaH3UTUBHOE 3aMbIKAHUE, T. €. rpad G Takoii, 4YTO B HEM 1y-
ra BeeT U3 BepLIUHBI i B BEPLIMHY j TOJIBKO B TOM ClIy4yae, ecid B MCXOAHOM rpade
CYLIECTBOBAT IIyTh U3 BEPIUMHLI i B BepluHy j. Pasymeerca, ucxoaHerii rpag G Oy-
JIET COlEpXKaThcs B pesyabrupylowem rpage G7 B kauectse noarpada.

g penreAnst 9ToM 3amayn yIOOHO BOCTIONB30BAThCS IMpeACTaBIeHUEM Tpada B
BUIE MATPULBl CMeXHOCTU (M-rpacd), MOCKONbKY OIepaluyd Haa MaTpulamu
YIAYHO TIPENCTABISIOT cOOOM OTMEeNbHBIC TIIaTH aJITOPUTMA.

HamomuuM, 9to mampuua cmexncrocmu — 3To MaTpuiia pasMepoM NxN siaeMeH-
TOB (rae N — 4uciao BepluuH rpada), KaxKablii 21eMEeHT KOTOpoi ¢ uHaekcamu (i,
J) COmepXXWT JIOTMYecKoe 3HAaYeHWe true, €CNW B Tpade wMmeeTcd ayra, Bemymias
M3 BepLIMHBLI i/ B BEPUIMHY j, U 3HAYEHUE false — B MPOTUBHOM ciyyae. Eciau
BBECTU OTEepaITNN CIOXCHUS W YMHOXCHUS JJIST JJOTMYECKWX 3HAYEHWI, B3gB B
KauecTBe omnepauuu cioxeHus omnepauuio "WMIJIN" Hazg jnornyeckuMu 3HaueHUSI-
MM, 2 B KadyecTBe olepallui yMHOXeHUs — onepannio "M", To MoxkHO ompene-
JIUTh W OIEePaLMI0 YMHOXEHUSI MaTPULbl CMEXHOCTU HA [PYLYyI0 MAaTpUlly CMEeX-
HOCTH (MCITONB3Ysd OOBIYHBIC TIpaBWJIA IUTS YMHOXEHHMS MaTpWIl), B pe3yibTare
KOTOPOH MOJy4yaeTcs HOBas MaTPULIA CMEXHOCTH.

Ecnu marpuiia A spigerca marpuiiei cMexHocTd rpaga Gy, a Marpuua B — Mar-
putieit cMexHocTH Tpada Gp ¢ TeMU XKe BeplIMHAMK, TO MaTpuiia Ax B 6yner mpes-
CTaBJIATh cO0O MaTpuily rpada, B KOTOPOM Jiyra BeJET U3 BEPLUMHbL i B BEPLIUHY j
B TOM M TOJIBKO B TOM cllyyae, KOTaa CyIIECTBYEeT BeplliMHa K Takasi, yTo B Tpacde A
CYLIECTBYeT Oyra, Bedaylllas M3 BeplIMHBL i B BepluuHy k, a B rpacde B — myra, Be-
Jyliasi U3 BEPIIUHBI K B BEPIIMHY j. DTO MO3BOJISIET MOCTPONUTH AITOPUTM HAXOXK-
JEHUSA TPAH3UTUBHOIO 3aMbIKaHUS rpacda, UCHOAb3ys TOJBKO OIepallud YMHOXe-
HUST HAJl MaTPUTIAMH CMEXHOCTU Pa3TMUHBIX TIPOMEXKYTOUHBIX TpacdoB.

Jna vcxomHoro rpada G oboszHaunm yepes GK marpuily myTeil JIMHBI HE GOMNb-
el k, T. €. B 9TOM MaTpulie IEMEHT ¢ MHAeKcaMmu (i, j) OyaeT comep:kaTh 3Ha-
YeHWE true B TOM W TOJBKO B TOM cllydae, ecli B UCXOTHOM Tpade CyIIecTBOBa
MyTh AJMHONH He Oobllie k, BEAYIIMA M3 BEPIUMHBL / B BEPIIMHY j. 3aMETUM, 4YTO
TpebyeMBIil peayabTaT — Mmarpuua GI ecth He uTo MHOe, Kak marpuna GV B Ha-
KX obo3HaYeHUIX, rae N — 4ucio BepluuH rpada.

Teneppb 3ameTumM, uyTo MaTpuly G¥ HETPYIHO MOJIY4UTh, UMES UCXOAHYIO MATPULLY
G n npeapiaynyio Marpuity Gl JleficTBUTENbHO, IETKO YOEAUTBCS, UTO CIpa-
BEIJIMBO PaBEHCTBO

Gk= Gl x G+ G.

To ectb marpuuy G¥ MOXHO IONY4UTh, UMES MPEAbLAYILYI0 MaTpuly GK~1 u uc-
XOmHYyI0 MaTpuily G, 3a OTHO MAaTPUIHOE YMHOXEHHWE W OTHO MATPUIHOE CIIOXKE-
Hue. Ecin K ToMy ke 3aMEeTUTh, UTO MUCXoAHAad Marpula G coBOajaer ¢ MaTpulieit
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GO, TO aAropuTM NOCTPOEHMA TPAH3UTUBHOIO 3aMblKaHus G MOXHO omnucarb
caenyromyM obpazom. ChopMmMupyeM MNOCAeTOBATEILHOCTh MATPUIl, HAYWHASA C
marpuubl G= GO u panee G!', G2, ... GN= G7. [lockobKy KaX10€ YMHOXEHUE
MaTtpuil Tpebyer mopsiika N3 JIOTMYEcKMX OIepalnif, a JOTMYECKOe CIOXKEHNE
TpebyeT nopsiaka N2 JIOrMYecKMX Olepaluii, TO BeCh aIrOPUTM 3aiMeT HpUO/IK-
sutenbHO N* + N3 jormdeckux omnepanuii, uto pyu Gonpmmx N MpUMEpPHO 3KBU-
pajenTHO N4 onepaumii. Eciu onpeaenuts onepauuu yMHOXEHUS U CIOXKEHUS
HErocpe/ICTBEHHO Haj rpacdaMu (Ha caMoM Jejie oTepalun OyayT MPOU3BOINTECH
HAJ UX MATPULAMU CMEXHOCTH), TO QITOPUTM IOJYYEHUS] TPAH3UTUBHOIO 3aMbl-
KaHus Tpada MOXET BBIISIETh TAK, KaK MpEACTaBIeHo B JucTuHTe 5.9. B 3TOM
JIMCTMHIE HAIOMHUM onpeneiaeHue M-rpada M BBeJeM olepauuu g KOIMpoBa-
Hud, meyatn rpada, a TaKKe CIOKEHWS M YMHOXKEHWS MaTpPUI[ CMEXHOCTH W
OIepaLUI0 HAXOXKIEHUS TPAH3UTUBHOIO 3aMbIKAHUs rpada.

NucTtuHr 5.9. ANropuTM HaxoXAEHUA TPAH3UTUBHOIO 3aMbikaHUA rpada

/************************************************************

* OnpemeneHre M-Tpada M onepaumyt Hal HUM
************************************************************/
public class MGraph {

boolean graph[][]; // BHyTpeHHee NOpeACTaBJIEHME B BUIE MATPUILE CMEXHOCTN

// KOHCTpYKTOp COBIaeT MyCTYy MATPULYY CMEXHOCTU
public MGraph (int n) {

graph = new boolean[n] [n];

// IoBGamjieHre HOBOM OyT'M, BeOymer M3 U B V
public void add (int u, int v) {
graph[u] [v] = true;

// VoajeHme OyTu, BemOymei M3 U B V
public void remove (int u, int v) {

graph[u] [v] = false;

// KoymuuecTBO BepumH B TI'pabe

public int vertexCount () { return graph.length; }
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// Cospanye xommy rpada
public MGraph copy () {
MGraph res = new MGraph (vertexCount ()) ;
for (int i1 = 0; i < vertexCount(); i++) {
for (int j = 0; j < vertexCount(); j++) {
res.graph[i] [j] = graph[i]l[j];

}

return res;

// YMHOXeHVEe MaTpHLl CMEeXHOCTM COTJIACHO BBEIEeHHEM ONepalysaM
// CIIOXEHVS U YMHOXEHMS JIOTUMUECKUX SBHAUEHUHA
public static MGraph mult (MGraph Gl, MGraph G2) throws Incompatible {

// TpepeBaHre Incompatible BO3OyXmaeTCs, €CiM B KAUECTBE OIEPaHIOB

// onepaumy yMHOKEHUS [IONAHBI I'padbl PaSHBIX pPa3MEpPOB

if (Gl.vertexCount () != G2.vertexCount()) throw new Incompatible();

int n = Gl.vertexCount () ;

MGraph res = new MGraph (n);

// Kilaccuueckmii ajiTOPUTM yYMHOXEHUS MaTPULL

for (int 1 = 0; 1 < n; i++) {

for (int j = 0; j < n; Jj++) {
for (int k = 0; k < n; k++) {
if (Gl.graph[i][k] && G2.graph[k][7]) {
res.add (i, j):

break;

}

return res;

// CroxeHVe MaTpHUL CMEXHOCTM COTJIACHO BBEIEHHHEM OlepalsM

// CIJIOXeHUA JIOTMUECKUX SBHAUEHUH

public static MGraph add (MGraph G1l, MGraph G2) throws Incompatible {
if (Gl.vertexCount () != G2.vertexCount()) throw new Incompatible();

int n = Gl.vertexCount () ;
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MGraph res = new MGraph (n);
for (int i = 0; i < n; i++) {
for (int j = 0; Jj < n; J++) {
res.graph[i] [j] = Gl.graphli][j] || G2.graph[i][]];

}

return res;

// Onepalys HaxXOXIeHUS TPaH3UTVMBHOTO BaMbKaHUA Tpada,
// ucHosmp3yomas BBEIEHHEBE Olepalyyu CIOXSHUS U YMHOXEHMUS MaTpull rpados
public static MGraph closure (MGraph G) {
MGraph Gi = G.copy():
for (int 1 = 0; i < G.vertexCount(); i++) {
try {
Gi = add(mult(Gi, G), G);
} catch (Incompatible x) {
}
}

return Gi;

// BEIBOL MaTPULE CMEXHOCTM TI'pada B BHXOIHON MIOTOK
public void print (java.io.PrintStream os) {
for (int i = 0; i < vertexCount(); i++) {
os.println();
for (int j = 0; j < vertexCount(); j++) {

os.print ((graph[i][j§] 2 ™ 1™ : " 0"));

Ecnu Teneppb B3sITh B KauyecTBe MCXOMHOTO Tpach, U300pakeHHbIN Ha puc. 5.1, u
BBIBECTH KaK WCXOJHBIN Tpad, Tak U ero TpaH3UTUBHOE 3aMBIKAHUE B CTAHIAAPT-
HBI BBIXOJHOI MOTOK, TO B BBIXOJTHOM TOTOKE MOJYINTCS CAESTYIONINH TEKCT.
Vcxomuent Tpad:

010010100

000010010
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000000O0CO0T1
100000000
000000110
001000000
000100000
000000O0O00O
000001000

ETO TpaH3MTMBHOE 3aMBEIKaHUE:
1 01101

o O B O B B O
o O B O B B O P
P O O Fr O O K O
o O B Ok B O
o O B O B O
P O O Fr O O K O
o O B Ok B O
o O B O B B O P
P O O Fr O O K O O

OnUCcaHHbIA AITOPUTM HAXOXAEHMSA TPAH3UTHUBHOIO 3aMbIKAHUS KaxeTcs O4YeHb
€CTeCTBEeHHBIM, OTHAKO ero 3()HeKTUBHOCThL Ha caMOM Jefle OYeHb HEBBICOKA.
CylliecTByeT aJITOPUTM, KOTOPBIl BBIIOJHSIET Ty Xe paboTy 3a ropasao MeHbllee
YUCTO OINepaliii, K TOMY e He pacXomys CTONBKO MTaMATH oI GOBIToe KO-
YeCTBO MPOMEXYTOUHBIX MATPUII.

Hnest aToro anropntMa, HazerBaeMoro anroputMoM MDroiina—Yopiiomra, cOCTONT
B clenyioleM. Byaem Takxke paccMaTpUBaTh MOCIEI0BATENBHOCTb MATPHUILL CMEXK-
HOCTH, TOJIBKO Terepb Matpuua GK Gyger o603HaYaTh MATPUILY, B KOTOPOIi 3Jie-
MEHT ¢ MHAeKcaMU (i, j) CTAHeT COomepKaTb 3HAYEHUE true B TOM M TOJbKO B TOM
ciaydae, Korma B MCXOTHOM Tpade cyliecTByeT MyTh W3 BEPUIWHBI i B BEPIIUHY J,
MPOXOAIUIMIA Yepe3 BepLUMHBI ¢ HoMepamu U3 MHoxectBa {0, 1, ..., k—1}. Oue-
BU/IHO, YTO CaM WCXOMHEINA rpad G B 3TOM ciyyae coBmagaeT ¢ marpuieii GO, a
uckomasg marpuua GT copnanmaer ¢ matpuuein GV

Paccmorpum Tenepb, KakuM 0OOpasoM MOXHO BbIYKCIUTH 3HAYEHHE DJIEMEHTOB
matpunel GX ¢ mupekcamu (i, j). SlcHo, 4To ecam B mpenpuIymiel marpune GK~!
3HAYEHME DTOrO DJIEMEHTA OBbLIO true, TO B Marpuue GK 3HaueHue dsneMeHTa
Takxke OynmeT true. Eciu xe 3HaueHUe 3TOTO 3jeMeHTa ObLJIO paBHO false, TO
9TO O3HAYAET, YTO B UCXOOHOM Trpade He ObUIO IMYTU M3 BEPIUMHBI i B BEPLIUHY J,
TTPOXOMISIIIETO Yepe3 MPOMEXYTOUHBIE BepIIMHBI U3 MHoxectsa {0, 1, ..., k—2}.
B sToM ciyuae Bce ke MOXET CyILeCTBOBaTh MYyTh, MPOXOIIINNA Yepe3 IMPOMexXy-
TOYHBIE BepIIMHBI N3 MHOXecTBa {0, 1, ..., k—1} Mpu ycaoBUU, YTO CyIIECTBOBAI
IyTh U3 BEPIUUHBI i B BepIUMHY k—1, MpOXOAdIIUi Yyepe3 MPOMEXYTOUHbIe Bep-
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mWHBI U3 MHoXecTBa {0, 1, ..., k—2}, u TyTb U3 BepIUHBI k—1 B BEpIIUHY J,
NPOXOASIUIMIA Yepe3 MpoMeXyTOUHble BepluMHB U3 MHoxectsa {0, 1, .., k—2}.
Orcrofia cpasy e Tosyyaercs cienywuias hopMyna:

true, ecu GX7UG, j) = true;

G G, )) = k-1 k-1 k-1
G" 7, k-D&G" " (k-1,)), ecniu G" (i, j) = false.

M3 21011 (hopMyIIBl BUAHO, YTO BO-TIEPBBIX, 3HAYEHUS 3MEMEHTOB i-TO psi/ia 3aBU-
CSAT TOJBKO OT BJEMEHTOB 3TOTO Xe W (k—1)-ro psioB, a BO-BTOPBIX, YTO 3HAYE-
HUA B (k—1)-M psiny ocratoTcsl HEM3MEHHBIMU. TakKe He MeHsieTcsl U 3HaueHue
anemenTa G¥ ¢ mumekcamu (i, k—1), TOCKONbKY 3neMeHThl G¥~1(k—1, k—1) Bcerma
pPaBHBI true. DTO O3HAYACT, YTO MEMEHTHI HOBOU MaTPUIIBI MOXHO BBIYUCISTH
MpSIMO Ha MecTe, He OTBOAS JOTOJTHUTEBHOTO MecTa oA HOByK MmaTpuiry. OT-
cloJia cpasy Xe cliefyeT ajJropuTM I BbIUUCICHUS TPAH3UTUBHOTO 3aMbIKaAaHUS
rpacda, mokazaHHEIN B auctrHre 5.10 B Bume Meroma closurel Kjacca MGraph.

INMuctuhr 5.10. Bonee adpPeKTMBHLIA anNropuTM TPAH3UTUBHOIO 3aMbliKaHus rpada

public class MGraph {

boolean graph[][]; // BHyTpeHHee NpEINCTABJIIEHME B BUIE MATPMLE CMEXHOCTN

public static MGraph closurel (MGraph G) {
MGraph Gl = G.copy():

for (int k = 1; k < G.vertexCount (); k++) {
for (int i = 0; 1 < G.vertexCount(); 1i++) {
for (int j = 0; J < G.vertexCount(); J++) {

if (i !'= k-1 && !Gl.graph[il[j]) {
Gl.graph[i][j] = Gl.graph[i] [k-1] && Gl.graph[k-1][7];

}

return G1;

DTOT AIropuTM, pasyMeeTcs, BbLIAET TOT XK€ CaMblii pe3yJbTaT, YTO W MPEemIo-
JKEHHBII paHee alropuTM, PealrM30BaHHBIA ¢ MOMOLIBIO MeTOAa closure. OMHAKO
paboTaeT OH MpU 3TOM Ha MOPsAoK 3¢p¢eKTuBHee, npudyeM (peakuil ciayyai!) u
[0 pecypcaM MaMdaT, U MO 3aTPadyeHHOMY BPEMEHHU. DTOT XKe aJrOPUTM MOXKHO
MOJOXUTh U B OCHOBY QIrOPUTMa BBIYMCIACHUS BCeX KpaTyalllUX MyTeil B rpade
MeXIy BCEMHU Iapamu BepliMH. JdedCTBUTENbHO, KpaTyailluuid myTh MEXIy Bep-
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LIMHAMY i ¥ j MOXET JU0O MPOXOAMTh Uepe3 BeplIUHY ¢ HOMEpOM k—1, T1ubO Her.
B nepBoM ciiyyae aMHa Kpardyaiiiero yTyd paBHa cymMMme AJIMH Kpardauiux my-
Teid OT BEpILUUHBI § O BePILUHB k—1 U OT BepiiuHbl k—1 g0 BepuiuHkbl j. Bo BTO-
POM CJlydyae KpaTyalllui IIyTh COBIANAET ¢ JJIMHOM KpaTdyaillero IyTd, HE co-
Jepkaniero BepliMHY k—1 B KayecTBe IpoMexkyTouHoH. Takum oOpa3omM, MbI
MOXEM I10J1y4yaTb MaTpully [UIMH KpaTdyalllux IyTeid [0 TOMy Xe camoMy ajlro-
PUTMY, TOJIbKO B KAauecTBe HayalbHOH MaTpulbl Oeperca MoIMdUIIMpPOBAHHAS
MaTpMIa PACCTOSHUI MEXIy BeplimHaMu B rpacde. B a1oil MoguduumpoBaHHOI
MaTpuile DIEMEHT ¢ MHIeKcamu (i, j) paBeH +o, ecau B rpade HeT pebpa, Bemy-
LIEro U3 BEPLUMHBI i B BEPIIUHY j. B IPOTUBHOM cllyyae BJEMEHT COAEPXKUT M-
Hy pebpa (paccTosgHMEe) OT BEepIIMHBI i K BepliuHe j. MMesa 5Ty HavyaabHylO MaT-
puny B kKadectse Marpuubl GO, GymeM moaydyarh Janee IOC/IEA0BATENbHOCTD
marpun G, G2, ..., GV, ucnonwsysa gopmyiny:

G* (i, j) = min(G*' (i, j), G* ',k = 1) + G* (k- 1, /).

Kpome Marpuipl JIMH KpaTyalllidx MyTeld Hamo ¢GhOpMMpPOBATh €Ie U MaTPUILy
HanpapiaeHuil. Ee MoXHo moaydarh cxomHbIM crocoboMm. B aToit marpuue aie-
meHT DX(i, j) paBeH HOMEPY HAYAIBLHOM IPOMEXYTOYHON BEPLIMHbI HA KpaTdaii-
1IeM IYTM M3 BEpLIMHbL i B BEpPIUMHY j, MPOXOIAIIEMY UYepe3 MPOMEXYTOUHbIS
BepLUMHBI U3 MHOXecTBa {0, 1, ..., k—1}. SIcHO, yTO HavyanbHAA MATPULIA HAIMPAB-
nenuil DO coBmagaer ¢ mcxomHoi Marpuueil cmexHocTu rpada, B KOTOPOil 2/1e-
MEHT ¢ MHIeKcaMu (i, j) ©UMeeT 3HaYeHUe j, ecIu uMeeTcd pedpo, Bemylee U3 Bep-
LIMHBI /i B BEPLIMHY j, U COAEPXKUT —1, eciu Takoro pebpa HeT. B mambHeiiiiem,
IpY BbIYMCIEHUM MATPULIBI KPAaTYAMIIMX MyTel, KaK TONBKO OOHAPYXKUBAETCS, YTO
snemeHnt GK(i, j) cienyer 3ameHuTh Ha cyMMmy G¥l(i, k—1) + G L(k—1, j), onemeHT
DX(i, j) mensierca na DFL(i, k—1). Takum o6pa3oM, B KOHLE KOHLIOB B MAaTpULE
DN 6ynyr comepxaTbca HANpaBIeHUs 110 BCEM KPATYAMIIMM MYTAM MEXIY BCEMU
rnapamMu BepLUMH B McXomgHOM rpade. MTak, MMeeM aaropuTM, peaain30BaHHBIl B
BUIIE METO/Aa getMaxPaths B JMCTUHIE 5.11. DTOT METOM IOJNyYaeT B KayecTse
APryMEHTOB UCXOAHBIA rpad G U ABe LeJOYMCASHHbIE KBAIpaTHbIE MATPULIBI, B
KOTOpbIE B Ipolecce PaboThl AIropuT™Ma U OYAyT 3alMCaHbl 3HAYEHUS DJIEeMEHTOB
MaTpUIIbl KPaTYaMIIKMX MyTeil U MaTpULbl HAIpaBleHui. PazyMeercs, MOCKOIbKY
rpad HarpyXeHHBI, TO €ro ompeieneHue HeCKoJbko MomuduuupoBaHo. Temepb
IIOMHUMO COOCTBEHHO MATPHULBI CMEXHOCTU graph B omnpeaeaeHUM rpada cylecT-
ByeT elle U MaTpulla HArPy30K W, coaepxKalllas B CBOMUX DJIEMEHTax W(i] [j] Ha-
rpy3ku Ha nyry (i, j). CooTBETCTBEHHO U3MEHWIUCh U HEKOTOPhIE METOMAbI, KOTO-
pble TakKe [OKA3aHbl B JUCTUHIE.

NucTtuHr 5.11. ANropuTM HaxoXXZieHUs1 MaTpULbl KpaTyarLwmX nyTen
M MaTpuubl HanpaBneHun

public class MGraph {
boolean graph[][];
int W[][];
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public MGraph (int n) {
graph = new boolean|[n] [n];

W = new int[n] [n];

public void add (int u, int v, int w) {
graph[u] [v] = true;
Wlul [v] = w;

public void remove (int u, int v) {
graph[u] [v] = false;
Wiu] [v] = 0;

public MGraph copy () {
MGraph res = new MGraph (vertexCount ()) ;
for (int i = 0; i < vertexCount (); i++) {
for (int j = 0; j < vertexCount (); j++) {
res.graph[i] [J] = graph[i][j];
res . W[i][j] = W[i][J]:

}

return res;

public static void getMinPaths (MGraph G, int paths[][], int dirs[][])
throws IndexOutOfBoundsException {
if (paths.length != G.vertexCount ()
|| paths[0].length != G.vertexCount ()
|| dirs.length != G.vertexCount ()
|| dirs[0].length != G.vertexCount()) {
throw new IndexOutOfBoundsException ("Wrong matrix sizes");
}
// VHuLmManmMsaumusa MAaTPULL
for (int i1=0; i<G.vertexCount (); i++) {
for (int j=0; j< G.vertexCount (); j++) {
paths[i][j] = (G.graph[i][j] ? G.W[i][J] : Integer.MAX VALUE);
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dirs[i][j] = (G.graph[il[j] 2 j : -1);

// BBUKMCIIEHME KpaTualumx IIyTel 1 HalpaBJIeHWA
for (int k = 1; k < G.vertexCount (); k++) {
for (int 1 = 0; 1 < G.vertexCount(); i++) {

for (int j = 0; J < G.vertexCount(); J++) {

[1] [k-1] < Integer.MAX VALUE &&

[k-1]1[3] < Integer.MAX VALUE &&
paths[i] [j] > paths[i][k-1] + paths[k-11[j]) {
1[3] = paths[i] [k-1] + paths[k-1][]];

[J] = dirs[i] [k-1];

}

Ecau nmpuMeHUTh 3TOT aiTOpuUTM K rpady, n3o0paxxeHHoMy Ha puc. 5.4, To mojy-
YUTCSI CASAYIONIUN pe3ynbTar:

KpaTuannmme myTn:

6 2 - 5 5 - 2 7 -
1113 -10 3 - 7 5 -
- - - - - - - = 2
1 3 - 6 6 - 3 8 -
810 - 713 - 4 4 -
- -1 - - - - -3
4 6 - 3 9 - 611 -
- -3 - - 2 - -5
HanpaBiieHns:

61 -61-061
44 -44-47

(@]
(@]
|
(@]
(@]
|
(@]
(@]
|
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HMmes 5T pe3yabTaThl, MOXXHO YCTAHOBHTB, UTO, HANpuUMep, KpaTJaiinwii myTh
W3 BEPIUIVHBI 2 B BEPIIMHY 6 HE CYIIECTBYET, 4 KPaTYaillikii MyTh U3 BEPLIUHBI 3
B BEPIINHY 7 COAECPKUT 8 €AMHAT] W TIPOXOINT IMOCIETOBATETLHO Yepe3 BepITNHBI
3,0,1,7.

HMmeercs ellle MHOIO UHTEPECHbBIX AJITOPUTMOB, CBS3AHHBIX C IMOMCKOM MUHM-
MaJIbHbIX XapakTepUCTUK IIyTeid B rpacde, oaHako OyaeM ABUrAThCS HAIbIIE U
PACCMOTPUM HECKOJIBKO AJIFOPUTMOB, CBSI3aHHbBIX ¢ IOMCKOM MUHMMAaJIbHBIX 10/~
rpacdoB 3agaHHOro rpada.

5.3. OnpepeneHne oCTOBHbIX AepeBbEB

OcmosHbim  Oepesom (CKEIETOM) HEOPUEHTUPOBAHHOIO rIpacda Ha3bIBAETCS €ro
noiarpad, He UMEOIIKUI LUUKIOB U colepXKalluii Bce BEPIIMHbL UCXOIHOro rpada.
Tak, Hanpumep, ISl HArpy:KeHHoro rpacda, U300paxkeHHOro Ha puc. 5.5, a, cke-
JIeTaMU SIBJISIIOTCS Bee ero noarpadbl, u3obpaxkeHHble Ha puc. 5.5, 6.

DTN pasnuyHbIe TOAIEPEBBS UCXOMHOTO Tpada MMEKT pasindHbIil CyMMapHBIH
Bec pedep rpaca. B mepBoM BapmaHTe — cyMMa BECOB cKejleTa paBHa 15, Bo BTo-
pom BapuaHTe — 27, B TpeTbeM BapuaHTe — 19. B pasHbIX cuTyanmusix ObIBaeT
HEeoOXO0IMMO HAWTH OCTOBHOE JEPEeBO ¢ MaKCUMAJIbHBIM WU MUHWMAJIBHBIM 00-
UM BecoM pedep. Tak nepBoe MojiepeBo UMeeT MUHUMATbHBIH CyMMapHBIN Bec
W3 BCceX BO3MOXHBIX TIOAJIEpEBbEeB. Bropoe noaiepeBo — MakcuMaibHbIN. [TocTa-
BUM 33Ja4y HalTH MWHUMaIbHOE OCTOBHOE JepeBO (TO €cTh OCTOBHOE JIepeBO
MWHUMaJILHOTO CYMMapHOTO Beca pebep) JUISl 3aJJaHHOTO HEOPUEHTUPOBAHHOTO
rpacda. PasyMmeercs, moncK MakCMMaJIbHOTO OCTOBHOTO JiepeBa OyIeT MpOU3BO-
JIUTHCSI TOYHO TIO TaKOMY e aJTOpUTMY.

[lepBriii K3 mpemTaraeMbiX aIrOPUTMOB IPMHAMLISKUT KIACCY TAK HAa3blBa€MbIX
"xanHbx" anroputMoB. "XKagHele" AJITOPUTMBL NBITAIOTCS HAUTU pelleHue Io-
cTaBAeHHON 3agaun "B 106", cTapasich cpasy Ke HalTU MHUHUMAaJIbHOE OCTOBHOE
JIepeBo, BhIOMpad AJ1s pelleHus pedpa ¢ MMHHUMAaIbHBIM BecoM. Pasymeercd, s
9TOro HeoOXOAMMO CHAYaIa OTCOPTUMPOBATH Bce pedpa rpada mo BO3pacTaHUIO UX
BecoB. Jlyulle Bcero, eciau rpagd ¢ caMoro Hadaua IpeacTaBieH CIIMCKOM pedep, B
9TOM CJIy4ae COpTUpOBKa OyaeT Haubonee ecrecTBeHHoi. Ho maxke u B mpyrux
CIyyasx cOpTHpPOBKA pebep rpada mo Becy 3aHUMAET HE CIMIIKOM MHOIO Bpeme-
HU — B XyauieMm ciyyae MxlogoM, rne M — xonuuectBo pebep rpaca. Ilocie
5TOro "XamaHbIA" aaropuT™M BbIOMpaeT pedpa mo odepeaud, HauMHass ¢ pebep ¢
HaMMEHBIIIMM BECOM, U IBbITAETCS BKIIOUUTH KaXIOe ouepeaHoe pebpo B CTpos-
eecda aepeo. OuepeaHoe pebpo He yaaeTcs BKIIOUUTL B AEPEBO, €CIM OHO 3a-
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MBIKAaeT Kakoil-1ubo LUK B rpade, a 370 MOXHO IPOBEPUThb, €CIU yIACTCS BbI-
SICHUTb, IPUHALIEXKAT 1 002 KOHLA OYepesHOro pedpa yXe MOCTPOSHHO! YacTu
ocToBHOro jepesa. OTcioja BO3HUKAET AJITOPUTM, HA3BIBAEMBIH TAKXKe AITOPUT-
moM Kpyckana (J. B. Kruskal) [7].

Puc. 5.5. HarpyXeHHbIi HEOPNEHTUPOBAHHBLIN rpad M ero OCTOBHbIE NOAAEPEBbLS:
a — Harpy>XeHHbli HEOPUEHTUPOBAHHLIN rpad; 6 — HECKONbLKO BapUaHTOB
OCTOBHbIX AepeBbeB rpada

Ilocne copTupoBKU pedep MO Becy OpraHusyercs CTpogdilieecs AepEeBO B BUAE He-
CBSIBHBIX (pparMeHTOB 3TOTO JepeBa. Kaxmoe BHOBbL BKIoUaeMoe pedpo J00aBsi-
€T ONHY BeplIUHY B YK€ CYILECTBYIOLIYI0O KOMIIOHEHTY (€cJM ApYyras BeplinHa
VK€ TPUHAIJICKUT 3TON KOMITOHEHTE), TUOO COSAUHSIET IBE KOMITOHEHTHI B OTHY
(ecin obe BepLUMHBI NPUHAJIEXAT Pa3HbIM KoMIloHeHTaMm). Eciu o0e BeplIMHBbI
pedpa mpuHaaIexar olHOM U TOW Xe KOMIIOHEHTe, TO TaKoe pedpo He BKIoYa-
€TCS B CTPOSILEECS] OCTOBHOE IE€PEBO U UTHOPUPYETCSA AITOPUTMOM. YuTarensaMm B
KavyecTBe yIpaxHEHUs mpeuiaraeTcsl 10Ka3aTh, YTO OMUCAHHBIN aJITOPUTM JIeHCT-
BUTEJIBHO CTPOUT MMHUMAIBLHOE OCTOBHOE IEPeBO 3aAaHHOro rpada.

Mg xpaHenuss MHGOPMALUMU O KOMIIOHEHTAxX CTPOSILErocs AepeBa IMpeniaraercs
CTPYKTYpa IAHHBIX B BUIE MacCWBa, KaXIBIM /- 2IeMEHT KOTOPOTO CONEPIKHT
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CCBUTIKY Ha OIHY W3 BEpIIWH KOMITOHEHTHI, cofepkaiieii i-fo BepmnHy. DakTide-
CKM TAKOH MAacCHUB SB/ISIETCA ONHMM U3 CIIOCOOOB MPEACTABICHUS AepeBa KOMIIO-
HeHT (ToUHee, Jieca W3 HEeCKONBKUX JICPEBLEB), B KOTOPOM CCBUIKHA M3 Y3JIOB Je-
peBa MPOBOIATCA OT IOTOMKOB K IIPENKaM.

6

Puc. 5.6. "XagHblii” anroputmM NOCTPOEHNT MUHUMATBHOIO OCTOBHOIO AepeBa rpada:
a — uexoaHblin rpad; 6 — 8 aTanoB NOCTPOEHUA MUHUMANIbHOIO OCTOBHOIO
nepeBa ¢ MOMOLLbIO "XaaHoro"” anroputma
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Ha puc. 5.6 npencrapiaeHa MOCIen0BaTeIbHOCTh 3TANOB TP ITOCTPOCHUH KOMITO-
HEHT OCTOBHOTO JIepeBa coracHo "KaJgHOMY' ajiroputMy. B KadecTBe UCXOTHOTO
BBIOpaH Tpad puc. 5.5, a; TiepBoHAYATLHO OCTOBHOE JIEPEBO COCTOWUT U3 OTAENb-
HBIX BEPUIMH HcxoaHoro Tpada. "AKagHbIit" anropuTM mocTerneHHO nodaBiseT K
HeMy pebpa, HauHas ¢ pebep ¢ HANMEHBIITM BECOM.

Ha puc. 5.6, a nokasan ucxonasiii rpad, a Ha puc. 5.6, 6 — 8 mocaenoBaTeabHbIX
5TANoOB NOCTPOEHUSI OCTOBHOIO JIepeBa COrIAcHO "amHoMmy" anroputMmy. Ha kax-
JOM 2Tame B OCTOBHOE AEPEBO BKIOYaeTcs HoBoe pebpo. Pebpa, 3ambikaioliue
LUK B YK€ IOCTPOSHHON YaCTU, UTHOPUPYIOTCS aIrOPUTMOM.

B nmctunre 5.12 mokazaHa peanusaiidsi "KagHOTO" ajTOpUTMa TOCTPOEHUST MUHM-
MaJIBHOTO OCTOBHOTO JepeBa. MeToll minSkeleton rpada MmojydyaeT B KauecTBe apry-
MEHTa BBIXOJIHOIM TIOTOK JUTS TieyaTu WHdopMalmu o pedpax rpacda, BKIIOYAEMBIX B
ocToBHOe jepeBo. MHbopMalusi BEIBOAUTCSI B BBIXOMHON TTOTOK Kak TMOC/IeIoBaTe/Th-
HOCTB Map TEeNbIX YUCET U3 HOMEPOB BepIlIMH. DT TIapbl 3a/1al0T pedpa rpada.

Ha nepBoM sTamne paGoThl aaropuTMa IMOCAen0BaTeIbHOCTE Pedep CopTUpyeTcs U
3aHOCUTCS B MaccuB pedep, comepxaiiuii napel BepuiuH (pedbpa) u ux Bec. Mu-
dopmanusg o pedpax rpada Oepercd U3 MATPULBLI CMEXKHOCTH rpada U MaTpUIIbL
BecoB pebep W.

Ha Bropom sTame HauymHaeTcsl TMOCTPOCHWE OCTOBHOTO JepeBa, WHdopMalms o
KOTOPOM XpaHUTcS B MaccuBe. Kakmprit pa3, Kak TOIBKO odeperHoe pebpo moma-
JaeT B OCTOBHOE MlepeBo, MHhOPMAINSA O HEM BBIBOAUTCS B BBIXOIHOM TTOTOK.

INMuctuhr 5.12. Peanu3auus "xagHoro" anropMtmMa noCTPOeHUsi MUHUMAalibHOro
OCTOBHOrO AepeBa

public class MGraph {
boolean graph[][]; // MaTpuua CMeXHOCTU

int W[][]~ // MaATpuLa HArPy3Ku

public void add (int u, int v, int w) {

// IobaeleHne HaTPyXeHHOTO pebpa

graph[u] [v] = true;
graph([v] [u] = true;
Wlul [v] = w;
Wv] [ul = w;

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k~k***********~k~k**k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k********
* Peanmzaumsa pe@pa JIA XPaHeHUA eI'0 B YIOPAIOUEHHOM MHOXeCTBEe pe@ep.
* Pe@pa CUMTAKTCA pPaBHEMM, €CJIM Yy HUX COBIAOAKT Hadajla M KOHIEL.

* Pebpa yHOPAIOUMBAKTCHA IO HaIpy3Ke.

********************‘k‘k‘k‘k‘k*******************************************/
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public static class Edge implements Comparable {

int beg; // HauvaybHas BepuyHa
int end; // KOHeuHasa BepuMHAa
int weight; // Bec (Harpyszka)

// KOHCTPYKTOp:
public Edge (int b, int e, int w) {

beg = b;
end = e;
weight = w;

}

// CpaBHEHME Ha PaBEHCTBO

public boolean equals (Object o) {
return equals ( (Edge)o);

}

public boolean equals (Edge e) {
return beg == e.beg && end == e.end;

}

// CpaBHeHMe [O HOPSOKY. PaBEHCTBO BKIIOUEHO KAaK YACTHBIL Cilydail

public int compareTo (Object o) {
return compareTo ( (Edge)o) ;

}

public int compareTo (Edge e) {

return equals(e) ? 0 : weight - e.weight;

}i

// TlpoBepka pebpa O OEepeBy KOMIIOHEHT

public boolean sameComponent (int a, int b, int[] tree) {

int rootl = a; // KOpeHb MNEePBOM KOMIOHEHTE!
while (treel[rootl] != -1) { rootl = treel[rootl]; }
int root2 = b; // KOpEeHBb BTOPOM KOMIOHEHTE!
while (treel[root2] != -1) { root2 = treel[root2]; }
return rootl == root2; // KOpHM COBHNAHAKT?

// OcHOBHas OGyHKLMS BHUMCIIEHMS MUHMMAJIbHOI'O OCTOBHOI'O mepeBa rpada
public int minSkeleton(java.io.PrintStream ps) {

SortedSet edges = new TreeSet(); // YyNOpANOYeHHHN MaccubB pebep
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int [] tree = new int [vertexCount()]; // IepeBO KOMIIOHEHT

int sumWeight = 0; // CyMMAapHEII BeC

// 1. TocTpoeHne yHNOPAOOUEHHOI'O MAcCCuBa pebep
for (int i = 1; 1 < vertexCount(); i++) {
for (int j = 0; J < 1i; J++) {
if (graph[i][j]) { // mmMeerca pebpo (i, )
edges.add (new Edge (i, J, W[il[J1));

// 2. VHuuyanmMBauys gepeBa KOMIIOHEHT
for (int i = 0; 1 < vertexCount(); i++) {

tree[i] = -1;

// 3. CobcrBeHHO "xamHbI1" aITOPUTM
while (!edges.isEmpty()) {
Edge minEdge = (Edge)edges.first();
edges.remove (minkdge) ;
if (!sameComponent (minEdge.beg, minEdge.end, tree)) {
// a) BKIIOUMTL B IEPEBO KOMIOHEHT
int root = minEdge.beg;
while (treel[root] != -1) { root = treel[root]; }
tree[root] = minEdge.end;
// ©) BEBECTU B BHXOIHOM IOTOK
ps.println(" " + minEdge.beg + " " + minEdge.end);
sumWeight += minEdge.weight;

return sumWeight;

}

ITpu ToOMBITKE BBMUCIUTH MUHUMAJBHOE OCTOBHOE JIepeBO UIA Tpada, TpuBe-
JEHHOTO Ha pHuc. 5.5, ¢ TTOMOIIBI BEI30BA METOIA

System.out.println (graph.minSkeleton (System.out)) ;
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B CTAHOAPTHBINA CUCTEMHEBIIN MOTOK OYIeT BBIBEACHA cemyiomas MHGOpMaIIH:

~N s B oy O W U,
> o2 O O U O DN

15

CBUAETEILCTBYIOIASA O TOM, YTO MMHUMAJbHOE OCTOBHOE IEPEeBO MOCTPOEHO Mpa-
BUJIBHO, MOCKOJNBKY comepKuUT pebpa (5, 2), (3, 0), (8, 3), (6, 0), (1, 0), (4, 1), (7, 4)
1 CyMMApHBIid BeC BCeX pedep COCTABISAET MUHUMAIbHO BO3MOXHYIO BeIUYMHY 15.

CkopocTh paboThl "XagHOIO" alropuT™Ma OIpelensercss CKOPOCThIO MOCTPOEHUS
VITOPSIMIOYEHHOTO CIHCKa pebep, T. K. BCA OCTambHas paboTa 3aHUMaeT MeHBITe
Bpemenu. TemM He MeHee, mId OonbluuX rpacdoB MOCTPOSHUE U IIPOBEPKA AepeBa
KOMITOHEHT MOXXET 3aHWMaTh 3HAYMTENILHOE BPeMs, €cli JIepeBO BEPIIMH TIpeBpa-
LIAeTCS B JIMHEHHBIA CIMCOK BEPIIMH, YTO BO3MOXHO B HEKOTOPBIX BBIPOXIEHHBIX
CUTYaIUsIX. DTo cHIKaeT 3pheKTMBHOCTL paboThl agroputMa. K cuacThio, cutya-
LIMI0 HETPYAHO MCHPaBUTh. 1 2TOro Hamo JMIlb B MPOLIECCE MPOCMOTPA AepeBa
KOMITOHEHT YCTpaWBaTh €To JIOKAThHOE TIepecTpoeHNe, TIPOIBUTAsT TTPOXOIUMEIE B
npoiiecce paboThl BepILUMHLI OJMXKe K KOpHIO AepeBa. Moaudukaluio airopurMa B
COOTBETCTBHW C 3THM 3aMeYaHHEM TIPEIOCTABISIETCST BBITOTHUTDL YNTATEISIM.

Eie onvH anropuT™ MOCTPOEHUS! MUHUMAJIBHOTO OCTOBHOTO JiepeBa HATTOMUHAET
Nroput™ JedKCTphl A1 MOMCKA HAUMEHBIIETro MyTU MEeXIy ABYMs BepIIMHAMU
B rpacde 1 HocuT HaspaHue anroput™a [Tpuma (R. C. Prim).

B sToM airopuTMe TOCTpOeHNE OCTOBHOTO IepeBa HAYMHAETCST ¢ OMHOU BEPIIH-
HBI, K KOTOPOi1 3aTeM J00aBIsAI0TCI pedbpa TakuM o0pa3oM, YTOObI KaX10€ HOBOE
pebpo OTHUM CBOWM KOHIIOM OTMpPAIoCh B YK€ TMOCTPOSHHYIO YacTh JepeBa, a
JIPYroil KOHeL JexXan Obl B MHOXECTBE ellle HeMPUCOSAMHEHHbIX K IEPeBy Bep-
mH. M3 BeeX Taknx pebep HA KAKIOM IIare BeIOWpaeTcs pe6po ¢ HAMMEHBITUM
BecoM. [ Toro 4ToObl BhIOOp pedpa Obul Haubojdee >¢pQeKTUBEH, B aJIrOPUTME
WCITOTB3YeTCsT TTPOMEXYTOUHASI CTPYKTYpa TaHHBIX — MAacCCHB, 3JIEMEHTHI KOTOPO-
ro comepxar uHdopMaluoo o "paccTOSHUKU" OT BCeX BEPIUMH OO YXKe IOCTPOEH-
HOW YacTW OCTOBHOTO AepeBa. Takum o6pa3oM, ¢ TIOMOIIBI0 OMHOKPATHOTO MPO-
CMOTpa TaKOI0 MAaccuBa BCErma MOXHO BbIOpaTb pedbpo MUHUMAIBHOM UIMHBL.
Bepmmabl, He coemMHEHHBIE pebpaMH ¢ YKe TTOCTPOSHHON YacThbio OCTOBHOTO
JIepeBa, HAXOMATCSA OT DTOH YAcTU Ha paccTossHuu +oo. Eciu oyepenHas BbIOpaH-
Has BepINHA HAXOIUTCH HA PACCTOSHUM +oo OT yKe TTOCTPOEHHOM YacTH JEepeBa,
TO OTO O3HAYAET, YTO 3aBEPIICHO MOCTPOCHHUE AepeBa Id OJHOH KOMIIOHEHTHI
CBsSI3HOCTU Tpada, TaK YTO HoBas BHEIOpaHHAasl BeplIIMHA OymeT CIAYKUTH SAPOM
JepeBa U1 HOBOIO KOMITOHEHTHI CBSI3HOCTHU Ipada.
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Puc. 5.7. 3T1anbl NoCTpoOEHUs OCTOBHOIO AepeBa COrnacHo anroputmy Mpuma:
a — UexoaHblin rpad; 6 — 8 aTanoB NOCTPOEHUA MUHUMANIbHOIO OCTOBHOIO
Aepepa ¢ NoMoLlso anropmutma lMpuma

Ecau ans rpada, nzobpakeHHoro Ha puc. 5.5, HayaTh MOWCK MUHUMAJIBLHOTO OC-
TOBHOTO JiepeBa ¢ BeplnHBl 0, To K AepeBy OyAyT MOCHeI0BATEIBHO TPUCOSTH -
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Hareest pebpa (0, 3) wmunoit 1, (0, 1) mmnoit 2, (0, 6) mmHo# 2, (1, 4) mmuHOI 3,
(4, 7) nnunoit 4, BepiinHa 2, (2, 5) naunoit 1, (2, 8) nauHoit 2.

Ha puc. 5.7 nmoka3aHa TocienoBaTeIbHOCTh MOCTPOSHUSI MUHUMATBHOTO OCTOB-
Horo jepeBa aig rpacda, usobpaxeHHOro Ha puc. 5.5

Peanuzauus anropurma Ilpuma npuseieHa B JuctuHre 5.13 B Buje orpeieneHus
METOAA minSkeletonPrim, KOTOPBI TaK XK€, KAK U METOI minSkeleton, B Kaye-
CTBE aprymMeHTa Mojy4yaeT BBIXOJHOM ITOTOK Js mevyaTy MHGpOpMAalMu O HalaeH-
HbIX pedpax MUHUMAJIbHOI'O OCTOBHOIO /IepeBa, a B KAYeCcTBE pe3y/ibTara BbLIAaeT
CyMMapHbIid BEC I1OJIyYEHHOIO OCTOBHOIO JepeBa.

INuctuur 5.13. Anroputm NMpumMa HaxoXXAeHMs MUHUManbLHOro OCTOBHOIO AepeBa

public class MGraph {

/* ... Tlokasau TolbKO MeTom minSkeletonPrim ... */

public int minSkeletonPrim(java.io.PrintStream ps) {
// MHOXECTBO HENPOMIEHHHX BEPUMH (CHAuajla — BCE BEPUVHEI)
Set notPassed = (new Set (0, vertexCount() - 1)).inverse();
// MaccuB pacCTOSHMI OT BEPUMH IO yXe [NOCTPOEHHON YaCTu
int [] distances = new int [vertexCount ()];
// MaccupB HanpapBjieHMII OT HOBBIX BEPUMH K yXe& [IOCTPOEHHOM 4JacTy
int [] ends = new int [vertexCount()];
// CyMMapHEIT BeC NOCTPOEHHON uYacTu IepeBa

int sumWeight = 0;

// VHULManmusauys MacCUBa pPacCTOSHUNA
for (int i = 0; i < distances.length; i++) {
distances[i] = Integer.MAX VALUE;

ends[i] = -1;

// OCHOBHOM LMKJI IIOMCKA HOBBIX BEPIH
while (notPassed.card() !'= 0) {

// Tlouck Onwxaiimer BepIHEL

int minVertex = -1;

int minDistance = Integer.MAX VALUE;

for (int nextVertex = 0; nextVertex<vertexCount (); nextVertex++) {

if (notPassed.has (nextVertex) &&
distances [nextVertex] < minDistance) {
minDistance = distances[nextVertex];

minVertex = nextVertex;
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}
if (minVertex == -1) {
// HaumHaeM HOBYK KOMIIOHEHTY CBASHOCTU
minVertex = notPassed.first();
} else {
// TpucoemuHsaeMm ouepenHoe pebpo
ps.println(" " + ends[minVertex] + " " + minVertex);
sumWeight += minDistance;
}
notPassed.removeElem (minVertex) ;
// HoBas BepumHa NpUCOeIVHEHA;
// KOppeKTMpyeM MHbOpMAaLMio O PaCCTOSHMAX
for (int u = 0; u < vertexCount(); u++) {
if (notPassed.has(u) && graph[minVertex] [u] &&
W[minVertex] [u] < distances[u]) {
distances[u] = W[minVertex] [u];

ends [u] = minVertex;

}

return sumWeight;

Ecau mpuMeHNTb METOJ minSkeletonPrim K Tpady, N300pakeHHOMY Ha pHuc. 5.5

System.out.println (graph.minSkeletonPrim(System.out)) ;

TO, pasyMeeTcs, pe3yabTaT OymeT TpHMepHO TeM XK€ caMbIM, YTO W TIOCNTe TIpuMe-

(Px1]

HEeHUS METOAA minSkeleton, PEATU3YIONIETO "KaTHBIN" aJITOPUTM:

0
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Cremyer, oaHaKo, 3aMETHTh, UTO B Halllel pealns3alliy Jaxke HA TaKOM HeOOTIb-
mom Tpade amroput™m [lpmMa MoKaswsBaeT 3aMETHO JVIIIYIO TIPOW3BOIMTETh-

HOCTh (MPUOIN3UTENBHO B JBA pasa), ueM anroputM Kpyckana.



naBa 6

TexHonorna obmeHa
coobLeHnammn o)

ITpu 0OBEKTHO-OPUEHTUPOBAHHOM TIOJIXO/AE€ K MPOCKTUPOBAHUIO M MPOTpaMMU-
POBAaHMIO YacTo ObIBaeT yIOOHO paccMaTpuBaTh MporpamMMmy Kak Habop He3aBH-
CUMBIX O0BEKTOB, OOMEHUBAIOIIUXCST coobieHnsIMUA. Oco0eHHO yI0OHO 3TO IS
OpTaHUu3alluyl cpeabl B3aUMOJECHCTBUSI C TIOJNB30OBATENeM, TJie MCTOYHWKAMH CO-
OOIIIEeHNT MOTYT CIY>KUTh BHEITHHME YCTPOWCTBA, TaKWe KaK MBIIIb WIU KJIaBUaTy-
pa, ogHAKoO TTOIoOHas OpTaHM3aIMA TIPOTPAMMBI MOKET OKa3aThesl YMOOHOU W B
JPYTUX cUTyanusx. s Toro 4ToObl 0OBEKTHI MOTJIM OOMEHUBATHCS COODIIEHMSI-
MU, TpebyeTcsl OpraHU30BaTh CNEIUATbHBIN 00BeKT — ducnemuep coobujeHuii, Ko-
TOPBI OyIeT KOHTPOJUPOBATH paboTy Bcelt CUCTeMbl U TepeaaBaThb COOOIIEHUS
OT OJTHWUX OOBEKTOB K ApyrmM. UMeHHO TakUM 06pa3oM MOCTpOSHBE MHOTHE CO-
BpEeMEeHHBIE OMepallMoHHbIE cUcTeMbl, HanpuMep, MS Windows, B koTopoit onHu
00BbeKTHl (OKHA) TOCHUTAIOT COOOIIEHUST APYTMM OKHaM, UCTIONb3YST JUIST 3TOTO
CHCTEMHBIE BBI3OBHI, T. €. B POJIU JMCIeTYepa COOOIIEHNI BBICTYMAaeT cama ore-
palMoHHas cucteMa. B 3Toil T1aBe MBI paccCMOTPUM OpTaHU3AIUI0 cOOCTBEHHOTO
JcTieTyepa cooOIIEHNH W BBITIOJHUM C €T0 MOMOIIbI0 BBIUUCICHUE Pa3TUIHBIX
KOHEYHBIX CYMM, TIPaB/id, HECKOJIbKO HEOOBIUHBIM CITOCOOOM.

6.1. Cxema o6MeHa coobLieHnaMm

OOBIYHO COODILIEHUE, IIEPEIABAEMOE OT OJHOIO OOBEKTA APYTUM, MMEET CIEAylo-
LIUE XapaKTePUCTUKU:

O k00 kaacca coobueHus, OTINYAIIUN COOBIIEHNSI OMHOTO Kjacca oT coodIie-
HUU ApYyroro Kiacea,

O aodpec obsexma, NI KOTOPOrO 3TO COOOIIEHUE IpeIHa3HAYeHO; aapec MOXKET
ObITb HE 3adaH, ecJU CooOlleHMe MpefHa3HAYeHO BCeM, KOMY OHO "UHTepec-

HO";

O obsexm-napamemp cooduieHus, couepxXaliuii MHGOPMAIIMOHHYIO Harpy3Ky co-
OOTIIeHNS.

g Toro 4trobbl COOOLIEHME MOIIO OBITh MEPelaHo IO Ha3HAYeHUIO, OHO OT-
MpapigeTcd AUCIeTYepy COOOLIeHU, KOTOPbIA 3aTeM IbITAeTCSA Mepeaarb 3TO
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coo0lIeHUe OTHOMY M3 OOBEKTOB-00paboTUMKOB coobuieHus. Cxema padoOTh
JucIeTyepa coobllIeHNi MOXET ObITh CAEAYIOLIEH.

1. Kaxmelit 00beKT, XKelalnii TeHepupoBaTh U TIepenaBaTh COOOIEHUS IPYyTUM
00BEeKTaM, pPETMCTPUpPYETCsl y AUCIeTYepa B KA4eCTBE MPOU3BOAUTENSI COO0-
IeHWN.

2. Kaxnplii o0OBbeKT, XeIaloluii IoayYaTh 1 00padbareiBaTh COOOILEHUSI OT APY-
rux OOBEKTOB, PErUCTPUPYETCI y AUCIETYEpA B KadyecTBe oOpadoTYMKa CO00-
weHuid. Pasymeercsi, oJMH U TOT K€ OOBEKT MOXET BbICTYIIATb U B POJIM IIPO-
M3BOJIUTEIII U B POU 00paboTuMKa COOOIIEHMIA.

3. JToOoit 0ObeKT, faxke TOT, KOTOPBHIM HE 3aperucTpUpoBaH y IHUcCIeTYepa, Mo-
KET co3/aTh cooOIIeHWe U Tiepenarh ero nucrnerdepy. s Takux cooOIeHui

o

JVCTIeTYep BeleT "odepenb COOOIIeHNH".

4. Jlucrmerdyep B LIMKIIE ObITaeTCd OOHAPYXKUTh OJHO U3 COOOLICHUI, IMpeaHa3Ha-
YEHHBIX IS Iepenadyd o0beKTaM-o0padorunkaM. 1s 2Toro oH cHayajaa Ibl-
Taercd BbIOpaTh ouepeaHoe CoollleHME M3 O4Yepeau COOOLIeHHMiI, a ecnu aTa
ouepedb IycTa, TO ONPAallMBAET 3aperuCTPUPOBAHHBIE Y HETO IeHEepaTophbl CO-
OOLLEHUN.

5. Ecim cooblieHne HaliieHo, TO AWCHETYEp TIPOCMATPUBAET CITHCOK 3aperncT-
PUPOBAHHEBIX 0OpPabOTYNKOB COOOIICHWH W TIBITAETCS TIepeaarh 3TO COobIIe-
HUe afmpecary, a B ciyvae, eciim coollleHre MpeAHasHauYeHo "BCceM, KOMY WH-
TepecHo", TIpoOyeT Tepeaarb ero BceM Mo ouepean obpaboTyrmKaM, KaKIbli U3
KOTOPBIX MOXET TTocyie 00paboTKU COOBIIeHNST W3BECTUTD AUCTIETIepa, CIIeIy-
eT TN eMy TIBITAThCA TIepeaaBaTh 3TO COODIIEHNE NPYTAM OOBEKTaM.

Ilpu Takoit cxeme Bcsl paboTa MPOrpaMMbl KOHTPOIUPYETCA NUCIETYSPOM, U pe-
a1bHAs AESITEIBHOCTh MPOUCXOIUT TONBKO B PE3YJIbTATE MCIIONHEHUS peakiuidi Ha
coobuieHusd. Hampumep, npu pabore B omepaiumoHHoi cucreme MS Windows
CTWIb HAIMCAHMS IIPOrpaMM COCTOUT B TOM, UTO ONpeAe/sieTcss Habop 0ObeKTOB-
OKOH, PEarupymwlliux Ha pasiuyHbie cooOueHus. Poib gucneryepa cooblLueHUI
HCIOJHAET caMa CUCTEMa, IIPU 3TOM B KAYeCTBE FeHEepaTOPOB COODIIEHUI BBICTY-
MaloT OpaiiBepbl KIABUATYPbI, MBIIKA WM APYTMX BHELIHHUX YCTPOKCTB, a BCe MPHU-
JIOXXEHUS OIpenesdioT Habop OOBEKTOB-OKOH, PErMCTPUPYIOIIMXCS B CUCTEME B
ponu 06padboTUUKOB coobiieHnii. CoobIIeHNsT MOChLUIAIOTCI C ITOMOILBIO CTaH-
JApTHOM CUCTEMHOH (PYHKIUU sendMessage, IIPU ITOM KaxXaoe cOOOLIEHUE UMe-
eT KOl Kjacca coollueHUs, yKa3aTrelb aapecaTa cooOlIeHUs U IBa MHGbOpMalM-
OHHBIX MapaMeTpa MIMHONH B MPOCTOE U ABOMHOE CJIOBO, COAECPXKMMOE KOTOPBIX
ompenensercs KiIaccoM COOOILUEHMS U TeM, KaK COOOILEeHUEe HHTePIPeTUPYeTCs
00pabOTYUKOM.

OOBIYHO OJTMH U3 KJIACCOB COOOIIECHUI BBIACISIETCS KaK COOOIIEHUE TUCTIETYEPY
00 okoHYaHUM padoThl. Tak, Hampumep, B cucteMe MS Windows HaxaTne KoM-
ounanyn xrasum <Ctrl>+<Alt>+<Del> npuBomuT K TeHepauny CHEInaTbHOTO
cooDIIIeHNsI, KoTopoe oOpabaThiBaeT cama cucTema.
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B aTOM pazgene Mbl onpeaeauM U 3amporpaMMUpyeM IPOCTOMl AMCIETYEP COOO-
LIEHUI, KOTOPBIA 3aTeM MCIOJAb3YEM B CIEAYIOLIEM pasiene I 3a1ayd BbIYMC-
JIEHUSI KOHEUHBIX CYMM 3aBUCSLIMX APYT OT APYra 3JIEMEHTOB.

ITpexe Bcero BBIICHUM CTPYKTYPY M METOABI paboThl ¢ coodineHusiMu. st 3To-
TO OMpeleuM KJlacc Message U METOABI JJIsl (POPMUPOBAHUS U aHAIU3a cOODIIIe-
HUM. 3aTeM co3maauM UHTepdeichl, UAeHTHGUINPYIOIHe 0OBEeKTh KaK TeHepa-
TOp WM obpaboTunk cooOlieHuss. HakoHel, ompeaequM Kiacc Dispatcher,
cojiepkaluili MEeTOAbI IS perucTpaliui oObeKTOB B POJW TEeHEepaTOpoB U oOpa-
OOTYMKOB COOOIIEHN, AT TTOCTAHOBKM COODOIIEHUSI B ouepeb COODIEeHUI auc-
rneryepa, a TAaKXKe OMUIIEM OCHOBHOW IMKJ paboThl AucTeTyepa B BUJAEC CTaTUYE-
CKO¥t (DYHKIIUU run AMCIETYEpA.

OcHoBHas ¢GyHKIMs padoThl reHepaTropa COODILIEHU COCTOUT B TOM, YTO OObEKT-
reHeparop crocobeH co3daTh 00BEKT-COO0ILEeHUEe B OTBET HA 3aIPOoC AMCIETYEPA.
ITosToMmy uHTepdeiic, onpenensiomuili paboTy reHeparopa cooOllieHuit, Oyner
BBIIJISIIETD CAEAYIOIIMM 00pazoM:

public interface IGenerator {

Message generate();

}

AHaJJOTUYHO, 00pabOTUYNK COODIIEHN JokKeH "yMmeTh' 00paboTarh cooOleHNE,
MepenraHHoe eMy OMCIETYEPOM, U OTBETUTh, CJAEAYeT JIM IepeaaBaTh 2TO cooOIle-
HUe ApyruM obpabotyukam. [ToaTomy ompeneanM mHTepdeiic odpaboTurKa co-
001lIeHUS TaK:

public interface IHandler ({

boolean handle (Message msg) ;

}

HoroBopumcs, YTo METOA handle OydeT BbLIABATh 3HAYEHUE false, €CJAU NUCIET-
yep JOJKEH MepeaBaTh 5TO Ke cOolIIeHUE NPYTUM oOpaboTuuKaM, U true, €CJIH
JaJIbHEH WA MPOCMOTP 00paboTYMKOB CeayeT MPEeKPATUTh.

B naumieii npocrtoii cucreme He Oyaer "agpecHbIX' coobuieHuii. [deicTBUTENbHO,
ecIV HeKWi OOBeKT 3HAeT, KOMY OH XOUeT IepelaTh HEKOTOopoe COOOIIeHNE, TO
OH MOXKET BbI3BaTh METOJ handle HEIOCPEACTBEHHO, MUHYS AMCIIETYEP COOOLLIe-
Huit. [To3TOMY B CTPYKType COOOIIEHWI OCTAaHYTCST JTUIH ABA TIONS — KJIACC CO-
OOLLIEHUS 1 IIapaMeTP COOOILEHMSI.

public class Message {

private int msgClass; // Kjacc cooBmeHVs
private Object param; // nmapaMeTp COOCWEHUS
/** KoHCTpyKTOPEL  */

public Message (int cl, Object par) {
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msgClass = cl;

param = par;

public Message (int cl) { this(cl, null); }

VAR OYHKLMM OOCTyIla *x/

public int getMsgClass () { return msgClass; }

public Object getParam() { return param; }
}

OnpenenTh OUCITeTYep HECKONBKO clioxHee. [lpexme Bcero, B CHCTEME MOXET
ObITb TOJBKO OAMH gucrerdyep. IlosToMy nocrapaeMmcd omucarb Kiace
Dispatcher TAaKNM 00pa3oM, YTOOBI OBITO HEBO3MOXKHO CO3/IaBaTh OOBEKTH 3TOTO
KJacca ¢ IOMOILIBIO olepaTopa new. BMECTO 3TOro ompeaeauM B AaHHOM Kiacce
CTAaTHYECKYI0 (DYHKITNIO getInstance, KOTOpas TPH TIepBOM OOpalleHNH CO31acT
€IMHCTBEHHbI OOBEKT ITOro Kjlacca ¢ IMOMOILbIO KOHCTPYKTOPA, OIPEAe]€HHOIO
¢ aTpubYTOM private, a TIPW BCEX TOCENYIOMNX OOpaIeHUSIX OYIeT MPOCTO BhI-
JaBaTh 00BEKT, CO3MAHHBINA IIPH MEPBOM OOpAILEHUM.

B nucneruepe Takxke omnpeaeauM "CUCTEMHbIe" KIACChl COOOLLEHU. Y Hac Oyaer
TOJTGKO OIMH TaKo# Kimace — KOMaHIa mucreTdepy o6 OKOHYaHWM paboTsl. Joro-
BOpUMCS, YTO BCe "CUCTeMHbIe" cOooOlieHUsT OyayT UMEThb OTPULATE/IbHbIE KOJbL
JUTSL TOTO, YTOOBI Kaxkmasl TiporpaMMa, MCTIONB3YIoIas IUCTieTyep UTS OpraHn3a-
UMM paboThl, MOIVIA ONEPUPOBATh C IOJOXMUTEAbHBIMU YMCIAMM IS KOAMPOBA-
HUS CBOWX COOCTBEHHBIX KITACCOB COOOTIEHMIA.

Crmckn  coOOIIeHN, OOBEKTOB-TEHEPATOPOB  COOOIMIEHWIT U OOBEKTOB-
00paboOTUMKOB COOOIIEHUI OyayT INpeacTaBieHbl OObEKTaMU CTAHJAPTHOIO CUC-
TEMHOTO KJlacca Vector.

B muctunre 6.1 MPEACTABICHO ONMPEAEICHUE KiIacca Dispatcher.

NucTtuHr 6.1. OnpegeneHne gucnerTyepa cooo6LLeHUN

public class Dispatcher {

public static int msgQuit = -1; // xjlacc CTaHOAPTHOI'O COOOWEHMS
private Vector generators = new Vector(); // CIOMCOK TeHepaTOpOB
private Vector handlers = new Vector():; // cnmcok oBpaboTurKOB

private Vector messages = new Vector(); // ouepenb COOBMEHWU
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//
// Onpemesienne KOHCTpykTOopa 1 byHkiuym getInstance
//
private static Dispatcher dispatcher = null;

private Dispatcher() {}

public static Dispatcher getInstance() {
if (dispatcher == null) ({

dispatcher = new Dispatcher();

}

return dispatcher;

//

//  QOyHKUMM g PaBOTHL CO COMCKOM OOpPaBOoTuMKOB

//

public void addHandlerHead (IHandler hnd) {
handlers.add (0, hnd);

public void addHandlerTail (IHandler hnd) {
handlers.add (hnd) ;

public IHandler removeHandler (IHandler hnd) {
if (handlers.removeElement (hnd)) {
return hnd;
} else {

return null;

//
// OyHkuMM IS paboTH CO CIMCKOM T'e€HEepaTOpOB
//

public void addGenerator (IGenerator gen) {

generators.add (gen) ;
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public IGenerator removeGenerator (IGenerator gen) {
if (generators.removeElement (gen)) {
return gen;
} else {

return null;

/7

// Tlepemaua coofmeHUs B ouepelb COOCMEHUR

/7

public void sendMessage (Message msg) |

messages.add (msg) ;

//

// OCHOBHOV LMKJ PabOoTH OMCHeTUepa COOOIEHMA

//
public void run () {

// LMKJI MOXeT BaKOHUMTLCS TOJILKO MPY MOJIYUEHUM CUCTEMHOM KOMAaHIIE!
for (;;) {
//———— 1. IomplTaeMcd HallTu Kakoe—ymbo coobmeHMre
Message msg = null;
if (messages.size() > 0) {
// Ouepemb COOCmEHMI He IMyCcTa — OepeM COOOWEHME U3 Hee
msg = (Message)messages.elementAt (0);
messages.removeElementAt (0) ;
}
if (msg == null) {

// Ouepemnb COOCUEHM MIyCcTa, 3alpalMBaeM I'eHepaTOpH

for (int i = 0; 1 < generators.size(); i++) {
IGenerator generator = (IGenerator)generators.elementAt (i);
if ((msg = generator.generate()) !'= null) {

break;
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[/ —=—— 2. IpoBepka COOOWEHMS

if (msg != null && msg.getMsgClass () == msgQuit) {
// BakaHumBaercs pafora OuclIeTdepa,
// a BMECTe C HUM U BCEU MPOTPAMMEL

break;

//—-——— 3. Iepemaua cooOumeHnsa Ha OBpabOTKy
if (msg != null) {
for (int 1 = 0; 1 < handlers.size(); 1i++) {
IHandler handler = (IHandler)handlers.elementAt (1);
if (handler.handle (msg)) {

break;

Kak ke Oymer BHRIDISAETH MpOTpaMMa, KCITOB3YIONIas ONpeae/ICHHBIN HaMU ANC-
MeTyep AJis opraHu3auuu padoThbl?

B xadectBe mpuMepa paccCMOTPUM JOCTATOYHO CIIOXKHYIO 3a1a4y MOIeIUPOBAHUS
paboThl Maccaxkupckoro JucTa B MHOTodTaXHOM JoMe. B sToil 3amave mapain-
JIeJIbHO JEHCTBYIOT IB€ HUTU mpoueccoB. OaHa U3 HUX OpraHu3yeT paboTy Mone-
Jeit mudTa U maccaxupoB. UMEeHHO 3Ta HUTH Oy/leT MOJNb30BATLCS JAUCIIETYEPOM
COOOLLEHWIA IS BbIIIOJIHEHUS OOMeHa COOOLIEHUSIMU BO BpeMs padotbl. [dpyras
HUTb CIYKUT JUISI CO3MaHWSI HOBBIX MOjeJNiell TaccaXkMpoB U BBOIA UX B CHCTEMY
yepe3 HeKOTOpbIe IPOMEXYTKU BPEMEHMU.

JIudT MOXET HAXOAUTBCS B CICAYIOIIUX COCTOSHUSX:

O cToMT, IBMKETCSl BHU3, IBUKETCS BBEPX;

O HaxoaMTCs HA YPOBHE DTaXa ¢ HEKOTOPBIM 3aTaHHBIM HOMEPOM;

O aBepu OTKPBITEL (JIUGT CTOMUT), NBEPU 3aKPbIThL (IUGT CTOUT UIM ABHXKETCS);
O B audTe HAXOAUTCI HEKOTOPOE 3aAAHHOE YMCIIO YeNOBeK.

Haccan(mp JII/I(I)Ta TAKXKE€ MOXKET HaAXOAUTbCA B HEKOTOPBLIX COCTOAHUAX, XapaKTe-
PU3VIOLIUXCA CICAYIINNUMHU SHAYCHUSIMMN:

a TmacCcaXXp HAaXOOUTCA Ha YPOBHE 3TaXa ¢ HEKOTOPBIM 3adaHHBIM HOMEPOM;
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O maccaxup HAXOOUTCS BHYTpU JUMTa (M B 3TOM cydyae HOMEp €ro aTaxa IoJi-
JK€H COBIANaTh ¢ HOMEPOM 3Taxa audra) uind BHe JudTa;

a TTACCAKUP UMECT XKEJIAHWE TIONMACTb HA 3TaXK ¢ HEKOTOPBIM 3aJaHHBIM HOMEPOM.

Ilpy KaxaoM U3MEHEHUM COCTOSHUS JUGT M3BeLIaeT 00 3TOM I1acCakHUpoOB OT-
CBITKOM COOTBETCTBYIONIETO coobieHns. [TomyynB Takoe cOOBGIIeHNe, TTACCAKUP
MOXEeT M3MEHMTb TaKXe U CBO€ cocTogHue (Hampumep, BoMTU B audT). B cBoio
ouepenb, MacCaXUp, W3MEHWB CBOE¢ COCTOSHME (HAIpUMep, 3aXOTeB ToexaTh Ha
HEKOTOPbIA 3TAX), HOJKEH COOOIIMTb 00 3TOM JUMTY, KOTOPBIH, MOAYYMB 3a-
poc, 6ymeT MeHATh cBoe cocTosTHIe. [TocKoMbKY THGT B CUCTEME BCETO OINH, TO
cooblIieHue 00 MU3MEHEHMHU COCTOSHUS MAacCaxkupa MOXHO MOCIaTh JUGTY U HA-
MpSAMYT0, MUHYS AWCTIeTYepa, OTHAKO IS OOIIHOCTH yHoOHee BOCTIOIH30BATHCS
IUIS1 5TOTO TAKXKE OOLUKUM MEXAHU3MOM.

Hrak, umeeM ciieaylollyto CTPYKTYpY 0ObeKTOB B CUCTEME:

O oauH audT (KIacca Elevator), KOTOPbII sABIAETCI 0OpPabOTYMKOM COOBITHIH,
TeHEepUPYEMbIX TTaccakupaMu JudTa;

3 HecKOJNBKO TAcCaAXMPOB (KITACCa Passanger), KAKIBIH M3 KOTOPBIX SIBISIETCS
KaK o0paboTYMKOM COOBITUIl (reHepupyeMbiX JUGTOM), TaK U [EHEepaTopoM
COOBITHTT (HampuUMep, ecl TIacCaXkup yeTam XIaTh JUMT, OH MOXET OTMEHUTH
CBOIO 3a51BKY U OTIPABUTHCS IO JECTHULIE MEIIKOM).

Takum oOpa3oM, UMeeM TAKOE OIUCaHUE KJIACCOB (TOJbKO CXeMAaTUUEeCKU):
public class Elevator implements IHandler {

final static int stateStop = 1;

final static int stateUp = 2;

final static int stateDown = 3;
final static int msgStateChanged = 1; // wiacc coolBumeHus

// OB UBMEHEeHUM COCTOSHMA

// Kiacc, onuceBawommii cocrogHue Jjmbra. OOBEKTH 3TOTO Kjacca OymyT

// ABJIATBCA IIapaMeTpaMn coofmeHrs 00 M3MEeHEeHUM COCTOSHUS J'H/Iq)Ta

public static class ElevatorState {

private int state = stateStop; // cocroanue mmudTa

private int level = 1; // 3Tax, Ha KOTOPOM OH HAXOOUTCSH
private boolean doorsOpen = true; // cocroaHmue OBepeit

private int people = 0; // kommuecTBO Juomelt B Jmbre

public ElevatorState() {}
public ElevatorState (int stat, int lev, boolean open, int pple) {
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state = stat;

level = lev;

doorsOpen = open;

people = pple;
}
public int getState() { return state; }
public void setState (int stat) { state = stat; }
public int getlLevel() { return level; }
public void setlevel (int lev) { level = lev; }
public boolean isDoorsOpen () { return doorsOpen; }
public void setDoorsOpen() { doorsOpen = true; }
public void setDoorsClose () { doorsOpen = false; }
public int getPeople() { return people; }
public void setPeople (int pple) { people = pple; }

// CocrosaHue mmudTa
ElevatorState state = new ElevatorState();
// Maccup Jsmomeil, OT KOTOPBIX IOCTYMIMIM SBaNpPOCH HA OOCIyX/BAaHUE

Passanger|[] passangers = new Passanger[0];

public void addPassanger (Passanger p) { // ... moBaBuThH MacCaxupa

}

public void removePassanger (Passanger p) { // ... yOaIuThb Haccaxupa

}

public boolean handle (Message msg) {
// OBpaborka coobmeHnda OO MUBMEHEHUM COCTOSHMA OOHOTO M3 IaCCAaXUPOB.
// Judr perMcrpupyeT naccaxmupa, e€Ciy TOT HAMEpPeBaeTCs BOCIIONL30BATLCH
// mmdroM, HO eme He OBCIyXeH. ECIM 3asgBKa MOXET OLThb BEIIOJIHEHA,

// JIM@)T HauMHaeT IOBUI'aTbCA B HallpaBJIEHUN OGCJ’Iy)KVIBaHMH 3aAaBKIU

public class Passanger implements IHandler, IGenerator {

// Kilacc, onucCHBaoUMili COCTOSHME Naccaxvpa. OOBEKTH 3TOTO Kjacca OymyT
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// aBRATBCA HapaMerpaMyu COOOmeHus OO MBMEHEHMM COCTOSHUS [1acCaxmupa

public static class PassangerState {

private boolean inElevator = false; // cocroaHMe naccaxupa
private int level = 1; // HOMep >Taxa
private int wish = 10; // KyOa maccaxmp xOueT I[IONacTb

public PassangerState() {}
public PassangerState (boolean inout, int lev, int w) {
inElevator = inout;
level = lev;
wish = w;
}
public isInElevator () { return inElevator; }
public setInElevator() { inElevator = true; }
public setOutElevator () { inElevator = false; }
public int getlLevel() { return level; }
public void setlevel (int lev) { level = lev; }
public int getWish() { return wish; }
public void setWish (int w) { wish = w; }

PassangerState state = new PassangerState();

long wait = 0; // BpeMa OXuOaHuS OOCIIyXMBAHUS

public boolean handle (Message msg) {
// OBpaborka coofumeHusa 00 MBMEHEHMM COCTOSHMA JmbTa.
// B pesysbrare OOpabOoTKyM HACCAXMP MOXKET MBMEHUTH CBOE COCTOSHUE.
// VI3MeHeHVe COCTOsSHUSA, B CBOK OUepelnb, MOXET BEI3BATHb

// NOABJIEHME HOBOI'O COOOMEHMA OO M3MEHEHMM COCTOSHUA

public Message generate () |
// Tlaccaxup MOXET CI'eHEepMpOBATbH COOOMEHME, €CJIM OH yXe CIMIIKOM HOJIT'O
// xmeT. B 3TOM Cllyyae OH MOXET OTMEHMTL CBOM 3ampoc (Coobums,
// pasymeercs, Kak MNOPSIOOUHEI UeJIOBeK, OO0 M3MEHEHUM CBOET'O COCTOSHUS)

// ¥ NOKMHYTL CHUCTeMy. BrpoueMm, JudT MOXeT U Cawm,
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// He OOHAPYXMB Ha HYXHOM BTaxe dejoBeKa, COOPMUPOBABWEIO BalpPOC,

// YIOaJlInTe €I'O U3 CUCTEeMBL

Bropast HUTb Cy>XUT s "TTOCTaBKU" TlaccakupoB B cucteMy. OHa chopMupyer
JucIreTyepa, a 3aTeM Yepe3 OlpelesieHHble MMPOMEXYTKU BpeMeHU OyleT cozia-
BaThb OOBEKTHI-MACCAXKUPBI W J00ABISITH UX B CHUCTEMY, WCTOIB3YsS BBI3OBBI
dispatcher.addGenerator (psg) M dispatcher.addHandlerTail (psg). OHaA Xxe
WHULIIMUpYeT paboTy aucrieTyepa B MEpBON HUTH, BBI3BAB ero padoTy dyHKIMei
dispatcher.run (). OTa X€ HUTb MOXET TAKXE€ U MPEKPATUTb [POLECC MOIEIM-
pOBaHWMsI, TiepeaaB ANCTeTYepy CUCTEMHOE COODIIIeHNEe msgQuit.

B crnemyomem pasgene paccMoTpuM 0Oojiee MpOCTOil TpUMeEp B3aUMOICHCTBUS
00BEKTOB MyTeM Mepenaun coodiueHuil. OgHaKo ciaeayeT OTMETUTb, 4YTO ITOT
MpuMep SABISeTCS HeCKONIbKO HamyMaHHBIM. [locTaBieHHYI0 B HeM 3amady ropas-
[0 JIer4ye MOXKHO PEIUUTh TPAaguLIMOHHBIMU METOAAMM, He mpuleras K amnmapary
TCHEpaluu U oOMeHa COODIICHUSIMU.

6.2. 06 ogHOM cnocobe BblunceHus
KOHEYHbIX CYMM

PaccmoTrpum 3amady BbIUMCAEHUS KOHEYHOH CYMMBI HEKOTOpPbBIX cjaraeMbix. Ko-
HEYHO, €CJIM BTH cllaraeMble 3aJaHbl ¢ TOMOIIBI0 HeKoTopoit dopMynbl (hyHK-
LMK), TO Haubojiee MPOCTHIM OyAeT ClenyIOLIMi OOBIYHBIA CIOCO0 BBIYMCAESHUS
CYMMET:

static public double sum(SumMember member, int n) {

double s = 0;

for (int 1 = 0; i < n; i++) {

s += member.member (i) ;

}

return s;
}
B sToM pelieHnu mpeanonaraetcsi, yTo (hYHKIUU CYMMUPOBAHMSI TepeaaeTcsl B
Ka4yeCTBEC aprymeHra cnoco® BbIYMCIEHUS] WIEHOB CYMMbI B BUIE o0beKTa Kinacca
SumMember, B KOTOPOM U OIIPEACICH METOA member JISI BBIYUCICHUS [-TO YWICHA
CYMMBI. Oﬂ,HaKO, MOXeT OBITh 3HAYeHUs HEKOTOPLIX WICHOB CYMMBbI YZLO6HO BbI-

YUCTATDH, UCTIOMB3YS yKe BREIUNCICHHBIC paHee 3HAYCHUS MPYTUX WICHOB CYMMBL.
Hanpumep, B uzBecTHOR hopmMysie Mg NPUOIMKEHHOIO BRIYMCISHUS YMCIa e

. Zn—l 1
€=Lio 5

il
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KaXKAblid 4ieH CYMMbI KPOME IIE€PBOIO JICTKO MOXET OBITb OIIPEACJICH C UCIIOIb30-
BaHMEM 3HAYEHHUS IpeAbLIyLIero WwieHa, TAKUM o0pa3oM, HeleaecooO0pa3Ho pac-
CUMTBIBATb KAXJbIA U3 YJIE€HOB CYMMbI HE3aBUCUMO OT IPYIuX. ﬂﬂﬂ BBIYUCJIIEHUSA
9TO CyMMbI OBUIO OBl YIOOHEE BOCIIONbL30BATLCS APYTUM aJITOPUTMOM:
static public double sum(int n) {

double s = 0;

double u = 1;

for (int 1 = 0; 1 < n; 1i++) {

s += u;
u /= 1i;
}
return s;

}

Ecnu Tp€6y€TCH BBIYHUCIUTb CYMMY TIEPBBIX # YWICHOB MOCJICAOBATCIBHOCTH Du-
0oHAYUM, KaXIBIil U3 KOTOPBIX (KpoMe TMepBbIX JIBYX, PABHBIX €MWHUIIE) MOXET
OBbITH BEIMUCIIEH TIO U3BECTHON hopmyie
]%:: Fh—1+_}%—25

TO OIISITH JIYYINE BOCITOJIB30BATLCS CIICHUAIBHBIM aJITOPUTMOM:
static public double sum(int n) {

double s = 0;

int F1 = 1, F2 1;

for (int 1 = 2; i < n; 1i++) {

F=Fl + F2;
s += F;
Fl = F2; F2 = F;

return s;

}

Xorenoch Obl MPUMEHUTE OOILYI0 CXeMY [UIS BBIYUCICHUS CYMM, HECMOTps Ha TO,
YTO B K&KIOM KOHKPETHOM clTydae 3aBUCHMOCTD 3HAYCHWH OTHUX WICHOB CYMMBI
oT Jpyrux pasiuyHa. IlornpoOyeM BOCIIONb30BATbC I 3TOIO CXEMOK OOMeHa
COOOTIEHUSIMI MEKITy OOBEKTaMU Pa3sHBIX KJTacCOoB.

OnpenennM KiIacc-CyMMarop, OOBEKT KOTOPOTo OymeT OXuaaTh COODIIeHHI OT
O0BEKTOB — WIEHOB CYMMBL. B KaXmoM cooOleHUU OOBEKT — WIEH CYMMBI CO-
obmraer cBoe 3HaueHHUe M cBoi Homep. Korma cyMmaTop TOJTyIUT COOOIIEHUST OT
BCEX WIEHOB CYMMBbI, ero padbora OyaeT 3aKOHYeHa.

B cBor ouepennb, K&KIbI 0OBEKT — WIEH CYMMBI SKIET COOOIIEHUI OT APYTUX Wie-
HOB CYMMBI, OT KOTOPBIX OH 3aBUCHT. Pasymeercs], B 5TOI IIEMOUKE TOKHBI OBITH
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YaeHbl, KOTOPbIE TOTOBBI BbIIATh CBOE 3HAYEHME, HE OXUIAA 3HAYEHUH OT APYrux
YJIeHOB, B IIPOTUBHOM C/Iy4yae ObUTO ObI HEBO3MOXHO 3aBEPIIUTb BHIYMCICHHUS.

TakumM oOpa3om, B Hallel cucreMe oObeKTOB UMEETCST OJINH O0BEKT — CyMMAarop,
U 7 OObEKTOB — WIEHOB CYMMbl, KaXJiblii U3 KOTOPbIX IOPOXAAET U IMPUHMMAET
coobieHust. CymmaTop sBiIsieTcs] 00paboTunKoM coobiieHnit. Cam oH TeHepupy-
€T €IMHCTBEHHOE coOoOlLIeHuE 00 OKOHYAHMU PpadOThl, BOZHUKAIOIIEE TOrJA, KO-
T2 CyMMaTop TOJIYUYUT COODIIEHUS] OT BCEX UJIEHOB CyMMBI. UJIEHBI CyMMBI SIB-
JIAI0TCS 00pabOTUMKAMU COOOILUEHUI OT IPYrMX 4JIEHOB CYMMBI, a IO KpaidHel
Mepe OINH U3 WICHOB SIBIIIETCS TakKKe reHepaTopoM cOODIIEHUs, He 3aBUCSIIETO
OT Apyrux 3HaueHuil. Utak, uMeeM CJenyiolMe OlucaHus Kiaccos.

public class Summator implements IHandler {

public static int msgMemberReady = 1; // kjacc cCOOOWEHMS OT WieHa CyMMEL

int n; // oxumaeMoe KOJIMUECTBO UJIEHOB CYMMEI
boolean[] ready; // MaccuB OTMETOK O MNPUIIEOIMUX UJEHAX CYMMEBI
double sum = 0; // HakammMBaeMas CyMMa

int members = 0; // KOIMYECTBO MPOCYMMMPOBAHHEIX UJIEHOB

// Kjacc, omnpependoumii CTPYKTYpy NapaMeTrpa COOCMEHMS
public static class MemberValue {
int number; // HOMEp uwiIeHa CyMMEI
double value; // 3HaueHMe uJleHa CYMMBI
public MemberValue (int num, double val) {
number = num;
value = val;
}
public int getNumber () { return number; }
public double getValue () { return value; }

// KOHCTPYKTOp CyMMATOPa 3amaeT KOJIMUECTBO OXMIAEMBIX UM UJIEHOB CYMME
public Summator (int n) {
this.n = n;

ready = new boolean[n];

// Merom oCpaboTKy COOOCMEHMUS

public boolean handle (Message msg) {
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// TlpoBepka KJjacca COOCHWEHUS: PEearupyeM TOJIBKO Ha COOOWEHVIS
// wiacca msgMemberReady
if (msg.getMsgClass () != msgMemberReady) return false;
// TpoBepKa Tumna napamerpa COOOMEeHNS
if (! (msg.getParam() instanceof MemberValue)) return false;
// B3saTue mnapaMerpa COOOWEHUS
MemberValue memVal = (MemberValue)msg.getParam() ;
// OTMeTka ujieHa CyMMBL ¥ CyMMUPOBAHME
if (!ready[memVal.getNumber ()]) {

members++;

ready [memVal.getNumber ()] = true;

sum += memVal.getValue () ;
}
// KoHuaem paboTry, e€Ciy yXe BCE WIEHH CYyMMH IIPOCYMMVPOBAHEL
if (members == n) {

Dispatcher.getInstance () .sendMessage (

new Message (Dispatcher.msgQuit));

}
// BO Bcex cCiyuasx 3HAUeHME uJieHa CyMMEL [I€PEeNaeTCs OPyTuM OOBEKTaM

return false;

// PesynbTaT CyMMUPOBAHUS

public double getResult () { return sum; }

CTpyKTypa ujeHa CyMMBI, BoOOIlle TOBOPSI, HE OTpesiesieHa, TTO3TOMY MOXKXHO TToKa
onucarb JWIIL abCTPaKTHBI Kiacc Member, peaTu3yOUIMi uHTEepdech
IHandler W IGenerator

public abstract class Member implements IHandler, IGenerator ({

public boolean handle (Message msg) {

return false;

public Message generate () {

return null;
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Terepb Mbl MOXEM OIPEIEIUTh HECKOJIbKO Pa3JIMUHbIX KOHKPETHbBIX KJIACCOB IS
CyMMUPOBaHUSl Pa3jM4HbIX [ocienoBaTesbHocTeil. Kaxaoe HoBoe olipejaejieHue
OyneT 3amaBaTh CBOM CHOCOO BBIYMCIAEHMUS CyMMBbl. TakuM oOpazoM Mbl MOXEM
ompeneNuTh (YHKIHUIO CYMMUPOBAHUSA KaK (PYHKIMIO, MapaMeTPU30BaHHYIO ab-
CTPaKTHOI (habpuKOil, NOPOXKAAIOLIEH Te UM MHBIE WIeHb KOHEYHOH CYMMBI.
public interface SumMemberFactory {

Member createMember (int i);

public static double sum(SumMemberFactory factory, int n) {

// Opranmsyem moucrneTdyep COOOIMEHNT

Dispatcher dispatcher = Dispatcher.getInstance();

// ®opMmpyem "cueHy" — HabGop 0OpalOTuMKOB U TEHEePaTOPOB COOOMEHU

Summator summator = new Summator (n);

dispatcher.addHandlerTail (summator) ;

for (int 1 = 0; i < n; i++) {
Member nextMember = factory.createMember (i) ;
dispatcher.addHandlerTail (nextMember) ;
dispatcher.addGenerator (nextMember) ;

}

// BamyckaeM mnpolecc ofMeHa COOOMEHMSIMA

dispatcher.run() ;

// ToJjlyyaeM TOTOBHIA pPe3yJbTaT

return summator.getResult();

}

31ech SumMemberFactory — abcTpakTHasg ¢abpuka, Mopoxaalolas adcTpaKTHhIE
YIeHbl KOHeYHOH CyMMBI. 1 Toro yto0bl ¢yHKIIMS MOLIA paboTaTh U BbLOABATH
KOHKPETHBIA Pe3y/abTaT, HAAO OMpede/UTh KOHKPETHBLIA KIacC 4WieHa CYMMBI U,
COOTBETCTBEHHO, KOHKPETHYIO (abpuKy, MOPOXIAIOLIYI0 OOBbEKThl 3TOr0 Kiacca.
Paccmorpum, Hampumep, MPOCTYIO 3ama4yy BbIYUCACHUS MPUONMKEHHOTo 3Haye-
HMA Yucia e 1o ¢popmysie

n-1 1
e=3>"" 1
i=0 l'
Jlng BblUMCIEHHUS HEOOXOMMMO OIMCATh KJIAcChl ESumMember M ESumMemberFactory,
KOTOpbI€ OyAyT ONpeaeasaTh aJrOPUTMbl BBIYMCAEHUS WIEHOB CYyMMbl U IIOPOXK-
JaTh OOBEKThl — WIEHBl CyMMbl COOTBETCTBEHHO. Hike mpuBeaeH Kod mjid Kiac-
ca ESumMember, a KJIACC ESumMemberFactory $BHO HE€ OIIPEAC/ISICTCA, BMECTO

9TOro IK3EMILISIP JAHHOIO Kjlacca MOPOKAAETCS cpasy Ke MPU BbI3oBe (DYHKIIUU
CYMMMPOBAHUS.
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public class ESumMember extends Member {
int number; // HOMEp uJjieHa CyMMBl (OT HyJId OO HEKOTOPOI'O )

boolean generated = false; // BHaueHue yxe CIeHepUpPOBAHO?

// KOHCTPYKTOP BalOMUHAET HOMEP
public ESumMember (int i) {
number = 1i;

// TeHepaTop HOPOXOAET COOOmWEeHVe O I'OTOBOM SBHAUEHUM,
// TONBKO ecyM HOMEp uileHa psalda paBeH HYJIo.
// B OCTajIbHEIX Cllydasx 3BHaUeHMEe IOPOXIAETCS IO I'OTOBHOCTH
// Opempoymero ujeHa CyMvel. OCpaTuTe BHUMAHME, UYTO BHAUEHMEe IOpOXIaeTCs
// TONBKO OIMH pas
public Message generate() {
if (number == 0 && !generated) {
generated = true;
return new Message (Summator.msgMemberReady,
new Summator.MemberValue (number, 1));
} else {

return null;

// OBpaboTuMk NpMHMMAET BHaueHVe HEeKOTOPOTO ujieHa CYMMEl M BEIIAET
// CBOe 3HaueHMEe, €CJIM HOMEP BTOTO WIEHa Ha E©OMHUIYY MEHbIle COOCTBEHHOTO
// HOMepa. OOpaTUTe BHMMAHME, UYTO BHAUEHME DEHEPUPYETCS TOIBKO OIOUH pPas
public boolean handle (Message msg) {

if (generated) return false;

// TpoBepka Kijacca CooBmeHus

if (msg.getMsgClass () !'= Summator.msgMemberReady) return false;

// TlpoBepka Tura napaMerpa COOOWEHMS

if (! (msg.getParam() instanceof Summator.MemberValue)) return false;

// RHammM3 napameTrpa COOOEeHNS

Summator.MemberValue value = (Summator.MemberValue)msg.getParam();

if (value.getNumber () != number-1) return false;

// TeHepalus HOBOTO COOOIEHNS

Dispatcher.getInstance () .sendMessage (
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new Message (Summator.msgMemberReady,
new Summator.MemberValue (
number, value.getValue() / number)));
generated = true;
// BO Bcex ciydasx cooCleHue MepenaeTcs najblle IUId aHalusza
// ero mpyryMm ofpafoTuykamMi (Ha caMoM IeJjle STO 3HaueHUe
// MOXeT MNOHamoOUTHLCH pPasBe UTO CyMMAaTOPY)

return false;

}

Tenepb A1 BbI30Ba QYHKLIMU CYMMUPOBAHUS HYXKHO JNUIIb ONpeaeanuTs hpabpuky
AJI4 IMOPOXKACHHUA HOBBIX WICHOB CYMMbI pdld KU 06]_1_[66 KOJIMYECTBO CyMMUPYE-
MBbIX YWICHOB.
System.out.println (sum(new SumMemberFactory () {

public Member createMember (int i) { return new ESumMember (i); }
b, 18)) s

HpMBG[LGHHbeI BbILIC BbI3OB BBIBEICT B CTaH,Z[apTHblfl BBIXOOHOH IIOTOK 3HAYEHHUE
2.7182818284590455

YTO IMPAKTUYCCKMU HAXOAUTCA Ha IIPECACiC MAILLMHHOMA TOYHOCTUA BBIYMCICHUA.

an/IBCI[CM C€III€ HECKOJIbKO TIPUMEPOB BLIYHUCICHUS PA3JIUYHBIX CYMM TIPAKTUYC-
ckm Oe3 KOMMCHTApHUEB.

CYMMa A IIEPBbLIX WICHOB IOCIACIOBATC/IbHOCTU DubdboHauyu IoJiydyaercd, €ClIn
OIIPEACIUTDb KIACC FibSumMember CICAYIOIIUM o6pa30M.
public class FibSumMember extends Member {

int number; // HOMEp uJjieHa CyMMEL

int fPred = 0; // BHaueHVs OBYX MNPEeIpOyIMX UJIEHOB

int fPredPred = 0;

boolean generated = false; // 3HaueHUEe yXe CIEHEPVPOBAHO?

// KOHCTpYKTOp BaloMMHAEeT HOMEp UJIeHa CYMMEl
public FibSumMember (int i) {
number = i;

// TeHepaTop HOPOXOAET COOOmEHVE O T'OTOBOM SBHAUEHMM, TOJIBKO €CIM
// HOMEp uJjieHa pPAOa MeHblle ABYyxX. B OCTaJIbHHX CIydasx BHAUeHUe

// mopoXmaeTcsa IO TOTOBHOCTU NPEIBIYIMX OBYX UJIEHOB CYMMH.
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// OBpaTure BHMMAHME, UYTO BHAUEHME IOPOXIAETCS TOJLKO OIMH pPas

public Message generate () {

if ( (number == || number == 1) && !generated) {

}

generated = true;
return new Message (Summator.msgMemberReady,

new Summator.MemberValue (number, 1));
else {

return null;

// OBpaBoTuMkK MPUHMMAET BHAUEHME HEKOTOPOTO WileHa CYMMH M BEIAET

// CBOe 3BHaueHMe, €CIM yXe TOTOBHE oOfa MNPeIpOylMX ujieHa CYMMEHL.

// OBpaTuTe BHMMAHME, UTO 3HAUEHME TeHepUpyeTCs TOJIbBKO OIOVH pas

public boolean handle (Message msg) {

if (generated) return false;

if (msg.getMsgClass () != Summator.msgMemberReady) return false;
if (! (msg.getParam() instanceof Summator.MemberValue)) return false;
Summator.MemberValue value = (Summator.MemberValue)msg.getParam();
if (value.getNumber () == number - 2) {

// TOTOB uJieH, HAXOLAUMICS [epel NpeIblly iy

fPredPred = (int)value.getValue();
} else if (value.getNumber () == number - 1) {

// TOTOB MNpempoyluyil dieH

fPred = (int)value.getValue();
} else {

}

if

}

return false;

(fPred != 0 && fPredPred != 0) {
Dispatcher.getInstance () .sendMessage (
new Message (Summator.msgMemberReady,
new Summator.MemberValue (

number, fPred + fPredPred))):;

return false;
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BrizoB cymmaropa
System.out.println ( (int) sum (new SumMemberFactory() {

public Member createMember (int i) { return new FibSumMember (i); }
}, 10)) 7

MOPOIUT Pe3yIbTaT
143
A BOT IIpUMeEpP, B KOTOPOM WIEHBl CYMMBbI He 3aBUCAT Ipyr oT Apyra. KoHneuyHo, B

OTOM CJl1y4dae JAHHBIA IOIXO[ K BhIYMCICHUIO CYMMBbI COBCEM HE OIlpaBidH, OdHA-
KO CX€Ma BCE XK€ pa60TaeT IIpaBUJIbHO. MTaK, BbIYUCIUM CYMMY WICHOB IIO CJIC-

aylouieil opmyJie:

n-1 1

S:Z'—o D" —.

= i+1
Dra dopMmyna npu OONbIIKMX 3HAYSHHUSIX A JAeT MPUONIKEHHOe 3HAYeHUe HaTy-
panbHoro jgorapugpma 2. Kiacce a1 BbIYMCIEHUS 3HAYEHU WIEHOB 3TOM CyMMbI
BOOOIlle HE 00pabarblBaeT IPUXOALIINE K HEMY COOOILEHUS, BMECTO 3TOIO OH
cpasy XK€ IeHEpUpPYET HYXHOE 3HaueHue 110 3alpocy AUcleTyepa Ha OCHOBAHUM
3HaHUK 0 COOCTBEHHOM HOMEPE.
public class LnSumMember extends Member {

int number; // HOMEp uJjieHa CyMMEL

boolean generated = false; // 3HaueHue yXe CIeHepUpPOBAHO?

// KOHCTPYKTOp MNPOCTO 3aloMYHAET HOMEpP WieHa CYMMEI
public LnSumMember (int i) {
number = 1i;

// OBpaboTumMk COOOWEHMA BEIKJIOUEH
public boolean handle (Message msg) {

return false;

// TeHepaTop Cpasy Xe BHIAET 3HAUEHME IO HOMEPY UJIEHAa CYMMEL
public Message generate () {

if (generated) return null;

generated = true;

return new Message (Summator.msgMemberReady,

new Summator.MemberValue (
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number,
((number & 1) == 1 ? -1 : 1) / (double) (number + 1)));

}

B pesynbTare cooTBETCTBYIONIETO BBI30BA (hYHKIINN CYMMHUPOBAHUST

System.out.println (sum(new SumMemberFactory() {
public Member createMember (int i) { return new LnSumMember (i); }
}, 100));

OyneT TmoyueHo MPUOMImKeHHOe 3HaUYeHne Jrcia In2.
0.688172179310195

DTo He OoYeHb TOYHOE 3HAUEHWE, JaKe HECMOTPS HA TO, UYTO TPOCYMMHPOBAHO
100 unernoB. OHO oTiMYaeTcs OT MCTHHHOTO 3HaueHW Oomnee, yeM Ha 0,005. Ho
3TO TIPOCTO MTOTOMY, YTO COOTBETCTBYIOIINI Pl OYEHDb MEIICHHO CXOINUTCS.

3aMeTHM, YTO BO BCEX OIMCAHHBIX CAy4yasX OOBEKTbI — UiI€HbI CyMMbI CTAHOBM-
JIUCh [TACCUBHBLIMU CPa3y Xe I0C/e TOro, Kak BbLAAAYT CBOE 3HAYEHUE B BUJE CO-
001IeHUs. DTO, KOHEYHO, MPAaBUIBHO, B IPOTMBHOM ClIyd4ae JUCIIETYEP MOXKET
0Ka3aTbcsd "3aChIUTAHHBIM" TOBTOPHBIMU COOOILIEHUSIMU OT 3TUX WwieHoB. TeMm He
MeHee, Takoe IMoBeleHUe OOBbEKTOB CHUXAeT 00LIyl0 3(P@dEeKTUBHOCTL PabOThI
CHUCTEMBI, ITOCKOJbKY Bce O0pabOTYMKM M FEHEepaTOpbl COOOLIEHUH OCTAIOTCS B
cucrteMme "GajiacToM”, U AUCIETYEP MPU MOSIBACHUU KAXIOIO HOBOIO COOOIIEHMUS
BCE€ PAaBHO BLIHYXK/IEH ONpPALIMBATL BCE ITU OOBEKTHI.

MoOXXHO OpraHu30BaTh paboTy OOBEKTOB UYTOUKY WHaue. [lopoauB cBoe 3Haue-
HHUE, YWICH CYMMbI MOXKET IMPOCTO HCKIIOYHUTDH cebsa 13 crckKa TEHEPATOPOB WIIN,
COOTBETCTBEHHO, 0OpabOTYNKOB cooOmIeHMit. B atoMm ciaydyae He morpebyetcs
BBOINTb W IIEPEMEHHYIO — YJIEHA KJIACCA generated, MOCKOJBKY YJIEH KJacca,
MTOPOINUBIINI 3HAUEeHUE, yOoUpaeT cebd Kak M3 CIUCKA TEHEepaTopoB, TaK W U3
crcka obpaboTunkoB coobmennii. BoT kak OymeT BRITISIIETh MOAW(DUIINPOBAH-
HOE ONpeAeIEeHUE Kilacca FibSumMemebr:
public class FibSumMember extends Member {

int number; // HOMEp uileHa CyMMEI

int fPred = 0; // BHaueHVs OBYX MNPEAHLYLIX UJICHOB

int fPredPred = 0;

// KOHCTpYKTOp BaloM/HAET HOMED UJIeHa CYMMEI
public FibSumMember (int i) {
number = i;
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// TeHepaTop HOPOXOAET COOOWEHVEe O I'OTOBOM SBHAUEHMM, TOJIBKO €CIM
// HOMEp uJjieHa pAna MeHblle ABYX. B OCTaJIbHHX CIydasx BHAUEHUe
// NopoXmaeTcsa IO TOTOBHOCTU NPEIBIYIMX OBYX UJIEHOB CYMMH.
// OOpartuTe BHMMAHME, UTO BHAUEHME [IOPOXIAETCS TOJBKO OOVH Pas
public Message generate () {
if ((number == || number == 1)) {
Dispatcher.getInstance () .removeGenerator (this) ;
Dispatcher.getInstance () .removeHandler (this) ;
return new Message (Summator.msgMemberReady,
new Summator.MemberValue (number, 1));
} else {

return null;

// OOpaBoTuMK MNPVHMMAET SBHAUYEHVE HEeKOTOPOI'O ujieHa CyMMBl ¥ BEIAET
// CBOe 3BHaueHme, €CiM yXKe I'OTOBE O0a MNPEABOyIMX UjeHa CYMMEL.

// OOpartuTe BHMMAHME, UTO BHAUEHME [EeHEPUPYETCs TOJBKO OOMH Pas
public boolean handle (Message msg) {

if (msg.getMsgClass () !'= Summator.msgMemberReady) return false;

if (! (msg.getParam() instanceof Summator.MemberValue)) return false;

Summator.MemberValue value = (Summator.MemberValue)msg.getParam();
if (value.getNumber () == number - 2) {
// TOTOB ujieH, HAXOLAUMICS [epel NPelunylpM UJIEHOM
fPredPred = (int)value.getValue();
} else if (value.getNumber () == number - 1) {
// TOTOB MNpempoylyi dieH
fPred = (int)value.getValue();
} else {
return false;
}
if (fPred != 0 && fPredPred != 0) {
Dispatcher.getInstance () .removeGenerator (this) ;
Dispatcher.getInstance () .removeHandler (this) ;
Dispatcher.getInstance () .sendMessage (
new Message (Summator.msgMemberReady,

new Summator.MemberValue (



278 CospnaHue n obpaboTka CTPyKTYp AaHHbIX B NpUMepax Ha Java

number, fPred + fPredPred)));
}

return false;

}

K coxaneHuio, Tenepb yxe AUCHETYEP OKa3bIBACTCSI HE IOTOBLIM K AMHAMUYE-
CKOMY yIAJE€HHUIO Fe€HepaTopoB U 00padOTUYMKOB B Ipolecce oOpaboTKU cooOllie-
Hug. B pesynbrate oH MOXET MPOCTO MPOIYCTUTb OAHOIO U3 0OpabOTYMKOB CO-
OOlLIEHUS, YTO MPUBOJUT K KaracTpoduueckuM nocneactBusiM! UroObl aToro He
MPOU3OLLIO, HAAO JU00 M3MEHUTh MPEACTABACHUE ouyepeneil reHeparopoB U 06-
paboTUUMKOB B AMcIeTYepe, MO0 yoaldaTh X Oojiee aKKypaTHO, IPOCTO 3aMEeHSIs
CCBUIKM Ha OOBEKTHI IyCThHIMU ccbUiKaMu. KoHedHo, Temeps ciemayer MpeaycMoT-
pPeTh BO3BMOXHOCTb MOMIBIEHMS IYCTOM CCHUIKM B CIMCKE OOpabOTYMKOB WU Ie-
HepaTopoB. Takylo MycTYI0 CCBUIKY MOXHO IIPOCTO MPOUMTHOPUPOBATH WM ydd-
JIUTh U3 COOTBETCTBYIOILErO CIIMCKA B IMpoliecce 00paboTKu.

B nuctunre 6.2 MpUBCACHO MOHHQHTHHpOBaHHOC OMUCaHuC HHCHCqupa,(TOHbKO
N3MEHEHHBIC ONMPEACIICHUA METOJOB removeGenerator, removeHandler U run)

NuctuHr 6.2. MogudmumpoBaHHoe onpeaeneHne gucneTyepa coo6LeHnn

public class Dispatcher {

/* HewsMeHeHHAs 4YacTb OIpeNesIeHMs IpPOIylleHa... */
//

//  OyHkuuM mIig paboTH CO CIMCKOM OBpPaboTuMKOB

//

public IHandler removeHandler (IHandler hnd) {
int ndx = handlers.indexOf (hnd) ;
if (ndx >= 0) {
handlers.setElementAt (null, ndx);
return hnd;
}

return null;

//
// OyHkuuM mIig paboTH CO CIMCKOM T'e€HEepaTOpOB
//

public IGenerator removeGenerator (IGenerator gen) {
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int ndx = generators.indexOf (gen);

if (ndx >= 0) {
generators.setElementAt (null, ndx);
return gen;

}

return null;

/7

// OCHOBHOM LMK paBoTH OMCHeTuepa COOCUEHM
!/
public void run() {

// LMK MOXET BaKOHUUTBLCS TOJBKO IOCJE OBPaBOTKM CUCTEMHOM KOMAHIEL
for (;;) {
/)= 1. TomelITaeMcs HamTy kKakoe—-Jmbo coofmeHre
Message msg = null;
if (messages.size() > 0) {
// Ouepenb coOCHmEHMUI He MycTa — OepeM CoofleHVEe U3 Hee
msg = (Message)messages.elementAt (0);
messages.removeElementAt (0) ;
}
if (msg == null) {
// Ouepemb COOCWEHMI MyCTa, 3BalpallMBaeM I'€HepaTOpPb
for (int i = 0; 1 < generators.size(); 1i++) {
IGenerator gen = (IGenerator)generators.elementAt (i);
if (gen == null) {

generators.removeElementAt (1) ;

} else if ((msg = gen.generate()) != null) {
break;
} else {
i++;
}
}
}
/ /=== 2. TlpoBepka COOBIEHNS
if (msg != null && msg.getMsgClass () == msgQuit) {

// 3BakaHumBaeTcsa pabora OMCHeTuepa,
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// a BMecTe C HMM M BCel NpOIrpaMMEl

break;

/)= 3. Tlepemaua coolfueHus Ha oBpaboTKy
if (msg != null) {
for (int i = 0; 1 < handlers.size(); i++) {
IHandler hnd = (IHandler)handlers.elementAt (i);
if (hnd == null) {
handlers.removeElementAt (1) ;
} else if (hnd.handle (msg)) {
break;
} else {

i++;

Pazymeetcd, 3amaua o CyMMUpPOBAHMU KOHEYHOIO YMCIA B3aMMO3ABUCUMBIX Be-
JIMYMH MOXKET OBbIThb pelieHa U Ooyee MPOCTbIMU CPEACTBAMH, a [JIABHOE — JIEIKO
HanucaTb 6ojee 3(GEKTUBHYIO MPOrpaMMy UM B KAKIOM KOHKPETHOM Ciyyae, na,
HaBepHoe, U B 00llleM clyyae Toxe. DTa 3ajiaya IpUBeneHa 3/1eCh TOJbKO Kak
WlocTpauus MeToga ooMeHa cooOlieHussMU. B peanbHON XU3HU OOMEH CO00-
LIEHUSAMU Yalle BCero MCIOJb3YEeTCs AJI1s OpraHu3aluu B3auMOJEMCTBUS 10J1b30-
BaTelid ¢ MPOrpaMMHBIMU OOBEKTAMU, TAKUMU KAK TUATOTOBBIE DJIEMEHTHI, TOKY-
MEHTbI, PUCYHKM U T. II.



MnaBa7

PYHKLUMNA KaK HOcUTenb
nHdpopmayum 0

JoBOJBHO YacTo cCaMBbIM YIOOHBIM CIIOCODOM TIPENCTABICHUST NAHHBIX SIBISIETCS
¢yukuusa. Boobiie, nHorga ropopar o AByX opMmax MOpeacTaBlieHuss 3HAHWH —
OOBEKTHOW U (PYHKIIMOHATBLHOW — TIpMYeM 4YacTo (QyHKIMOHAIbHAs ¢opma
MPEACTABIEHUSI OKa3bIBAETCH MPEANoYTUTeAbHEeH. JledCcTBUTeNIbHO, YacTO JU BbI
MpeAnovYuTaeTe Ha BOTIPOC O TOM, TJI¢ paclojioXXeH HYXHBI BaM JOM, TIOJYYUTH
JdeiicTBUTeAbHYI0 MHPopMauuio o ero ampece? I[loxanyii, 4yaiie BaM 3axouercs
YCIIBIIIATh, KaK TyAa 1o0paThcsi, a 3TO, KOHEUYHO, ofiHa U3 (GopM (PyHKIIMOHATE-
HOro IpeactaBneHus: 3Hanud. Hepenko nionud BooOlle, OpUEHTUPYSACh B 3HAKO-
MOM MecCTe, XOpOIlo TPEeACTaBIIdIoT cebe, Kak JONTU 10 HYXKHOTO UM MecTa, HO
IJIOXO IPEeNCTABIAIOT cebe, KaK 2TO MECTO PacloioxeHo B mpocTpaHctBe. To
€CTh X 3HaAHUWE OKa3bIBACTCS TMIPEUMYIIECTBEHHO (BYHKITMOHATHHBIM.

Ecnu miepeittu K 6ojiee TOYHBIM MaTeMaTMYecKMM oOBEeKTaM, TO U B 3TOM cliyyae
(GyHKLIHOHATBHOE MpeACTaBAeHUe 3HAHMA OKasblBaeTca yaoOHbIM. Hampuwmep,
€CJIM OTMCHIBAETCS HEKOTOpOoe MHOXECTBO OOBEKTOB, TO WHOTMA Jierye omucarhb
HUX XapaKTepUCTUYECKOe CBOMCTBO (3amaTh (YHKIMUIO), YeM MEepeUMCIMTh OTU
00BeKTHl sIBHO. B ciyyae O6ecKOHEUHBIX MHOXECTB (yHKIIMOHaANIbHAs hopMma 3a-
JaHWsI MHOXECTBa YacTO OKa3bIBAETCS €IMHCTBEHHO BO3MOXHOIA.

B pazd. 7.1 mbl paccMOTpUM (DYHKIIMOHANIBHOE MPEACTABIEHUEe MHOXECTB LeJNbIX
yrcen U paboTy ¢ TaKuM TipencrasieHueM. B pazd. 7.2 mompoOyeM TPUMEHUTH
(GYHKLIHMOHATBHYIO (OpMy MpeAcTaBieHUs 3HAHMI K Ooyiee TpamUILIMOHHON 06-
JJacTH — JIJI pelleHUs] KJIAacCUYecKol 3aJayu o paccTaHOBKEe BOCbMM (ep3eil Ha
CTAHAAPTHOM IIAXMAaTHOM Jocke (pellleHde 3amaud BOCXOOUT K PEILEeHUIO
. C. Leittnnal).

B pazd. 7.3—7.5 nipeacTasieHo ellle HECKOJbKO 3aJa4, B KOTOPBIX UCIONb3yeTcsl
(GYHKIHOHATBHOE MpeaCcTaBIeHe 3HAHMIA.

I Moktop ¢usnko-mateMarnyeckux Hayk, npodeccop I'. C. LleiiTUH M3BecTeH KakK aBTOp
MHOTHX pabOT MO MaTeMaTUUYeCKOM JIOTUKE W acCOLMATUBHBIM ceTsiM. Jloiroe BpeMsl 3aBe-
noBan naboparopueit B Cankt-Ilerepbyprckom TNocymapctBeHHOM YHuBepcutete. B Ha-
crosiiee BpeMs sABisieTcss coTpyaHukoM ¢upMmbl Rational, CILA.



282 CospnaHue n obpabotka CTPYKTYp AaHHbIX B MpUMeEpax Ha Java

7.1. Ewe o npeacTaBieHUN MHOXECTB

IlpeacrapnreHue MHOXKECTB ObLIO omucaHO B edage I. Torma e Mbl AOrOBOPH-
JIUCh, YTO OyAeM pacCMaTpUBaTh TOABKO MHOXECTBA LIEJABIX YMCeN U3 3aJaHHOIO
JOCTAaTOYHO OrpaHMYeHHOro muarazoHa. ['oBopUTh O MpeacTaBIeHMU MHOXKECTBA
BCEX LIEJAbIX YUCE] MJIM XOTS Obl O MHOXECTBE TOJIbKO YETHBIX YMCEJl CMbIC/IA HE
obu10. Tem He MeHee, YacTo BCTpeyaloTcs 33Ja4d, B KOTOPBIX TpedyeTcs paboTaTh
¢ ropazao 6osiee oOLIMPHBIMU MHOXecTBaMu. Harpumep, BecbMa MOIyJspHA 3a-
Ja4ya O HaxOXIEHUM MHOXKECTBA BCEX IPOCTHIX 4ucea (0ObIYHO, BIOPOYEM, HET
HYXAbl B IPEICTABISHMU BCEX IMPOCTBIX YMCEI Cpasy, HO TOJbKO O MOTeHLUATb-
HOM BO3MOXHOCTM HaiTU a1000€ IO IMOPIAKY IPOCTOe YUCIO, pasyMmMeercs, B
npeneiax AMana3oHa MpeacTaBAeHUS LebIX YMCe]l B KOMIIbIOTEPE).

Bo Bcex aTmx ciydyasix JOMYyCTUMO TIpeAcTaBleHWe MHOXecTBa B Buae (hyHKIIUK
(v psina dyHkuumit). HanmpumMep, BIoJHe afieKBaTHBIM MpeacTaBIeHUeM MHOXe-
CTBA CIYKUT UTEpaTop, BBHIAAIOIINYN O ouepean Bce BIeMEHTHl MHoxkecTBa. Ko-
HEYHO, BITOJTHE MOXET OKa3aTbCsl, YTO IEMEHTOB OECKOHEUHO MHOTO, HO 3TO He
ToMellaeT UCIpaBHO TMOJyvyaTh 3MEMEHTH ofiuH 32 apyruM. [IpaBna ogHoro ure-
paTopa SIBHO HEIOCTaTOYHO, €cli HaJo0 TIPOBEPUTH MPUHAMIEKHOCTb 3aJaHHOTO
5JIeMEeHTa MHOXECTBY, TOJYYUTh TepeceueHue WU PasHOCTb MHOXECTB W T. 1.
VioOHBEIM crmocoOoM TIpeACTaBIeHUST MHOXKECTBA CJIYXKWT TaK HasbIBacMas 'Xa-
pakmepucmuueckas @yHkyus” — QGYHKIUS, KOTopas Mo 33JaHHOMY 3JIEMEHTY BbI-
JlaeT JJOTUYecKoe 3HaueHWe — true, €CAW BJEMEHT MPUHAJIEKUT MHOXECTBY, W
false, — €CJIM He MPUHAICKUT. Takas (GyHKIMST MO3BOJSIET JIETKO TMPOBEPUTD,
BXOJUT JIU 3JIEMEHT B MHOXECTBO, TOCTPOUTH OOBEAMHEHUE WM TiepeceueHue
MHOXEeCTB, HO OHa TMpakTU4yecku Oecrojie3Ha MPU TOMBITKE TMEepeuynciuTh BCe
5JIEMEHTHl MHOXECTBA.

B atoMm pazgene mbl OyaeM paccMaTprMBaTh MHOXKECTBA HEOTPULIATENbHBIX LIEJIbIX
yicesl. B kauecTBe ocHOBHOro croco0a MmpencTaBieHus MHOXKECTBA BhIOEpeM Xa-
pakTepucTuyeckylo GyHKIMIO MHoXecTBa. MMed Takyio ¢YHKIMIO, MBI JIETKO
CMOXEeM MOJIYYUTb UTEPATOP JIEMEHTOB MHOXECTBa, Mepedupas BCeBO3MOXKHbIS
HEOTPULIATENbHBIE 1IeJble YMCIA W IPOBepsd, He BXOMAT JM OHU B MHOXECTBO,
BbI3bIBAsI [UISI TAaKOHM IIPOBEPKM XapakTepucTuueckylo ¢yHkiuio. KoHeuHo, Bo
MHOIMX C/Iy4YasiX 9TO OKAXETCA He caMbIM 2(MQPEKTUBHBIM CIIOCOOOM pealu3aln
UTepaTopa, KpoMe TOro, y Hac MPAKTUUYeCKH HET BO3MOXKHOCTU MPOBEPUTh, €CTh
JIM ellle DJAEMEHTh B MHOXECTBE, T. K. JIs ITOrO Hy:XKHO MepedpaTh BCE ILiesbie
HeoTpularenabHbie yucaa. Ho Beob U IMpUMEHSITbCS TaKoe MpeacTapieHue Oyaer,
cKopee Bcero, 1 6ecKoHeuHbIX MHOXeCTB! Tak 4To He cliedyeT, MCIONb3ysa pea-
JIM30BAHHBIA HAMU UTEPATOpP, MbITATbC MOJIYUYUTh CIIMCOK 6cex 2JIEMEHTOB MHO-
JKECTBA. DTO IMPUBEIET JUILb K 3ALUMKIMBAHUIO Ballleil MPOrpaMMBbl, AaxkKe €CIu
MHOXECTBO HA CaMOM JeJie KOHEYHO.



MaBa 7. ®yHKYMA Kak HocuTteslb UHGhopMaLumu 283

Hrak, onpenenum abCTpaKTHBIA THI "MHOXECTBO HEOTPULATENbHBIX LENbIX M-
ce" 3ajaHueM cienyrliero nHTepdeiica:

public interface IntSet {
boolean contains (int n);
Iterator elements();

}

Hnsg ynoOcTBa galbHEUIINX ONpPEAeJeHUI Pa3aUuYHbIX MHOXECTB MBI T€IE€Pb MO-
JKEM 3a1aTb a6CTpaKTHI)H7I KJIaCcC AbstractSet, B KOTOPOM OINPEACINM HUTECPATOD
elements 4YEPE3 MHTep(beﬁCHyIO (I)YHKLII/IIO contains. BHyTpI/I TOI'O 2K€ OIIpCIc-
JIGHMS KJlacca Mbl MOXEM 3aJaTb U ApYyrue omnepaunu Haa MHOXECTBAMU, HANPHU-
MEp, Jo0apieHue u YAAJICHUE OTACJIbHBIX OJJEMEHTOB HEKOTOPOI0O MHOXKECTBA4,
06'b€I[I/IH6HI/I€, TIEPECCUYCHUE, AOITOJTHEHUEC U PAa3HOCTb MHOXKECTB, I[O6aBJT6HI/I€ n
YAAJICHUE OTpPE3Ka LCJIbIX YHCEIL. ﬂ,ﬂﬂ KaXJIOU Takou OII€pal 3a1da€TCAd HOBOEC
OTIPEACICHNE Kitacca, coacpXKaliee CBOC CcOOCTBEHHOE OMpECACICHHUEC d)YHKHI/H/I
contains, W, CJIEIOBATCIBHO, PECATU3YIOLLCEC HEKOTOPOEC HOBOE MHOXKECTBO. On-
peaeaeHue Kiacca AbstractSet MIPUBEACHO B JIUCTUHTE 7.1.

NucTtuHr 7.1. OnpegeneHne abCTpPaKTHOrO MHOXECTBA LienbIX
¥ onepauui Hag HUM

// ABcrpakTHBII KJjacc AbstractSet peammsyer QyHKUMIO MTEpaTOpa
// DSIEMEHTOB MHOXECTBA Uepes CTAaHIAPTHYID MHTEPOEelCHYD QyHKLMIO

// contains

// BHyTpenHuit kjnacc IntSetlterator peamusyer uTepaTop

// DBIEeMeHTOB MHOXeCTBa

private class IntSetlIterator implements Iterator {

int current = 0; // Texkyumil MpoOBEpSEeMBIl SJIEMEHT

// ®yurumsa hasNext Bcerma Bo3BpamaeT true, T. K. MHOXECTBO,
// BoOOGmE TOBOpPS, MNpemnojaraeTcsa OeCKOHEUHBM

public boolean hasNext () { return true; }

// ®yHKLMA next BO3BpamAET CIENyOupii SJIEMEHT MHOXECTBa, €CJIM OH

// ecTb. ECiayM MHOXECTBO KOHEUHO, TO 3Ta (QYyHKLMSA MOXET SBalUUKIIUTLCS
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public Object next() {
// LMKJI MOUCKA OUEepemHOTO 3JIeMeHTa
while (!contains (current++)) ;
// Belmaua pesyJbTara

return new Integer (current - 1);

// OYHKLMS remove NpMBEeIleHa TOJBKO IS COBMECTMMOCTM C MHTepdeiicoMm
// wmTeparopa. I yOaJeHVs SJIEMEHTOB IpelyCMOTpeHa Ipyras (QyHKIMS

public void remove() {}

// ®yHkumsa elements BOBBpamA@eT MTEPATOP SIJIEMEHTOB
// 3TOro abCTPaKTHOI'O MHOXECTBA
public Iterator elements() {

return new IntSetIterator();

// Knacc SetPlusElement peammsyeT HOHATHE MHOXECTBA

// ¢ moBaBJIEHHBM SJIEMEHTOM

private static class SetPlusElement extends AbstractSet {
IntSet oldSet; // MHOXeCTBO

int newElement; // ¥ DODABJIEHHEII K HEMYy DSJIEMEHT

// KOHCTPYKTOP MHOXECTBA BalOMVHAET, KAaKOM BJIEMEeHT NoOaBiieH
public SetPlusElement (IntSet set, int n) {
oldSet = set;

newkElement = n;

// HoBasa byHKLMS contalns oTimMuaeTcs OT CTApoi TOJIBKO TeM,
// uTO BHOAET MHOOPMALIMI O HOOABJIEHHOM 3JIEMEHTE
public boolean contains (int n) {

return n == newElement || oldSet.contains (n);
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// ®ynrumsa add BO3BpamaeT MHOXECTBO C NOOABJIEHHBM BSJIEMEHTOM
public static IntSet add(IntSet set, int n) {

return new SetPlusElement (set, n);

// Kiacc SetPlusRange peaim3yeT MNOHATME MHOKECTBA C LOOABIICHHBEMMA

// SBIeMeHTaMM M3 BamJaHHOT'O OyMallasOoHa

private static class SetPlusRange extends AbstractSet {

IntSet oldSet; // MHOXeCTBO
int minElement; // MMHVUMAJIBHEDI 13 OODABJIEHHEIX K HEMY BSJIEMEHTOB
int maxElement; // MaKCUMaJIbHEII U3 HOOABJIEHHHIX K HEMy 3JIEMEHTOB

// KOHCTpPYKTOp MHOXECTBA SBaloOMUHAET, KAaKUe SJIEMEeHTH NoOaBJIeHE
public SetPlusRange (IntSet set, int min, int max) {

oldSet = set;

minElement = min;

maxElement = max;

// HoBaa dyHKumMa contains ommuaercda OT CTapol TOJIBKO TeM,
// uro BHmaeT uHGOPMALMIO O AOOABIIEHHHIX BJIEMEHTAaX
public boolean contains (int n) {

return n >= minElement && n <= maxElement || oldSet.contains(n);

// ®yuxiumsa addRange BOBBpamaeT MHOXECTBO C NOOABJIIEHHEMM SJIEMEHTAMM
public static IntSet addRange (IntSet set, int min, int max) {

return new SetPlusRange (set, min, max);

// Knacc SetMinusElement peanm3yeTr IOHATHE MHOXECTBA

// C yIOaJleHHEM 3JIEMEHTOM

private static class SetMinusElement extends AbstractSet ({
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IntSet oldSet; // MHOXeCTBO

int remElement; // ¥ yHOAJIEHHEII U3 HEeTO 3JIEMEeHT

// KOHCTpPYKTOp MHOXECTBA 3aloMMHEET, KaKOM BJIEMEHT yHajseTCcs
public SetMinusElement (IntSet set, int n) {
oldSet = set;

remElement = n;

// HoBasa dyHKuma contains ommuaercda OT CTapol TOJIBKO TeM,
// uro BumaeT uHGOPMALMIO OO YIAJIEHHOM 3JIEMEHTE
public boolean contains (int n) {

return n != remElement && oldSet.contains(n);

// OyHKLMS remove BO3BPAWlAET MHOXECTBO C YINAJIEHHBEM 3JIEMEHTOM
public static IntSet remove (IntSet set, int n) {

return new SetMinusElement (set, n);

// Kiacc SetMinusRange peammsyeT HOHATME MHOXECTBA

// C yIDaJeHHBMM SJIEMEHTaMVI M3 SBaJaHHOTO OMAallasOHa

private static class SetMinusRange extends AbstractSet {

IntSet oldSet; // MHOXeCTBO
int minElement; // MMHVIMAJIBLHEDI yIOAJICHHBDI M3 HEIO BJIEMEHT
int maxElement; // MaKCHMaJIbHEII YIOAJIEHHEI M3 HEero 3JIEMEHT

// KOHCTpPYKTOp MHOXECTBA 3alOMMHAEeT, KaKyue BJIEMEHTH yOaJIsSioTCS
public SetMinusRange (IntSet set, int min, int max) {

oldSet = set;

minElement = min;

maxElement = max;

// Hoeasa dyHrumsa contains ommuaercsa OT CTapoi TOJIBKO TEeM,

// uro Bhmaer uHGOpMALIO OO yHNAJIEHHHIX SJIEMEHTAaX
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public boolean contains (int n) {

return (n < minElement || n > maxElement) && oldSet.contains(n);

// ®yHKLMa removeRange BO3BpamaeT MHOKECTBO C yHOAJEHHEMMA SJIEMEHTAaMM
public static IntSet removeRange (IntSet set, int min, int max) {

return new SetMinusRange (set, min, max);

// Kmacc Conjunction peanm3yeT NOHATME MHOXECTBA,

// OBpasOBaHHOIO IEPEeCeUeHMEM IOBYX OPYIMX MHOXECTB

private static class Conjunction extends AbstractSet {
IntSet sl; // mepBoe M3 [IepeCeKaeMHX MHOXECTB

IntSet s2; // BTOpoOe M3 [epeCeKaeMHX MHOXECTB

// KOHCTPYKTOp 3alOMUHAET IepeceKaeMble MHOXECTBA
public Conjunction (IntSet sl, IntSet s2) {
this.sl = sl;
this.s2 = s2;

// DreMeHT BXOIMT B [epeCeueHyre, €CJM OH COIEPXAUTCA B OOOMX
// mnepecekaeMblXx MHOXECTBAaX
public boolean contains (int n) {

return sl.contains (n) && s2.contains (n);

// ®yHKLMA conjunct BOBBpamaeTr IepeceueHue OBYX MHOKECTB
public static IntSet conjunct (IntSet sl, IntSet s2) {

return new Conjunction(sl, s2);

// Kmacc Disjunction peanmm3yeT NOHATME MHOXECTBA,
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// 0oBpasoOBaHHOIO OOBEOVHEHMEM IBYX OPYIMX MHOXECTB

private static class Disjunction extends AbstractSet {
IntSet sl; // nepBoe U3 OOBEOVMHIEMBIX MHOXECTB

IntSet s2; // BTOpOEe U3 OOBEOVMHIEMBIX MHOXECTB

// KOHCTPYKTOp BanoMuHaeT OOBeIMHSIEMEHE MHOXeCTBa
public Disjunction (IntSet sl, IntSet s2) {
this.sl = sl;
this.s2 = s2;

// DreMeHT BXOmMT B OOBEOMHEHME, €CJIM OH COIEPXATCH XOTS OHL
// B OOHOM M3 OOBEIMHSEMEIX MHOXECTB
public boolean contains (int n) {

return sl.contains(n) || s2.contains (n);

// ®yurumsa disjunct BosBpamaer OOBeOMHEHME IOBYX MHOKECTB
public static IntSet disjunct (IntSet sl, IntSet s2) {

return new Disjunction(sl, s2);

// Knacc Inversion peammusyer HOHATHE MHOXECTBA, OOPABOBAHHOI'O

// DOONOJHEHMEM IOPyIroro MHOXECTBAa

private static class Inversion extends AbstractSet ({

IntSet oldSet; // VHBEPTUPYyEMOE MHOXECTBO

// KOHCTPYKTOp BaloMMHAEET UHBEPTUPYEMOE MHOXECTBO
public Inversion (IntSet s) {
oldSet = s;

// DIeMEeHT COHEPKMTCA B MHBEPCHUM, €CJIM OH He COMEPKATCH

// B MCXOOHOM MHOXECTBE
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public boolean contains (int n) {

return n >= 0 && !oldSet.contains (n);

// OyHKLMA inverse BOBBpaW@eT OONOJHEHME MHOXECTBA
public static IntSet inverse (IntSet s) {

return new Inversion(s);

// Knacc Difference peanm3yeTr NOHATME MHOXECTBA,

// OBpasOBAHHOTO PABHOCTLI OBYX OPYIMX MHOKECTB

private static class Difference extends AbstractSet ({
IntSet sl; // yMeHbIlaeMoe

IntSet s2; // BHUUTAEMOE

// KOHCTPYKTOpP 3aloMMHAET BLUMTAEMBIE MHOXECTBA
public Difference (IntSet sl, IntSet s2) {
this.sl = sl;
this.s2 = s2;

// DIeMEeHT COmEepKATCS B PA3HOCTM, E€CJIYM OH COIEPXATCS
// B yMEHBIIAEMOM, HO HE CONEPKATCS B BEUUTAEMOM
public boolean contains (int n) {

return sl.contains (n) && !s2.contains(n);

// ®yuxumsa diff BeHIOaeT pPasHOCTL OBYX SBaNAHHHX MHOXECTB
public static IntSet diff (IntSet sl, IntSet s2) {

return new Difference(sl, s2);

// Eme @OBe NOJIe3HBIX KOHCTAHTH Tuma IntSet

public static final IntSet emptySet = new AbstractSet () {
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public boolean contains (int n) {

return false;
bi

public static final IntSet fullSet = new AbstractSet () {
public boolean contains (int n) {

return n >= 0;

Teneps Mbl OnpeaeanId JOCTATOYHO OoraThiii HabOp omepaluii, YTOObl NOIPOOO-
BaTh 3aMporpaMMHUpPOBaTh KaKyl-HHUOYIb 3a1ady, B KOTOPOH TPOUCXOAUT oOpa-
b6oTka OecKOHEYHBbIX MHOXecTB. B xadyecTBe mpumepa paccMOTpUM 3amadyy o Ha-
XOXJIEHUN MHOXECTBa BCEX MPOCTHIX Yuce].

g HaxoXIeHWS MHOXKECTBA TIPOCTBIX UMcel OyaeM WMCIONb30BaTh aJITOPHUTM,
M3BECTHbIA NojJ Ha3zBaHUeM "pelleTo DpaTochena”. CHauana Bo3bMeM MHOXECTBO
BCEX LIEJIbIX Yucea, OOAbIIMX €IMHHULEL. 3aTeM OyaeM MIOCAEA0BATENbHO BbIION-
HSTh LA Mo "mpoceuBaHuUI0” 3TOro MHoxecTBa. CHauaaa BbiOepeM HaUMeEHb-
I 97TeMEHT MHOXeCTBa — YMCIo 2 — W BBIYEpKHEM M3 MHOXECTBA BCe YHCIA,
KpaTHble IBOMKe, KpoMe camoro uucia 2. Ilocie aToro nepeiineM K ciaenylonemy
OCTaBIIIEMYCsl B MHOKECTBE BJIEMEHTY — YNCIY 3 — W BBIUEPKHEM BCE BIEMEHTHI,
KpaTHble 3 (omsTh KpoMe camoro uucia 3). IloToM Bo3bMeM ouepelHoOil 3ie-
MEHT — YNCIO 5, W T. 1. MHOXECTBO TIPOCTHIX YHCE TTONYYAcTCd MOCHTe BBITTON-
HeHHs1 OECKOHEYHOTro YMUC/Ia TAKUX 1IArOB.

KOHG‘{HO, HA CcaMOM Jejie Mbl HE CMOXEM BBIIOIHUTh OECKOHEUHOE MHOXECTBO
1IaroB, TaK YTO B PE3YJILTATC TMOTYYUM HE MHOXECTBO BCEX TPOCTLIX YUCEIT, 4 JIUIIb
HEKOTOPOE €ro NOAMHO2KECTBO, HAIIPUMEDP, BCC ITPOCTHIC YMUCId, MECHbIINE 100.

Chavana OMpPEACTIUM HNCXOOAHOC MHOXKCCTBO MEJIbIX YUCEI, OONBIINX CANMHUILDI.
BDTO MPOCTO:
IntSet from2 = new AbstractSet () {

public boolean contains (int n) { return n >= 2; }
}i
I[EU'[CC OMpECaACINM CI)YHKHI/HO, KOTOpas BBIYCPKWBACT U3 MHOXECTBA BCE YHCIIA,
KpaTHbIC 3aJdHHOMY LICJIOMY UMCILY. DTO 0Ka3bIBAETCS TOXE HE OYEHb CJIOXKHO:
private static IntSet filter(final int f, final IntSet set) ({

return new AbstractSet () {

public boolean contains (int n) {
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Q

return n $ £ != 0 && set.contains(n);

}i
}

Ternepb Mbl, HAKOHELl, TOTOBbl HAIMCATh OCHOBHYIO PEKYPCUBHYIO (DYHKLUIO, KO-
TOpast U BbIAACT MHOZKECTBO BCEX ITPOCTBIX YNCEII, MCHBIINX 3aJaHHOTO.
private static IntSet sieve (int max, IntSet set) ({
int first = ((Integer)set.elements().next()).intValue();
return (first * first > max ? set
AbstractSet.add (sieve (max, filter (first,
AbstractSet.remove (set, first))), first)):

}

Ompenenerne 3Tol ¢GHYHKINYA TTOCTPOSHO Ha TOM (haKTe, UYTO eCiM W3 MHOXKeCTBa
yXe BbIYepKHYTHl BCE YMCJIA, KPaTHbIE KOPHIO KBAAPATHOMY M3 YUCA4 max, TO BCE
MTPOCTHIE YMcTa, MEHBITNE max, YKe COMepKaTcsd B KayecTBe TIEPBBIX 3JIEMEHTOB
MHoxecTBa. KoHeuHo, eciu u3 ompeneneHus GyHKLIMU BBIOPOCHThL IIPOBEPKY Ha
MaKcUMalTbHOE 3HAYeHNE, TO (YHKIIAS TTPH BBI30BE 3AMKINTCS B TIOMBITKE OIM-
peneIuTh Bce 0ECKOHEUHOe MHOXKECTBO IIPOCTHIX Yucel. Tenepb MOXHO chopMu-
pOBaTh MHOXECTBO BCEX TMPOCTHIX Uncel, MeHBITNX 100 ¢ moMOIIIbio BEI30Ba

IntSet primes = sieve (100, from2);

Ecmm TETICPD pacricyaTtarb BCC 3HAUYCHNS W3 3TOI0 MHOXECTBA € TIOMOIIIBIO OIeparopa
int n;
for (Iterator it = primes.elements/();
(n = ((Integer)it.next()).intValue()) < 100; ) {
System.out.print (" " + n);

}
System.out.println();

TO B pe3yJIbTaTe MOJYyYMTCS CAenylolas CTPOKa:
2357 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83 89 97

TO €CTh U B caMOM Jiesie OyayT HamevyaTtaHbl Bce MPOCThie uKncaa, MeHbiuue 100.

Hano ckazarb, uto 3(pheKTUBHOCTb PAOOTHL IPEACTABASHHON MPOrpaMMbl HEBbI-
coka. OYyHKINN, KOTOPBIE CTPOSITCST TTO XOMY PAGOTH 3TOW MPOTPAMMBI, OKa3bi-
BalOTCSl O4YeHb CIOXHBIMH. IloaToMy, B KOHIIE KOHIIOB, BbIICHEHME, MpUHALJIE-
KUT JIM HEKOTOPBIM 3IeMEHT MHOXECTBY TIPOCTBIX YMCENd, BbIIUBAETCS B
JOBOJIbHO [UIMHHYIO IOCAeI0BATeIbHOCTE IPOBEPOK, HE ASNUTCA JIM TaHHOE YUC-
JIo Ha 2, He JIeIUTCs JU OHO Ha 3, 5, W T. A. TocjenoBarebHO Ha Bce TPOCThIe
yuciaa. Tem He MeHee, IporpaMma AOBOJbHO M3SIIHAS M HANISIIHO IEMOHCTPH-
pyeT, Kak 6ojee cIoXHbIe MHOXECTBA CTPOSTCS M3 Bosiee MPOCTHIX.
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7.2. 3apava o pacctaHoBKe hep3eit
Ha LWaxmMaTHoW JocKe

PaccMmoTpuM XOpolllo M3BECTHYIO 3a1ady O paccTaHoBKe 8 depseil HA cTaHAAPT-
HOI IlIaXMaTHOH OOCKe, TaKoM, YTOObl HUKAKUe nBa (ep3sd He aTaKOBAIM APYr
apyra. Iloa cTaHAapTHON ILAXMAaTHOH OOCKOH MOHMMAeTcd KBaapaTHAas IOocKa
pasMepoM 8x8 KIETOK, B KAXKIOH KIETKE KOTOPOH MOXET paclojararbcs omHa
durypa (dep3b). Cuuraercs, uro ABa (Gep3s aTaKyloT APYr APYyra, ecid OHU pac-
MOJOXEHBl Ha OJHOI BEPTUKAIM, OMHON TOPUIOHTAIN WIM ONHON TUAroOHAIH.

Cy1iecTByeT HecKojibko Moaudpukanuit stoi 3amaun. CoTlacHO OJHON W3 HUX,
HaJlo HAaWTH BCEBO3MOKHbBIC MPaBUJIbHBIE PACCTAHOBKM chepaeil, mpuyeM paccTa-
HOBKU CUMTAKOTCSI COBIMAIAIOIIUMHI, €CN OHW TOJyJaroTcsl APYr U3 JApyra nmoBo-
POTOM JOCKM WIU €€ 3epKalbHBIM oTpaxeHHeM. M3BecTHO, UTO TaKuxX MO3UIIHIHT
Bcero 92. [pyras monudukaiuys TpedyeT JUIb ONMpeAeTuTh, CYIIecTBYET JU Ta-
Kasi pacCTaHOBKA, W €CJIU CYIIECTBYET, TO HAWTU ONHY U3 HUX.

TpaguuMOHHO 2Ta 3aaya pelIaeTcs ¢ IMOMOIIbIO ONpeAeaeHUs PeKypCUBHOR
(GYHKLIMM, OCHOBHASA Ml KOTOPOIl COCTOMT B TOM, YTOOBI CBECTH 3a4auy O pac-
CTaHOBKe (ep3ell HA JOCKE pasMepOM Mxku KJIETOK K 3aJadye O pacCTaHOBKe dep-
3eil Ha JOCKe MeHbLIero pasmepa. PaccMoTpuM OJHO M3 TPaOULIMOHHBIX pelle-
HMI 3agayd, mpuyeM OydeM MCKATh TOJbKO OMHY KAaKylo-HUOYIb IPaBHIBHYIO
PaCCTAaHOBKY ¢ep3eii.

IMpexnme Bcero, HEOOXOMMMO PEINTH, KaK TIPEACTABIATh B TIpoOTpaMMe TIO3UIIAN
Ha TIaXMaTHOM JOCKe ¢ paccTaBIeHHBIMH Ha Hell ¢dep3amu. B TpagummmoHHOM
pellIeHNN 3TO TpeACTaBIeHNE B BHIC MaccuBa, COmepIKalero WH(OpPMAIUI o
MO3NTINAX (hep3eit, TpudeM TMOCKONBKY HHUKakue mBa (ep3s B MpaBWIBHON pac-
CTAHOBKE HE MOTYT HAaXOMWTHCS Ha OMHOM TOPW3OHTAIN, TO JTOCTATOYHO XPAHUTH
JUTSL Ka&KITOM TOPW3OHTANM TOJNBKO HOMEp BEPTHKATIHU, Ha KOTOPOI CTOWUT ¢hepsb.
IMongaTHO, YTO B MPaBWILHOIM paccTaHOBKE BCE BOCEMBb UHMCEIN, TIPEICTABISIONING
HOMepa BepTUKaieil B MaccuBe, OYIYT pasmWYHBI, TAKUM oOpasoM, mobas Tipa-
BHMJTBHASI pacCTaHOBKA 8 (hepseit Ha MmaxMaTHON MOCKe MOXKET OBITH TpeacTaBIeHa
TTepecTaHOBKON Habopa HaTypaTbHEIX Yncel oT 1 1o 8.

CaMoe MpocToe pellieHue 3aMa4d, OYEBUIHO, COCTOUT B TOM, YTOOBI MCCIEI0BaTh
BCE IepecTaHoBKM Habopa 4uceal oT 1 o 8, mpuyeM [ KaXKIOH U3 HUX HEO00XO-
JUMO [POBEPUTh, IPEACTABILET JIM OHA I[PABWIbHYIO PaccTaHOBKY ep3eid.
B 11106011 nepecraHoBKe, €CTECTBEHHO, BbIIIOJHEHbI YCJIOBUSL O TOM, YTO HUKAKKUE
JBa (ep3sd He HaxoUdTcd Ha OJHOK BepTUKalU (IMOCKOJbKY BCE yucia B IiepecTa-
HOBKE pa3JIMYHbI) U HEe HAXOMITCSI HA OXHOM TOPU3OHTANIHU (IIPOCTO IO CIOCODY
npeacraBieHusl mo3uuuu). Takum obOpaszoM, HEOOXOAMMO JIHUILb MPOBEPUTh, HE
cToAT JiM ABa (ep3d Ha omHoi auaroHanu. Ecau maccuB P tuma int[8] mped-
CTaB/IsieT HEKOTOPYIO [ePeCcTaHOBKY LEibiX uucen 1, 2, ..., §, TO B COOTBETCTBYIO-
el paccraHoBKe ¢dep3eil ABa dep3sd ¢ HoMepaMu i U j OylyT HaXOAUTbCH Ha Ojl-
HO JAMaroHan€u, eciu

abs(P[1] — P[]]) == abs(i - Jj)
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OT1ciona MOXHO cpasy Xe MONYYUTh IMPOCTYIO MPOrpamMmy, NPUBEIEHHYIO B JIMC-
tuHre 7.2. Cpasy xe 3aMeTHM, YTO HA CAMOM [IeJie MbI BCE€ BpeMs pellaeM He-
CKOJIbKO Oosiee 00l1lyl0 3aady — HaxoXIeHUe MPaBUIbHON paccTaHOBKU # Gep-
3eil Ha TOCKE pa3MepoM AxH.

INMucTtuHr 7.2. NMpocTasa nporpammMa noMcka pacctaHoBku dep3sen
Ha WwaxmMaTHoWl focke

// OyHrumsa correct mnpoBepser, NPenCTaBIsSeT JM 3aJaHHAas IePeCTaHOBKA UWMCEJT
// or 1 IO n KOPPEKTHYI PAaCCTAaHOBKY (ep3eil Ha WaxMaTHOM IOCKe
static boolean correct (int[] pos) {

int n = pos.length; // pasMep CTOPOHH LOCKM

// TlepebupaeM BCEBO3MOXHEE MHAPH OBYX PA3JIMUHEIX Gbeps3ei

for (int 1 = 0; 1 < n; i++) {

for (int j = i+l; J < n; J++) {
if (Math.abs(i-j) == Math.abs (pos[i]l-pos[j]))
// ®ep3u CTOAT Ha ONHOM IMaToHAaJU

return false;

}
// TlpoBepka BaBeplieHa yCIEMHO, HM OMHOM napu depszei,
// cToAmMX Ha OIHOM IMATrOHAJM, He HalIeHO

return true;

// ®yHKIMA recQueen HaxOIUT MNPaBUIIBHYID PACCTAHOBKY (ep3ell Ha HOoCKe
// pasMepoM nxn IpM yCJOBMM, UTO MepBhHe K deps3elil yke pacCTaBJIeHH,
// Mo3TOMy MNEepecTaBNIATh MOXHO TOJIbKO UMCJa, HAXOOAIMecCHs B 3JIEMeHTax
// c uHmexkcamvu, GojbumMM k. ECIM Takas pacCTaHOBKA CYMECTBYeT, TO QyHKLMS
// BHIAET ee B KaueCTBe pe3ysbTaTa. ECIM PACCTAHOBKM C TaKMMM HadajlbHbMA
// HDAHHEMM HE CymecTByeT, OyHKLMS BeOaeT null
static int[] recQueen(int[] p, int k) {
int n = p.length; // xommuecTBO bepsen
if (k == n) { // Bce bep3u yxe pacCTaBJISHH?
// TIpoBepseM pacCTaHOBKY Ha KOPPEKTHOCTH
return (correct(p) ? p : null);
}
// Haxomym BCEBOSMOXHHE IIE€PECTAHOBKM DSJIEMEHTOB C MHIEKCAMA

// or k mo n-1
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for (int i1 = k; 1 < n; 1i++) {
// TlepecraBisgeM MecTaMy 1-% u k-1 SJIEMEHTH
int ¢ = pl[kl; plk] = pli]l; pli] = c;
// TlEITaeMCs HalTV PACCTAHOBKY C ObukCupoBaHHeMM K+1 depzavm
int[] per = recQueen(p, k+1);
if (per != null) return per;
}
// Huuero He HalIEHO

return null;

// TnaBHas QyHKLMA MNOUCKA PACCTAHOBKM N depsert Ha IOCKEe pasMepoM Nxn
static int[] queen(int n) {

int[] pos = new int[n];

// ®opMMpOBaHME HaUaJIbHOM pPacCTaHOBKM

for (int 1 = 0; 1 < n; 1i++) {

pos[i] = i+1l;
}
// BEI3OB OCHOBHOM PEKYPCMBHOM MPOLIEITYPE

return recQueen (pos, 0);

Tenepp, umest 3Ty MporpaMmmy, MOXHO HAaxXOIUTh MPABUIbHbIE PACCTAHOBKU (hep-
3ell Ha JOCKAaX pPasHOro pasMepa M I11€4yararb UX B y,Z[O6HOM JJIs YEJIO0BEKd BUIE.
Hanpumep, cienyionium odpasom:
// VimeM paccTaHoBKy Gepselt Cc noMompl QyHKLMM queen
int [] pos = queen(8);
if (pos == null) {
System.out.println ("He cymectByeT!");
} else {
// PacrneuaTilBaeM HAMIEHHYI HOBULMIO B YIOOHOM BUIE
// DTO UMKJI HO BCEM TOPUBOHTAJIAM, HAUMHAS C IIEPBO
for (int 1 = 0; i < pos.length; i++) {
// TleuaTb ONOHOM T'OPMUBOHTAIIN
int queenPos = pos[i];
for (int k = 1; k < queenPos; k++) {

System.out.print (". ");
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System.out.print ("Q ");
for (int k = queenPos+l; k <= pos.length; k++) {
System.out.print (". ");

}
System.out.println();

}

System.out.println();

}

Ha camoM sefnie TonbKo UTO MPUBEACHHOE PEIllEHUE AATEKO He caMoe 3 GheKTUB-
HOE. Hpexo:[e BCETO HET CMBICIA r[epe61/1paTb BCEBO3MOXHDIC TIEPECTAHOBKHU YN CEI
or 1 oo n, €CJIN N3 HUX 3aBEAOMO OOJBIIIMTHCTBO HE TIPCACTABIISICT TTPAaBUIIbHBIX
paccTtaHoBOK ¢hep3eil. bornee 3thdheKTUBHBIM ABISIETCSI METOJ, TIPH KOTOPOM pac-
CTAHOBKW hep3seif cTposdTesl M OMHOBPEMEHHO ¢pa3y B TIpolecce MOCTPOSHHS BhI-
SICHACTCA UX TIPAaBUJIbHOCTD. I[pyrI/IMI/I CJIOBaMH, TIpPU TIOCTAHOBKE OYECPEIHOIO
tdhepast Ha mocKy cpasy ke TpoBepsieTcs, He aTakyeT JIM OH KaKoro-HUOYIb U3 yKe
cylecTBYIOIINX hepaeil. DTa uuest cpasy ke IPUBOIUT HAc K TTOXOXeN MporpaM-
Me, TTOKa3aHHOW B JIUCTUHTE 7.3, KOTOpasi, OJHaKo, paboTaeT 3HAUUTEbHO OBICT-
pee MepBOTO BapHAHTA.
// OyHKIMSE recQueen HAXOOUT MNPABWILHYK PACCTAHOBKY Gep3eil Ha HOCKe
// pasMepoM nxn Opu yCJIOBMUM, UTO [EPBEE K depseil yXe pacCTaBIIEHE
// u Opyr Opyra He aTakyloT, TaK 4YTO PACCTABIATH HYXHO TOJIBKO depseit
// c HoMepamvm, Oompuyvu k. EciM Takad pacCTaHOBKA CYMECTBYET, TO QYHKIMI
// BHIIAET ee B KAueCTBe pe3ylbTaTa. ECIM PACCTAHOBKU
// C TakyMy HadaJIbHEMM HAHHEMM HE CylleCTByeT, OyHKLMS BepaeT null
static int[] recQueen(int[] p, int k) {
int n = p.length; // xoymmuecTBO bepsen
if (k == n) return p; // Bce dep3u yXe pacCTaBJIEHH KOPPEKTHO
for (int j = 1; J <= n; J++) {
// TlpoByem mnocraeBuThb (k+1)-ro dep3a mociemoBaTesIbHO HA BCE BEPTUKAIIM
boolean correct = true; // mpu3HaK KOPPEKTHOW pacCTaHOBKMU
for (int 1 = 0; 1 < k; 1i++) {
// TlpoBepsieM, HEe aTakyeT Jii HOBEI GOep3b yXe IOCTABJIEHHBIX
if (p[i] == j Il k - 1 == Math.abs(j - p[i])) {
// EcCiu HOBBII Qep3b HAXOOUTCH HA OMHOW BEPTUKAIM WA IUATOHAIINA
// C HEeKOTOpEM 1i-M QepzeM, TO PACCTAHOBKA HEKOPPEKTHA
correct = false;

break;
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if (correct) {
plkl = 37
// YcranoBuiu ¢eps3s B CBO0 HOBMULMIO U MpoOyeM pacCTaBUTh
// ocranpHEX deps3ell C IOMOWBID PEeKYPCUBHOT'O BEI3OBA (YHKIA
int[] pos = recQueen(p, k+1);
if (pos != null) // paccraHoBKa HalneHa!

return pos;

}
// Tlepebpany BCe BapMAHTH NOCTAHOBKM (k+1)-T0 depssd,
// HO HMUETrO He Hamu!

return null;

// TnaBHas GyHKUMS NOMCKA PACCTAHOBKM N bepsel Ha IOCKE pasMepoM Nxn
static int[] queen(int n) {

return recQueen (new int[n], 0);

DTOT BapuaHT IIpOorpaMmMbl padoraer ropasgo OwbicTpee. Tak, HA JOMAlllHEM KOM-
MMBIOTEpE aBTOpa BapUaHT pacCTaHOBKHU dep3eil Ha mocke 13x13 ObUT TTOMyUYeH 3a
0,01 cexyHmbl, B TO BpeMsd Kak IIporpamMma, HalmMcaHHas IO IePBOMY BapUAHTY,
pabotana 12,5 cekyH, YTOOBI TTOAYIUTh TOT XKe pe3yabTar.

Temepb paccMOTPUM BapHWaHT pEIICHUS, U3-32 KOTOPOTO, COOCTBEHHO, MBI M Ha-
4yajil BeCh BTOT pa3roBop. B 5ToM BapuaHTe pedb UAET O COBEPLIEHHO MHOM CIO-
cobe TIpenmcTaBIeHNsT MO3WIIMM Ha ITaXMaTHOW mockKe. B meficTBUTETBHOCTH Ham
COBCEM He 0053aTelIbHO UMETh (hPU3UUECKYI0 MUHPOPMALUIO O TOM, L€ KOHKPETHO
pPacToyIoXeH TOT WiIN WHOM (dep3b. Dta WwHbopMans HY:KHA HaM TOJILKO M3-3a
HEeOOXOIUMOCTHU:

O npoBepsaTb, MOXHO JIU MOCTABUTH OYEPENHOro (ep3ss B HEKOTOPYIO MO3ULIUI0
(4, s
O BBEIBOIUTL WHMOPMAIIUIO O PACCTAHOBKE (hep3eil B KOHIE paboThlI.
TakuMm 00pasoMm, Ha caMOM JieJle MOXKHO TIPENCTaB/ISITh TO3UIMIO C TOMOIILID
napbl GyHKUMIA: HGYHKUIMU TPOBEPKU BO3MOXHOCTU YCTAHOBKU (EP3sl B [IO3ULUIO
(i, j) m dbyHkMN "pacnevatku” no3uluu. CooTBETCTBYIOIINI (aOCTPAKTHBIN) TUTT
JAHHBIX MOXET ObITh IIPEACTABIEH CJEAYIOLIUM UHTEpdeicom:
public interface IPosition ({
boolean permits (int i, int j);

void print (PrintStream ps);
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B sroM uHTepdeiice QyHKIMS permits OOECHEYMBAET MPOBEPKY BO3ZMOXHOCTH
YCTAHOBKN HOBOTO (1)6]335{ B MO3WIINIO, A CI)YHKHI/IH print — BBIBOJ MO3UIIUN B
BbIXOZ[HOfl ITOTOK. Tenepb Kaxaad KOHKPETHadA IMO3UL A MOKET OBbITb apeacraBs-
JleHa OOBEKTOM, VAOBIETBOPSIIOIINM 3TOMY WMHTepdeiicy. Hanmpumep, myctas mo-
3uLds (MO3UILIMS, HA KOTOPOil HET HU ofgHOro ¢ep3si) MOXeT ObITh IpeacTaBIeHa
CJICOAYIOUINM 00BEKTOM KJIacca IPosition:
final private IPosition empty = new IPosition() {

public boolean permits(int i, int j) { return true; }

public void print (PrintStream ps) { ps.println(); }
}i
Pasymeetcd, sT0 puMep OYeHBb TIPOCTON TTOZUIIMU — B HEW HOBOTO (hep3st MOXK-
HO IIOCTaBUTDL B H106y10 KIIETKY, a IIpU €€ BbIBOAC IIPOCTO HHUYCI'O HE IeYaTacTCAd.

TeMm He MCHEC, TaKad 2JICMEHTAapHad IIO3UMUIUA MOXKET CIYXUTb OCHOBOI1 I I10-
CTPOCHUS Jpyroi, 4yThb Oojiee CIOXHON TO3WINK, B KOTOPOW yke HEKOTOPHIi
dep3b CTOUT B BepXHEil TOPU3OHTAIM U 3aHUMAET TAM YKA3aHHYIO MO3ULIUIO K.
Ecin 3nauenue k 3a1aHO KOHCTaHTOﬁ, TO TaKas MMO3UIINSA MOXKET OBITH TIpeacraB-
JieHa CICAYIOIUM o6pa30M:
final int k;
final private IPosition oneRow = new IPosition() {
public boolean permits(int i, int j) {
return empty.permits (i, j) && (i != 1) &&
(Math.abs (i-1) != Math.abs(j-k));
}
public void print (PrintStream ps) {
empty.print (ps) ;
for (int j = 1; Jj < k; Jj++) { ps.print(". "); }
ps.print ("Q ")

for (int j = k+1; j <= maxQueens; j++) { ps.print(". "); }

}

B srom IpeacraBJICeHUM JiA 3adaHUd pasMepa JOCKU MCIIOJAb30BaHa €lIC oaHa
KOHCTAHTA — maxQueens.

Tenepsb TOHATHO, KaK, UMes OIHY TMO3UIINIO, MOXKHO TIOMYINTH APYTVIo, "Hapac-
TUB" MIpPeICTABIAIONIME OTY IMO3ULUI0 (YyHKIMU. PelieHue, mpeacraBieHHOE B
JUCTHUHTE 7.3, UCTIOMB3YET 3TY WACIO IS pelIeHUS 3aIaqm.

INuctunr 7.3. PaccTtaHoBkKa ¢hep3eit ¢ NOMOLLLIO (hyHKLIMOHANLHOroO
| NpeACTaBMeHMs No3NLMK

// PasmMep HOOCKM

private static int maxQueens = 8;
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// PerypcuBHasa QyHKLMSA, [IOJIyYalllas HOBY NPABMIIBHYIO [MOBULMIO U3 CTApPOi
// C noMompio moBaBJIeHMS HOBOI'O heps3da Ha Clelyilouyld ITOPUBOHTAJD .
// RAPryMEeHT row 3BamaerT KOJMUYECTBO yXe PacCTaBJIeHHHX depsein
// (3aIlOJIHEeHHEIX T'OPU3OHTAJIEN)
private static IPosition recQueen (
final IPosition position,
final int row) {
if (row == maxQueens) {
// Vxe paccrapieHH BCe (ep3u
return position;
} else {
// TEITaeMCs NOCTaBMTBL HOBOTO hep3sa B PAI C HOMEPOM rOw
for (int col = 1; col <= maxQueens; col++) {
final int fcol = col; // HOMEp KOJIOHKM B PALY
if (position.permits (row, col)) {
// HOBBIZ bep3b He aTakyeT HM OOHOTO U3 yXe pPaCCTABJICHHEHX .
// ®opMUMpYeM HOBYI MOBULMIO U IeJjlaeéM PEeKYyPCUBHENI BHIBOB
IPosition newPos = recQueen (new IPosition() {
// OYHKLMSA NPOBEPKM NPABMIIBHOCTY PACCTAHOBKM
public boolean permits (int i, int j) {
// TpoBepsaeM:
// a) COBMECTMMOCTL C MPOIUION MIOBULIUEN;
// ©) HecoBNameHVe HOMEPOB KOJIOHOK C HOBO;
// B) oTcyTcTBUe (Gep3S Ha ONHOM OUMATOHAJM C HOBBM.
return position.permits (i, j) && j != fcol &&
Math.abs (i - row) != Math.abs(j - fcol);
}
// OyHKLMA PACIeUaTKyu HOBOW MIOSMLIAKA
public void print (PrintStream ps) {
position.print (ps); // meuaTs CTapol MO3ULIUU
// TleuaTaeM HOBYK TOPU3OHTAJIb
for (int i = 1; i < fcol; i++) { ps.print(". "); }
ps.print ("Q ")
for (int i = fcol+l; 1 <= maxQueens; i++) { ps.print(". "); }
ps.println();
}
}, row + 1);

// ECiu yIajiochk OOCHApPYXUTL MNPaBUJIBHYIO MNOBULMIO C TakuM dep3em
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if (newPos != null) return newPos;

}

// He ymanochb MOCTAaBUTL HOBOTO (Gep3sS HM HA OIHY BEPTUKAJL

return null;

public static IPosition queen() {
// B Hauajsie paBoTh MNO3SULMS IyCTa, M HUM OOVH (Gep3b elle He pacCTaBiIeH

return recQueen (empty, 0);

Hopag dyHkiing HaxoxXaAeHUS pAacCTaHOBKM paboTaeT HECKOJbKO MeMIeHHEee, YeM
crapag. Tax, Hampumep, Ha KOMIIBIOTEpE aBTOpa PAacCTaHOBKY (depseil Ha AOCKe
20x20 ¢GbyHKIIMOHATBHBIA BAPUAHT IPOrpaMMBbI Halllen 3a 4,2 CeKyHAbI, B TO BpeMs
KaK IIpenblayIilas Bepcus CIPABUIACh C 3TOM padoroi 3a 1,5 cexyHuabl. OgHAKO 110-
TPeOHOCTH B MAMATH Y (PYHKIIMOHATLHONH IMPOrpaMMbl 3aMeTHO MeHbilie. Bee, uro
el Hy>KHO — BTO I1aMiTh 110/ CTEK BbI30BOB IIPOLIEAYD, [IPUUEM CTEK ITOT HE OUYEHD
r1yook. B mpenbinyiiieM BapuaHTe IIOMMMO CTeKa MaMATb TpeboBaaach moma colcT-
BEHHO IIPEJACTaBIEHMUE [TO3UIIMM — BEKTOP LIEJIOUMCAEHHbIX 3JIEMEHTOB.

7.3. 3agava o Ha3HauYeHuAX

KoneuHo, npuHuu GyHKIHOHAILHOIO MpeAcTaBIeHusa UHQOPMALMU IPUMEHUM
HEe TOJIbKO K 3a1a4ye o paccTaHoBKe depseil u padboTe ¢ 6eCKOHEYHBIMU MHOXKECT-
Bamu. [loutu B J1100OH 3agaue Hapsiiy ¢ OOBEKTHBIM IIPEACTABIEHUEM CYILECTBYET
U MApaJUIETbHbI BAPUAHT PEUIEHUS] ¢ (PYHKIMOHATbHBIM MPEACTABAEHUEM WH-
dopmanuu. Bompoc nMilib B TOM, YTOOBI IPAaBUJIBHO OINPEeneauTh HAO00p (yHK-
LM, afeKBATHO OTPAXAIOILIUIA HYXHYIO MHGOPMALIUIO.

PaccmoTpuM, Hampumep, KiaccUYecKyIo 3aady O Ha3zHAYeHWsIX, HECKOJBKO Ha-
TIOMWHAOIIYIO 3aady O paccraHoBKe depseir. [Tycth mMmeeTcss n pabouynx MecT 1
7 pabOTHUKOB, KaXKIBI M3 KOTOPBIX MOXET BHITIOTHSTE JIIO0VIO paboTy, HO Mpo-
W3BOINTENLHOCTh TPyAa Y KaXXmoro pabovyero Ha pasHBIX pabovymMx MecTax pas-
JmuyHa. HeorpumatenbHas BeTMYMHA TIPOM3BOAUTEIBHOCTH TPyIa KaKAOTO pabdo-
Yero Ha KaxkJIoM paboueM MecTe 3amaHa Matpulieii W pasmepoM nxn, XpaHsSIIeH
BellleCTBEHHBbIC 3HAYeHMS. TpedyeTcsl paccTaBWUTh paboynx Mo paboymM MecTam
TaK, 4YTOOBI UX CyYMMapHas IPOW3BOAWUTEIBHOCTH IS BCEX padouymx mecT ObLra
MAaKCUMAaTbHOMN.

Tak ke, KaK U B cly4yae pacCTAHOBKM ¢hep3eid, ONHO U3 BO3MOXHBIX MpeACTaBIe-
HMI paccTaHOBKM PabOYMX — DTO BEKTOP IJIMHLI #, B KOTOPOM i-il DJIEMEHT COo-
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OTBETCTBYET IOPSIAKOBOMY HOMEpPY pabouero, MOCTABIEHHOro Ha j-¢ pabouyee Mme-
cTo. flcHO, 4TO eciu BTOT BeKTOp 0003HA4YUThH 4yepe3 P, To Bce 3HaueHus Pl
JOJKHBI OBbITh PA3NIMUYHbI, TOCKOABKY HUKAKOIO pabOUyero Hesb3sl MOCTABUTh Cpa-
3y Ha ABa pabouux Mecta. [lpu TakoM OpeacTaBieHUM JAHHBIX MOXHO IIOCTPOUTH
pelieHUe 3ama4d B BMAE PEKYPCUBHONH (YHKIMHU, HECKOIbKO HAIOMHHAIOLIEH
BTOPOI BAPUAHT peLUeHMs 3a1a4u O paccTaHOBKe dep3eil.

Hpyroe Bo3MoOXHOE TpeAcTaBleHUue AaHHBIX — (hYHKIMOHabHOe. Bee, uTo HaMm
HY>)XHO 3HaThb O KaXIoW TMO3UIIMU — 3TO ee obllas Mpou3BOAUTENBHOCTh, WH-
¢opmainst o ToM, CBOOOJIEH JIM HEKOTOPKIH i-it pabouuit, U crmocob pacreyaTku
pesynbrata. Takum oOpa3oM, Kak M B cllyyae 3ajladyu O paccTaHOBKe (epseit, TUT
JAHHBIX, TIPEACTABISIIONINA HEKOTOPYIO pacCTAaHOBKY padOUMX MO paboOuyuM Mec-
TaM, MOXeT OBbITh 3allMcaH B BUJIE CEMy0IIero nHTepdeiica:

// PaccraHoBKa pafoumx B 3amaue O Ha3HAUEHUSX
public interface IAssignment {
// BBUKUCIJIEHME CYMMAPHON! MNPOUBBOOMNTEIEHOCTA
double prod() ;
// TpoBepka, cBoGomeH nu padoumii C 3aTaHHBEM HOMEPOM 1
boolean free(int 1i);
// BeBOA mMHbOpMALMM O PACCTAHOBKE pPaBouMx B BEIXOMHOM MOTOK
void print (java.io.PrintStream) ;
}
KoneuHo, mis Toro 4ToOBl 3aaTh HEKOTOPYI0 KOHKPETHYIO PaccTaHOBKY, Hamo

WMeTh WH(hOPMAIIUI0, KAKOBA MaTpUIlla MPOU3BOAUTENHLHOCTU W U CKOJBKO BCETO
nMeeTcs paboumXx.

Pewienie MoxkeT ObITh MOAYYEHO MYyT€M HAMMCAHUS PEKYPCUBHOM (PYHKIIMH, KO-
TOpas, MoJydyasd B KayecTBe apryMeHTa HEeKOTOPYIO PACCTAHOBKY C yKe COelIaH-
HBIMU K HA3HAYEHUSIMU, TBITAETCS PACCTABUTb OCTAIbHBIX PabOUMX TakK, YTOOBI B
pe3yabTare UMeTh MAaKCUMalbHYIO IIPOM3BOAUTENBHOCTb. B nucTuHre 7.4 npuse-
JeHa IOJIHAg IporpaMMa pellieHus 3amayd I 3aJaHHOrO KOJAMYecTBa pabounx
(6) u 3amaHHOM Marpuleil npousBoiuteibHoctu W. Brnpouem, B 3TOM Ipumepe
MaTpUIIA TAKOBA, YTO PELEHUE CPA3y K€ HAXOAUTCI HEBOOPYXKEHHBIM B3IJISA0M.

JluctuHr 7.4. PewweHne 3aga4um O Ha3HAYEHUAX

private static int maxWorkers = 6; // KOIMUECTBO paboumx

// MaTpuua NOpOUBBOOMTEEHOCTNA
private static double[][] W = new double[][] {
{1, 2, 3, 4, 5, 6}, // DmpoM3BOOUTEJILHOCTL pabouero Homep O

{6, 5, 4, 3, 2, 1}, // DpOM3BOOUTEJILHOCTL pabouero HoMep 1
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{2, 6, 5, 3, 4, 1}, // npousBOIMTEILHOCTL pPaABOUYEro HOMEP 2
{1, 2, 5, 6, 4, 3}, // DpouBBOIMTEILHOCTL pPabouyero HoMep 3
{3, 5, 6, 4, 2, 1}, // DnpousBOIMTEIBLHOCTL pPadodyero HoMep 4
{1, 2, 4, 5, 6, 3} // NpOUBBOOMTEIBEHOCTL padouero Homep 5

}i

// Tlycras pacCraHOBKa

private static IAssignment empty = new IAssignment () {
public double prod() { return 0; }
public boolean free(int i) { return true; }
public void print (java.io.PrintStream ps) {}

}i

// ®yHKums recAssignment nosiydaeT B KAUECTBE ApPI'yMEHTOB HEKOTOPYIO
// paccraHoBKy Kk paboumx M HOHTAETCH HOOIMNOJHUTH €€ PaCCTaHOBKOM
// OCTallbHEIX pPaBouMx Tak, YTOOH MNOJYUMTbL MAKCUMAJIELHYIO
// NpOoUBBOOMTEIBLHOCTL COIJIACHO MaTpuie W
private static IAssignment recAssignment (
final IAssignment assignment,
final int k) {
if (k == maxWorkers) {
// Bce paBoune yxe pPacCTaBIIEHH
return assignment;
} else {
// MakcuMasibHad OOCTUTHYTAS NIPOM3BOAUMTEILHOCTD
double maxAchieved = 0;
// Jlyumas pacCTaHOBKa, NOpM KOTOPON ObUla OOCTUTHYTA
// MakcuMasbHas MPOUBBOIUTELEHOCTL
IAssignment bestAchieved = null;
// lLuky mepebopa OCTABIMXCS paboumx
for (int num = 0; num < maxWorkers; numt++)
if (assignment.free (num)) {
final int fnum = num; // dukcupyeMm ouepenHoro paboTHMKA
// CTaBuM 3TOTO pPaBOoTHMKA Ha OUepeldHOEe MEeCTO U IHTaeMCHS
// MONyYMTH JIYUllyld NPOM3BOOMUTEJLHOCTEL IPU STOM PacCTaHOBKE
IAssignment best = recAssignment (new IAssignment () {
public double prod() {

return assignment.prod() + W[fnum] [k];
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}
public boolean free (int i) {
return i != fnum && assignment.free(i);
}
public void print (java.io.PrintStream ps) {
assignment.print (ps);
ps.println ("Ha pabGouem mecTe HOMep " + k +
" HaxomuTcsa paboumit HoMep " + fnum);
}
b, k+1);
// IOCTUTHYTas NPOM3BOOUTEJILHOCTH
double curAchieved = best.prod();
if (curAchieved > maxAchieved) {
// TIOJIyumyiM 4uTo-TO JIyullee, uUeM OBUIO
maxAchieved = curAchieved;
bestAchieved = best;

}

// PesynbTaT - Jydmas U3 OOCTUIHYTHIX PacCcTaHOBOK

return bestAchieved;

public static void main (String[] args) {
// PacrneuaTHBaeMm JIyullyild PaCCTaHOBKY
recAssignment (empty, 0).print (System.out);

}

B mpuBeseHHOM pellleHMU IporpaMma MepedupaeT BCEBO3MOXHLIC MEPECTAHOB-
KW, U TIOBTOMY OHa He CIWIIKOM-TO 3(hdekTuBHa. Yke npu 20 pabouyux JoXK-
Jatbcsl, MOKa OHA BBIUMCAUT JYUIIYI0 PacCTaHOBKY, CTaHOBMTCS TOBOJBHO 3a-
TpyAHUTENbHO. CylllecTBEHHO JIydlllee pellleHne MOXHO TONYYUTh, €clv 3apaHee
BBIYMCIUTh MAKCUMAIBHYIO MPOM3BOAMTEABHOCTh I Kaxiaoro padouero. Torma
MOXHO MPU KAXKIOM ouyepeHOM Ha3HAYeHWU OIeHWBATh MAKCHUMAJbHYIO TIPOU3-
BOIMTEIBHOCTb, KOTOPOH B MPUHLMIIE MOXHO TOCTUTHYThH IIPU PACCTAHOBKE OC-
TaBinxcs padoumx. Eciau oxaxercs, yTo BTa MaKcUMajbHas ITPOU3BOINTENb-
HOCTb He JIy4llle, YeM YK€ JOCTUIHYTAas, TO He CTOUT U CTAPAThCH.

[lpy TakoM momxone CTAHOBUTCS CYILIECTBEHHBIM IMOPINOK, B KOTOPOM HaXOASTCS
pacctaHoBKU. Eciin mombITaThest "SKagHBIM" aITOPUTMOM Cpa3y ke HalTu TprueM-
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JIEMYIO PacCTaHOBKY, TO MHOIME BApUaHTBI OyAyT OTOPOILEHBl MMOYTU Cpasy Ke.
Tak wHampuMmep, IS 3aTaHHON B MpUMeEpe MATPUILB TIPOW3BOAWTEIHLHOCTH JTYd-
LIYI0 PACCTAHOBKY MOXHO HAHTHU ¢ MEpBOI Xe HOmbITKH. DhdeKTUBHOCTL pabo-
THl TPOTPAMMBI MOKHO TaKUM 0Opa3oM TTOBLICHTH OYCHD CHIIBHO.

He cranem MPUBOONUTD 30E€CH ONTUMU3NPOBAHHOTO PCUICHUA 3aga4Yd B HAOCXKIEC,
YTO KaXIblid U3 Bac Opu 2KCJIaHUKU CMOXET €ro BOCCTAHOBUTDL IO IPUBCACHHBIM
BBILIC 3aMCYaHUAM.

7.4. 3apgayva o NpUHaAeXXHOCTU CNOBa A3bIKY

Pacemotpum elie ogHyY 3amavy, B KOTOPOI UCTTONb3yeTcs GYHKIIMOHATBHOE TIPe-
CTaBJIeHME MHOXECTBA CJI0B. 3aJaya 3aMMCTBOBaHA U3 KHUIU [9].

Ilyctp TpeOyeTcsa MpoBepUTb, MPUHALIEXKUT JU CIOBO A3bIKY, 3aNaHHOMY IIpO-
cTolt TpaMMarukoi. I'paMmarnka OyAeT OmpenessiTh SI3bIK (MHOXKECTBO CIIOB) C
IOMOIIIbIO IBYX 0a30BbIX OMNEpalMil — ONepauuy albTepHALUM U ONepaluud Ka-
TEHaIlMU. ANIbTepHAITUsS — 3TO TIPOCTO OOBETUHEHHWE NABYX WU Oojlee MHOXECTB
CJIOB, T. €. HEKOTOPOE CIOBO W MPUHALICKUT AIbTEPHALIMU IBYX MHOXKECTB CIIOB
AW B, ecnmv oHO TIPUHAICKUT XOTS ObI OTHOMY U3 MHOXecTB A unn B. KateHa-
LU — 3To Gojee cioxHad omepaiusa. CiloBO W MPUHALIESKUT KaTeHALUM IBYX
MHOXecTB A U B, eciu ero MoXXHoO pa30WTh Ha JBa TIOACIOBA alfa v beta (Kaxnoe
M3 DTUX CJIOB MOXET OBbITb M ITyCTBIM) TaK, YTO CJOBO alfa HMpUHANIeXUT A, a
CJI0BO beta mpuHamIexuT B. B mocineaHeM ciaydae yciaoBUMCS 3alMUCHIBATh, YTO

w = alfa-beta,

IIpnuU 3TOM HOBOC MHOXXECTBO CJIOB, ITOJYYCHHOC KaTeHaluen MHOXECTB An B,
6YZL€T 3aI1MCbhIBATbCA B BUJEC

A-B.

B nuctunre 7.5 npuBeagHO MOJHOE pellieHue 3amadd. B HeM cHayana mpeacras-
JIeH uHTepdeiic Twords, ONPENesIIONINU TTOHITHE MHOXECTBA CJIOB, a TIOTOM —
KJIacC Language, COAEPXKAILMM IpaMMaTUYECKHe OMepaldd Hal dTUMU MHOXKECT-
Bamu. Haumbonee cloXHBIM SBsSeTCS omNpeeieHue Onepaluy KaTeHaluyu ABYX
MHOXeCTB (cat). B aToM ompeaeneHuM cHayaja HEIyCcTOE HCCIENyeMOe CJIOBO
pasOuBaeTcsl Ha ABa — TEPBYIO OYKBY CJIOBA M OCTABIIYIOCS YacTh, & TIOTOM € TO-
MOLIBIO PEKYPCUBHOIO BbI30Ba IIPOBEPSIETCS, HEJb3s JU OCTATOK CJI0Ba Pa3OUThb
Ha JBE YacTW TakKuM oOpasoM, yToOBI TepBasi OYKBa ¢ TIEPBOI 4YaCThIO ocTarka
NnpuHamiexana Obl MepBOMY MHOXECTBY, a BTOpasl YacTh OCTATKA IpUHALIexKana
6B BTOPOMY MHOXKECTBY.

INucTtunr 7.5. MNpeacraBneHne MHOXECTB CINOB, onpeAensieMbIX NPOCTON rpaMmaTm-
KOW fi3blKa

/7 /7

// ViHTepdenc npencrapigeT MHOXECTBO CJIOB B BUIE
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// XapakTepuCTUYEeCKON QYHKLMM MHOXECTBAa

!/ //
public interface IWords {

// BosBpamaeT true, TOTIa ¥ TOJBKO TOTOA, KOTIA CJIOBO
// NPUHAIJIEXAT MHOXECTBY

boolean contains (String word) ;

// //

// Kmacc Language onpernesseT IpaMMAaTUUECKME KOHCTPYKLIUM,

// mo3BosAIME CTPOUTH HOBBIE MHOXECTBA CJIOB M3 yXe

// MMenmMxCs 1O MpaBuilaM NIPOCTOM IpaMMaTUKM

// //
public abstract class Language {

// OyHKLMA CTPOUT OOBEIVHEHME IOBYX MHOXECTB CJIOB B TPAIMLVOHHOM
// cTuie: CJIOBO MPMHAIJIEXUT OOBEIMHEHMIO, €CJIM OHO IPUHAIJIEXAT
// xXOTA O OOHOMY W3 WJIEHOB BTOTO OOBEIVHEHUS
public static IWords or (final IWords wl, final IWords w2) {
return new IWords () {
public boolean contains (String word) {

return wl.contains (word) || w2.contains (word) ;

// OYHKLUMS CTPOUT KATEHALMI OBYX MHOXECTB
public static IWords cat (final IWords wl, final IWords w2) {
return new IWords () {
public boolean contains (String word) {
// Eciu CJIOBO IIyCTO, TO OHO MOXeT OHITh KaTeHalMel TOJIbKO
// OByX IIyCTEIX CJIOB
if (word == null || word.equals("")) {
return wl.contains (word) && wZ2.contains (word) ;
}
// Hemycroe CJIOBO MOXHO MPEACTABMUTH KAK KATEHALMIO IIyCTOT'O
// cioea u cebd caMoro
if (wl.contains ("") && w2.contains (word)) {

return true;
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// CIiOBO MOXHO MPENCTABUTbL KAK KAaTEHALMIO [NepPBOM OYKBHL. . .
final String first = word.substring(0, 1);
// ... ¥ ocTaTKa CJOBa
final String last = word.substring(l);
// B sTOM Cilyyae OCTATOK I[IONBTAEMCH IPENCTABUTL KAaK KaTEHALVIO
// IOByX CJIOB, HpWYEM IepBas €r'0 YacThb MNOJIKHA [PpU IPVCOEOVIHEHUN
// Kk Hell nepBoil OyKBH MCXOOHOT'O CJIOBA IIPMHAIJIEXATH MHOXECTBY Wl,
// a BTOpas yacrTb — MHOKECTBY W2
return cat (
new IWords () {
public boolean contains (String word) {
return wl.contains (first + word);
}
}, w2

) .contains (last) ;

Tenepb MOXHO CTPOUTb Pa3IMUHblEe S3bIKM (MHOXECTBA CIOB) U IPOBEPSTh,
OPpUHAIJICKUT JIM HEKOTOPOE CJIOBO MHOXECTBY. 3aﬂ,aﬂ,l/IM, HarpuMmep, cHadala B
KayecTBe 0a30BbIX ABd MHOXECTBA — MHOXECTBO IJ1dCHBIX 6YKB n MHOXECTBO
COITACHBIX 6YKB (TO‘{HGC, B 00ouX ClIydyadax ompeaciAaoTCa MHOXECTBA O[LHO6YK—
BEHHBIX CJIOB). Takue MHOXecTBa MOXHO yKasdaTb HallpsAMYIO ¢ IIOMOLIbIO HX Xa-
pakTepUCTUUECKUX QYHKIIMIHA,
// MHOXeCTBO CJIOB, MNPEICTaBJIEHHEX OIHOM IVIACHOM OyKBOM
// B sTOM IpMMepe IJIACHEMM CumMTaioTca Oyksel 'a', 'o' u 'e!'
private static IWords vow = new IWords() {
public boolean contains (String word) {
return word != null &&
(word.equals ("a™) ||
word.equals ("e") ||

word.equals ("o"));

}i

// MHOXeCTBO CJIOB, IpPEeICTaBJIEHHEIX OIHOM COIJIACHOW OyKBOM

// B 3TOM mnpuMepe COIJIACHEMM cumTainTcd Oykeel 'b', 'c' u 'd'
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private static IWords cont = new IWords() {
public boolean contains (String word) {
return word != null &&
(word.equals ("b") ||
word.equals ("c") ||

word.equals ("d"));

}i
Tenepb Ha ux 6a3e MOXHO OMpCACINTD bosiee CIIOXHBIEC MHOXECTBA, HAITPUMED,
MHOXECTBO OTKPBITBHIX CJIOTOB M MHOXECTBO CJIOB, COCTABICHHBIX U3 3TUX OTKPLI-
TbIX CJIOTOB
// MHOXeCTBO CJIOB, IPEeICTaBJISOIMX OTKPHITEIL CJIOT aHIVIMACKOTO S3HKA
// B 2TOM IpuMepe CuUmMTaeM, YTO OTKPHTEI CJIOT COCTOMT U3 OIHOM COIJIaCHOM
// ¥ OOHOM MM OBYX TJIACHEIX OYKB
private static IWords part = Language.or (

Language.cat (cont, vow),

Language.cat (cont, Language.cat (vow, vow))
)

// MHOXeCTBO NPABMJILHEIX CJIOB. B 5TOM IIpMMEpe CUMTaeM, 4YTO [IPaBUIIbLHOE
// CIJIOBO COCTOMUT M3 OHHOTO WJIM HOBYX OTKPBITHIX CJIOT'OB
private static IWords word = Language.or (
part, Language.cat (part, part)
):

npOBepKa TIPUHAIJICKHOCTU CJIOBA MHOXKECTBY OCYHICCTBIISICTCS TIYTEM BBI3OBaA
METOJIa contains MHOXECTBA.

// TlpoBepyM Ha "MPaBUIIBHOCTL" HECKOJBKO CIJIOB
System.out.println (word.contains ("do")) ; // OpaBUIILHOE CJIOBO

System.out.println (word.contains ("bee")); // NpaBWIIBHOE CJIOBO

)i // HenpasuJIbHOE CJIOBO
"coca" )

System.out.println (word.contains ; // NpaBWIbLHOE CIIOBO

cola

)
)
)
)

)i // HenpaBuMJIbHOE CJIOBO

( (
( (
System.out.println (word.contains ("bead"
( (
System.out.println (word.contains (

( (

System.out.println (word.contains ("boodoo")); // mpaBUIbHOE CIJIOBO

B sToM mpuMepe clioBO "bead" OKa3bIBaeTCsl HEMPaBUJIBbHBIM, TTOCKOJIBKY HE CO-
CTOMT M3 OTKPBITBIX CIOIOB, & CJIOBO "cola" HEINPAaBWIBHOE, IOCKOJBKY C TOUKHU
3pEeHUS MPOTPAMMBI OHO COAEPXKUT "HeMpaBUIbHYIO" OYKBY.

Hamo ckaszath, 9To Hamra mporpaMMa HU B Koell Mepe He ABIsgeTcs YHHBEpCalb-
HOH M, HECMOTpPS HA KaXyIIylocd "BCesoHOCTb, MPUMEHMMA JAIEKO He K Kax-
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Jnon rpaMMaTUuKe. TaK, HarrpnuMep, OKAa3bIBACTCA HEBO3MOXHBIM OINPEOCTUTD
BE€CbMd €CTECTBCHHYIO C TOUKH 3PCHUA I'PAMMATHUK OIICPALMIO Hald MHO2KCCTBAMU
CJIOB — UTEpAlNI0 MHOXECTBA. IMonerTRa OTIPpEICIINTL €€ B KJIACCE Language B
CJICOYyIOLIEM BHUIC

public abstract class Language {

public static IWords iteration (IWords w) {

return or (w, cat(w, iteration(w)));

}

MPUBOJIUT K HEMEIJIeHHOMY "3allMKJIMBaHUIO" MpU JI0O0OM obpallleHnu K ¢GhyHK-
IIMU iteration.

DTo, BIPOYEM, COBEPIUEHHO OYEBUAHO, IIOCKOJbKY B olpeaeneHuu (GyHKIHUM
COIEPXKUTCA IpsIMOe o0palleHue K caMoil onpene/sieMoil QyHKLIMMU, HE CBsI3aH-
HO€ HUKAKUMU YCIOBUSIMU (3TO, KOHEUHO, Ipumep "aypHoit” pekypcun). Ho sty
OMepaluIo He yaaeTcs 3alporpaMMMpPOBATh U C MOMOIbIO Oonee "TOHKUX" CIO-
coboB. B wutore, nporpamMma Oyiaer MOCTOSIHHO IIBITAThCS PA3JIOXMUTH 3alaHHOE
CIOBO HA KATeHALMI0 OeCKOHEYHOro KOJIMYeCTBA IYCThIX CJIOB B TILUETHOH IIO-
IIBITKE [POBEPUThb, HE COCTOMUT JIM CIOBO U3 OJHUX TOJIbKO IYCThIX CJ10B. A 0e3
omepaluyy UTEepPaluyd IOCTPOUTb XOTb CKOJBKO-HUOYIb ITOJNE3HYI0 TPAMMATUKY
HEBO3MOXHO.

Heckonsko VIAYYIIUTD CUTYAlIlUID MOXKHO, €CJIW OTKa3aTbCsd BOOOIIIE OT BO3MOXK-
HOCTH BKJIOYATb MYCTBIC CJIOBA B MHOXECTBa CJIOB. Toma BCE p336I/IGHI/IH CJIOB
OKa3bIBAIOTCA KOHEYHBIMHW, WU 3a CUCT I3TOTO YAACTCS OIPEACIUTD Oomee Oorarbie
TpaMMaTUKU.

7.5. 3apava o noctpoeHumn cpuryp

IMocnennssa 3agaya 3TOM I[VIaBbl, TAKXKE 3aMMCTBOBAHHAS U3 KHUTU [9], coCTOUT B
caenyouieM. Ilyctb uMeloTcss 0ObEKThI, [JIABHBIM HA3HAYEHUEM KOTOPbIX CIYKUT
BO3MOXHOCTb M300paxkeHMsI UX HA HEKOTOPOM TIpaduveckKoM YCTpoiicTBe (Ha-
[pUMEP, SKpaHe MOHUTOPA UK IpadonocTpoutese). Mbl He OyaeM ompeneasaTh B
noapobHOCTAX Takue 6azoBble (YHKIMM, OJHAKO OINpeaeauM COOTBETCTBYIOLLIMI
uHTepdeic 1 HUX:

public interface Figure {
void draw (int x, int y);
}
Meron draw 3amaeT OCHOBHYIO (YyHKLUIO pucoBaHus durypbl. [lapameTpbl x U y

OIpeAe/IIIOT KOOPAUHATHL "onopHOi Touku". g pasHbix pUIYp TAKOil OmOpHOI
TOYKOM MOLYT CILy:KUTb PasHble TOUKU (DUIYPHL, HAIIPUMEP, IS OKPYXKHOCTH 3TO
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MOXeT OBbITh €€ LEHTP, A MNPSIMOYIOJbHUKA — KOOPAUHATbL OJHOIO U3 €ro yr-
JIOB, U T. A.

Tenepb, Kak M paHbIle, OCHOBHAS 3aAa4ya OyAeT COCTOSTh B OTIpeNeIeHNN Habopa
oTiepaInii, KOTopble TO3BOIAT CTPOUTD CIIOXKHBIC (GUTYPHI M3 Gojiee MpocThix. Jst
3TOTO OTPENeNINM KJIace Drawing, B KOTOPOM W 3amamnM Bce HeoOXOMMMBIe orepa-
n. CobCTBEHHO, TaKHUX OTepalinii 6yaeT HeMHOTO — CABUT (UTYPBI TIO TOPU30H-
TaM WJIM BEPTUKATN Ha HEKOTOPOE KOJIMYECTBO TOUeK M oObenmnHeHne duryp. Mc-
TTONMB3YSl 3T OTepallii Hax (GHUTypaMu, MOXKHO TTONYYaTh TOCTATOYHO CIOXKHBIC
V30pBI JakKe W3 BechbMa TIpOCTBIX ¢Guryp. OUeHb WHTEPECHBIE Y30PE MOXHO TTONY-
YNTh, €CAW MOOABUTH K olepalnsaM Ham (GUTYpaMH HEeCKOJIbKO Oollee CITOKHBIX
oTiepaInii, TaKMX Kak, HAITpUMep, pasMellleHne HeCKOTbKUX SK3eMTIUISIPOB (hUTYPHI
BIOJTb OKPYKHOCTH ¢ 3aMaHHBIMA KOOPAWHATAMH TIEHTPA W PaTAyCOM.

Mel1, BIIpoYeM, OrpaHUYMMCS IMPOrpaMMMPOBAHUEM TOJLKO CAMbBIX IIPOCTBIX OIMe-
pauuii. OnpeneneHue Kiacca Drawing HpuBeaeHo B juctutre 7.6. Tam xe mpu-
BEIEHO OMMCAHME KJIacca, 3aJalollee KOHKPETHYIO MPOCTylo GUIYpy — MIPIMO-
yronbHUK. MBI He HPUBOIUM OIIMCAHME €ro (QYHKIUMHU draw, IOCKOJBKY OHO,
KOHEYHO €, 3aBUCUT OT TOIO, INi¢ U KaK PUCYIOTCS HALIN (UTYPHIL.

NucTtuHr 7.6. OnpegeneHue NpocThixX onepauun Haa urypamm

/7

// Kimacc Drawing ompenenseT HEeCKOJBKO MMPOCTHIX ObYHKIIM

// IJs NOCTPOEeHMs HOBHIX QUIyp Ha 0asze yXe MMEeUMXCS
!/
public abstract class Drawing {

// Merom shiftX crpour HOByH IUIypy IIyTEeM CIOBMIA CTAPON
// Ha shift emuHML NO TOPMBOHTAIM
public static Figure shiftX(final Figure f, final int shift) {
return new Figure() {
public void draw(int x, int y) { f.draw(x + shift, y); }
i

// Metom shiftY crpouT HOBy®W bUTypy MNyTeM CHOBUIA CTapOi
// Ha shift emuuHuI NO BepTUKAIMA
public static Figure shiftY(final Figure f, final int shift) {
return new Figure() {
public void draw(int x, int y) { f.draw(x, y + shift); }
i



MaBa 7. ®yHKYMA Kak HocuTteslb UHGhopMaLumu 309

// Merom join crpouT ¢urypy kak OOBEIVMHEHME IBYX CTaphIX
public static Figure join(final Figure f1l, final Figure £f2) {
return new Figure() {
public void draw(int x, int y) { fl.draw(x, y); f2.draw(x, y); }
}i

//

// Kimacc Rectangle omnpemesnsger KOHKPETHYO GUIypy — IPSAMOYI'OJIbHUK
//

public class Rectangle implements Figure {

private int baseX; // KOOPIMHATEL JIEBOT'O BEPXHEIrO yIJla
private int baseY;
private int sizeX; // pasMepH NpaMOYyTOJIbHMKA

private int sizeY;

// KOHCTpyKTOp 3amaeT OasoBhE BEJIMUMHEL IUIS OIpelelIeHMS IPAMOYTOJIbHUKA
public Rectangle (int baseX, int baseY, int sizeX, int sizeY) {
this.baseX = baseX;
this.baseY = baseY;
this.sizeX = sizeX;

this.sizeY = sizeY;

// OyHKLMY LOOCTYIA HYXHH IJIS OINPENEJIEHMS I[IOSVLIAN
// " pasMepoB NPAMOYI'OJIbHIUKA

public int getBaseX() { return baseX; }

public int getBaseY () { return baseY; }

public int getSizeX () { return sizeX; }

public int getSizeY () { return sizeY; }

// OcHOBHas OGYyHKLMS PUCOBAHUA IIPSAMOYI'OJIbHUKA

public void draw(int x, int vy) {

/* Bmeck OOIXHO OHITHL onpernelieHre GYHKLUMU PUCOBAHUS */
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Tenepb, uMes omnpeaeaeHUe MPSIMOYTOJIbHUKA, MOXHO B3STh KOHKPETHBIHA Mps-
MOYIOJIbHUK U HA €r0 OCHOBE IIOCTPOUTH Apyrue (urypbl. Bor xak, Hanmpumep,
BBILISLAMT (DYHKIMS MOCTPOSHUs PUIYPBI, COCTOSIIEH U3 HEKOTOPOTo KOAMYeCcTBa
JOPYTUX (UIYP, BLICTPOSHHBIX B OJUH Ps MO TOPU3OHTAIM U PACIONOXEHHBIX B

OTOM pdAny € 3aJdHHbIM CMELICHUEM APYI OTHOCUTEC/IbHO Apyra.

// TOPUBOHTAJIbHEI pPsam u3 buryp:

// fig - GasoBasa tdurypa;
// number — KOJIMUECTBO GUI'yp B PALY;
// shiftX - paccrosHue Mexny OMNOPHBEMY TOUKaMy GUIyp B pPAmy

private static Figure row(Figure fig, int number, int shiftX) {

return (number == 1 ?
fig

Drawing.join (fig,

Drawing.shiftX (row(fig, number-1,

shiftX)));
}

Ecnu umeetcsi HekoTopasa 0asosasg (urypa, HanpuMmep Takas, Kak Ha puc. 7.1, a,
TO PsA, MOCTPOEHHBINH U3 MOMZOOHLIX (HUIYp, OydeT BBIISAETh, KAK ITOKA3aHO HA

puc. 7.1, 6.

shiftX),

N
N N

)
N

)
N

shift

Puc. 7.1. basoBag ¢urypa un psa, NOCTPOeHHbI U3 6a30BbIX GUryp

AHAJIOTMYHO CTPOUTCS U "KOJOHKA" U3 6a30BbIX PUIYP:

// BepTuUKAIbHBIL PAn U3 Uryp:

// fig - GasoBasa tdurypa;

// number — KOJMUECTBO GOUIYP B KOJIOHKE;

// shiftY - paccrosHme Mexmy ONOPHEMM TOUKaMy QUIYP B KOJIOHKE
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private static Figure column (Figure fig, int number, int shiftY) {
return (number == 1 ?
fig
Drawing.join (fig,
Drawing.shiftY (column (fig, number-1, shiftY),
shiftY))):;
}

Tenepb MOXHO TOCTPOUTH DUTYPY, JEKAIIYIO B OCHOBE MOCTPOSHUS "KUPIIUYHOMI
CTEHKHU" W COCTOSILYIO U3 IBYX PSAAOB 0a30BbIX (UIYyp, HAXOAAILUXCS APYT IOI
IPYrOM ¢ HEKOTOPBIM CMellieHHeM. Drta ¢urypa OyaeT BBILISIETh TaK, KaK ITOKa-
3aHO Ha puc. 7.2.

// durypa, NOCTPOEHHAA M3 OBYX PANOB 0Oa30BHX Guryp,

// nexaupx Opyr HaIl OPyTOM, [PUYEM HIWKHWIA PAL COBUHYT OTHOCHUTEJBHO

// BepxXHEero Ha MOJIOBMHY BeymuymHel shiftX:

// fig - GasoBasa tdurypa;

// number — KOJIMUECTBO GUI'yp B PALy;

// shiftX - paccrosHue Mexny OINOPHBEMY TOUKaMy GUIyp B pPAmy
// shiftY - paccrosHue Mexmy OMNOPHBEMM JIMHUAMA PSOOB

private static Figure twoRows (Figure basic,
int number, int shiftX, int shiftY) {
Figure rowl = row(basic, number, shiftX);
return Drawing.join (rowl,
Drawing.shiftY (
Drawing.shiftX (rowl,
shiftxX / 2), shifty));

L‘
i

N/

~
_

‘4
“

NV YU N
o AN AN AN
SN Y YT
AN AN N

shiftx

Puc. 7.2. [pa psga 13 6a30BbIXx GPUIryp €O CABUIOM APYr OTHOCUMTENbLHO apyra
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Haxonen, "kuprnuyHasi cTeHKa" CTPOUTCS U3 IPSIMOYTOJbHBIX "KUpIIMueil" u co-
CTOWT M3 YeTHOTO KOJMYECTBA PAIOB, B KAKIOM M3 KOTOPBIX HAXOAUTCS HEKOTO-
poO€ KOJIMYEeCTBO 0a30BbIX (UTYP.

// TlocTpoeHre "KUMPIUUHOM CTeHKu" U3 IPpAMOYTOJIbHUKOB

// brick - Gazoswir "xupnuu";
. . " ~ 0 .
r
// inRow KOIMUeCcTBO "kupnuuein" B pany
// inColumn — KOAMUECTBO PAOoB B '"cTeHke"
p

private static Figure wall (Rectangle brick, int inRow, int inColumn) {
return column (twoRows (brick, inRow,
brick.getSizeX (), brick.getSizeY()),
inColumn / 2,
2 * brick.getSizeY());
}

Ecnu 3apaTh 6a30BBIi "KHUPIIHY" ¢ TIOMOIIBIO OITMCAHUS

private static Rectangle brick = new Rectangle (0, 0, 100, 50);

TO CTEHKY M3 TaKWX KUPMHUIEH MOXHO CO3/IaTh W HAPHCOBATH C TTOMOIIBIO BLEI30BA
wall (brick, 16, 10).draw(0, 0);

Bo3MoxHo, moay4uTcd 4TO-TO, IMOXOxkee Ha puc. 7.3, HO, BIpOYEM, pealbHas
"KapTUHKA" 3aBUCUT TOJBKO OT TOTO, KaK OIpeseeHbl 0a3oBbie (hYHKIINU PUCO-
BaHMS.

Puc. 7.3. "Kupnn4yHasa cTteHka”, Moay4eHHas ¢ MOMOLLUBKD QyHKUMN wall

B npuBeneHHOM Bhlllie IpUMepPe MHTEPECHO, YTO 0a3oBbie PUIYPHI (MPSAMOYIOIb-
HWKHW, BO3MOXHO, Jpyrue (UTypbl) MUMEIOT BIOJHE TPAAMIIMOHHOE TpejcTaBie-
HME, IPU KOTOPOM OOBEKTBI CTPOSITCS U3 HEKOTOPBIX 0ojiee MPOCTBIX OOBEKTOB.
Tak, HampuMep, MPSIMOYTOJIBHUK COJAEPKUT B KAauecTBE 3JEMEHTOB KOOPIWHATHI
BEPXHEro JeBOro yriaa M pasMepbl. OmHAKO, MOCKONbKY TaKOH MPSIMOYTrOAbHUK
obnanaeT (pyHKIIMOHATHLHOW BO3MOXHOCTBIO "OBITh HAPUCOBAHHBIM", TO OH MOXET
HCIOIb30BaThcd B (YHKIMAX, MOCTPOSHHBIX Ha OCHOBE TOJIBKO 3TOH (DYHKIIMO-
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HanbHOU MHpopMauuu. B utore Mol cTpouM OOBEKTHI, KOTOPbIE caMU MO cebe He
cojiepkat (pakTnyeckoi mHbopMalnu (y MOCTPOCHHOW HAMM "KWPIMYHON CTEeH-
K" HET HU OIOPHOM TOUYKM, HU PA3MEPOB), OJHAKO MMEIOT HEKOTOpoe (hyHK-
IMOHATBEHOE TPEACTABICHNAE, ¢ TTOMOIIBI0 KOTOPOTO MBI MOKEM MAHUTTYIUPOBATDH
UMHU (CTPOUTDH CIIOXHBIE O0BEKThl Ha 0aze 00jiee MPOCTbIX M, KOHEUHO XKE, PUCO-
BaTh 3TH OOBEKTHI).

Ha sTom MBI 3akaHYMBaeM TJIaBy O Cl)yHKHI/IOHEU'[I)HOM TIPEACTAaBICHUU 06B€KTOB,
d BMECTC C HCIO 3aKAHYMBACTCA W BCA KHUIA.



3aknioueHune

MBI paccMOTpeId MHOIO Pa3HbIX CTPYKTYP NAHHBLIX M IPUBEAM MACCy aJITOPHUT-
MOB WX 00paboTKy. BOIBITMHCTBO M3 3TUX aNTOPUTMOB M CTIOCOOOB MpeACTaBIe-
HMS JAHHBIX SABIAIOTCS AOCOMIOTHO HEOOXOOMMBIMU MHCTPYMEHTaMHU B pabore
Kaxaoro TiporpaMMmucta. OgHAKO JTOCTAaTOYHO JIM 3HATH WX, YTOOLI CYMTATH cebs
ONBITHBIM MPOrPaMMUCTOM, FOTOBBIM Pa3padaThiBaTh JI00bIE HOBbIC AJITOPUTMbI U
mporpammbl? K coxanenmnio, HeT. [IpakTHyecKn Kaxkmas TporpaMMUCTCKas 3ama-
ya TpebyeT M1 CBOEro pelieHus CO3MAHUS HOBBIX CTPYKTYP HaHHBLIX U pa3paboT-
K1 HOBBIX aJlTOPUTMOB.

Torna, MoXeT ObIThb, U3yYaTh TIpejiaraeMble alTOPUTMBI U CTPYKTYPBI TAHHBIX TTO
KHUTre BOBce He cTouT? [a HeT, KOHEeYHo, xe, crouT! bazoBbie CTPYKTyphbl daH-
HBIX CIIY>KaT OCHOBOW JUISI paspabOTKU HOBBIX CIEIUATUZUPOBAHHBIX CTPYKTYP
JaHHBIX. Pasymeercs, HEBO3MOXHO HAaIMCAThb CIOXHYIO IpOrpaMMy, He HMes
Tpe/CTaBlIeHNUs] 0 MaccHBaxXx. TOYHO Tak X€ HEBO3MOXHO HamucaTh CIOXHYIO
MPOrpaMMy, He 3Hasl AJITOPUTMOB 0OpabOTKM CIIMCKOB, HE yMesd OOXOAUTh depe-
BbSI WJIW HE MPEJCTABISISI CTOCOObI X3MPOBAHUS NHGhOPMAIIUN.

KoHeuHo, ¢ pasBuTHEeM $3BIKOB TIPOTpaMMUPOBAHMSI Bce Oonbllle W OodbIIe
CpelICcTB U METOIOB IPOrpaMMUPOBAHMSA BKIIOYAIOTCSA JKOO B caM 3bIK, 10O B
OMONMOTEeKN KJIAcCOB JUTSI BTOTO si3bIKa. Java sIBAseTcs Xopollleld WTocTpaluei
9TOMY, IIOCKOJIbKY UMEET B CBOEM COCTaBe HE TOJbKO TAKME CTAHIAPTHBIE CTPYK-
TYpPbI JAHHBIX, KaK MAacCHBbI, HE TOJBKO TaKWe W3BECTHBIC KIACChI, KaK CITUCKH
WM IMOTOKM BBOIA/BbIBOAA, HO U COBCEM HOBBIE CPEICTBA — UTEPaTOPhl, agamTe-
PBI, X3II-TabIUIBI U MHOTOE Jipyroe. KoHeuHo, MOXHO MOJb30BaThCS TIepeunc-
JIEHHBbIMM CPEICTBAMU, JaXKe He OUYeHb YETKO MPEACTABIIsA, YTO CTOUT 32 KAXKIbIM
n3 3tix ToHATHH. OgHako 3P deKTHBHOCTL paboThl TIporpaMMucTa Oymer cyiie-
CTBEHHO BBIIIIE, €CJIM OH CMOXEeT MPAaBUJIbHO BBIOPATH CpeacTBa MPOrpaMMUpOBA-
HHsI, 2 9TO BO3MOXHO TOJBKO B TOM Cllyyae, €cii OH JiejaeT BHIOOP OCO3HAHHO,
HE TOJbKO Ha OCHOBAHMU CBEAEHUI O BHEIIHEM IOBEJeHUU OOBEKTOB, HO U 3HA
nX paboty "M3HYyTpHU'".

Ectb ene oquH Bompoc: a Tak JU YK BaKHO JOOUBATHCS MaKcUMaibHOU 3dhhek-
TUBHOCTU (PYHKLIMOHUPOBAHUS mporpammel? [1pou3BoauTeIbHOCTE KOMIIbIOTEPOB
TTOCTOSTHHO TIOBBITIAETCSI, 0OBEMBI TOCTYITHOM maMsITH pacTtyT. Ceifyac BO3MOXHO
HamucaHUe TaKUX MPOrpaMM, KOTOpbIe HUKOIAA Obl HE CMOIJIM BBIIOIHATHCS Ha
MamuHax emie 10-metHelt maBHocTU. IToaTomy, MOXeT OBITh, HE CTOUT TaK yX
CUJILHO CTPeMUTbCS K 3DGEKTUBHOCTH pabOThl IporpaMM, a ciaenyeT Oosblile
3a00TUTHCS 00 3(pPeKTUBHOCTH pabOTHI IIPOTPaMMMICTOB?

Ot4acTH, 3TO, KOHEUHO, CIIPaBeLTNBO. TPyl MPOrpaMMUCTa IOPOT, W TMOBBIIIE-
Hue 2¢hp@eKTUBHOCTU ero paboThl ABIAETCS HACYLIHOH 3amaveil. OQHAKO 3HAHUE
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OCHOBHBIX NMPUHIIMIIOB IOCTPOSHMS CTPYKTYP JAHHbBIX, AJITOPUTMOB UX 00pabOTKU
SIBJISTIOTCS. OMHWUM M3 OCHOBHEIX 3aJIOTOB YCTEITHON 1 3¢ deKTHBHON paboTHl Mpo-
rpammucral Kpome Toro, He cieayer Aymarb, YTO ONTMMM3ALUsS IPOrpaMM —
JIeJT0 JajleKoTo TpoIIoro. Bee BpeMsl TMOSBISIIOTCS HE TONBKO Gojiee MOIITHBIC
[ePCOHANbHBIE M CTALMOHAPHBIE KOMIIBIOTEPBbI, HO U MUKPOKOMIIBIOTEPHI,
BcTpamBaeMble BO BCEBO3MOXHBIC TIPHOOPHI, HAYWHAS OT COTOBOTO TeiedoHa W
KOHYAd XOJOMWIBHUKOM WM KpoBarblo. Takue MUKPOKOMIIBIOTEPHl MMEIOT
BechMa OTpaHWMYEHHBIE Pecypchl TTAMATH M HEBBICOKOE OBICTPOMEHCTBIE TIPOIIEC-
copa, TaK 4To BOmpoc 3(PGEeKTUBHOCTU pa0OTAIONIMX HA HUX IPOrpaMM CTOUT
Ype3BBIYAIHO OCTPO.

Haneemcst, 9To 3Ta KHWTA TTOMOTIIA BaM TJTYOKe TIOHSTH, YTO TIPEACTaBISCT cobOoit
TPyI TIpOTpAMMWCTA, HAYYNTHCS MPaBUILHO BBIOMpPATh CTPYKTYPHI MAHHBIX IS
CBOUX TIPOTpAMM, oboTraTHjIa 3HAHWSIMHM COBPEMEHHBIX TEXHOJOTUI WX 00paboT-
Kku. M Bce ke, K cOXaJIeHNIO, H OMHA KHUTA He MOXET IMPEeBPaTHTh 3ayPSIIHOTO
MTPOTPAMMHMCTA B XOPOIIETO W TPAMOTHOTO CTEITMAINCTA, €CTM TOJBKO OH caMm He
OyIeT TTOCTOSTHHO COBEPIICHCTBOBATh CBOM HABHIKHM TPAKTHYCCKUM TIYTeM W TO-
TTOTHSITH 3HAHWS.

ABTOp HE MpPEICTAB/IseT Jydllero crocoba HayduThb IMPOrpPaMMMPOBAHUIO, YEM
[OKA3bIBaTh U OOBSACHATH XOPOIIME IPOrpaMMbl, MU HE 3HAeT OPYroro crocoda
CTaTb XOPOILMM IPOrPAMMUCTOM, YeM IIOCTOSIHHO IIMCAaTh BC€ HOBBIE M HOBbIE
MPOrpaMMBbl, IBITASICh MPUMEHUTHL B HUX CBOM 3HaHUS. BoT 2To, HaBepHoe, TO,
YTO XOTEJOCh CKA3aTh B 3aKII0UYEHME STON KHUIU.

Bynpre XopoumMH MpoTrpaMMICTaMU, 3TO TaK WHTEPECHO!
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