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> 5.49 [lpusenute nepeBo, COOTBETCTBYIOIEE pUc. 5.18 npu nonyieHUH, YTO JIEMEHTDI
paccMaTpUBAIOTCH B INOPSIKE YMEHBLIEHUS MX pa3MepoB.

® 5.50 Jokaxure nemmy 35.3.

0 5.51 Cospaiite QyHKLMIO, pELIAIOLIYIO 3a4a4yy O paHlie, UCMOJb3ysl BEPCHUIO MpoOrpam-
Mbl 5.12, B XOTOpO# NMpPUMEHSIETCS BOCXOAsllee TUHAMUYECKOE MPOrPaMMHUPOBAHHUE.

e 5.52 Co3spaiite QyHKUMIO, KOTOpas pellaeT 3aiayy O paHLie METOAOM HUCXOMSLLETO M-
HaMHMYECKOTro MpPOrpaMMHpPOBAHUS, HO UCMONb3Yys [PU ITOM PEKYPCUBHOE pelicHHE,

AT T T FWE ATz AA T TTXMA M T TTTTE AT AITTETT T EAmTER 2 A TYY TEF T R o TTTEYT A AARTLIAY Vs S Ve, oammr T e TR ARS AT

OCHOBbIBAIOIIECCHA Hd BbiHHCIICHHW OIITHMaA/IbHOIO KOJ/IHYCCTBaA KunKpvoinuivu agjgomon=
Ta, KOTOPbI# JAOJKEH ObITH MOMeIEH B paHell, UCXons M3 onpeneieHUs (peKypCcUBHO)
ONTUMaJIbHOIO cnocoba ynakoBku paHLa 6e3 3Toro 3sjieMeHTa.

0 5.53 Co3spnaiite QyHKLHIO, pellalollyl0 3a4ayy O PaHlie, UCHOIb3ysl BEPCHUIO PEKYPCHUB-
HOTO DellleHUs, ONMMCAHHOro B YIPAXHEHUH 5.52, B KOTOpOH NMpPUMEHSETC BOCXOJsIiiee

LIE ikl niria \Ji11¥1 nu Sy

AMHAMHYECKOe MPOTrpaMMUpOBAHHME.

® 5.54 Bocnosnb3yidTech IMHAMUYECKUM MPOTPAMMHUPOBAHUEM JUIS pemelm yIpaxXHEHUS]
sich

g N Tt At s A AT A TR T ALY TE A AR AT L TTER I AT O T
5.4. O6GecnieynTe OTCIEXUBAHHE OOl1L€r0o KOJIH4YECTBa COXpaH

5.55 Cospnaiite nporpammy, B KOTOPOH HMCXOJslliee NTHHAMMYECKOE MPOrpaMMUpOBa-

PEKYPCHUBHOTO COOTHOLLEHUS

(VNI
W)Uk L=t ] ™

5.4 [lepeBbs

JlepeBnsi — 3TO MareMaTHyeckue abCTpakUMU, MIpaloliUe TIaBHY10 pojib NP pa3pabor-
K€ M aHalu3e aATOPHUTMOB, MOCKOJbKY

B Mbl HCIHOJALIYEM ACPEBbs IJI1 OMMUCAHUSA THHAMHUYECKHX CBOWCTB AJITOPUTMOB,

M Mbl CTPOMM U UCIMOJLE3YyeM SBHbIE CTPYKTYPbl HJAHHBIX, KOTOPbIE SIBJSIOTCS KOHKPET-
HBIMM peaiu3alusiMU 1epeBbeB.

Mbi yXe BCTpeyanuchb C nMpuMepamu ob6oMx NMpUMeHEHHMi AepeBbeB. B rmase | 6bLin

a3paGoTaHb! ANTOPUTMBI IS PELIeHUS 334ayy MONKIIIOYEHHUS, KOTOPhiE OCHOBLIBANIUCh HA
CTPYKTypax AepeBbeB, a B pa3fenax 5.2 M 5.3 cTpyKTypa BHI30BOB PEKYPCHBHBIX aJIrOPUT-
MOB 6bLjia OMHCAHA C MOMOILBIO CTPYKTYpP I€PEBLEB.

INONENT
1awvivl

Mbi 4acTo BCTpE4aeMcs ¢ AEPEBbAMM B MTOBCEAHEBHOM XM3HM — 9
THE O4YeHb Xopollo 3HakoMo. HanpuMep, MHOTHe JIIOIM OTCIEXHMBAIOT NPENKOB U Haciel-
HHUKOB C ITIOMOILbIO T€HEATOrMYyecKoro AepeBa; kak OyaeT moka3aHo, 3HAYMTENbHAs 4YacThb
TEPMMHOB 3aWMCTBOBAHA UMEHHO M3 3Toil obsnacT npuMeHeHus. Eumle oauH npumep —
OpraHu3alusi CMOPTUBHBIX TYPHHUDPOB; CPeH NPOYMX, B MCCIENOBAHMH 3TOro NMPUMEHEHHUS
npuHsn yyactie M JIbiouc Kapposn (Lewis Carroll). B xayecTBe TpeThero npumMepa Mox-

HO NPHMBECTU OPraHU3ALMOHHYIO HHarpaMMy 6oJbLIOH KOpMOpauuHu; 3TO rlpPlMeHCHPlC oT-

HUUaeTCd uenanxuuyeCkKuMm baznelieHUEM XapaKTepDHBIM I aNrOnpUTMORB TUTIA na'znpnqu U

vaxi 38w i Wi llvrl“rllll 3 uvHv-nle‘l'A'A’ AGPARILP DN it SNV 2l Phawvarsa Tl

BNACTBYii". YeTBEPTbIM MPUMEPOM CIIYXKMT IEPEBO CUMHTAKCHYECKOIO Pa3ioXeHHUs Ipeaso-
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XEHUS aHraMiickoro (au nwoboro Apyroro s3blka) Ha COCTABJSIIOUIME €r0 YACTH; TaKOe
AepeBo 6JM3KO cBsi3aHO ¢ 0OpabOTKOH KOMIBIOTEPHDLIX A3bIKOB, KaK ONMUCAHO B 4acTu 3.

TunuyHbIA MpUMep JepeBa, B JAHHOM CJIyuae ONMUCHIBAIOLIErO CTPYKTYpy STOH KHMTH, IO-
KAa3aH Ha pMC. 5.19. B kHure pPACCMAaTPUBAETCS U MHOXECTBO JIDYTUX NPUMEDPOR NMpPUMEHE-

LEL R e AL LS ] I 2 ~rJ - " o 22

HMS [epeBbeB.
[IpuMEHUTENILHO K KOMIIBIOTEPAM, OLHO U3 Haubosiee U3BECTHBIX NPHUMEHEHHIl CTPYK-

LI ny an b181 4

TYp AcpeBbeB — ANA Op
Ja Ha3blBAEMbIX TAKXE nankamu), KOTOpPble PEKYPCUBHO OIIpENeNslOTCS KakK MOCjeI0Ba-
TEJILHOCTY KaTajoroB W ¢aiaosB. OTO pEeKypCHBHOE OIpeleSeHUe CHOBAa OTpaxaeT
eCTECTBEHHOE PEKYpPCHUBHOE pa3bMeHHe Ha COCTaBIsAIOIME U HAEHTHYHO ONpeAcicHUIO
ofpeleJIeHHOro TUMa JepeBa.

CyuectByeT MHOXECTBO Pa3/IM4HbIX THNOB JEPEBbLEB, U BAaXHO MOHUMATb pa3iUyUe
MexX1y abCcTpaklUMe W KOHKPETHLIM MpeNCTaBlIeHUEM, ¢ KOTOpPLIM BhINOJHAETCS paborta

g nagHoro nmpuioxeHud. CooTBeTCTBEHHO. Mbl nnnnnﬁun DACCMOTDUM DAJTUUHLIE TUNL]

FACITE pAlRTAiENTx REp AR S iailh. A wa D eissry VWIS pPAVVIVEV SRR PoUarinunoiv il

JEpEBLEB U UX NMPEACTABIACHHA. PaCCMOTpCHMC Ha4YHETCA C oNpelcyieHUs1 NEPEBbLEB KakK ab-

CTPAKTHLIX 00BbEKTOB U C O3HAKOMJICHHS C OONBIUIMHCTBOM OCHOBHBIX CBSI3aHHBIX C HUMM

mamsrriran A "nfkf.“
IUPMI’IHUD Vibl nvyup

Ma
T pacCMATPHUBATL B IOPAIAKE CYXKEHHSI CAMOIO 3TOIO NOHATUAL

ALIOTHO N erre A IRV T .Y
anAaiuvn

B Kamaaoeax \HHOI-

- TEIT VA MYITTYIY ITAMmANI AN T . -

JiIibHO PACCMOTPHM PA3JiH4HbIC THIIbI ACPEBLEB, KOTOpPbLIC ClicAY-

JlepeBbs
JlepeBbsd ¢ KOpHEM

YnopsnoyeHHbIE nEpeBbs

M-apHbie M 6MHapHBIE NEpEBbs

iTocne sToro HeGOpMaNLHOroO PaccMOTPeHUs MbI NepeiieM K QopManbHbBIM ompele-
NIEHUSIM U PAcCMOTPUM NpelcTaBieHus U npunoxeHus. Ha puc. 5.20 npusenena uamocr-
pauMs MHOTMX M3 3TUX 0a30BbLIX KOHLUENLMIA, KOTOpbie OydyT cHayana paccMaTpuBarbes, a
3aT€M M ONPEAEIIATHCS.

Hom:mn /h-pp) — 3TO Henycragd KolnexKilug Be
P w4 - AS R AN W) A4 AN

ACNEHHBIM TpeOOBaHUsIM. Bepwuna (vertex) — 310 NpocTOi OOBEKT (Ha3blBaeMbli TaKXKeE y3-
aom (node)), KOTOpHIi MOXET UMETb UMs U COLEPXKATb APYrylo CBA3aHHYIO ¢ HUM HHoOP-
Maliuio; pebpo (eage/ — 3TO CBsi3b MCKAY ABYMs BCpiliMHAMM. [Iympo (path) B B O€PEBE — 3TO
CIIUCOK OTHAEJNbHBIX BEPIUMH, B KOTOPOM CJIEAYIOWME APYT 3a APYrOM BEpPIUMHbI COEAUHS -
10TCcsi pebpaMu nepesa. Onpenensoniee CBOMCTBO NepeBa — CYILECTBOBAHUE TOJBKO OIHO
nyTH, CoelMHsIoOEero nobbie ABa yina. Ecan Mexay Kakoil-ubo napoil y3noB CyLUECTBY-
et 6osee ONHOIO NMYTU WU €CAU MEXNY KakoU-1MOO Mapoil y3noB MyTh OTCYTCTBYET, Mbl

uMeeM rpad, a He aepeBo. HecBs3aHHbIT Habop AepeBbeB Ha3biBaeTcs 6opom (forest).

{  omerusciwma. N
W O 1 W

CTPYKTYPb A2HHbX CopTupoeKa nowcx )
G Y oo 6 e @ @ e

AN AN AN I N AN AN TN AN AN N AN 78N AN AN /7N

Jmo depeso onucwieaem wacmu, 2ragvt u pazdeasvt smoii knuzu. Kaxcowi anemenm npedcmaeaen y3noM.
Kaxcowii yzen c6a3an HUCXOORUWUMU CBA3AMU C COCMABARIOUUMU €20 YACMAMU U 80CX00AWel C6A3BI0 — €

BoABLICL WArMBIO. K XKOMODOU OH RDURADAC MM

VUADMeTer RLLITON, v RUINURP Vs Ui FpiuenleUliCuniesris,
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npumeps 080UHHO2O0 Depe6a fh

(86epxy caeea), mpouuHozo SHelliast yoen —

depesa (66epxy cnpaea), 0epe6a ¢ oonuon cvns pONCTBeHHA ysen

OpHeM (6HU3Y caega) u Mvsen Y
Koprex (suusy cieea) 7 g R Y N Y ?
C6UOUUVHRUCU UC[ICUU (ﬁﬂudy . \
[IO4EPHHRA
cnpasa). yaen f /1( \S{ + .
I A ZDT o K"?ﬁ

Hepeeo ¢ koprem (edurcmeennsiM, rooted) — 3TO NepeBO, B KOTOPOM OIMH y3ej Ha3Ha-
YeH KopHem (root) nepeBa. B 001acTU KOMIIBIOTEPOB TEPMUH Jepego OOBIYHO NMPUMEHSAETCH
K JEepeBbsIM C KODHEM, a TEPMHUH cg0600Hoe Oepeso (free tree) — K Boyiee 0BLIMM CTPYKTY-
paM, olMCaHHbIM B NpeabiayiieM ab3aie. B nepeBe ¢ KopHeM n1060ii y3en sBaseTcs Kop-
HeM nojjaepeBa, COCTOSLLETO0 U3 HEro U pacloNoXEHHBIX 1101 HUM Y3JOB.

p\lYIlP("T‘D\IF’T‘ TANTLKEN NAMTUAH TIVTL MaWITy KONUAeM A KAWNTLIM 42 JTTNYTIIAY v2ITI0n
WwiDYWwi 1VAD A0 MWy RVPNVIVE KRG/ FiJ apyifia y.J D

JlaHHOe olpelneneHre HUKaAK He onpeaeiseT HanpabieHUe pebep; oOblYHO cuMTaeTcs, 4To
BCe pebpa ykasblBalOT OT KOPHSI MJU K KOPHIO, B 3aBUCUMOCTH OT NpuUiaoxeHUs. OObIYHO
JAEPEBbSi C KOPHEM PUCYIOTCSi C KOPHEM, PAclioIoKEHHbIM B BEPXHEH 4acTH (XOTs Ha Mep-
BB B3IJISIA 5TO CoIVlallieHUE KAaXETCs HEECTeCTBEHHBIM), W TOBOPAT, UTO y3eJ y paclnoJia-
raercs nod y3ioM x (a x pacrnoJjiaraercs Haj y), €ClM X HaXOAUTCH Ha NMYTH OT y K KOPHIO
(T.€., y HAXOOUTCA 101 X, KAK HapUCOBAaHO Ha CTPaHULIEC, U COEAMHSIETCH C X NyTeM, KOTO-
pblii HEe NMpPoXOaUT Yepe3 KopeHb). Kaxabiit y3en (3a UCKIIOUEHUEM KOPHSI) UMeeT TOJBKO
OIMH Yy3esl Hal HUM, KOTOpbIH Ha3bIBAa€TCs €ro podumeabckum y3iom (parent); y3ibl, pacrno-

JJOXEHHBIC HENOCPEACTBEHHO NOA AAaHHLIM Y3AO0M, HAa3blBalOTCHA €ro aoqepuwuu y3aamu

acuiupgeTrcd elle Bongie
Wil AFLLL W

rchildren). AUHorna aHaiorus ¢ reHeallorMyecKUMHU
Gl1ldas 1 1% Wi 'll-”l.\l‘\(,l N AL AV |

m
(b’ll}“' D'l/- L1111 AQ ANJL XFi/3 W 1 WwWillWwlaJdRVJL X LIV EL A

M Torna ropopst ob yanax-npedkax (grand parent) UNU poOcmeernbix (sibling) y3nax naHHoO-
ro yaia.

Y35bi, HE WMCEIOILKE NO4YE CpPHHUX Y3J10B, Ha3biBalOTCA AuUCHIbAMU (lea e‘/ W mepMuUHais-
HboiMU (OKOHewHbiMuU, terminal) y3naMu. JLJIss COOTBETCTBMUS C NOCIEIHUM NPUMEHEHHUEM Y3IbI,
MMelollMe XoTs Obl OAMH OOYEpHMH Yy3eJ, MHOIAA Ha3blBalOTCA HemepMUHAAbHbIMU
(nonterminal) y3naMu. B 3Toil rilaBe Mbl yXe BCTPEYAIMCh C NPUMEPOM YTHJIUTHI, pasinya-
Io1lel 9TU THUIBI Y3J10B. B nepesbsix, KOTOpbie UCTIONB3OBATUCH IUISI MPEACTABIEHUS CTPYK-
TYpHl BbI30BOB PEKYPCHUBHBIX @JITOPUTMOB (HallpUMED, pUC. 5.14), HeTEpMUHAIbHBIE Y3IIbl
(OKpYXHOCTH) NpeACTaBIAIOT BbI30BbH (PYHKIMHA C PEKYPCUBHBIMM BbI30BAMH, a TEPMU-

Hble y3nbl (KBaapaThl) NPeNCcTaBAsIOT BbI30Bb GQYHKIMI O3 peKYDPCUBHLIX BLIZOBOB,

LA DA J"" ID: \NDGAPG D) HPVALVIGDAANY S DUOISVDEDL Ay SRR VUbo PUVRypWwribDiiDia DIV OV

5
B onpeneneHHBIX NPUITOXKEHUAX CNOCOO yNMOpsiioYeHUs! NOYEPHMUX Y3JIOB KAXIOro y3a
MMEET 3HaYEeHUE; B IPYTUX 3TO HE BAXHO. Ynopadouennoe (ordered) nepeBo — 3TO LNEPEBO
C KOpHEM, B KOTOPOM OIlipEAcjicH MOpALOK CJi€AOBaHKHA NOYEPHUX Y3Ji0OB KaxAOro ysjia.
YnopsinoyeHHbIEe AEPEBbs — €CTECTBEHHOE MPEACTaBJeHUE: HallpuMep, IIpM PUCOBaHUU Lie-
peBa NOYEpPHHUE Y3/bl pasMELLaloTCsl B ONpeNENeHHOM rnopsake. JleHCTBUTENbHO, MHOTHE

1pyrue KOHKpPETHbLIEC NPEACTABNICHNUA UMEIOT aHATOTUYHO l'IpCIlﬂOJIaI‘aCMblﬁ IOpANOK; Ha-

iavs

PacneyaTtaHo nporpammoii FinePrint - KynuTe wiww fineprint com



Taaea 5. Pexypcus u depeevs 221

NpUMED, 0bObIYHO 3TO pas3iMuue€ UMECT 3HAa4C€HUE NIPHU PACCMOTPCHUM TIPCACTABACHHA ACpE-
BEEB B KOMITBIOTEPE.

Ecnu kaxubli y3en 0oaxcen UMETb KOHKPETHOE KOJIMYECTBO JOYEPHHUX Y3JIOB, MOSIBIIsSA-
Ke, Mbl uMeeM M-aproe depeso. B TakoM IepeBe 4acTO MOXHO

L4 P\ Ve VLo 2 LAY AL IV MUARY

LMXCA B KOHKPETHOM 1opsj

LAFRAL D RUNRAPLIZVM 2 T

onpeac/iMTb CNCUHUAIBHBIE BHECIUHUE Yy3Jibi, KOTOpbLIC HE UMCIOT JOYCPHHUX Y3JIOB. Torna
BHCILIHUE Y3JIbl MOI'YT JEHUCTBOBAaTb B Kay€CTBE (l)PlKTMBHbIX Ha KOTOpBLIC CCbLIAKOTCA Y3Jbl,

{

u
ie U e vKas IATA W ranTIr faman D T P PRT TR

H MCIOLLH yl\a AHHOI0 KOJHWUYECTBaA ,u.U‘u.«ynnA yJJlUD D YaCTHOCTH, upuu CHLLIMM TUTIOM
M-apHoro nepeBa siBisieTcss OMHapHoe nepeBo. bunaproe depeso (binary tree) — 5T0 ynops-
IOYEHHOE AEPEBO, COCTOSILEE U3 Y3JIOB IBYX TUIOB: BHEWIHHMX y3JI0B 6€3 JOUYEpHUX Y3JIOB
M BHYTPEHHMX Y3/10B, KaXIblii M3 KOTOPbIX MMEET POBHO /Ba IOYEPHUX y37a. [10CKONbKY
IBa JIOYEPHMUX Y3/1a KAXIOTOo BHYTPEHHErO Y3Jla YNOPSIOYEHbI, TOBOPST O 2€60M O0YepHEM
yane (left child) v npasom doueprnem y3ne (right child) BHyTpeHHUX y3n0B. Kaxblii BHyTpeH-
HUH y3€J NO/DKEH MMETb U JIEBbIH, M NMpaBbiii JOYEPHUE Y3JIbl, XOTA OAMH M3 HUX UM 00a

MOTIVT OBITH BHEIUHUMU vinaMu. Juem » M-apHoOM nepere — 3TO BHYT

MIVE Y1 VDA D ODOVILOAaNAa yoeuaQian D aTQp OV AV DY jol oy

gl

JOYEPHUE Y3JIbl KOTOpPOIo SBJISIOTCS BHEUIHUMM.
Bce 10 00Owiasi TepMuHOJIOTUS. Ilanee paCCManMBalOTCH d)opMaJIbele onpencicHus,

[ ﬁunapyblc U M-avHuble > 1epEBbA

- “nz 122 LATQP DIV ALy

® yNnopsiiO4CHHbIE JEPEBbA
B JepcBbsA C KOPHEM
|

CBODOIHBIE IEPEBbS

HauaB ¢ Haubonee xapakTepHON aOCTpaKTHOM CTPYKTYpbl, Mbl JOJLKHbBI ObITh B COCTO-
SSHUM NoApOOHO paccMOTpeTb KOHKPETHBIE NPEACTaBIEHMS, KaK CTaHeT MOHATHO U3 dallb-
Helllero U3JIoXKeHUs.

Onpenenenue 5.1 bunapnoe depeso — s3mo aubo enewruli ysen, aubo eHympenHull y3zen, ces~
3aHHbIl ¢ napoil BUHApHuiX Oepesbes, KOmopoie HA3bIGAIOMCA A€GLIM U NPABLIM NOOOEPeabAMU
3moeo y3aa.

W3 atoro onpeneneHus CTaHOBUTCS NOHATHO, YTO CaMu JEPEBbs — abOCTPAKTHOE MaTe-
Mmatuyeckoe NnousaTtue. [lpu paboTe ¢ KOMNBIOTEPHBIMM NPEACTaBICHUAMH MBI paboTaeM
BCEro JIMib C OJHOM KOHKPETHOH peanu3auuei 9Toil abcTpakuuu. DTa cUTyalus HE OTIM-
yaeTcsl OT NPEACTaBACHUS INEHCTBUTEIbHBIX YMCEN 3HayeHUsmMM Tuna float, ueabix uucen

3HaueHUsaIMU TUNa int u 1.0, Korma Ml PUCYEM JIEPEBO C Y3JIOM B KOPHE, CBA33aHHLIM nebH-

araaa aAaxw .n a | A M VEY VY OAaVIVE D RUpIvy wiDs “llllulll |

pamu C JIEBbIM [TOANEPEBOM, pPacloOXEHHbIM CJiEBa, M C MpaBbIM MOALEPEBOM, Pacloio-
XEHHBIM cnpaBa, To Bblbupaem yao6Hoe KOHerTHoe npeacrapienune. CylecTByeT MHO-

arT ATVTIV TV nAA AT TaAnTa ~ITY TV ny o £ ~me I¥ATIMIsa s

XKECTBO padinyHbiX CHOCO00B nNpCACTaBICHNA 6uH apHbiX ACpCBLCB (CM., Hanpumep,
ynpaxHeHnue 5.62), KoTopble MOHayaly KaXyTcs YAMBUTEIbHBIMM, HO BIOJIHE OTPaXaloT
CYLIHOCTb, KaK ¥ MOXHO OblJ10 OXWIATh, yYUTbIBasA abCTPAaKTHBII XapaKTep Onpeae/ieHUs.

Yaiue Bcero NPUMEHSIETCS CAEAYIOLIEE KOHKPETHOE NPENCTaBJICHUE NPH pealu3aluy
MporpamMM, MCMOJb3YIOIMX ¥ MaHUNYJIUPYIOLIMX OMHAPHBIMU AEPEBBLIMU, — CTPYKTYpa C
ABYMS CBA3SIMH (NpaBOil M J€BOM) I1s1 BHYTPEHHMX Y3JI0B (CM. puc. 5.21). OTu CTpyKTYyphI
aHAJOTMYHbl CBAA3HBIM CIIMUCKaM, HO OHM MMEIOT 110 ABE CBS3M ISl KaXIOro y3ja, a He Mo

NeRLIe CRAIU COOTBETCTRVIOT RHENIHUM vaNnam. R uactuoctTu. mMut
193 07} MUVADVAVA S SesliVie Ar

YIOT BHELIHUM Y IACTHOCTH, MBI I
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22 2 Yacmo 2. Cmpykmyps dannsix

K CTaHAApPTHOMY IpEACTaBJIEHMUIO CBA3HOIO CNMCKa, NPUBEACHHOMY B pasfaene 3.3, caeny-
IOIMM 0bpasoM:

struct node { Item item; node *1, *r; 1}

DTO0 CTaHAApTHOE MPEeACTABJIEHUE MO3BOJNSIET MOCTPOUTh 3G(MEKTUBHYIO peanu3anuio
onepauuii, KOTOPbIE BbI3bIBAIOTCS Ul MEPEMELLEHHUS IO NEPEBY 6HU3 OT KOPHS, HO HE LIS
NEepeMEILEHUS 10 NEPEBY 66epx OT AOYEPHErO y31a K €ro pOAMTENLCKOMY yany. s anro-
PUTMOB, TPeOVIOILKUX WUCIIONb30BAHUSI TAKMX ONEpaluid, MOXHO A0OAaBUTb TPETbIO CBA3b LIS
KaXJI0ro y3Ja, HalpPaBJIE€HHYIO K €r0 POAUTEJILCKOMY y3iy. DTa ajbTepHaTMBA aHaJOTUY-
Ha JBYXCBSI3HbIM clKcKaM. Kak M B ciyyae cO CBA3HbBIMM cnMcKaMu (cM. puc. 3.6), B oi-

pPTIPTlPuuLTY PHT‘IQIII ay V2AMLY HPI’\PDQ Yl‘\ﬂl—ld"l‘(‘d n k

VAWAWIINIDLA WELL yQiari Ll\ J iDL LAvipe ApPQAaLiziivia D M

3YIOTCS MHIEKCHI, a He yKazaTteau. KOHKpeTHbI MpUMep TaKoi peain3allUu MCCIAEayeTcs
B pasaene 12.7. JInst onpeneneHHbIX CrELMaIbHbIX AITOPUTMOB MUCIONb3YIOTCS APYrye npe-
CTaBjieHWs1 GMHApHbIX AEPEBbEB, 4TO HanboJiee MOMHO UCCHEAYETCA B TIaBe 9.

M3-3a HaIMYMUSA TAKOr0O MHOXECTBA Pa3lUYHbIX BO3MOXHBIX MPEICTABACHUIH MOXHO
ob10 61 pazpaborats ADT (Abstract Data Type) (abcrpakTHblit TUN AaHHBIX) GUHAPHO-
ro 1epeBa, UHKAIMCYJIUPYIOMUA BaXHbIE ONEpaLud, KOTOPble HY>XHO BBIMOJHSATb, U pa3fe-

NFOIUK UCNIONbL30BAHUE U i pCAIM3aUI0 DTUX OHED&HMM B DaHHOW KHHUre naHHBLIU MOAaXon

HE UCIMONb3YETCs, MOCKOIbKY

+
o
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B  4ane BCEro Mbl UCIOJBL3YEM NPEACTABJICHUC C IBYMS CBI34AMH,

W Mbl UCNOJIb3YEM HepeBbs ansl peanusauuu ADT Gonee BLICOKOTO YPOBHS, U XOTHM

® Mbl paboTtaeM ¢ aropuTMaMu, 3OPEKTHBHOCTL KOTOPBIX 3aBUCUT OT KOHKPETHOTO
NPEeACTaBIEHUS, — 3TO OOCTOATEAbLCTBO MOXET ObITh ynywieHo B ADT.

Ilo aTuMm xe NpUuiHHaM Mbl HUCIIOJNB3YEM YXE€ 3HAKOMbBIE KOHKPETHLIC NPEACTABICHHSA

MACCHBOB H CBSI3HbIX CITUCKOB I p€ACTABACHHUC 6HHapHOFO aepesa, OTO6pa)KCHHOC Ha pl/lC
5.21 — OoauH U3 (‘hVHTlaMFHTa JILHBIX UHCTPYMEHTOB, KOTOpLIH Teneps no6asjieH K 3TOMY

...... 1b ML AL, RIS 122

KpPaTKOMY CITHCKY.
AHaU3UPYs CBSA3HbIE CIIMCKH, Mbl HaYajlu PAaCCMOTPEHHUE C 3E€MEHTAPHBIX Orepalnii

QAN I A UNQa "nl"‘ﬂ A¥2r R ¥aY =] If‘“ mLar ’ q 1A q A\ n““ |‘f‘"nn' IMADAIIAN ATALINTanTIINrTA TINMorn
aBKl M Yaa/CHHA Y3JI0B (CM. PHC. 5.0 M 5.59). 1ipPH KHCITUIbL30BAHHMA CTaHAApTHOIO IpCA

CTaBJIEHUsI OMHAPHBIX NEPEBLEB TaKUE ONEPALMH HEOOA3ATENLHO SABJISIOTCS 3JIEMEHTAPHbI-
MM U3-3a HAIXYMsE BTOPO# cBA3U. Ecnu HyXHO ynanutb y3en u3 GMHApHOro aepesa, Npu-

XONWTCS pelliaTh MPUHUMNHAIbHYIO TPOOAEMY Hain4dus ABYX AOYEPHUX Y3JI0B U TOJbKO
OOHOTO PONMTENBCKOro, C KOTOPLIMM HYXHO paboraTh mocine ynaneHus ysna. CyiiecTsy-
IOT TPH E€CTECTBEHHBbIX OMNEpaluM, IS KOTOPbIX NMOAOOHOE OCIOXHEHHWE HE BO3HHMKAET:
BCTaBKa HOBOTO y3/71a B HMXHEH YacCTH JepeBa (3aME€Ha HYJIEBOM CBA3M CBA3bIO C HOBBIM

V3JIOM), vaaneHue JUCTa (3aMeHa CBSI3U C HUM HYJIEBOU CBA3LI) U oDbeIUHeHUe N1 NRYX Jte-

< 1 4 B YA UYL RN 2DT

Y3JIOM), VIaneHUe JIU
peBbLEB MOCPEACTBOM CO3JAaHMSI HOBOTO KOPHS, JIEBasd CBSI3b KOTOPOTO yKa3biBaeT Ha OIHO
JlepeBo, a npaBas — Ha Jpyroe. S'm onepaLuy UHTEHCUBHO MCIMOJb3YIOTCA NMPU MaHMIY-
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TIraea 5. Pexypcus u oepeavs 223

Onpennenne 5.2 M-apuoe depeeo — 3mo sHewHull y3en, Aub0 6HyMpeHHUU y3ea, CEA3aH-~
Hbili ¢ ynopadouennoi nocaedosamenvrhocmvio M Oepesves, komopvie makce asasaromes M-ap-

PINE YY) DAy vy maTa

noinu vepcooiami.

O6biuHO y3Jibl B M-apHbix Aepesbsix [peAcTasifiorcs inbo B Buie CTPYKTyp ¢ M iimMe-
HOBaHHBIMM CBA3SIMHU (KaK B OMHapHbIX JepeBbsix), Jubo B BHae MaccuBOB M cBa3seil. Ha-
NpUMep, B IiaBe 15 paccMOTpeHbl 3-apHble (MW mpoudnbie) 1epPeBbsi, B KOTOPbIX HCIIOJib-
3YIOTCSI CTPYKTYPbl C TpEMsI UMEHOBAHHBIMU CBSA3AMU (JIEBOW, CpelHEi U NpaBoit), Kaxaas
U3 KOTOPBIX UMEET CIIELIMANILHOE 3HAYEHUE JUIS CBSI3AHHBIX C HUMU anroputMoB. B ocranb-

HBIX CJIy4asiX MCMOJb30BAHUE MACCHBOB /Ul XPaHEHHUs CBSI3el BIOJHE MOIXOAMT, NOCKONbKY
3HaueHUe M (GHUKCHPOBAHO, XOTS, KaK OyleT MOKa3aHo, NP UCIOAL30BAHUM TAKOTO [peACTaB-

neuHa nenfine RUUMALTIIE TTOTNAAVATOd VAATUTL MUTAUCURUAMY UCTATLANRALAL TTAMMOTA

JAIVIINIZI UVUVUUL DHOFIVIQIIAY HUIPUVUYVIVWA JAWINTD FTLIVIIVADIIVNMY AIVIIwIDIVDANYIRG 11avizi .
nnnnnnnnuup g 1 },Dnﬂﬂn /mnxz‘wo HrALIRAOMNEG VHNANTANUOIIIILINE anaanu) —— M VION /un_
NFRIPCIACVACTIFAN Jaed JRCPCUU (U ULT BWIRTLUOHMULC yrRopauvecnaudi/re vopglouvsre)/ SIS YO/ (s

<«

3bi6AEMbIll KOPHEM), CEA3AHHBII ¢ nocaedogamensbHOCMbio
AedoeamenbHOCMb Hasbieaemca Gopom.

eceazannbix oepesves. Takas noc-

x

Pasnuuue Mexay ynopsiioueHHbIMW NEpeBbSMM U M-apHbIMU JIepeBbAMU COCTOMT B
H Y

BIX JIeNeRLIX MOTVT UMETEL nwboe
ivasrsa 1 4 a s NI W

1iViw

~

OHHUP(‘TDI\ nouenyHy

TOM UTO V3Ll B y" y: VISV I DU AVIVEILL

, UTO Yy3/bl B
Y3/10B, B TO BpeMsl KaK Y3Jibl B M-apHbIX AepeBbsiX NOJLDKHbI MMETb TOUHO M NOYEpHHUX Y3-
noB. Horna B KOHTEKCTax, B KOTOpbIX TpedyeTcs pa3iinyarh ynopsioyeHHble U M-apHbie
AEpEBbsi, Mbl HCIOJIb3yEM TEPMH eiaseHoe Oepeso (general tree).

[MockonbKy Kaxnblid y3ea B YNOPsAOYEHHOM JepeBE MOXET UMETh Ji000e KONUYECTBO
CBs3€i, NMPEACTABASIETCS] €CTECTBEHHbIM PacCMaTpUBaTh €ro C MCHOJAb30BAaHUEM CBSI3HOTO
CIIMCKa, a HE MacCHBa, JUI XpaHEeHUs CBA3ei ¢ AouepHUMHM Yy3namu. TIpuMep Takoro npea-
cTapieHusl npuBeaeH Ha puc. 5.22. U3 3toro npumepa BUAHO, YTO TOrna Kax/iplil y3en co-

ACPXUT ABE CBA3U: OAHY I/ CBA3HOTO CITMUCKA, COEAHMHAIONIErTO €ro ¢ poOnCTBEHHbIMHU Y3-
JaMH, U BTOPYIO U151 CBA3HOI'O CIIHCKA €ro JOYEPHUX Y3JIOB.

nuegu
VREALOANDIA ALpULnD

Jlemma 5.4 Cywecmeyem o0no3nauHoe cooméemcmeue Mexcoy OUHAPHLIMU Oepeebimit U Yno-
padouennnimu bopamu.

3TO COOTBETCTBUE MOKA3aHO Ha puc. 5.22. Jli060ii 60p MOXHO MpeACTaBUTHL B BUIE
OMHapHOro JepeBa, CeNaB JIEBYIO CBSI3b KaXIOro y3J1a yKa3blBalOIUEH Ha ero JieBblit 10-
YepHHMH y3eJ, a MpaBylO CBA3b KAXIOro y3jla — yKa3biBaiollei Ha POJACTBEHHbIH y3el,
pacnoyIoXeHHbIH crpaBa.

A et N
AN ot B
VAN B NY ancll s e
WA \L aus R oms

PACYHOK 5.21 MPEACTABIIE
B cmandapmnom npedcmaenenuu 6unaprozo depesa ucnoab3yIOMCs yabl ¢ 08YMA CEAIAMU. N€6O0U CEATbIO C
feébiM noddepesom U npagoii CeéaA3bi0 ¢ npasvim noddepesom. Hynreawvie ceazu coomeemcmeyom eHewHUM

V22710
JHa .
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224 Yacms 2. Cmpykmypel danHbix

Onpenenenne 5.4 [epeso ¢ Kopuem (uru nHeynopadouennoe depeso) — 3mo ysen (Haswlea-
emblli KODHEM), CEA3AHHBIL ¢ MHOXCecmeeHHbIM Habopom depeeves ¢ KopHem. (Takoi mHoxce-
- . e A o

cmeéeHHblll Habop Hasvleaemca HeynopadoveHHoiM 60pom.)

Jepesbsi, C KOTOpbIMH Mbl BCTPEYAIHWCh B TjiaBe 1, MOCBALIEHHON| NpodJieMe CBA3HOC~
TH, ABJIAIOTCH HEYINOPAAOYEHHBIMH NCPEBbAMMU. Takue IEPEBbA MOIYT ObITb ONPEXCIEHD! B
Ka4ecTBe YIOPALOUEHHBIX ACPEBLEB, B KOTOPbIX MOPAAOK PACCMOTPEHUA NAOYEPHUX Y3JI0B
y3/1a HE UMEECT 3HAYCHUA. Heynopﬂnoqeunue JAEPEBbs MOXHO BbUIO OBl TaKXe onpencimTh

R BUIle unﬁnnn R2AUMOCRA3elU MEeXNY DPOIUTENBCKUMU U JIOUEDHUMU V3INaMMU. Takoe npen-

O Giiaaw 2G5S VAN T W iara 2 wea DI b R L LR L] seall]

CTaBJICHHE MOXET Ka3aTbCsa HE CBA3AHHBLIM C pacCMAaTpUBa€MbIMU PEKYPCUBHBIMH CTPYK-
TypaMH, HO, BEpOATHO, SABJIACTCA KOHKPETHBIM IPEACTABIICHHEM, KOTOpDOE€ B OCHOBHOM CO-

7Ty AN AT aRn QY YARILY ~ Ty .y

UlDCl\.«lDyCl auulpal\lnﬁm_y noax Gﬂy

HeynopsinoueHHOe nepeBO MOXHO ObuUTO Obl NPEACTABUTL B KOMIBIOTEPE YHNOPSALO-
YEHHbIM JEPEBOM; NPU STOM NPUXOAMTCS MPU3HATBH, YTO HECKOJIBKO Pa3iMYHBIX YIO-
PSIOYEHHDbIX JE€PEBbEB MOTYT MPEACTABIATb OJHO U TO X€ HEYNOPSALOYEHHOE AEPEBO.
JleiicTBUTENBbHO, OOpaTHas 3agaya onpeneieHusl TOro, NPEACTABISAIOT JM Ba pa3iM4HbIe
yNopsAOYeHHbIEe JepeBa OIHO M TO X€ HEeYNOpSLOuEHHOe AepeBO (3alaya u3oMoppusma

,IICPCBa) TPYAHO NOJACTCA PELUEHHIO.
Haubonee obmuM TUNOM NeneBEeR 9RIIGETCH e

HauGonee obius AepeBb aep

KOpHeBo# y3en. Hanpumep, ocTOBHble AepeBbsi, MONYYEHHBIE B pe3ynbTare paboThl airo-
PUTMOB CBSI3HOCTH M3 TNaBbl 1, oﬁnanaxoT 5TUM CBOMCTBOM. [l npaBUJBHOTO Onpenese-

o vz 13 Mia AW il AAKE wSpAKILR

€R0, B

Tewa PP S ~, YN 4 % am .n 223 ras DM A TEATES

HHWA uepeuoco' U€3 KophA, ne_ynupn HeHHbIX 0epeased U C80000HbIX (}cpccocu NoTpeo ye
C onpeaeseHust epagoe (graphs).

Onpeneneune 5.5 Ipagh — 3mo nabop yanoe c nabopom pebep, komopsie coedunsiom napsl
omoeabHbiX Y3108 (npuyem ai00yio napy y3noe coeoursem moasKo odHo pebpo).

A {

=T 1]
N arm = :
% T S 0

{of oo ] Jorwi:] Jorm{] [-]

D O O =
d L;J_L_-l

PUCYHOK 5.22 NPEACTABNEHWE AEPEBA

IIpedcmaenenue ynopadouennozo depesa 3a cvem noOOEPHCAHUA C6A3HO20 CAUCKA OOMEPHUX Y3108 KaXcdo2o
yana 3xeueaieHMHo npedcmasaeHuio e2o é aude 0eouuno20 depeaa. Ha cxeme cnpasa aeepxy nokasano
npedcmaenenue @ 8Ude CéA3H020 CHUCKA 00HEPHUX Y3108 043 Oepesa, NOKA3QHHO20 CAe6a 88epxy; npu IMOM
CRUCOK Peaau308aH 8 nPAGbIX CéA3AX Y3108, A A€6af C6:A3b KANC0020 y31a yKa3bieaem HA nepebili y3en 8
C6A3HOM ChUcKe e20 doueprux y3to8. Ha cxeme cnpaea enu3y npusedena HeckoabKo UMEHEHHAS 6ePCUR
gepxueu cxembl; OHa npedcmaeasem bunaproe depego, uzobpaxcennoe caeea enu3y. Takum obpazom,
ﬂIlHﬂanﬂ Bpnpen MOMCHO nnrrunmnunnmh / Kauecmee nnp()('mmiﬂpyuﬂ ()EDPRII
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Iraea 5. Pexypcus u depegba 225

IpencraBbre cebe, 4yTo nepemellaeTech BAOJIb pebpa OT OAHOrO Kakoro-iubo ysna no
ApYyroro, 3aTeM OT 3TOro y3ia K cienymoilleMy M T.A. IlocnenosarenbHocTe pebep, BemyLLHX
OT OJHOrO y371a [0 ApYroro, Koria HH OAMH y3eJl He MocellaeTcs ABaXlbl, Ha3blBaeTCs npo-

cmuiM nymem. rnarh ABNAETCA C8A3HbIM (connected), ecnv CYLLECTBYET nnnr'mu MVTh. CBS3bI-

(R &4 4 FEEENE A AL I LOASIOIAT (UL IC (LR ¥ 41 =22 Vwaa 2y i2, wLamaDh

BaloLHii moOyio napy y3ios. IlpocToii nyTsh, y KOTOpOro nepsbiii U MocleqHUN y3eJ cOBNa-
JaoT, Ha3blBaeTcsa yuxaom (cycle).

Yawnmna man M~ ODTOaT~ra O LrALSIEAS \IF

an ~ a adh annna
NamMidvy AVpPVbDU AbJiaviva IPGK‘JUM, a NanyYiv AL lpa\yybl ADJIIATIV

a rarave) T
n D. 1
TaeTcs AEPEBOM, €CIM OH YIOBJIECTBOPSET JIOOGOMY M3 CIEAYIOLUUX YETHIPEX YCIOBHIA:

v
M.

:c

B [pap uMeer N— 1 pebep U HM OOHOIO LMKIA.

B [pad umeer N— 1 pebep M aBiseTCad CBA3HBLIM.

B TonbKo OAMH NPOCTOM NMYyTb COEAUHAET KaXIYIO0 Napy BepLUMH B rpade.
|

I'pad sBasieTcd CBA3HBIM, HO IepecTaeT ObITb TAKOBBLIM IIpU YAAJIEHUH JIIOO0Io pedpa.

Jitoboe U3 3THX yCl10BUI — HEOOXOAMMOE M AOCTATOYHOE YC/IOBHUE [UISI BBHINOJIHEHHUS OC-
TaIbHBIX Tpex. PopMaibHO, OMHO M3 HUX JOMXHO GbLIO Obl CIYXHTH ONpeneleHHEM ceo-
6e0n020 depesa; HeopMaIbHO, OHN BCE BMECTE CIYXaT ONpeReecHUEM.

Mubl npeacraBnsieM cBo60aHOe AepeBO B BMAe KoyleKUMH pebep. Ecnu npeacraBasars

crOBOTUOEe NenerRN HevrnoNaaoOUeH M LTM VNaNganOUAHULIM WU nawe Auu
VAN AT HOC AV VDY IV Y IR P AMY SVIISIOIUNEy Y NV ARV AW DL i

NpUAETCA NMPU3HaTb, YTO B OOILUEM clyyae CYUICCTBYET MHOXECTBO Pa3jiMYHBIX CrOco60B
NPEACTaBIEHUA Kaxnoro csBo6oaHoro aepesa.

AbGCTpakiiis AepeBa HCNOJIb3YETCS YaCTO, H PACCMOTPEHHbIE B 3TOM pa3jejic pa3iue
BaXHBbI, MOCKONbLKY 3HAHWE pa3jIMYHbIX abCTpaKUMH NepeBbeB — CYLIECTBEHHAs COCTaBIs-
owas onpeaejeHus 3¢Gp@PeKTUBHOro alrOpiTMa U COOTBETCTBYIOIUMX CTPYKTYP AAHHBIX IS
pelieHUs AaHHOM 3amayd. YacTto npuxoaMTcs paboTaTb HEMOCPEACTBEHHO C KOHKPETHbI-
MU TIPENCTABIEHUSAMU JepeBbeB 6€3 yyeTa KOHKpPETHON abCTpakuMH, HO B TO Xe BpeMs
YaCTO MMEET CMBICH NnopaboTaTh ¢ COOTBETCTBYIOLIEH abcTpakuueil aepesa, a 3aTeM pac-

CMOTPCTb pa3mUYHbIe KOHKPETHBIE NPCACTABICHUA. B kHure IPUBEACHO MHOXCCTBO NpHU-

l‘Pﬁt\D D'I"ﬂl"ﬂ nr\nn oA
mwvp U TIVIV 1Py vvvu-

Ilpexae yeM BepHYTbCA K aITOpUTMaM U IMPEICTaBIEHUSAM, Mbl PACCMOTPUM psll OCHOB-
HbIX MAaTeMAaTHYECKUX CBOMCTB JAE€pEBbLEB; 3TU CBOMCTBA OYAYT UCIOIb30BAaTLCA MPH paspa-

UUIKC n dHa/INsC JHHOPNIMOB B BMUC ACPUBDLUB.

YnpaxHeHnus
> 5.56 IlpuseauTe npeacraBneHus cBOOOIHOIO AepeBa, MOKa3aHHOro Ha puc. 5.20, B dop-
4 MTensRad © KNONUAM F\u anHNArNn nenenAa

Alvlv AVEPVDRG Vv RUpINivie F1 VRl l iV Avpvia.

¢ 5.57 CkonbKo cyuiecTBYeT Pa3lMYHbIX CIIOCOGOB MpelncTaBieHUsi CBOOOJHOIO n€peBa,
nokasaHHoro Ha puc. 5.20, B popMe ynops04€HHOTo aepeBa?

> 5.58 Hapucyiite Tpu ynopsao4eHHBbIX AepeBa, KOTOpble U30OMOP(HBH MO OTHOIIEHHUIO
K YNOpAAOYCHHOMY [epeBy, iiOKa3aHHOMY Ha puc. 5.20. pyrumu CiioBaMu, HOMXKHa Cy-
IECTBOBATh BO3MOXHOCTb NMpeobpa3oBaHUs BCeX YETHIPEX AEPEBbEB OJHOIO B APYroe

nyreM obMeHa AOYEPHHUMH Y3IaMH.

0 5.59 Ilpeanonoxure, 4YTo AepeBbs COAEPXAT 3JEMEHTbI, LIS KOTOPbIX OMNpenejieHa orne-
pauus operator==. Co3pnaiite peKypCHBHYIO NPOrpaMMy, Kotopas yaansieT B GUHapHOM
AepeBe BCE JIMCTbS, COAECpXAalllUe 3JIEMEHThI, paBHble JaHHOMY (CM. Mporpammy 5.5).
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226 Yacme 2. Cmpykmypst 0anHbix

0 5.60 N3zmenure dyHkumio "pasgensiii 1 BnacTBYi" [ MOMCKA MAKCMMAJIbHOTO 3J1EMEH-
Ta B MacCuse (nporpamma 5.6), uToObl OHa AenMAa MacCUB Ha k yacteil, pa3Mep KOTO-

pbix pasnuyajics Obl He Dojiee 4eEM Ha 1, peKypCHMBHO 0/1MJla MAKCUMYM B KaXIO#
4YaCTH H BO3BpallaJa MaKCHMaJIbHbIA U3 MaKCMM)’MOB.

5.61 Hapucyiite 3-apHbie U 4-apHbie 1€peBbsi, COOTBETCTBYIOLLME MCIOAb30BAHUIO k = 3
U k=4 B peKypCUBHOW KOHCTPYKLHMH, NPENTOKEHHOI! B ynpaxHeHuu 5.60, mns maccu-

ero uz 11 ageMenTOR (cM. puc. 5. 6\
, aue -

O 5.62 buHapHble NepeBbd IKBMBAJEHTHbI JBOMYHbIM CTPOKAM, B KOTODBIX HYJIEBbIX OH-
TOB Ha | 6oablue, YyeM eAMHMUYHBIX NpPU COONIONEHMHN NONOJHMTEIbHOTO OTPaHUYEHHH,
4TO B JHOOOH NO3MLMK k KOJIMYECTBO HYyJAEBBIX OMTOB cieBa OT kK He Oonblile, YEM KO-
JIMYECTBO €AMHUYHBIX OUTOB cieBa oT k. buHapHoe nepeBo — 310 MO0 Hyab, AMbGO nBE
TaKHUX CTpOKM 00beIMHEHHbIE BMECTE, KOTOpbIM Mpenuectsyer 1. Hapucyite GuHap-
iiic
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0 5.63 YnopsuioueHHbIE N€PEBbA IKBUBAJICHTHBI COrJlIaCOBAaHHBIM NapaM KpyrihiX CKoOOK:
YyNOpSILOYEHHOE AEPEBO — 3TO JUOO Hyab, 16O OCAEA0BATENBHOCTD yHOPHIIO‘ICHHbIX

- e V-2 Y n-rn MAITATTITY rv n vITNTE Y ¥ A "n-'-'n S e Y-% s P

sy MrIa Nir
,LLUIJUDDUD, qu\) I\I“lbl‘ln A D I\P_yl./ v URAU

OTBETCTBYIOLLEE CTPOKE

(COCOOYM OO0
ee 5.64 CosznaiiTe nporpamMMy ISl oNpeneeHus TOro, NpeacTaBisioT M aBa MaccuBa N

TEAUVTTATNT FTNATT TINEIAa nTarmany

1INitary A LEAONITIVS n A A’ — I “’)f\l'f\ﬁf"\lll 2 =31 r sl
CyaniUpriaoaonmbiC 4CpCBbi,

LYV
HHbIX 3HA4YeHUHA MCKAY v H Iy 1 HSOMOP{PHDbI

e H
€CIM MHTEPNPETHPYIOTCA (Kak B riase 1) B GopMe cBsI3el TMNA pOAMTEIbCKUM-T0YED-
HUI B IepeBe C y3inamu, NpoHymepoBaHHbIMU OoT O 1o N— 1. To ectb, nporpamma pon-

WHA nTIr\PnPTICITL r‘\l"lPr‘TR\lPT U rnnrnﬁ HIMEeHeHUu4d HVMeEeDalliu v3IIOB B nrlun‘ nepe-

Nl Vidpvaveasia Wy AR Ly~ A2 R AV VIV AVER (LIRS0 2L 2 03 ¢ Ps Y Jnuvyuqllxn J D vi LN

B€, uyTOOBl mNpencTaBA€HUE B BHUIE MaCCMBa OIHOro jepeBa Obl10 HMIAEHTHYHBIM
NpeacTaBlIeHMI0 B BMJE MacCUBa JPyroro Nepesa.

[

5.65 Cozpnaitte nporpamMmy Ui ONpeneieHUs TOro, NpeacTaBIsIoT a1 1Ba OMHAPHbIX le-
peBa MU30MOpPGHBIE HEYNOPSIOUYEHHbIE JEPEBbS.

> 5.66 Hapucyiite Bce ynopsiioueHHbIE NE€pEBbS, KOTOPblE MOTIM Obl NPEACTABAsATb J¢-
peBo, onpegeneHHoe Habopom pebep 0-1, 1-2, 1-3, 1-4, 4-5.

® 5.67 JokaxuTe, 4YTO €C/M B CBA3aHHOM rpage, CoCTOsIEM M3 N Y3/10B, YIAJIEHHUE JIIO-
6oro pebpa Bieuer 3a co60i pasvenuHeHue rpada, To oH umeeT N — 1 pebep n HU of-
HOro uMKJa.

5.5 Martematnyeckme CBONCTBA OMHApPHbIX AepeBbes

[Tpexne yeM NPUCTYIIUTL K PaCCMOTPEHMIO aIrOPMTMOB 00paboTKM nepeBbeB, NPONO-
XMM MaTEMaTHMYECKYI0 TEMY, pacCMOTpeEB psal 0a30BbIX CBOICTB AepeBbeB. Mbl cocpenoTo-
UMM BHMMaHMe Ha OMHApHBbIX IE€PEBbSX, NOCKOJbKY OHM MCNOJIb3YIOTCA B KHUre yaile Apy-
rux. [loHMMaHMe KX OCHOBHBIX CBOMCTB MNOCAYXHUT (YHIAMEHTOM JUJlss TTOHUMaHMS
XapaKTEPUCTHK TTPOM3BOIMTEIBHOCTU Pa3/IMUHBIX AJITOPUTMOB, C KOTOPbIMU Mbl BCTPETUM-

cg — He TOINLKKO TPY R KOTONEKIYXY ﬁ““ﬂr\HLIP TIPT\PRLG HCHOQIL3VIOTCY B VQUPPTBQ JRUKIY

L5023 RSO BV Fe e N Vg D O RViVpoia vianaps VWO XiNii Yy ava O LGave AN

CTPYKTYp IaHHBIX, HO U PEKYPCUBHbIX AJIrOPUTMOB THIA "pasiieisii U BJACTBYH” U npyrux
aHANOTUYHBIX NPHUMEHEHHH.
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Jlemma 5.5 bunaphoe depeéo ¢ N enympennumu yanamu umeem N + 1 enewnux y3nos.

Ora eMMa J0Ka3blBaeTCs METOIOM WMHAYKUMU: OUHApHOE nepeBo 6€3 BHyTpeHHux y3-

JIOB UMEET OJIMH BHEILHUM y3eJ, CJENOBaTeNbHO, JeMMa cnipaseriyBa ot N = 0. s

AS N mnE Firer
¥ 2 U JIDO0E OMHApH

C
B JIEBOM noaaepeBe U N—1—k BHY TpCHHI/IX Y3JIOB B NPaBOM NOJIEpEBE 028 HEKOTOPO-
ro k B AMana3oHe MexI NOCKOJIbKY KOpPEHb SIB/ISIETCS BHYTPEHHUM Yy3l10M. B

O~CNANTRATATRUIZ AN ILUINMTUVLETIAD LI TTNATIINTITINAWALILL -
VUV IDVAVI DL v IlllAJl\l YLD1I1LIV1 llPUAllUJlUl‘l\Ulll’lelVl Jr{euoe HGMPPPBO }'{l‘VﬁeeT b + 1 BH67

IIHMX Y3JIOB, a NMPaBo€ MOLIEPEBO — N—Kk BHEIIHHUX Y3JIOB, YTO B CYMME COCTaBJSIET
N+ 1.

AJ nl'\I’l"f\a‘ll’lII l'l wn watr anzoan b nirvrna I IIII VTN

I\ﬁ MO AN
UG U,UPUDU 1Y Dnylyunn ny 31 Nll’l ¥iMILVLVI A Dl'l)’ llJ\a nri yJJlUD

<
(e
-~
2
;_.
D -

Jlemma 5.6 bunapuoe depeso ¢ N enympennumu yanamu umeem 2N ceasei: N—1 censeii ¢
enympeHHumu yanamu u N + 1 ceszell ¢ enewnumu yztramu.

B KaXnoM JepeBe ¢ KOPHEM KaxIblil y3eJl, 32 UCKIIUYEHHUEM KODHSI, UMEET €AMHCTBEH-
HBI POAUTENILCKHIA y3€J, U Kaxnoe pedpo COEAUHSIET y3esl C €ro POAUTEIILCKUM Y3JI0M;
CJIEIOBATE/ILHO, CYLIECTBYET N—1 CBs3eil, COEAMHAIOMMX BHYTPEHHUE y3Jibl. AHAIOTHY-
HO, KaXnblif U3 N + 1 BHEUIHUX Y3JIOB UMEET OAHY CBSI3b CO CBOMM €AMHCTBEHHbIM pO-
IUTEIbCKUM Y3JIOM.

XapakTepHUCTUKHA NMPOU3BOAUTEIILHOCTA MHOTUX QJrOPUTMOB 3aBUCSIT HE TOJBKO OT KO-
JUYECTBA Y3JIOB B CBA3AHHBIX C HUMM AEPEBbSIX, HO U OT PaIMYHBIX CTPYKTYPHBIX CBOMCTB.

Onpenenenne 5.6 Ypoeenwv (ievel) ysna 6 depeeée na eCunuly eviule ypoeHs ezo podumensc-
Ko2o y3aa (Kopenb pasmewaemcs Ha yposene ()). Boicoma (height) depesa — makcumanvnolit
u3 yposHeu yanoe oepesa. [Jauna nymu (path length) depeea — Ccymma ypoeHell écex y3noe
depesa. Aﬂuii(’i GHYIMIPDERHESO nymu (iiil‘é‘i‘iic‘il putu wngzn/ Gunaproeo uepeea — CYMMa
ypoeHeli 6cex enympeHnux y3noe Oepeea. Jliwuna enewnezo nymu (external path length)

OunapHO20 0epesa — CymMma ypoeHell 6cex 6HEeWHUX Y3108 Oepesa.

Y1no06Hb1# cnocod BbIYUCIEHHUS UIMHBI IyTH AEPEBA 3aKJH0YaeTCs] B CYMMHWPOBAHUM TpoO-

S T 7T ] e Trva A~ TR ATYT A g neav 1o

HJDC}J,CHI’U’I I& Ha MKCJIO )’J OB Ha )’PUDHC I& AJIN BUCA K.

W3 3TUX COOTHOILUEHUI CIEAYIOT TAKXe NMPOCTble PEKYPCUBHbIE ONPENECIECHUS, BbiTEKa-
IOLIME HEMOCPEACTBEHHO U3 PEKYPCUBHbIX ONpENEJICHUI nepeBbeB U OMHApPHbIX JEPEBbLEB.
Hanpumep, BoicoTta nepesa Ha |1 Oosiblle MaKCMMAJILHOW BbICOTHI MOJIEPEBLEB €FO KOP-
Hf, a IUITMHA NMYTH JepeBa, uMelomero N y3jioB paBHa CyMME [UIMH NyTeH MOAAEPEBbLEB €I0
kopHsl Toc N—1. TlpuBeaEeHHbIE COOTHOLIEHUS TaKXe€ HENOCPENCTBEHHO CB3aHbl C aHa-
JIM30M PEKYPCUBHBIX airoputMoB. Hanpumep, LIl MHOTUX PEKYPCUBHBIX BbIYMCIEHUI Bbl-

COTa COOTRETCTRVIONIErO JIeNeRa B TOUHOCTU DARHA MAaKCUMAJLHOU )]yﬁvgue pexypcuu, uinu

1 DAL A ISP A LA L AN aravs i pasn RGN E 1 i iis J PR, Mo

pasMepy creka, Heo6XoAUMOro Wisl MOAJEPXKKHU BBIYMCICHUSA.

Jlemma 5.7 Jauna enewneco nymu arobo2o 6unapuozo depeea, umeroueeo N enympennux y3-
108, Ha 2N Goavuie Onunbl 6Hympennezo nymu.

3Ty JIEeMMYy MOXHO ObUIO Obl AOKa3aTb METOAOM MHAYKUHMH, HO €CTb ApYyroe, bosee Ha-
IISAHOE OKA3aTeNbCTBO (KOTOpOE MPUMEHUMO U JUTS 1I0Ka3aTesbCTBa JieMMb! 5.6). O6-
paTuTe BHUMaHUE, 4TO J1060€ OMHAPHOE HEPEBO MOXET ObITb CKOHCTPYUPOBAHO IIpU
NMOMOLIM CJAEAYIOLIETo Ipouecca: HaYHUTE ¢ OUHApHOro A€peBa, COCTOSILLErO U3 OJHO-
ro BHEIIHETO y3na. 3aTeM MOBTOPHUTE clieayilouiee N pa3: BbiOepUTe BHELIHUH y3€1 U 3a-
MEHUTE €ro HOBbIM BHYTPEHHMM y3n0M C AByMSl JOYEPHUMH BHEIIHUMM y3naMU. Ecau

BbIOpaHHbIA BHEIIHUH y3€JI pacloJjiaraercsi Ha ypoBHE &, JUIMHA BHYTPEHHETO IyTH YBe-
JIMYUBAETCS Ha k, HO JJIMHA BHELIHEro NyTU YBEIMYMBAETCA Ha k + 2 (OAMH BHELIHMUH
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y3eJ Ha YPOBHE Kk yBaisieTCsi, HO IBa Ha YPOBHeE —
k + | nobapnsiorca). Ilpouecc HauuHaercs ¢ aepesa, {Q
IOJIHHA& BHYTPEHHEIo M BHELIHEIO uylcu KOTOpOI'o db b
paBHbl 0, ¥ Ha K&XIOM M3 N 11aroB JUIMHA BHELLHETO .ﬁ

nym yBC.HW{l/lBaCTCH Ha 2 Oosblle, YeM IJIMHA BHYT-

ypoeeto 0 .
Mosanan & Q D snnmec Arisnnunan Aononn » AN HDIINIMIATIOTINITE \NOBEHL 1—A
JACNINIAR JU DOILUHIIUG vunupy/nucy vCpy/cou C Iy onyiipyennu " ﬁ % ﬁ h
Mmu yznamu He menvuie 1gN 6oavue N — 1. yposexs 4

Xynwui cnydyaid — BBIPOXIEHHOE JEpEBO, UMEIOLLEE

TONbKO OAMH JUCT U N — 1 CBSI3b OT KOpHS A0 JIUCTa ,)h
(cM. puc. 5.23). B nyuywieM cnyyae Mbl MMeeM YypaB-

......... P

HOBELLUEHHOE JePEBO C 2’ BHYTPEHHMMH y3/IaMM Ha m

KaXJIOM ypOBHE€ /, 32 UCKJIJOUEHUEM CAMOro HUXHero d m

(cM. puc. 5.23). Ecau BpicoTa paBHa h, TO JNOJIXHO )

OBITH CIPABEMINBO COOTHOLUEHUE R

VII<KN+1 <2 PUCYHOK 5.23 BUHAPHOE JIEPEBO
C 10 BHYTPEHHUMM Y3NAMU

NMOCKOAbKY cyuiectsyer N + | BHewHux ysnos. U3 Bunapnoe depeso, nokazantoe

5TOT0 HEPABCHCTBA CJICAYET MPOBO3MIALUCHHAA JIE€M-  goonyy umeem avicomy pasiyio 7,

Ma: B JIyYllleM Cily4yae BbiCOTA paBHa IgN, OKPYMIICH-  dauny enympennezo nymu pasnyio 31

HOMY 10 OnMKaHiuero uesoro 4Yucia. u 0nuHy eHewHe20 nymu pagHyio S1.

A ABAN Y Ten Nlee e AYIA A AiiAzizios

HUJIIIULI"OIU )’IIUUHUUCWCHHUC
buHaproe depeso (6 uenmpe) ¢ 10
GHYMPEHHUMU Y3NaMU uUMeem blcomy
DasHyI0 4, 0auHy 8HympeHHez20 nymiu

XyIIuik ¥ JyqtiMii clydail COOTBETCTBYIOT TeM Xe  PaeHyio 19 u dnuny enewrezo nymu

e T ¢ NN SO . PR [
J€pPEBbAM, KOTOPbl€ YIIOMUHAIUCh MPH PACCMOTpE-  PUSHI0 7 (HE CORO OBOUARUE Oeped
HuuM demMMbl 58 W nokasaHbl Ha puc. 5.23. B xymuem € 10 yanamu re moxcem umems

o . eH L
cllyyae AAMMA BHYTPEHHETO NyTH JepeBa papHa  MCHOWUE SHAUEHUR 2106bix u3 smux
..... napamempos). Buvipoxcdennoe depeso

0+1+2+...4(N-1)=N(N—1)/2. B nyuiuem cnyvae ze-
(eruzy) ¢ 10 auympennumu yzramu
peBo uMeeT (N+1) BHYTpEHHMX Y3JI0B NpU BHICOTE, O 'y A
* - l NV l,]e eMHOXas 5T 3Haye- umeem avicomy paeHyrd iU, OAUHY
HE HpEBLILAIONIEH bIIE P 8HympeHHez0 nymu pasHyio 45 u
HUs M NIPUMEHSIA IEMMY 5.7, Mbl T110JIy4a€M MpEAeib- dauny erewnezo nymu pasiyio 65 (u

HOe 3HaueHue (N+1) I_IgNJ — 2N < Nlg(N/4). odHo bunaproe depego ¢ 10 yanamu

Jlemma 5.9 Jlauna enympennezo nymu 6unapHozo Oepe-
we uem N1g(N/ 4)

~ N DULVIMINOLILINIATI VDINrINETE IO 14010 a4
i 1Y AR\IY/ T

271 L
OWw L 1Y Ulljlll‘.l(rllllu-l"u )’wtwnu TEC JMECTRU A

u ue npesviuaem N(N— 1)/ 2.

He Modxcem umembs b0abliUE 3HAYCHUA

Kak Mbl yBUAMM, OMHaApHbiE NEpEBbsl 4aCTO MCIOJb- g X
Ar0bbix u3 smux napamempos).

3yIOTCS B KOMIIBIOTEPHBIX NPWIOXEHUSX, W TIPH 3TOM
NPOU3BONMTENIBHOCTb HaUBbICILASA, KOrja OMHApHbiE Je-

PEBbS MOJHOCTbIO YPABHOBEWIEHB! (MU OIM3KK K 3TOMY). Hanpumep, nepesbsi, KOTOpbIE
MCMOAb30BAJIUCh HAMM JUISi ONMCAaHMSl AITOPUTMOB “pasdensit M BAACTByH', MOXOOHBIX
OMHapHOMY TOMCKY U COPTHPOBKE CIMSHMEM, NOJHOCTBIO YPAaBHOBELUEHHBL (CM. yIpaxHe-

ue 5.74). B rnasax 9 u 13 uccnen YIOTCSl SIBHBIE CTPYKTYPH LAHHBIX, OCHOBBIBAIOLIHECS

nn nv 2 Jieiriasnn ll i l ¢ S AP YAy POl ARINRDIA, VWITVDDIOGIULL

YPaBHOBEILIEHHBIX AEPEBbsIX.

OTH OCHOBHBIE CBOICTBA AEPEBLEB NPENOCTABIAIOT nmbopmaumo KoTOopasi rnorpebyercs
jisi pa3paboTky 3¢ PEKTUBHBIX aJTOPUTMOB PELICHHWS MHOTHMX M
Jiee NonpoOHBIA aHAJIM3 HECKOJBKUX CIEeUMGUYHBIX aITOPUTMOB, C KOTOPBIMU MpPHUAETCA

BCTPETHUTDLCA, Tpe6yeT CJIOKHOIro Mar€eMaTHUYE€CKOro aHaiauia, XxoTd 4acTto I10J€3HbIE ﬂp“6]ll'l~

(VLS F 1T -y 2N A Tarr

- | AN
Ipani HYCCKUX Jajgai. DO-

PacneyaTtaHo nporpammoii FinePrint - KynuTe wiww fineprint com



TI1aea 5. Pexypcus u Oepeevs 229

XEHHbIE OLIEHKM MOXHO HOJyYUTb, NPUOErHyB K NPSIMOJIMHEAHBIM WHIYKTUBHBIM apry-
MeHTaM, NMOoAOOHBIM MCMONBL30BAaHHLIM B 3TOM pasjiene. B 1ocienyommx raiaBax Mbl npo-
JOJIXUM pacCMOTPEHHE MAaTeMaTHYECKUX CBOWCTB JlepeBbEB MO Mepe BO3SHUKHOBEHUS He-

o0oxonumMoctu. INoka MoxHO BEPHYTLCH K TeMe aJIrOPUTMOB.

i ATV Py BN M e

> 5.68 CxonbKO BHEIIHUX Y3JIOB CylleCTBYeT B M-apHoM AepeBe ¢ N BHYTPEHHUMHU Y3-
namu? Ucnonb3yiite CBOM OTBET WIS omnpeleleHUss obbeMa naMsTH, HEOOXOAUMMOTo [Uis
npeicTaBieHus] TaKOTO JepeBa, eClM CUMTaTh, YTO IS KaXIOi CBA3M M KaXIOro sJe-
MeHTa TpeOyeTcs Mo OAHOMY CJIOBY MaMSITH.

C N BHYTPEHHHMMH Y3JaMH.

0 5.70 TlpuBenure BepxHee MU HUXHEE rpaHUYHbIE 3HAYEHUsS NJIMHBI BHYTPEHHErO TMyTH
M-apHoro aepeBa ¢ N BHYTPEHHUMHU y3JlaMH.
5.71 IlpuBeauTe BepxHEE M HMXKHEE IPAHMYHbIE 3HAYEHHS KOJIMYECTBa JIMCTbEB B OH-
HapHOM Jepese ¢ N y3namu.

® 5.72 Tlokaxure, 4TO €CJIM JIUCTbsl BHELUHUX y3/10B B OMHAapHOM JepeBe pa3iMyalorcsl Ha
KOHCTAHTYy, TO BbicoTa coctasisier O(logN).

© 5.73 Jiepeéo Dubonaxuu BbICOTON n > 2 — 310 ODMHAapHOE AepeBo ¢ AepeBoM PuUbOHaAyY-
uu BbicOTON # — | B 0OIHOM moiaepese U aepeBo PubGoHayyu BHICOTOM n— 2 — B ApY-
roM. JdepeBo ®PuboHauyu BbicOTOM 0 — 3TO €AMHCTBEHHbBIH BHEWIHUIA y3el, a AepeBO
PuboHaYYH BbICOTOM | — €AMHCTBEHHbBINA BHYTPEHHMH y3€1 C JBYMS BHELIHWMH no4cp-
HMUMHU y371aMu (CM. puc. 5.14). Bripadure BbICOTY M UIMHY BHellHero myTtu AepeBa Du-

00oHayyu BLICOTOM 7 B BHIAE (DYHKUMM N (KOJIMYECTBA y3JIOB B JlepeEBE).

5.74 Jepeso muna 'pasdeasii u eaacmeyi’”, cocmsnuee u3 N y3ioB, — 3T0 GHHapHOC ne-
PEBO C KOPHEM, 0003HaYeHHbBIM N. nepeBOM THUIA na'znenqu U mmo’rnvu coc’_rggnmm

)3 A9 m1 5 vy 2¥RA2C2 crAvw Il X1 [23 ) §

uz | N/2 | y310B, B OLHOM TOJIEPEBE M IEPEBOM THNa "pasgensii u BnaCTByu COCTO-
SILIUM M3 l/V / ZI y3710B, B ApYIOM. (uepeBo THIIA pa3ﬂeﬂﬂn M BJIACTBYH [OKa3aHO Ha
puc. 5.6.) Hapucyiite nepeBo tuna "pa3aensiit u BaactByil" ¢ 11, 15, 16 u 23 yznamu.

o 5.75 JlokaxuTte METOAOM MHIYKHMWH, YTO IJIMHA BHYTPEHHEro NyTH JepeBa TUMa "pas-
Jensiii U BIacTBYH" Haxonutcs B npenenax Mexay NV IgNu N IgN + N.

5.76 depeso muna "obsedunsii u éracmeyi”, cocrodiuee u3 N y3noB, — 3To ODMHapHOE Je-
PEBO C KOpHEM, 0003Ha4YeHHBIM N, iepeBoM Tura "o0beluHsH U BAACTBYH", COCTOALIUM
us LN /2 37108, B OJIHOM TMOAKEpEBE U IepeBOM Tuna "00beAuHSH U BIacTBY#H", COCTO-
UM U3 | N/ 21 ysﬂos B IpyroM (cM. ynpaxHeHue 5.18). Hapucyiite nepeso tuna

"o6benMHsH U BaactByd" ¢ 11, 15, 16 u 23 y3namu.

5.77 dokaxuTte METOAOM WHAYKLMH, YTO JUIMHA BHYTPEHHEro MyTH AepeBa TUma "obbe-
AWHSIA ¥ BAacTByi" HaxoauTcd B mpenenax Mexay NIgNu NlIgh + N.

5.78 Hoanoe (complete) 6GMHapHOE 1E€pEBO — 5TO JEPEBO, B KOTOPOM BCE YPOBHM, KpO-
€, BO3MOXHO, TOCIEHEr0, KOTOPLIM 3anoJIHAETC CleBa HaNpaBo, 3aloJHEHbl, Kak

=

NMPOUJITIOCTPUPOBAHO Ha puc. 5.24. JlokaxuTe, YTO AIMHA BHYTPEHHETO MYTH MOJHOTO
aepeBa ¢ NV y3jiaMu JIeXUT B npefpenax Mexay NVighNu Nigh + N
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EA NAvAN nananna o
s\ VUI\UH HC'JCDU

[1pexne ueM paccMaTpuBaTh aITOPUTMbl, KOHCTPY- J\J f\: J\J A
upyilolie OMHApHbIE NEPEBbS U AEPEBbS, PaCCMOTPUM
aITOPUTMBI LIS peajM3aliuu Haubosee obwei GyHkuuu

A
006paboTKM HepeBbeB — o06xoda depesa, NMpU HATUUUHU
vKazareass Ha AEepeBo ThefveTca CUCTeMaTUuuec¥Yuu abna-
J NCAJCA L WY AsL LiCA t/vuv lrlvv] “ A Wik W ELlW A WIVIGCA L KA AW NWirNEL Vvllu A ﬂ
ooTathb BCeE Y3Jibl B ACPEBE. B cBsi3HOM cniucke Nnepexon

OT OJIHOI'0 y3Ja K JIpyIroMy BbIIIOJHACTCH 3a CUET OTCIC-

............................................ aas ne PUCYHOK 5.24 NONHbIE BUHAPHbBIE
XXKMBaHUs €IMHCTBEHHOMW CBsi3W; OAHAKO, B Ciyuae Ae-
REPEBbA C CEMbIO U BECATHIO

PEBbEB MPUXOAUTCS MPUHUMATD PEILUECHMS, TOCKOIBKY it it anata woare abate

- BHYTPEHHMW Y3HAMW
MOXET CYLUECTBOBATb HECKOJIbKO CBSI3€H, IO KOTOPbLIM Koeda Koauwecmeo enewHux y3106

MOXHO CJI€10BATb. aeasemca cmenenvio 2 (6epxuuli
HauHem pacCMOTpPEHUE C Npouecca nid 6PlHaprIX PUCYHOK), 8Ce 8HeUHIe V3Ibl 8 NOAHOM

ace 14 Y

aepesbeB. B ciayuae co CBSI3BHBIMHM CIIMCKAMM UMENUCh  Gunaphom depeée pacnonaeaiomca Ha

JAB€ OCHOBHbIE BO3MOXHOCTH (CM. MporpaMmy 5.5): 06- ~ OOHOM Yposhe. b npomusHom ciyae
(HUXICHULE pUCYHOK) @HEWIHUE Y3AbL

pacnoaazaromcs 6 08yx ypoeHsxX npi

DAIMOUICHIN @HVMDOHRUX V2108 CALRA

yae y3apl NMOCEWaluch Obl N0 MOPAAKY), UIH CIEJ0BaTh

CBSI3U, a 3aTeM oOpadoTaTh y3en (B 3TOM Clyuyae y3Jbl ;m eﬂeu:;;;; ;;;:,;;;5;025,,;;"
é t": upPi pauuw C YPOBHA.

OMHAPHBIMU IEPEBbSIMU CYLLECTBYIOT 1BE CBA3U U, Clle-

AOBATEJbHO, TP OCHOBHBIX MOPsALKAa BO3ZMOXHOIO no-

CELIEHUs Y3JIOB!

Hpsamoi 06x00 (ceepxy 6hus3),

BO¢ NOIOEPECBbA

B [lonepeunvii 06x00 (creea nanpago), IPU KOTOPOM Mbl TNOCELIAEM JIEBOE TMOALEPEBO,
3aTeM Y3€J, a 3aT€M NpPaBo€ MOILAEPEBO

B Obpamubiii 06x00 (cHu3y é6epx), NpU KOTOPOM Mbl MOCELIAEM JIEBOE U MPABOE MOALE-
peBbs, a 3aTeM y3ell.

OTH METOIBl MOXHO JIETKO Pealu30BaTh C NOMOLUbIO PEKYDCMBHON MpOrpaMmsl, Kak
110Ka3aHo B nporpamme 5.14, xotopas sIBASIETCH HENOCPEACTBEHHbIM O0OOOLIEHUEM NpPO-
rpaMMbl 5.5 ob6xoaa cBsi3HOro cmucka. [lns peanusauuu 06X040B B APYTMX MOpsAIKax NOC-

TATOYHO COOTBETCTBYIOUIMM OOpa3OM MNEPECTaBUTHL BBI3OBH (PYHKUUH B nporpamme 5.14.

NASEE AR R RS R g e oA WP VVAQDYILD SDISVDDI Aangarirs

[Topsaok noceweHus y3jaoB B NPUMeEPE AepeBa NMPH UCNOJIb30BAHUU KaXAOTO M3 INOPANKOB
obxoza nokasaH Ha puc. 5.26. Ha puc. 5.25 npusenena nocaenoBareabHOCTh BbI30BOB GyH-

O

aepesa u3 puc. 5.26.

Nporpamma 5.14 PekypcuBHbIN 006x0f AepeBa

JTa pekypcuBHas GYHKUMA NPUHMUMAEET B KayeCTBE apryMeHTa CCbiiKy Ha AepeBO U
Bbi3blBaeT QYHKLMIO Visit Ana Kaxaoro u3 yanoe nepesa. B npuseneHHOM Buae pyHKuma
peanusyet npaMoi obxoa; ecnum nomectutb obpaweHne k visit mexay pekypcuBHbiMu
BbI30BAMM, NOSYYUTCH nonepesHoii obxon; a ecnu nomectuTb obpalleHue k visit nocne
PEeKYPCUBHLIX BbI3OBOB — TO 0BpaTHbIN 06x0A.
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void traverse(link h, wvoid wvisit(link))
{
if (h == 0) return;
visit(h);

ravareafheu] wd @
CaaAVELISC v e, visit

traverse(h->r, v151t) ;

C 3TUMM Xe OCHOBHBIMH PEKYPCUBHBIMH [1POLIECCAMM, HA KOTOPLIX OCHOBbIBAlOTCS pa3-

NUYHbIe MeTOABl 00X0la AepeBa, Mbl yXe BCTPEUATUCh B PEKYPCUBHBIX IPOrpaMMax THIMa
nmnpnqu U BJIACTBVH' ((‘M pHuc, 58 us. ll\ HnM(hMPTHlIP(‘KHX BhIDaxeHusax. Hanpumen

DadPiiYL X2 SIG 2D Y2 B CIIMTECLARNA DDIPCALVENNA, I1CNPNT "l’"

BbINOJIHEHUE NPSAMOro ob6xona COOTBETCTBYET PUCOBAHMIO BHayale METOK Ha JIMHelKe, a
3aTeM BBINOJIHEHUIO PEKYPCUBHBIX BbI30BOB (CM. pucC. 5.11); BblllOJIHEHUE [TONEPEUHOro 06-

MAMAIITAIIUIIN AaMATA RATIINATA TUAAY O 1 TTFOITIE1E NOATTQIIIT A VAOLr

Xo4a co0 nepeMenieHIo caMoro GONbLIONC AMCKA B pClieHWM 3aladyu O XaHOM-
CKMX OallHsIX MeXIy pEeKypPCUBHbIMM BbI30BAMM, KOTOpble MepeMellaloT BCE OCTajibHble
AUCKU; BbINOJIHEHUE 0OpaTHOro 06xona COOTBETCTBYET BbIYUCIEHUIO NMOCTHUKCHBIX BbIpa-
XEHUH U T.0. DTU COOTBETCTBUS NO3BOJAIOT HEMEUIEHHO 3arfsAAHYTbh BHYTPb MEXaHU3MOB,
nexauux B ocHoBe obxoma nepesa. Hampumep, U3BeCTHO, 4TO
npu nonepeyHom obxone KaxXibli BTOPOH y3es ABISETCS BHe-

UIHUM, [10 TOW Xe TNpUYMHE, 110 KAKOU NPU penieHUU 3aAayu o

XAHOUCKUY DaHIHOX Kax[Ioe BRTOohoe nepeMenieHUEe 3aTparuBacT i ma TY
RIS ELTAREREA wTheSLrae s MR YpYy ftvp vitweRm s wes pes Rl viaveloe V
MaJIeHbKHMH IHCK. visit D
[Tone3Ho TakXe paccCMOTpeTb HEPeKypCHBHbIE peain3aluu, B tra‘fel_'seBB
Visit
KOTODbBIX HCHOJIb3VE anirLrTy CTeK Mnao IDOCTOTHLL M
I\UIUPDIA nuviivib _yUlL«)'l 21brbiyi VICA. [LJIA l}.l TOTbl Mbl HAY4HCM traverse A
C paccMOTpeHMs1 abCTPakTHOTO CTeKa, COoaepXaulero 3J1€MeHTh visit A
JepeBa, MHULMAIU3UPOBAHHOIO NEPEBOM, KOTOpOe Tpebyercs traverse *
000HTH. 3aTeM Mbl BOWIEM B LUMKI, B KOTOPOM BbITQJIKUWBAETCA traverse *
. traverse C
1 obpabaTbiBaeTCsi BEPXHAA 3aNUCh CTeKa, U KOTOPbIA Npoaos- visit C
JKaeTcsl, I0Ka CTEK He onycreeT. Ecau BbITONKHYTAsl 3anMUCh SB- traverse *
JISIETCSl 3JIEMEHTOM, Mbl ITOCEHIaeM €ro; €CJIM BLITOJIKHYTas 3a- traverse *
NUCh — [ePEeBO, MBI BHIIOJHAEM NOCNELOBATENEHOCTE Onepalui traverse *
BHITAJIKWBAaHUA, KOTOpasi 3aBUCUT OT TpebyeMoro nopsiaka: traverse i
» KOTOP peby pARKa: visit H
u Jlng npamozo obxoda 3aTaJKMBAETCs NpaBoe NOJJIEPEBO, 3a- traverse F
- a4 B
TeM JieBoe NOIAEePEBO, a 3aTeM Y3ell. ViSiv r
traverse *
& Jlisa nonepeuroeo 06x00a 3aTaIKMBAETCA PaBOe MOMALEPEBO, traverse G
3aTeM Y3el, a 3aTeM JieBoe MOoIIepeBo. visit G
u Jlnga obpamuozo obxoda 3aTalKUBAETCS y3e€i, 3aTeM IpaBoe traverse *
4 y3el, p traverse *
NoJJIepeBo, a 3aTeM JieBoe NOJAEePeBo. traverse *

HyneBble gepeBbsi B cTeK He 3aTankupalorcs. Ha puc. 5.27  pUCYHOK 5.25 Bbi3OBbI

HUY KaAKIOTO U3 AV IIAIA nP’ﬂllﬂnrn

O AT UIMNALS ATarva TNy uarstrnn a
A3 A AIIYiYI INAMAAVL VU XL v-’ll'\q'l'l [} ] I

NIOKa3aHO COAEPXMMOE CTeKa NPU M

TpeX MeTofoB i obxona npumepa aepesa, npubeneHHo-  OBXOJA

a puc. 5.26. MeToaOM MHIYKUMH MOXHO Jierko yOeauthbes, Ima nocaedogamenshocme
_ o 8bi30808 IVHKYLL

onpedeasien npamoi 06x00

ona npumepa uepeuu,
nokasannoeo Ha puc. 5.26.

._,
03
=><

0 i0TO A€pe€Ba 3TOT METOA NPUBOAUT K Ta-
KOMY Xe pe3yJbTaTy, KaK U peKypPCUBHbIH METOL.
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Imu nocaedosamenbHoCmu NOKA36I8AH0M NOPAOOK NOCEUEHUR Y3108 OAR NPAMO2O (caesa), nonepeurozo

-

-

(8 yuenmpe) u obpamroeo (cnpaga) obxoda depesa.

-
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PUCYHOK 5.27 COREPXUMOE CTEKA ® ® ®
Ana AnfOPUTMOB OBXOAA AEPEBA 100, @e® (oXw) €

mu nnﬂnoﬂnanmo LHN ML E 00 0 o i@ ‘D\® E o~
I nocaecogamensrHocmi o (8XH As(c)p E(H AXc)e p{(HE
OMpaxcarom cooepicumMoe cmexa 04s 0.0 » 8o e &5 AUB B o &5 £
npamoeo (caeea), nonepewnozo AR DA AP Aolgs oy
(6 uenmpe) u obpamnoeo (cnpasa) ° * ° C? Z E ® c : Z (g)t:j -
0bx00a depeea (cm. puc. 5.26) dan A c o e(® 8 o@e
............................ c(u o e® o (e
uUt:w:uJupuuunnuu MUUCHU c ®' E haad o HE
EbIMUCACHUL, AHAAOZUYHOU G % " FHE
UCNO0Ab306AHHOIU 6 npumepe Ha puc. 5.5, LENG AOL G F HE
K020a 31emenm u 0éa e2o noddepesa @ PO ¢ FHE

F @ G H F H E

noMewaiomcs 8 cmeK 8 yKa3aHHOM ps M HoE

[~
1 4

nopadke.

OnucaHHas B npenbiayiieM ab3aue cxeMa sIBJASIETCs KOHUENTYaJlbHOM, OXBaThiBalow el
TPU MeTola 06Xx0la AepeBa, OAHAKO pealM3auMU, UCITOJIb3yeMble HA MPAKTUKE, HECKOJb-
ko npoute. Hanpumep, 1ns BeINONHeHUs npsiMoro o6xoaa He 06s3aTeNbHO 3aTANIKUBATh

Y3Jibl B CTEK (MBI ToCeniaem KOpPE€Hb KaxXaoro BbITAJIKHUBAEMOTO )IepeBa), NO3TOMY MOXHO
BOCTI0J1b30BaTbCA TMPOCTBIM CTEKOM, COCTOALUMM TOJIBKO U3 OAHOIO TUNa 3JIEMEHTOB (cBs-

\ Ty UanALrvNnAU ¥
3¢H LAepeBaj, Kak 370 CAacjianC B HEPEKYPCHMBHOH

HBI# CcTeK, MOALEPXUBAIOLUIMIA PEKYPCUBHYIO NPOrpaMMy, COAEPXMT ajipeca BO3BpaTa U 3Ha-
YeHUs apryMEHTOB, a He 3Je€MEeHTbl MJIM Yy3ibl, HO (PpakTHyecKas mnocielAOoBaTeJbHOCThb
BLI[TOJIHEHUS BbIYUCIEHUH (MOCELUEHUS Y3JI0B) OCTAaeTCs OJMHAKOBOW AJI PEKYPCUBHOIO
MeTOJla U METONA C UCMOJbL30BAHUEM CTEKA.

"™a FIAINATTI D TIMATTMAOVNINS ﬂ < l < p“f"rﬂl‘;
pralikisanlinn B IpOIpaMML J.10. CHUTCM

Mporpamma 5.15 Mpsmon 06xoa (HepekypcvBHas peanvsaums)

3T1a HepekypcuBHan PyHKUMA C UCNONb30BAHUEM CTEKa — (PYHKUUOHANbHDBIA 3KBUBANEHT ee
PexKypCUBHOroO aHanora, nporpammsl 5.14,

U T | ) R . | POy B S I By e U Y
void traverse(link h, void wvisit(link))

STACK<link> s (max);

s.push(h) ;
while (!'s.empty())
{
visit(h = s.pop()):
if (h->r '= 0) s.push(h->r);
if (h->1 != 0) s.push(h->1);

-

YerBepTass ecrecTBeHHas cTparterusi obxola — npocroe MnocelleHUe y3JoB AepeBa B Mo-
psike, B KOTOPOM OHM OTOOpaxaloTcsi Ha CTpaHMLEe — CBEPXy BHM3 M CJieBa HanpaBo. JTOT
MeTOJl Ha3biBaeTc 06XONOM no ypoeHsM, TMOCKOJIbKY BCE y3JIbl KaXIOro YpOBHS MOCEHIaloT-
ca BMecTe, 1o nopsaaky. [locelleHue y3n0B aepepa, Noka3aHHOro Ha puc. 5.26, npu obxone
MO YPOBHSIM MOKa3aHO Ha puc. 5.28.

0 1o
5.15 ctek oyepeabio, YTO AEMOHCTPUPYET nporpaMMa 5.16. Insa peanu3saumu npsmMoro ob-
xoaa MCHOJIbByCTCH CprKTypa JaHHBIX TUMNA "NOCIEAHUM BOILLE, I'lepBbIM Bb]lllc.)]" (LIFO);
"MepBbIM BO-
wen, nepsbiM Bbillen” (FIFO). Dty nporpaMMbl 3acnyXUBalOT BHUMATEJbLHOIO U3y4yeHUs,
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NIOCKOJIbKY OHM NPEICTABAAIOT CYIECTBEHHO pa3nuyaiouimecs
NOAXOAbI K OpraHM3allMM OCTalouieicss HEBBIMIOJIHEHHON pabo-
bl. B yacTHOCTH, 06X0[ 1O YPOBHSIM HE COOTBETCTBYET PEKYp-

y u o y
CHBHOM peanu3auMM, CBY3aHHON C PEKYPCUBHONM CTPYKTYpOH
nepeBa

(cM. nporpammy 5.15) co cTteka Ha o4epefb
npeobpasosannio o6xona B 06x04 N0 yPOBHAM.

npuBOANT K

void traverse(link h, void wvisit(link))

{ QUEUE<iink> q{maxj;

q.put(h);

while (!'q.empty())

{

visit(h = q.get()):
if (h->1 !'= 0) q.put(h->1);
if (h->r '= 0) q.put(h->r);

-

222X NNANS

HO3HaYyHO OfIpeleNsioTcs U s 60p05. ‘{Toﬁbl olpeneneHus
ObUin eaMHOOOpa3HbIMU, MpencrasbTe cebe 6Op B BUIE HepeBa
BOOOPAXaCMbiM KOPHCM. TUL,ua IIpaBHJiO JiA MPAMOTO obxona
dopmynupyercs cienylomiuM oOpa3oM: "IIOCETHTb KOPEHb, a
3aTeM KaXao0€ M3 MOALEpeBbEB”; a NpaBuilo Ui obpaTtHoro ob-
Xooa — "MOCETHUTb KAXIO0€ U3 NMOMILEPEBLEB, a4 3aTEM KOPEHb'.
[TpaBuno pnst 0bxona 1Mo ypoBHAM TO XK€, YTO M LIt OUHApHBIX
aepeBbeB. HenocpeacTBeHHbIe peanuM3aliiM 3THX METOJO0B —

npocTbie 00061eHHA TpOrpaMM TMpAMOro 0b6xoaa ¢ MCIOJNb30-
IIPOrpaMMbl obxona

ARnmavaraas

)

BaHMeM cTexa (nporpammsbl 5.14 u 5.15) n

ars i \sip vl P Vi s -~

0 YPOBHSIM C MCIO0JIb30BaHWEM ouepenu (mporpamma 5.16)
MHApHbIX 1E€PEBbEB, KOTOPbIE Mbl TOJILKO YTO PacCMOTpe-

.. ARpsNTa il VAR

=

nvi|.rx 1ra nﬂll ATTOTN

1o 72911 "
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YnpaxHeHus

> 5.79 TlpuBenute nopsiaoOK IMOCEUWIEHHS Y3J10B I NIPAMOTO,
NonepeyHoro, 06paTHoOro 06x011a NO YPOBHAM Ul ClENy-

R N o8
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AR TR
PUCYHOK 5.28 OBXOJ NO
YPOBHAM

Ima nocaedosamenvrocnb
omofpaxcaem pezyabmam
noceweHus yano8 depeaa 6

nopaoke ceepxy 6HU3 u
CNeea HAaNNDAeo.

LAECTLS e O

> 5.80 Otpasure coaepxXuMoe Ouepenn BO BpeMs o6xoma mo ypoBHsM (mporpamMma 5.16)

Ha puc. 5.28, aHAJIOTHYHO MOKa3aHHOMY Ha puc. 5.27.
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5.81 Ilokaxute, 4to npsMoi obxon 6opa paBHOLIEHEH MPAMOMY 06XOLy COOTBETCTBY-
oulero 6uHapHoro nepesa (cM. JeMMy 5.4), a obpaTHblil oOxon 6opa coBmagaer ¢ Io-

TTAMMOAIYYIY TLE f\ﬁvf\r‘f\\' G ITTOFRYT T AT ITaraann

ILPLANDbIiNM UVAULUM Ul’ll"lalJl"lUlU AvpLeba
(@] RR‘, NURETUTE eNeXKVNCURHVID ﬂPQﬂI/IQﬂIII/IIﬂ MNOoIeneuHoOro obyxona
“ e C& LAPMBVAYIIL OUpPLA pPYNRon YU LAl g vl Lpvanae L VVALLAG.

® 5.83 IlpuBenuTe HEPEeKYPCUBHYIO peanusauuio obpatHoro obxona.

® 5.84 Cospaiite nporpammy, Kotopass npeoOpa3yeT NpsaMoil M MonepedyHblit 06XOabl
OunapHoro nepesa B obxon LepeBa Mo ypOBHSIM.

5.7 PeKypcuBHble anroputMmbl OMHapHbLIX AepeBbes

Anroput™bl obxona aepeBa, pacCMOTpPEHHbIe B pasfeiie 5.6, HamIsALHO JE€MOHCTPUDPY-
I0T HEOOXOAMMOCTb PACCMOTPEHHUS PEKYPCUBHbIX allOPUTMOB OMHApHBIX IEPEBbLEB, YTO

00yCJIOBJIEHO CaMOM PEKYPCUBHOM CTPYKTypo#d 3TUX AepeBbeB. s pCIL(CH]dH MHOTHUX 3a-
navy MOXHO HPI’IO(‘T’PH(‘TRPHHO nnHMPHﬂTB nf‘l(\ln(‘MRHhI(’ .’«‘II]I‘nnMTMH TUIA nRQHPHQM u

AN N § AT LRI vAA L2 D v Y YRDITD ¥ 2 L4 33 ¥4 % oS saan 4

B/IaCTBYH", KOTOpbIE, MO CyllecTBY, 0b6o0maloT anroputmel obxona nepesbeB. ObpaboTka
JiepeBa BbIMOJHAETCH MOCPEACTBOM 00pabOTKU KOPHEBOTO y3ja U (peKypcUBHO) €ro Moj-

(MM Xe UCToJIb30BAaTh BCE TPU METOAA).

l{aCTo TpebyeTCs onpenensaTb padiMuyHble CTPYKTYPHbIE [apaMeTpbl LepeBa, UMes TOJb-
KO CCbUIKY Ha AepeBo. Hanpumep, nporpamma 5.17 cOREpXUT peKypCUBHble PYHKUUU LIS
BLIUMCIIEHUS] KOJIMYECTBA Y3J0B U BbICOTY 3aaHHOTO fepeBa. DYHKUUU ONpenelsioTcs He-
NOCPEACTBEHHO UcxonAs u3 onpeneneHus 5.6. Hu oxHa u3 3Tux QyHKUMI He 3aBUCHUT OT
nopsajika o6paboTKU pPeKypPCUBHBIX BbI3OBOB: OHM 0OpabaTbiBalOT Bce y3Jibl epeBa U BO3-

Rpﬁnlﬂlﬂ"l‘ nnyua KORKI I/l ﬂPl\lnLTQT ecnyr HATINIA nexvn CHUBH T8 RLIINRLI nnupua'n, lle-

LAIRCAINRS 1R 01 ¥ | s Ad Iy Vwiiriy llullt]lll p, Py pen ulll.l‘d AFLMONJIXIL LAV ILFA LD IVE

cramMu. He Bce IlapaMCprI IepeBa BbIYMCIIAIOTCS TaK JETKO: HanpuMep, nporpaMma s a¢-
d)eKTuBHoro BbIYMCJIEHUS] UIMHbl BHYTPEHHETo NyTH OMHapHoOro nepesa siBisercs Gonee

peKprMBHble npoueﬂ,ypbl nogobHbie cnep,woumm
int count{(link h)

if (h == 0) return -1;
int u = height(h->1), v = height(h->r);
if (u > v) return u+l; else return v+l;

Nmpt

Euwe onHa QyHKuUMA, KOTopasA MoJie3HA NMPU CO3LaHUMU MporpamMm, obpabarbiBarolux

CTNIVETUNY ANTIA

AL ulb \JI}JJI\IJ}JJ 'lj}l p J
Mep, nporpamma 5.18 — pekypcuBHas npoileaypa, BbiBoasinias aepeso B opmarte, npu-
BeleHHOM Ha puc. 5.29. O1y xe 6a30By10 PEKYPCHBHYIO CXEMY MOXHO MCIOJIb30BaTh JUIs

ACVeT AepeBo Harnn
1 A\JPVUU. llull}ll’l
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pUCOBaHUSI 0oJjiee CIHOXHBLIX IPEACTaBICHUN [EPEBLEB, . * E 5
MoAOOHbIM MCNOJAB30BAHHBIM Ha PUCYHKAX B 3TOM KHHU- * B
re (cM. ynpaxHeHue 5.85). Y -
o _ F *
Mporpamma 5.18 QyHkuMa ObICTPOro BbiBOAA AepeBa . ¢
E *
3Ta pekypcuBHas NporpaMMma OTCNEeXuBaeT BbICOTY Aepesa M . .
McnonbL3yeT 3Ty MHPOPMALMIO ANS BbiIBOAA €ro NpefacTaBneHuns, D . o
KOTOpOE€ MOXHO WCNONbL30BaTb NPWU OTnagke nporpamm ¢ T
obpaboTkn pepeBbeB (cm. pwuc. 5.29). B nporpamme . *
npeanonaraeTcs, YTO 3aNeMeHTbl B yanax umelot Tun ltem, ans B . ¢,
KOTOpOro onpeaeneHda neperpyxeHHan onepauus << A .

void printnode(Item x, int h)
{ for (int i = 0; i < h;j i++) cout << " ";  pyucyyOK 5.29 BbIBOA OEPEBA

cout << x << endl; e in il oo ol oo
’ (1PW NONEPEYHOM ObXOAE W
MPAIMOM OBXO[IE)

Bui600, npusedennvii na pucynke

if (t == 0) { printnode('*', h); return; Ciéga, noayken 6 pésyisimairie

} ucnonv3oganus npozpammes 5.18
show (t->r, h+l); npuUMeHumenbrO K npumepy depesa,
printnode (t->item, h); npueedennomy Ha puc. 5.26, u ou
show (t->1, h+l); OemoHcmpupyem cmpykmypy Oepesa

AHAACCUYHO UCHOJ bsusURRUMY
2paguyeckomy npedcmaegaenuio,

Tporpamma 5.18 BbINOMHSIET NONepedHbiii 00X0n, HO  noseprymomy Ha 90 zpadycos.

€CJId BbIBOAMTD IJIEMEHT IEPEA PEKyPCHBHBIMHU Bbi30Ba- Buigod, noxasannsiii ka pucynke
cnpaga, noayyer ¢ pesyabmame

MH, TONyyaeM MpsAMOM 0OXOJ; STOT BapHaHT TaKXe Mpu- asa, nonyuen ¢ pesyasmame
a 5 -29 ) ] a i GbINOAHERUS IMOU HCE NPOZPAMMS

BEAEH Ha'pnc. .29. DtoT ¢dopMaT NMpUBLIYEH, HANpUMED, npU nepemeueiu onepamopa

npyY OTOOpaXCHHH TEHEAIOrMYECKOrO NepeBa, CHUCKA  gygoda 6 nauaso npospammsl; on

daiinos B painoBOK CTPYKTYyp€ B BUIAEC A€PEBa UJIU TIPH demoncmpupyem cmpyxmypy depesga

CO3laHMM CTPYKTYpbl NeyaTHOro nokymeHTa. Hanpumep, 6 npussiunom gopmame.
BBINIOJIHEHUE MPpSAMOro obxona aepesa, OTOOPaxXeHHOro

Ha puc. 5.19, npMBOAMT K BHIBOJY BapMaHTa TabJMWIIbl OIJIaBJICHUSl 3TO KHMIH.

BHayane paccMOTpUM NpMMeEpP NMpOrpaMMbl, KOTOpasi CTPOMT SIBHYIO CTPYKTYpY IepeBa,
CBSI3aHHOTO ¢ NPWIOXEHUEM ONpENEJEHUs] MaKCUMyMa, KoTopas 6blta paccMOTpeHa B pas-
aesie 5.2. Hawa nejib — mocTpoeHUE mypiupa — OMHApPHOro AepeBa, B KOTOPOM 3J€MEH-
TOM KaXIOro BHYTPEHHErO y3ja sIBJIsSETCS KONHs OONbLIEro U3 3JEMEHTOB €ro ABYX Aouep-
HMX 3JeMEeHTOB. B 4acTHOCTHU, 32J€MEHT B KOpPHE — KONUsS Haubosibuiero s1eMeHTa B
TypHHMpEe. DJEMEHTbl B JIHMCTbs (y3/laX, KOTOpble HE WUMEIOT JOYEPHHUX y3710B) 06pasyloT
NpeacTaBAsioNIMe WHTEPEC NaHHble, a OCTaJbHAs 4acTb AepeBa — CTPYKTYPa NaHHBIX, KO-
Topas no3BojsieT 3(pGEKTUBHO HAXOAUTL HAMOOJNBLUIMA U3 31EMEHTOB.

[IporpaMma 5.19 — pexkypcuBHasi nporpamMma, KOTOpasi CTPOUT TYPHUP M3 3J€MEHTOB

, y
acluMpeHHoM Bepcueil nporpaMMel 5.6, oHa Mcnonb3yeT cTpaTeruio "pas-

e

Jensiii U BRacTByi": 4ToObl MOCTPOUTH TYPHUP Ui €AUHCTBEHHOrO 3J€MEHTa, NporpaMma
CO3Ja€eT JIUCT, COAEPXAlUMil ITOT BNEMEHT, U BHINOAHsET BO3BpaT. UTOGE MOCTPOUTH TYp-

HUp wisi N > 1 31eMeHTOB, B POTrPaMME MCIOJb3YETCA CTpaTervs "pasfefisiii W BAacTBYH':
nporpaMma IeJUT BCE MHOXECTBO 3JECMEHTOB I0N0JaM, CTPOMT TYPHUP AJsi KaXIOH Mo-
JOBMHEI M CO30A€T HOBBI y3€d CO CBA3SIMM C IBYMs TYPHMPaMM M C 3JIEMEHTOM, KOTODBIit
SBNISIETCSl KONMWEN OONblIEro 31eMeHTa B KOPHSIX 000MX TypHMpOB.

PacneyaTtaHo nporpammoii FinePrint - KynuTe wiww fineprint com



TIhaea 5. Pexypcus u depesvs 23 7

Nporpamma 5.19 KoHcrpyuposaHue TypHupa

JT1a pekypcnHaa $pyHkumna aenut maccvs af1], ..., a[r] Ha ase yactu a[1], ..., a[m] v
a[m+1], ..., a[r], cTpouT TypHupbl A4Na ABYX YacTeh (pekypCWBHO) n co3aaeT TYPHUP AnA
BCEro MacCUBa, CBA3LIBAA HOBLIN y3eN C PeKypCUMBHO NOCTPOEHHBIMWU TYPHUPAMK 1 NOMeLLas
B Hero konuio 6onbluiero aneMeHTa B KOPHAX ABYX PEKYPCUBHO NOCTPOEHHbLIX TYPHNPOB.

struct node
{ Item item; node *1, *r;
node (Item =x)

{ item = x; 1 = 0; r = 0; }
}:
typadef node* link;
link max(Item afl], int 1, int r)

{ int m = (1+r)/2;
link x = new node(aim]):;
if (1 == r) return x;

x->1 = max(a, 1, m);
x->r = max(a, m+l, r);
Item u = %->1->item, v = x->r->item;
if (u > v)

x->item = u; else x->item = v;
return x;

Syt

Ha puc. 5.30 npuBeaeH npumep siBHOH CTPYKTYypbl AepeBa, MOCTPOEHHOH MPOrpaMMOM
5.19. TlocTpoeHHe TaKUX PEKYPCHUBHBIX CTPYKTYP — BEpPOSITHO, MPEANOYTUTEIbHEH OTbIC-

NPOCMOTpPA MaHHbLIX, KaK 3TO ObUIO cOENaHO B mporpamme 5.6,

NOCKOJIbKY CTPYKTypa AepeBa OOecreuuBaeT OINpPeENEIeHHYI0 TMOKOCTbL JUIsl BbINOJHEHHUSA
ApYrux onepauui. BaXHbLIM NPUMEPOM CIYXMUT U caMa onepauus, MCMOAb30BaHHas 1A
MOCTPOCHHMA TypHHpA. upi/i HaJiMdynuW OABYX TYPHHPOB MX MOXHO 00BbEAWHNATD B OJHH TYyp-
HUp, CO31aB HOBbIN Yy3€, JieBag CBA3b KOTOPOro YKa3bIBaeT Ha OIMH TYPHMD, a npaBas Ha
APYroil, ¥ NpUHAB OOJbIMIKA U3 ABYX SMEMEHTOB (NMOMEIEHHbIX B KOPHAX IBYX HNAHHBIX
TYPHMPOB) B KauecTBe HauOOJIblUEro sjeMeHTa oObeAMHEHHOro TypHHUpa. MOXHO Takxe

pacCMOTPETL aJITOPUTMBI nobaBjeHus U VIAaneHus 3JIEMEHTOB H BbLINOJIHEHUS NDVIUX OHe-
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pauuii. 3mecb Mbl He CTaHeM paccMaTpMBaTb TaKMe ONEpPaLMM, NMOCKOJIbKY aHaJOrMYHble
CTPYKTYpPbI JaHHbIX, obnanaonme nogobHOH TMOKOCTbIO, UCCenyloTcsa B riase 9.

PUCYHOK 5.30 SBHOE AEPEBO AN OTbICKAHUA MAKCMMYMA (TYPHWP)
Ha 3mom pucynxe omobpaxcena cmpykmypa depesga, ckowcmpyuposannas npozpammoi 5.19 na ocnoseanuu
860da snememoe A M P L E. Dnemenme: 0annsix nomewaiomces 8 aucmeosx. Kaxcoviii sHympennuil yzen
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cauep.m.um Konuio Goabuiezo U3 31eMeHnos 6 uuy‘.x uuwephu.x y3iax, caeooedinesivbiio, 6 COomeemcmeuiu ¢
Menodom uHayicuuu HAUbOALULUM 1EMEHMOM ABARAEMCA KOPEHD.
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