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Jlekims 5

Anroputmsbl Ha rpadax (I).

I'pad u ero npeancraBiaeHue B maimnuHe. [louck B riryouny.
MuHumajibHOE OCTOBHOE J1€pPeBO.

5.1 IllIpeacraBieHue rpacgpa B MalllnHe

Omnpepenenne 5.1. OpuentupoBannbiii rpad G — 3T0 Mapa KOHEYHBIX MHO-
x)ectB (V) E), rae V nazbiBaercss MHOXKecTBOM BepminH, a £ C V x V. —
MHOKeCTBOM pebep (pebpo (v1, ve) MOKHO MPEACTABUTH cebe KaK CTPEIKY W3
U1 B ¥g). Byzsem cuurarb, uro B rpade Her neresb, 1.e. Vv (v,v) ¢ E.

HeopuentupoBanusiit rpad orimvyaercss OT OPUEHTUPOBAHHOTO TEM, YTO
Ha pebpax He yKa3aHO HalpaBJieHHe, T.e. pedpa — MHOXKECTBA, a He YIOpsi-
JoYeHHbIe napbl; Torga MHOKecTBO pebep E C {{u,v} |u,v € V,u # v}.

Yacro paccmarpuBaioT rpadbl ¢ BecaMu — KOTJIa KaxKJIOMy peOpy Ipu-
MHCAHO HEKOTOPOE YHCJIO, HA3bIBAEMOE BECOM 9TOT0 pedpa.

[TockonbKy MHOXKeCTBO V' KOHEYHO, MOXKHO CYUTATH €0 3JIEMEHTHI IOC/Ie-
JIOBATETbHBIMA HATYPAJbHBIMA YUCTAMH.

Bor HekoTOpbIe €1OCcOOhI TIPeICTaBUTh Ipad B MamuHe (BHIOOP KOHKPET-
HOTO crocoba ompeseisieTcs 3ajadeii — B KaKOM Buje rpad Ham 3ajaH, u
AJITOPUTMOM — KAKKE OlEepAIMU HaM HYKHBI):

® MATPHUIA CMEXKHOCTH:

— nByMmepHsblii Maccus: Ali, j] =1« (i,)) € E,
— MAaTPHUIA C MPOIYCKAMH,
— mesBHOe 3aganue (npu nomomu gyrkyuu f): f(i,7) =1 < (i,5) € E;

e maccus (u3 |V ssmemenTos), B Kotopom A[i] — MaccuB/cucox /iepeso

pebep, UCXOMSIINX W3 BEPIIUHEI %.
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3ameuanme 5.1. Bpemsa paborsl aaroputMoB OyneM BbIpakKaThb He depe3
JUIAHY BXOfa, a depe3 |E|, |V| u npyrue mapamerps! rpada — 3T0 ToUHee
M OXBATHIBAeT OOJIbIIIEE YUCJIO CIy4YaeB — HAIPHUMep, Korja rpad 3aBegoMo
pa3peKeHHbI (Yepe3 JUIMHY BXOJA BCErJa CMOXKEM BBIDA3UTH).

5.2 Ilomuck B riayOuny

PexypcuBHO 00pabaThiBaeM BEpIIUHBI (OPUEHTUPOBAHHOTO UJIM HEOPHEHTH-
poBaHHOrO) rpada Tak, ITo0B KAXKJIYI0 BEPIIUHY U KaxKjo0e pedpo o6pabo-
TATh POBHO OJIUH Pa3.

lmenno, ormMevaeM BepHIMHY v, KOTOPYIO Hadaiau obpabarsiBarh (1po-
craBjIsieM MOMEHT BpeMmeHu b[v] Hadasa ee obpaborku). 3arem nocaedosa-
meAbHO PACCMATPUBAEM BCEX ee cocefieil v;: ecu v; elre He Hadam obpa-
6aThIBaTh, PEKYPCUBHO 00pabaTbiBaeM v; (3aMETUM, YTO B MPOLECCE PEKYP-
CUBHO}1 00pabOTKY BEPIIUHBI U; Mbl MOXKeM 00paboraTh v;11!). 3aKOHUUB ITH
PEKYPCUBHBIE BBI30BBI, IIPOCTABUM MOMEHT €[v| KOHIa 00pabOTKY BepIIUHbI
.

Eciu mocie BbI30Ba 3TO# pEKYPCUBHOM IPOIEAYyPhl M3 <«IVIABHOI IIPO-
rpaMMbl» B rpade octanuch HeoOpaOOTaHHBIE BEPIIUHBI, OepeM JI0yI0 u3
HUX U 0OpabaThiBaeM TOil Ke MPONEAypoil — M TaK, MOKa HeoOpabOTaHHBIE
BEPIHIMHBI HE KOHYATCH.

[To6ounbiM 3bpekTOM 1OUCKa B TIyOUHY SIBJISIETCS BO3MOXKHOCTH IIOCTPO-
eHUsI Aeca NOUCKA 8 2AYO6UHY — COBOKYITHOCTH pedep, M0 KOTOPBIM MBI TILIH,
COBepIIlasi PEKYPCUBHBIE BBI3OBBI (sec — 310 Tpad, ABJISIONUACT 00be [iHe-
HUEM HECKOJIbKUX He CBSI3aHHBIX MeXKIy COOOM JepPEeBbeR).

Jlemma 5.1. Kaorcdas eepwuna bydem obpabomana posno odun pas. Kaorc-
doe opuenmuposarnoe pebpo bydem nposepeno (6 uyukae noucka coceded)
POBHO 00UH Pa3.

Hokxazamensvcmeo. Mbl HUKOrJa He HadyuHaeM OOpabOTKY BEPIIMHBI, KOTO-
pyIo yzke 06pabaThIBAIH. O

Jlemma 5.2. Iouck 6 2aybuny sanumaem O(|E|+ |V]) onepayui ¢ eepuiu-
namu u pebpamu, m.e. epems O((|E|+ |V])log|V]).

Hoxazameavecmeo. Cunemyer u3 gemmbl 5.1. O0palmennii K KaK 10l BepITUHE
W JIAHHBIM, C Hell CBSI3aHHBIM, — He 0oJiee, 4eM KOJIMIeCTBO ee cocejeil (3Ha-
quT, Bcero takux obpamenuii — O(|E))). O

Sameuanne 5.2. TyT BaxkHO HpejcTaBleHne rpada: MaTPUNA CMEXKHOCTH
e nogoiiner! (Cpasy nonyqunrcsa spems O(|V]?).)
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5.2.1 TomoJjorn4deckass COpTUPOBKA

3amada O TOMOJIOTMYECKON COPTHPOBKE BEPIIMH OPUEHTHPOBAHHOTO I'pa-
da: pacmosoKuTh BEPIINHB OPHEHTHPOBAHHOIO rpada B TAKOM IMOPHIKE,
4T00BI BCe pebpa 1M OT MeHbInel (B 9TOM MOPsijike) BEPIIMHBI K GOJIbIIEH.

Pemienme: upuMeHUTh TMOWCK B TJIYOMHY W OTCOPTHPOBATH BEPIIUHBI 10
yOBIBAHWIO BpEMEHHM OKOHYaHUs 00pabOTKH.

Jlemma 5.3. B zpage 6e3 (opuenmuposanuniz) yuka08 copmuposra no yooi-
BAHUIO BPEMEHYU OKOHYUAHUA 00PAbOMKY ABAAECMCA MONOAOUYECKOT COPMU-
posrot.

Jlokasameavcmso. Ilycrs B rpade umeercs pebpo (v, w), xora e[v] < e[w].
Ectb nBa BapuaHTa «CKOOOYHOM CTPYKTYPHI»:

{}0): blv] < elv] < blw] < e|w], HO 9TO MpPOTHBOpPEYUT TOMY, YTO HOMCK B
ryOuHy Je/1aeT PeKyPCUBHBIN BBI3OB I BCEX cocejeit v, oOpaborka
KOTODBIX eIlle He HAYaIach (B 9aCTHOCTH, JJIsd W);

{0}: blw] < blv] < e[v] < e[w], HO 3TO O3HAUAET, UTO €CTH OPUEHTHPOBAHHBI

IIyTb U3 W B VU, T.€. HMEETCA OpHeHTHpOBaHHbIﬁ ITHUKJI.
U

3ameuanue 5.3. Eciu ke B rpade uMer0Tcss OpueHTUPOBAHHBIE UKJIBI, TO
TOIOJIOTUYECKYI0 COPTUPOBKY NMPOU3BECTH HEBO3MOXKHO.

5.2.2 KoMmnoHeHTHI CUJIBLHOM CBA3HOCTHN

Samauva: pasbuUTh OPHEHTUPOBAHHBIN rpad HA KOMIIOHEHTHI CUJIBLHON CBSI3-
HOCTH, T.€. Ha MOJMHOYKECTBA BEPIINH, B KAXKJIOM U3 KOTOPBIX UMeeTcs: (OpH-
eHTUPOBAHHBII) 11y Th U3 11060 BepIuHbI B J1106YI0 (B 000MX HAIPABJIEHUSIX ),
a Ui JTI00BIX JIBYX BEPINUH U W U U3 PA3HBIX KOMIOHEHT JMOO HeT MyTH u3
U B v, MO0 HET IyTH U3 U B U.

Pemienne:

e TPOU3BECTHU MOWCK B IJIyOUHY, Hali/s BpeMsi OKOHYaHUs 06paboTKu e[v]
JJIsl KaXKJI0# BEpPIIUHBL,

® pou3BeCTH MOMCK B riybuny B rpade G*, ormuatomenmes ot rpada G
TeM, 4TO pe6pa B HEM M/IyT B IPDOTUBOIIOJIO2KHOM HallpaBJIEHWUHW; IIpDUYEM
CJIYIONTYIO BEPIIUHY ¥ /I BBI30Ba, MPOIEAYPHl PEKYPCUBHOTO ITOUCKA
U3 «IJIABHOM MPOrpaMMbly BBIOMDPATH B HOpsiKe yObIBaHUS €[v];

e II0/JyYeHHBIE JepeBbd moucka B rpade G' um GyayT CHIbHO CBA3HBIMU
KOMIIOHEHTaMHU.
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Jlemma 5.4. Ilpu noucke 6 2Aybuny, ecay ecmbv NYMdb U3 U 6 W, U 6EPUUHA
UV HAYaAa 00pabamuieamuea 00 BEPUIUHDL W, MO 8EPULUHA W Nonadem 6 mo
gice camoe depeso Noucka, wmo u v.

Jlokasameavcmso (undykyus no daune nymu). Ilycrs y — nepsas Beprmna
HA IyTH U3 ¥ B w, HE IMOIABIIAs B TO K€ JePeBO IIOMCKA, YTO M U, & T —
HOCJ/Ie/[Hsisl TIONABIIAs Ty BepiiuHa (T.e. T MIeT HEIOCPEJCTBEHHO Mepest Y
B 9TOM IIYTH).

Ecnu 661 006paboTKa BepIIUHBI Y ele He ObLIa Ha4vaTa, KOTJA HAYAIACh
00paboTKa BEpIIMHBI L, TO Y 0E3YCIOBHO TMOnaja Obl B TO Ke J€PeBO TOUCKA,
410 U Z (& 3HAYMT, TO Ke, yTo 1 V). Ecsm 661 06paborka y Gblia HAYaTa, HO HE
3aKOHYeHA JI0 HavaJia 00paboTKu T, cuTyalnus OblIa Obl TAKO# »Ke, TOCKOJIb-
Ky OJTHOBPEMEHHO MOTYT 00padaThIBATHCA TOJHKO BEPIIMHBI, MOMAIAI0NINE B
OJIHO JiepeBo moucka. boJiee Toro, To xKe camoe Ob1JI0 OBI, eciu ObI 00paboTKa
y He OBbLJIa 3aKOHYEHA JI0 Havaja 00pabOTKH v.

CnenoBaTenbHO, BepIIHHA Y y2Ke ObLIa 00paboTaHa K TOMY MOMEHTY, KO-
ra Obla HavaTa oOpaboTKa BepmuHbl v. [lo IpeanosoKeHuio nHAYKIUH, Y
" w TOMAJM B OJHO U TO YK€ JePeBO MONCKA, HO 3TO MPOTUBOPEYUT TOMY, UYTO
00paboTKa w ele He ObLTa HavaTa, KOT/Ia Hadaja 00pabaThIBaThCS BePITHHA
v! O

Teopema 5.1. Onucannaa eviwe npouedypa KoppexmHa.

Jlokasameavcmso (6 komopom mow noavdyemcs semmot 5.4). 1) Ilycrs nse
BEPIIUHBI ¥ U W CBI3aHbI B 00€ CTOPOHBI, HO HE TIOMAJIH B OHO JePEBO MOUCKA
rpada G*. IlycTs mepeso, comepskalliee BepHIMHY v, BO3HUKJIO paHbime. Ho
Toraa w o0s3aHa OBLIA IOIMACTh B 3TO AEPEBO.

2) IIycTb myTH U3 ¥ B W HET, HO OHU TIONAJIM B OJHO JIepeBo. Jl0cTaToYHO
1IOKa3aTh, 4YTO UMEETCAd IIYThb U3 KOPDHI 7" 9TOI'O JZiepeBa B 066 BEPIIMHBLI V 1 W
(moKa Mbl TOJIBKO 3HAEM, YTO €CTh OOPATHBIE IYTH).

[Iycth p — mocjie/iHsisi BEPIIUHA HA IIyTU U3 ¥ B T' B JIEPEBE IOUCKA JIJIs
rpacda G?, KoTopas He JIeXKUT B TOil »Ke KOMIIOHEHTe, 9TO U T5 a  — CJIeIy-
I0Ias 3a p Ha 3TOM MyTH. Ham J0cTaTouHO MOKa3aTh HAJIWYue MyTH U3 ¢ B
p.

[Mockosbky e[r] > e[p], e[g] B mepese moucka mst ucxoxuoro rpada G,
uMeeTCsd JIBa BapUAHTA.

(a) Bepmmna g Jjiexkur B nojiepese ¢ kopueM r. Ecim p sexur Ha nyTy u3
7 B ¢ B 9TOM TIOJJIEPEBE, TO TOJIy4YaeM TpebyeMoe yrBep:KieHue. Kcim p
Obl1a 06paboTaHa paHbIIe ¢, TO TaKXKe CYIIeCTBYET IIyTh U3 ¢ B P B 9TOM
nepese. Ocraercs ciydail, Korjaa p Hauasia 06pabaThiBATHCS TO3XKe ¢ (1
nozxke r!). Ho, mockobKy ee 06paboTKa 3aKOHYMJIACH BCE YK€ PAHBIIE
r, TO OHA IOMNAaJA B IOJIEPEBO C KOPHEM 7.
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(6) Bepmmua ¢ 65118 TOTHOCTHIO 06paboTana 10 Hadada 00paboTku 7. Ecou
661 p GblTa 06paboTaHa paHbIle ¢, HO MO0 pebpy (p,q) MBI He HONLIH,
TO CYIIECTBOBAJ OBl MyTh U3 ¢ B p. JHAYUT, p — poautenb ¢q. OmgHaKO
[I0YeMYy BepIIHHA 7' He MOIIAJIa B IOJIEPEeBO MOKCKA C KOpHeM ¢7 3HAYMNT,
HA IIyTH U3 ¢ B I' €CTh BEPIIHHA T, KOTOPas y»Ke Hadaa 00pabaTbiBaThCs

JIO TOTO, KaK ¢ Oblja oOpaboTana, — T.e. €CTb IyTh U3 ¢ B p Yepe3 .
O

5.2.3 VYmnpaxXHeHUd

Vupaxkuenue 5.1 (ITosycBsizHocTs). OpuentupoBantbiii rpad Ha3bBa-
€TCsI TIOJIYCBSI3HBIM, €CJIH JJIsI JIIOOBIX JIBYX €r0 BepIINH ¥ U W B HEM HMEEeTCs
(OpMEHTHPOBAHHBIN) MyTh 1160 U3 v B w, 1160 U3 W B v. BRIACHUTD, SBISETCS
JIM TaHHBIA Tpad MOJTYCBA3HBIM. O

VYupaxuenue 5.2 (MocTbl u TOuYku paspesa). /laH HEOPHEHTUPOBAH-
HBIH1 cBa3HBI Tpad. Toukoit pa3jesia HA3bLIBAETCH BEPIIWHA, MPU YAAJECHUH
KOTOpPOI#i rpad Tepser CBA3HOCTb. MocToM Ha3bIBaeTcs pebpo, MpHU yaaJie-
HUU KOTOPOTO Tpad TepsieT cBsi3HOCTh. HaliTu B jjanHOM rpade Bce MOCTHI U
TOYKUW pa3iesa. ]

5.3 IlocTpoeHne MUHUMAJBLHOTO OCTOBHOTO J€-
peBa

OcmosHoe depeso (HeopHEHTHPOBAHHOTO rpada) — TO JAEPEBO, CojepIKallee
BCe BepIIMHBI rpadya U HEKOTOPhIE U3 ero pedep.

g manHoro rpada ¢ BecaMu MOCTPOUM OCTOBHOE JIEPEBO C MUHUMAJh-
HBIM CYMMapHBIM BecoM pebep. Bymem «pacTtuTh» aepeBo mocremeHHo. B
MPOIIECCe MOCTPOEHUS OYJET MOTyIaThCs HEKOTOPBIN JieC, SBIMIOMUNACS TO/I-
rpadom Oyyiiero octoBHOro jiepeBa. Ha kaxkjaom miare Oyaem 100aBJIsITh K
9TOMY Jiecy peOPO MUHMMAJIBHOTO BO3MOYKHOTO BECA, COEIUHSIIONIEe HEKOTO-
PYIO KOMIIOHEHTY cBsi3HOCTH C' ¢ BEPIIUHON 0py2oli KOMIOHEHTH (MUHUMYM
OepeTcs 10 BceM pedpaM, UCXOIAIINM 13 KOMIIOHEHTHI C'; BBIOOD KOMIIOHEHTHI
C' — mpou3BOJIEH).

Jlemma 5.5. Taxoti aszopumm Koppexmern He3asucumo om cnocoba evbopa
ouepednoti Komnonermos (U pebpa cpedu pebep 0durakosozo eeca,).

Jlokasameavcmeo (undykyus no nocmpoenuio depesa). Ilycrsb, umes jec F,
MBI 100aBUIH K HEMY PeGpo (U, V), MUHUMAJIBHOE [0 BeCy u3 pebep, CoeuHsI-
IOIUX HEKOTOPYIo KoMnoHeHTy U ¢ apyrumu Komnonentamu jeca F'. Cunras
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(O TPeIOIOKEHNI0 UHIYKIMA), YTO CYIIECTBYeT MHHUMAJBLHOE OCTOBHOE
nepeso T ucxomuoro rpada, cogepzxKaiee jgec F, MOKazKeM, 4TO CyIeCTBYeT
U MUHHMAJIBHOE OCTOBHOE JiepeBo, comepxaitee F'U {(u,v)}.

Urak, mycrs T ue conepxut (u,v). Tem e menee, B T ecrb myTh 7y U3 U
B v (He comepxKammuii pebpa (u,v)). Paccmorpum nepsoe pe6po e Ha myTu 7,
BBIBOJAINEE 33 Mpeesbl KoMIoHeHTsl UU. Hair ajgropuT™m ycTpoeH Tak, 9To
Bec pebpa e — He MenbIne Beca pebpa (u, v). Cremoarensuo, T\ {e}U{(u,v)}
— MCKOMO€ MUHWMAaJIbHOE OCTOBHOE JIEPERO. ]

NMeerca HECKOJIBKO BO3MOXKHBIX peaﬂnsaunﬁ 9TOTr0 aJropuTMma.

AgaroputMm Bopysku. Ha ouepesnom 1rare BoiOupaem Jijisi KaxKjoi Bep-
muHbl (OJHOBPEMEHHO) peOPO MUHMMAJLHOIO BeCa, UCXOASINee U3 Hee.
Barem cmazusaem KaAHCOY0 U3 NOAYUAIOWULCA U3 IMUT pebep KOMNOo-
HEHM CBA3HOCTIU 68 00HY MOYKY.

Aaropurm Kpyckana. PaccmarpuBaem Bce pebOpa B TOpSIKe, COOTBET-
CTBYIOIIIEM Becy; ouepesHoe pebpo mo0aBJsseM K JIeCy, €CJIU OHO COeJIH-
HsI€T Pa3Hble KOMIIOHEHTHI CBI3HOCTH.

AgaropurMm Ilpuma. Koncrpyupyemblii HaMH JieC COCTOUT W3 JiepeBa H
HE3aBUCHMBIX BepliuH. BriOupaeM peOpo MUHUMAJIBLHOTO BeCa CPeIu pe-
0ep, COeTMHSIONTUX BEPIIMHBI HAIIETO JIePeBa ¢ OCTAJTbHBIMU BEepPITUHA-
MH.

Jlerko BHIETH, 4TO JH060ii M3 ITHUX METOJOB MOXKHO DeaJn30BaTh 32
O(|E|log|V|) oneparumii ¢ BepumuaMu u eecamu. Hampumep, B mepBoM u3
STUX METOJIOB HA KaXKJOM Ilare KOJUIECTBO BEPIIUH YMEHBIIAETCs, KAK MHU-
HUMYM, BJBOe; KaxKiblii mar MoxkHO peanuzoBarh 3a O(|F|) onepaumii ¢
BEPITMHAMHU U pedpaMu: MOMCK MUHUMAJIBHOIO 3JIEMEHTA 3aHUMAaeT JInHeii-
HOe BpeMsl, CJIUsIHKUE CIIUCKOB, cojepkamux |E| snementos, — Bpems O(|E|);
IpH CTSATUBAHUH PeOpPA, BEYII¥e B BEPIIMHBI TON K€ KOMIIOHEHTHI, MOXKHO
HE YJAJISATh, & CIATATh OOIBIINMY IO BECY.



