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AHAJIN3 TOKA/IBHBIX BBIYVMICJIIMTE/IbHBIX AJITOPUTMOB /I PACKPACKU
T'PA®OB, NCITIO/Ib3YIOIINX CTPATEI'MIO JKATJHOI'O AJITOPUTMA

B.A. Escmuznees, Typcyn6aii kvi3vi bl.

PaccmatpurBaeTca oguH 13 cnoco6oB ynyulleHVs BbIMONHEHWA JIOKaNbHOrO anropuTtma — NpefcTaBfieHmne cTpaTe-
rMN PacKpacky B anroputm, KOTOpbI ABnAeTcA 3GpPpeKTUBHbBIM B HepacnpedenieHHbIX anroputmax. NokasaHo, uto
NpYIMEHEHNE HEKOTOPbIX 3BPUCTMK NOCeA0BaTENIbHOMO anroprTMa packpacky, Takunx, Kak HanbonbLve-nepBble
(HM), HaumeHbwre-nocnegHe (MH) n HanbonbLlune-nepsble HacbiweHHocT (HIMH), AnAa HekoTopbIX KNaccoB rpa-
$OB 1 ANs YaCTHbIX CllyYaeB BEPLUMHHOW PACKPACKM B JIOKasIbHbIX airOpUTMax AaloT ONTUMAsbHYIO UK MOYTH

ONTUMaNbHYI0 PacKpacky.

Kntouesble cosa: packpacka rpadoB; pacnpefeNieHHbI anropuTM; NOKasbHbIN anropuTM; »KagHbln anroputm;
W -coBepLUeHHble rpadbl; T-packpacka; CymMUpytoLLasa packpacka.

1. Beenenue

1.1. Ilocmanosxka 3adauu. Ilyctb G — ¥o-
rpad,
, m:|E| U I Kaxaou

HEYHBIH  HEOPHEHTUPOBAHHBIH o0o3Ha-

YuM  4epes N = |V
BEPIIHMHBI \% OonpeAciInM  OTKPBITYIO  OKpPECT-
woctre  NOW)={u:(u,v)eE} u
deg,v= |N(v)| :

Packpacrkoii sepuun epagpa G HazpBaeTcs Ta-
KO€ MPHUIMHChIBAHUE I[BETOB €ro0 BEpIIMHAM, YTO HU-
KaKHe JBE CMEKHBIC BEPIIMHBI HE ITOTYYaI0T OAWHA-
KOBBIe TIBeTa. Xpomamuuecxoe yuciao ¥(G) rpada G
oTpeesAeTCs KaKk HAMMEHbIIIee KOJTHMYECTBO [[BETOB,
HEOOXOMMMEBIX LTS packpacku G, a packpacka rpada
%(G) 1BeTamMu Ha3BIBACTCS ONMUMAILHOU PACKPAC-
xoti rpada G. 3agava packpacku rpaga 3aKIodacTcs
B HaXOKJICHUH ONTHMAIEHOH PacKpacKu.

[TocnenoBarenbHBIE  ANTOPUTMBL,  OOCYKIae-
MBbI€ B JaHHOH padoTe, UMEIOT MPaKTUYEeCKOe 3Haue-
HHE U3-32 YHCJIA KJIACCOB IpadoOB, [T KOTOPHIX OHU

CTCIICHb

BCETNA JAI0T ONTHMAIIBHBIC WJIM ITOYTH ONTHMAb-
HBIE pe3ynbraThl. [1oaTOMy ecrecTBeHHO chopMmy-
JMPOBATh 33/1a4y TIOCTPOCHUS JIOKAJIbHBIX aJITOPUT-
MOB C aHAJIOTHYHBIMH CBOHCTBAMH.

1.2. Jlokansnste anzopummsl. Teopust TOKaIb-
HBIX JIFOPUTMOB BEJICT CBOE Havdaso oT padot FO.1.
XKypasieBa 1o JIOKaTBHBIM aJITOPUTMAaM PEIICHHUS
3a1a4 TUCKPETHOH ONTHMH3AIMHU, B TOM YHCIIE Ha
rpadax [1, 2]. JanpHeiimee pa3BUTHE STOTO MOJI-
XOJIa TIPUBEJIO K MOHSITHIO MTOCIE0BATEIBHOTO, Ta-
paJIeNbHOTO, a TAKXKE BBIYHUCIUTEIBHOTO JIOKAJb-
HOro ainroputma [3].

[onHOE OmpeneneHne JOKAITEHOTO aITOPUTMA
MOXHO HaiTu B padorax [1, 3]. 3meck MBI TpuBe-
JeM 6ornee CTporoe OnpesesIeHUE JIOKAIbHOTO allro-
putMa. BHavane copMynupyeM MpHHIIHIT JTOKaTb-
HOCTH.

Ipunyun noxanenocmu. BeraucneHue mpe-
IUKAaTOB ¥ (YHKIWH Ha dIeMeHTe (BepIIMHE WA
pebpe) rpada MpoU3BOAUTCS HA OCHOBE M3yUCHUS
CTPOGHHSI OKPECTHOCTH JJIEMEHTa C YYeTOM BbI-
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YHUCIICHHBIX Ha MPEBIAYIIHNX IIarax 3HaueHUH J1aH-
HOU (PYHKIMM WM MPEAMKATa, a TAKXKE 3HAYCHUI
JIPYTUX BCIIOMOTATeIbHBIX (DYHKIMH W MPETUKATOB
Ha 2JIEMEHTaX 3TOW OKPECTHOCTH, MPU 3TOM BBI-
YUCJICHHBIC JUTSI DJIEMEHTA X 3HAUCHUSI XPAaHSITCS B
3NIEMEHTE ), CTAHOBACH AOCTYITHBIMHU JUISl BBIUHC-
neHns uHGopManuy B IEMEHTE ) TOTAA U TOJb-
KO TOT/a, KOTZa 2JIEeMEHT X BOWJET B OKPECTHOCTD
JAHHOTO (PUKCHPOBAHHOTO MOPSIIKA DIIEMEHTa ) .

JlokanvHvim  aneopummom B OOIIEM CMBICTE
Ha3bIBACTCS AJTOPUTM, YJOBJICTBOPSIONIUN TMPUH-
WY JTOKAJTBHOCTH.

JlokanbHBIN aNTOpUTM HA3BIBACTCS NApaLleib-
HbIM JIOKATbHBIM ANICOPUMMOM, €CIH OJHH IlIar ero
COCTOWT B OJJHOBPEMECHHOM M HE3aBHUCHMOM Iiepe-
BBIYMCIICHUM METOK Ha BCEX BeplIMHax rpada Ha
OCHOBaHMM WH(OPMAIUU, MMOJYYCHHONH Ha TPE/IbI-
nymeM miare [3].

1.3. Mooens gvruucnenuit. Ilepeiinem k onuca-
HUIO peaji3alliy JIOKAIBHBIX aJITOPUTMOB, & IMEHHO
paccMOTpUM pealTU3alrI0 JIOKAJIBHBIX AJITOPUTMOB
Ha CETH MPOIECCOPOB, MOACIUPYIOIIUX CTPYKTYPY
uccnenyemMoi rpad-monenu. BeruucnurenbHas cu-
cTeMa, MOJICIMPYFOIAs TOTIOJIOTHIO JIAHHOTO rpada,
€CTh MHOXXECTBO OJIHOTHITHBIX TPOIIECCOPOB, KaXK-
Il M3 KOTOPBIX COOTBETCTBYET BepLIMHE Tpada.
JlBa mporieccopa CBsi3aHbl KaHAJIOM CBSI3H, €CJIH CO-
OTBETCTBYIOIINE BEPIIUHBI B Tpade CMEKHBI.

HccnenoBanue naHHBIX CHCTEM IMPUBETIO K TO-
SIBIICHUIO TaK HA3bIBAEMBIX 3XO- WJIM paclpeNeiicH-
HBIX QJITOPUTMOB PEIICHUS HEKOTOPBIX TEOPETHKO-
rpadoBbIX 3a1a4. B mocneanue roasl Bce Oonbliee
BHHUMAaHHE YJICISACTCS PACHpe/IelICHHBIM CHCTEMaM
W pacrpeneieHHoi o0padoTke nHpopmanuu. B pa-
6otax [4, 5] n0Ka3aHO, YTO pacHpeAeIeHHbIH airo-
PHUTM €CThb JIOKaJbHBIN BBIYUCIUTEIBHBIA AJITOPHTM
nopsijika I, oJiHako MOHATHE JTOKAILHOTO AJITOPUTMA
mype ¥ BKJIIOYaeT B ce0s BO3MOXKHOCTH paboThI C
MOJTHOW OKPECTHOCTBIO MEPBOTO MOPSIKA, & TAKKE
C OKPECTHOCTSIMH 00Jiee BBICOKOTO TOPSJIKA, Yero
HET B PaCMpECIICHHBIX aIrOPUTMAaX.

1.4. Anzopumm >cadnoii packpacku 6 KoH-
meKcme JIOKANbHBIX anzopummos. I ynopsao-
YEHHOI0 MHOYKECTBA BEPIIMH V,,...,V, Tpada G
nocnedo8amenbHou PAcKpacKoll, OTBEUAIOIIEH 3TOo-
My TOPSIJIKY, Ha3bIBae€TCS pPAacKpacka, HCIOIb3YIO-
mas KakJbli U3 UBETOB C,...,C, Y ONpejeseMas
CJICAYIONICH CTpaTerue *KaaHoro alropuTMa:

a) BEpPUIMHE V, IPUINCAH LUBET C, ;

6) ecmm moarpad H ( HOPOKIEH-

vl,...,v,»,1> >

o !
HBI BepliMHAMU V,,...,V,,, k' — packpaiueH,

k'<i—1,10 BEpIIMHA V; TOJydYacT UBET C,, , TIE

m<k'+1, Te. user ¢ HAUMEHBIIUM HOMEPOM, HE
BCTPEYAIOIIUICSA HA CMEKHBIX ¢ BEPLIUIMHON V; Bep-

[IMHAX.
PaccMoTpuM pa3nuvHbIe CTPATETHH IIPH OpTa-

HU3AINH TT0CIIEIOBATEIBHBIX PACKPACOK.

»  HIl-anzopummom Ha3bIBaETCS aITOPUTM, OCHO-
BanHblii Ha HIl-ynopspouennn (‘“HanboIb-
IIMe — TIEPBBIMK™’) BEPIIUH B COOTBETCTBUH C
yOBbIBaHHUEM UX CTETCHEH U HAXOXKCHUS 110 He-
My packpacku rpada G.

» [IH-ancopummom  Ha3bIBAETCS  AITOPUTM,
ocHoBaHHbIH Ha [TH-ynopsinouenun (“nocnen-
HUMHU — HaWUMEHbIINE’) BEPIIMH U CTPOUTCS
CIIEYIOITM 00pa3oM:

a) i1 n=|V| B kauectBe V, BBIOMpAeTCs
BEpIIMHA MUHIMAJIBHOU CTeNeHH B rpade G;

0) s i=n—1,n-2,...,2,1 B xasectBe v,
BBIOMpAeTCs BEpIIMHA MUHHMAaJbHOW CTENEHH B
nonrpadpe H P\ o) > M HAXOKICHHS IO HEMY
packpacku rpapa’G. "

»  CTerneHbI0 HACKIIICHUS BEPIIMHBI V B 4aCTHY-
HO pacKpalleHHOM rpade Ha3bIBACTCS YHCIIO
Pa3INYHBIX [IBETOB HAa CMEKHBIX C V BEpIIH-
Hax. HIIH (DSATUR)-aneopummom Ha3biBa-
€TCSI AITOPUTM, B KOTOPOM IIOCIIEIOBATEIHHO
OKpAIINBAIOTCS] BEPIIUHBI ¢ HAHMOONbIIEH CTe-
MICHBIO HACBHIIIECHUS (B Hauase ajJropuTMa LBe-
Ta TIOJy4aroT BEPIIMHBI, HMCIOIIUE HAHOOIb-
IIYIO CTETICHB ).

2. OcHOBHBIE Pe3yJbTAThI

3aMeTHM, YTO HE BCerga JIETKO JOOUTHCS U
CKOPOCTH, ¥ d3PPEKTHBHOCTH anroputMa. B padote
[6] mpencTaBiieH pacnpeleNeHHbI aaroOpuT™M s
packpacku rpada B (A +1) uBeToB, rae A — HauOOIb-
1masi CTETIeHb BEPIIUHEI B rpade. Bpems padboTs! an-
roput™a O(log n). Byaem Ha3bIBaTh 3TOT aITOPUTM
TPUBHAIBHBIM. JaHHBIA aITOPUTM JTOCTATOYHO
MPOCTOW W OBICTPBINA, HO HE ONTHUMAIbHBIN. JleH-
CTBUTEIHHO, KOJIMYECTBO IIBETOB, HCIOJIb3yEeMbIX
QIITOPUTMOM, OJTU3KO K A, maxke eci rpad) IBYIO0Ib-
HbI. HeyauBuTEeNbHO, 9TO TPUBHAIBHBIN aITOPUTM
HE UMEeT MeXaHU3Ma 3KOHOMMHM LIBETOB. JlanbHeil-
Iee yCOBEPIICHCTBOBAHNE TPHUBHAIHHOTO aJITOPUT-
Ma TIpeITIoKeHo B padore [7].

3. Joxanbubiii ITH-anroput™ as packpa-
CKH W -COBepLIEHHBIX Irpa¢oB

OnHON W3 BaXKHBIX XapaKTEPUCTHUK, CBA3AH-
HBIX C XPOMAaTHYECKUM YHCIIOM, SBISIETCS 4YHMCIO
Cekepema—Bundpa w(G) = maxd(G')+1, e

G'cG

d(G") = m%g)dcy(x) — MHHHMMAJbHasl CTEICHb
xelV (G’
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Duzuxa u npocpamMmuposarue

rpapa G', a d (x) — crenens Bepumnst X B G'.
W(G) B KauecTBe BEPXHEN OLEHKH XPOMATUYIECKO-
ro 4uclia BIepBbIe paccMoTpeHa B padore Cekepe-
nia u Bunda [8].

BaKHOCTb HTOI XapaKTEPUCTUKH 3aKJIIOYaeTCs
B TOM, 4T0, BO-TiepBbIX, W((F) SBISETCS JOBOJBHO
HETpUBHMAIBLHON BepxHeii onenkon misn € (G), Te.
knace rpados, mis koropeix W(G)=c(G) no-
BOJILHO OOJBIIOW M COJIEPKHUT B cebe MHOTO Mpakx-
THYECKH MHTEPECHBIX KIACCOB, U, BO-BTOPBIX, OHA

JIETKO BBIYUCIIICMASL.

I'pad, obnamaronuii TakUM CBOHCTBOM, 4YTO
XPOMaTHYECKOE YHUCIO U BBIPOXKACHHOCTb (YUCIIO
Cekepeta-Buiiha) paBHbI He TOJIBKO Yy caMOro rpa-
¢da, HO M y KaXJIOTO €ro MOPOXKJIEHHOTO moarpada,
HAa3BIBACTCS W -COBEPULEHHBIM 2PAGPOM.

Just soruncnenus W(G) npumensercst TTH-
ynopsinoueHue Bepmud [9, 10] rpada G. Ilo cBoe-
My crpoenuto ITH-anropurM npuBoguT k packpac-
ke He Gomee yem W(G) useramum. Jlns Kkmacca
W -COBEPIICHHBIX TPaOB CYyIIECCTBYET JIMHCHHBIN
M0 BPEMEHHM IOCIIE0BATEIbHBIN aNTOPUTM MHHH-
MaJpHOU packpacku [10].

[Tpumennm 3BpUCTHKY rTocienoBarensHoro [TH-
aIropuTMa JUIsl PACKPaCKHU W -COBEPIICHHBIX rpad)oB
B KJIacCe MapaJUICIIbHBIX JTOKAJbHBIX allTOPHTMOB.

Teopema 1. 3a0aua packpacku W -cogepuieH-
Huix 2pagoe ITH-anzopummom paspewiuma 6 kiacce
NapannienbHuIX T0KATbHbIX ANCOPUNMOS.

Jloxazamenvcmeo. JInsa poka3zaTeiabCcTBa TIO-
CTPOMM COOTBETCTBYIOIIMN JOKAJIBHBIN aJTOPUTM.
[MycTp Kakmast BepiirHa rpada UMeeT CICAYIOIne
apameTphL:

cTeneHs: deg(v),

»  ciydaiiHoe 3HaueHue: rrndvalue (v);

»  HOoMep,cooTBeTcTBytomuii [IH-ymopsinoueHuto:
SLnumber (v) (B Hauaze HOMepa BCEX BEPIIMH
paBHbI enuHuUIE, T.e. SLnumber (v)=1);

»  TmoKkasarellb COCTOsIHUS mapameTpa SL-number:
state (v), koTopblii uMeeT 6o 3HaueHue | (in-
termediate) — mpoMeKyTOYHOE, THOO 3HAYCHUE
F (final) — xoHeuHOE (B Hayalie Bce BEpIIH-
HBl MMEIOT MIPOMEXKYTOYHOE COCTOSHME, state
(v)=D;

»  KOJMYECTBO COCEJHMX BEPILUMH, JJIsI KOTOPBIX
HE YCTAaHOBJICHBI KOHEUHBIE HOMEpa, T.e. cond
(v) =I: ddeg (v) (B Hauanre ddeg (v) = deg (V));

» majgurpa “3ampenieHHBIX” [BETOB, T.C. IBETA,
KOTOpPBIE OBIITN UCTIOIB30BaHbI COCEHUMU Bep-
muHamu: usedcolor (v) (B Hadase mycras).

ITycts V;,V, € V. MBI roBOpuM, 4TO BepLINHA
V, uMeeT Oolee BBICOKHUIA MPUOPHUTET, 4eM V, , ec-
au: ddeg (v,) < ddeg (v, ) umm (ddeg (v,) = ddeg
(v,)) u (rndvalue (v, ) <rndvalue (v, )).

Ha xaxxmom mare anropuTma BCe HCOKpAIICH-
HBIC BEPIIUHBI ApAJIEIbHO U HE3aBUCUMO JAPYT OT
JpyTa MpOJCIBIBAIOT CIICYOIIHE CHCTBUS:

1. Bepummna v BeiOupaer mapamerp rndvalue
(v) €[0..1].

2. [Nochumaer BceM cocesIM CIIEAYIOIIUE mapa-
MmeTpsl: ddeg (v), rndvalue (v).

3. CpaBHUBAaeT CBOM IapaMETPbl C IOJyYEH-
HBIMH OT COCEJICH ITapaMeTpaMHu U MPOBEPSIET, KOTO-
past u3 BepIINH UMeeT OoJiee BEICOKHI MPHUOPHTET.
Eciu BepumHa v MMEET BBICOKUI IPUOPUTET, TO
OHa OCTaBJIET ceOe TeKyllee 3HaYCHHE TapaMeTpa
SLnumber u MeHsieT 3HaYCHHE MapameTrpa state (V)
C IPOMEXYTOYHOTO Ha KOHEYHbIH. B mpoTuBHOM
Cllydac yBEIMYHMBACT Ha CIUHHUILy 3HAYCHHUE Iapa-
MeTpa SLnumber.

4. TlepecuntsiBaeT mapamerp ddeg (v). Ecmm
ddeg (v) = 0, T.. BceM CMEXHBIM BEpIINHAM Ha3Ha-
4eHsl koHeuHble [TH-HOMepa, yBemmunTh Ha CIMHHILY
3HaueHue mapamerpa SLnumber u uU3MeHHUTH 3Haue-
HEE TapameTpa state (V) ¢ IMPOMEXYTOTHOIO Ha KO-
HEYHBIH, TIEPEeXOo/ K IIary 5, nHa4de mepexo K mary 2.

5. Ilocbulaer BceM cocefsM IHapaMeTpsbl:
SLnumber (V) ¥ IepBBIi IpeaoNaraeMplii IBET C
HaWMEHBIITUM HOMEPOM (HE HaXOMSIIUNICS B CIIHCKE
“3ampelieHHbIX ).

6. CpaBHHBaEeT CBOM ITApaMETPHI C IMTOTyYCHHBI-
MH OT COCEICH, IPOBEPSICT, Kakasi BEPIINHA NMEET
HanOonbmit SLnumber, eciu BepyHa UMEET Hau-
OoNpIIME HOMEp, TO OCTaBISIET IPENIOIaraeMbIi
IIBET U 3aBEpIIACT BCE ACHCTBHSI.

7. B mportuBHOM citydae OOHOBISIET CIIHCOK
usedcolor (v), mepexox K mary 5.

ANTOPUTM 3aKaHIMBACTCS, KOTJIA BCC BEPIIUHEI
rpada npuxoAsT B COCTOSIHUE Oe3eicTBUSI.

[MH-anaropuT™ MOXXHO yCJIOBHO pa3leiHTh Ha
JIBa HTaIa.

Ipsamotl xo0. Kaxxoli BepiMHe, UMEIOILEH Mu-
HUMAIIBHYIO CTCIICHb, YCTAHABIUBACTCS HOMEp, CO-
otBerctBytouwmit [TH-ymopsinouenuto (14 marn).

Obpamuvui  xo0. llpowsBoguTcs —packpac-
Ka rpada G, HauMHAS C BEPIUUH, KOTOPHIC UMEIOT
oonpmue [TH-HOMepa (5—7 marn).

B paGore [11] moka3aHo, 4TO JaHHBIA ajro-
PHUTM ACHCTBHUTEIBHO PEIIacT IIOCTABICHHYIO 3a/a-
qy. Teopema doxaszana.

Jlemma 2. [lapannenvuwii noxanonviti 11H-
AneopuUmM ONMUMATLHO UL NOYMU ONMUMATLHO
(c(G)—c(G)<1) kpacum zpagpor u3z raacca
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W -cosepuiennvix 2paghos ne bonee uem W(G) yse-
mamu 3a epems O(A° log n).

4. Pa3HOBHAHOCTH pacKkpacku rpagos

4.1. T-packpacka zpagos. T-packpacka rpaga
G sBnsieTcs 0000IIEHHEM BEpPIIMHHON pPACKpacKu
rpacda, oHa Obula BBEACHA B Kaue€CTBE MOAETH IS
Ha3Ha4YeHUs epeAardyrukam paguodactot [12, 13].

[Mpennonoxum, uro G — npoctoit rpad u 7 —
KOHEYHOE MHOXKECTBO HEOTPHULATENIBHBIX ILIEIbIX
gucen, Bimrodass 0. 7-packpacka rpadga G — 310
HEKOTOpast PyHKIUS ¢, KOTOpas Ha3HadaeT IIeNloe
yncno (1Ber) xaxaod BepumHe G Tak, 4To, €c-
m {u,v} € E, torna c(u)—c(v) ¢ T . Hazosem
MHOXECTBO 7 MHO)KECTBOM 3aIlPEIICHHBIX PACCTOs-
HUH.

OTMeTHM, YTO BEpIIMHHAS pacKpacka |
T-packpacka rpada B3aMMOCBA3AaHBI,  KaXKAas
T-packpacka G sABIseTCS BEPIIMHHOM pacKpacKoii
G u kaxxaas BepIInHHAs packpacka G sBIsIETCS €ro
{0}-packpackoii.

Anroputm T-DSATUR — 5TO npumeHeHHe
OIHOTO XOPOIIO W3BECTHOTO TIOJIMHOMHAIBHOTO
HITH (DSATUR)-anroputMma mist T-packpacku rpa-
(oB. OH HauMHaeTcs Ha3HAYeHHEM LiBeTa | BepIu-
HE C MaKCHMAaJbHOH CTENEeHbI0. 3aTeM, HCIONB3Ys
MIPUHIUI JKAJHOTO aJTOPUTMA, PaCKPaIluBAOTCS
BEpILIMHBI ¢ HAuOOJbIIEH CTENEHBIO HACHIILICHUS
deg (v) . Ecau B rpade numerorcst, 110 KpaitHei Me-
pe, JIBe BEPIIMHBI C OJWHAKOBBIMH CTEIICHSIMH Ha-
CBILICHUSA, TO AJTOPUTM BBIOEPET BEPUIMHY C MaK-
CUMAaJIbHON CTEIICHBIO.

Teopema 3. 3a0aua T-packpacku epagpos HITH
(DSATUR)-aneopummom paspewuma 8 Kiacce na-
PANNENbHBIX IOKATbHBIX ANI2OPUMMOB.

Jlokazamenbcmeo.  AJTOPUTM  TIOTy4aeT-
csi HeKoTopod Moaudukanuend noxambHoro ITH-
QITOPUTMA, KOTOpas BKIIOYAcT BBEICHHE HOBOTO
napamerpa Bepiuasl  deg (V), coorBercrByrO-
LIero CTEeNEHU HACBIILECHUs; U3MEHEHUE ITPHOpUTe-
TOB, @ TaK)Ke BKJIIOYCHHE DJICMEHTOB MHOXecTBa I’
B CIMCOK HCIIOJIb30BaHHBIX LIBETOB usedcolor(v).
Takum 00pa3oM, JaHHBIA CIUCOK OyIeT COmepKaTh
HE TOJIBKO IIBETA, HCIIOIB30BAHHBIC COCEIIMH, HO U
BCe 3ampenieHHble Beta. Hanpumep, ecimm 7={0,2}
U BEpUIMHA V HMEeT JBYX pPacKpalleHHBIX CO-
cefei: u; B UBeT 1 M U, B IBET 3, TOrIa CHHMCOK
usedcolor(v) cocrout u3 {1, 3, 5}.

[maBHBIM OTIMYHEM AAHHBIX AITOPHUTMOB SIB-
JIeTC TO, 4TO eclH JIoKaibHbIA [IH-anroputm
YCIIOBHO COCTOUT M3 JIBYX 3TamoB (IIPSIMOTO M 00-
parnoro xoxa), to JokaneHbld HIIH (DSATUR)-
QITOPUTM COCTOHT BCErO M3 OJHOTO dTarma (IpsMo-
TO X0J1a), T.€. IOCIie CPAaBHEHUS BEPIIUHON V CBOUX

U MOJYYEHHBIX OT CMEKHBIX BEPIIMH MapaMeTPOB
HA3HAYAIOTCS LBETA BEPILIMHAM, UMCIOLIMM BBICO-
KHE TIPHOPUTETHL.

Jloka3aTenbCTBO MPOBOAMM aHAJIOTHYHO JOKa-
3arenbeTBY Teopemsl 1. Teopema dokazana.

[Tokaxkem, 9TO caMble MOMYISIPHBIE ITOCIIEIOBA-
TEJIbHBIC AJITOPUTMBI PACKPACKH HAJIaraioT CTPOTHE
HIDKHHUE TPaHUIBI HA OXKHIIACMOE BPEMsI BBIYHCIIC-
HUI B paclpeleIEHHON cpere.

Jlemma 4 [14]. [na moboco ucnonnenus no-
kanvnoeo HIT unu HITH (DSATUR)-ancopumma
mpebyemcs C(n) spemenu.

Xotss  mapamienbHbii  nokanbHBIM - HITH
(DSATUR)-anroput™m TpeOyer Oombllie BpEeMEHH
Ha BEITTOJTHEHUE, HO TIPH ATOM OH HCTIONB3YeT MCHb-
[Iee YKCJIO I[BETOB JJIsI PACKPACKH IPOU3BOJIBHBIX
rpadoB U 1aCT MCHBIIUI UHTEPBA, YEM APYTHUEC M0-
CIICTIOBATEIIHLHBIC ANTOPUTMEL.

JIBynosbHBIM IpadoM HasbiBaeTcs rpad), y Ko-
TOPOTO CYIIECTBYET Takoe pa30MCHUE MHOXKECTBA
BEPIIMH HA JIBE YaCTH (JOJHU), YTO KOHIIBI KaXKIOTO
pebpa npuHaIeKAT PA3HBIM JIOJISM.

Jemma 5. Ilapannenvuuiii noxanvroit HITH
(DSATUR)-ancopumm ORmMuMaibHO Uil HOYMU
ONMUMATLHO KPACUm 6ce 08Y00NbHble padvl Ois
npoussonbHulx MHodcecms T 3a epems Q(n).

4.2. Cymmupyrowasa packpacka zpaghos. 3a-
Jlaya CyMMHUPYIOLICH PacKpacKH COCTOUT B HAXOXK-
JICHUW TIPaBWJIBHOW BEPIIUHHON packpacku rpada
G, B KOTOpOHl MHHUMHU3UPYETCs 00IIas cymMMa IiBe-
TOB BceX BepmuH rpada G. Ita MHHUMAaIbHAs 00-
[mias CyMMa Ha3bIBACTCSl XPOMATUYECKOH CymMMOU
rpada, Z(G), TE. ZG = minz (G,c), e
> (G,c)= ZVEV(G) c(v) n c=V(G)>N -
MpaBWJIbHAsI BeplIMHHAS packpacka rpada G. Pac-
Kpacka rpada, Ipu KOTOPOH ITOCTUTHYTA MHUHH-
MaJIbHasl XpOMaTHIeCKasi CyMMa, Ha3bIBaeTCs ONTH-

MaJIbHOH pacKpackoi.

PaccMoTpuM eme OnHy CTpareruro mocie-
JoBaTenbHON packpacku rpada G, a umenno HII-
QJITOPUTM TSI CYMMUPYIOILEH pacKkpacku B Kiacce
napajseiabHbIX JOKaIbHBIX anroputmon. M3 ompe-
nenennst HIT-anroputMa u3BeCTHO, UTO JTAHHBIN aj-
TOPUTM PAaCKpaIINBacT BEPIIUHbI Ipada B MOpsAKe
yObIBaHUS WX cTemeHed. Hamr anroputm siBisercs
obparueiM k HIl-anroputmy, T.e. BepImHBI rpada
PacKpallUBAIOTCS B MOPSAKE BO3PACTAHUS UX CTe-
TIEHEH.

g paccmarpuBaeMoro ajJropurMma CIpaBe-
JIMBa CIIEyIolIas TeopeMa.
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Duzuxa u npocpamMmuposarue

Teopema 6. 3a0aua cymmupyroweti packpacku
epaghos, ¢ nomowpio obpammnozo HII-ancopumma
paspewuma 6 Kiacce napaiieibhblx J10KALIbHbIX al-
20pUMMO8.

JlokazaresnbCcTBO TEOpEeMbl IPOBOAUTCS aHAIO-
TUYHO Jl0Ka3aTenbeTBaM TeopeM | u 2. Ctpoum Jio-
KanbHbBIN 00paTHbIi HII-anroputM mis cyMMupyto-
1Iel pacKpacKku, KOTOPBI COCTOUT U3 OJJHOTO dTara
(mpsimoro  xoma). OTMYMEM JTaHHOTO alrOpPUTMa
OT TPEABLIYIINX aJTOPUTMOB SIBIISICTCS U3MCHEHHE
MIPUOPUTETOB BepiurH. Ha kax oM miare nsera mna-
pauUIebHO HA3HAYAIOTCS HEKOH(IIMKTYIOIINM Bep-
[IMHaM, UMCIOIIUM HaWMEHBIIUE CTEIICHH B CBOCH
OKPECTHOCTH.

[IpuBeneM HEKOTOPBIE KITACCH TPpadoB, IS KO-
TOPBIX TapaUICIbHBIN JTOKaIbHBIN 0OpaTHbId HII-
AJITOPUTM JaeT ONTUMAIIbHYI0 CyMMHUPYIOIIYIO pac-
Kpacky.

Teopema 7. [llapannenvuviii 10KAIbHLIL 00-
pammusii HII-aneopumm onmumanvHo Kpacum noi-
Hole k-Oonvubie epagho.

Hoxazamenvcmeo. Tlpn  k =1 noxasarenn-
CTBO 04YeBUAHO. Il J0Ka3aTeNbCTBA MCTHHHOCTH
TeopeMbl Tpu [ =k Hpe,[[HOJ'IO)KI/IM 9T0 TEope-
Ma CIpaBelIMBa IS Lk—1. Tlycrs
V=P UP, U...UP , TIe PI SBJSIETCS HE3a-
BHCHMBEIM MHOXecTBoM Tpada G. Ilycte v e P
SIBIISICTCSI BEPIIMHOM, MOTYYUBIIICH I[BET HA IEPBOM
miare. 3aMeTHM, YTO MEPBBIMA LBET OyIeT MPUCBOCH
ToNbKO BepmMHaM m3 P.. Takum oGpasom, mocie
MIEPBOTO Imara Oy/IeT pacKkpaiieHo HEKOTOPOE KOJIU-
decTBO BepiuuH u3 . Ha BTOpoM Iare BepLIMHbI
m P= V\Pi ,E[O6aBJ'I}IIOT LBET C HOMEpPOM 1 B
CIIUCOK “‘3ampeleHHbIX” BeToB. Tak, BEpIIUHbBI U3
P, He packpaiienHble Ha NMEpBOM IIare, Moay4ar
BeT 1 6e3 BCSKOTo KOH(IMKTa Ha BTOpoM miare. Te-
Teph_MbI MQIKEM OT/EIBHO PACCMOTPETH BEPIIHUHbI
s P, rne P, (0Gpasyer nolHbii (k —1)—nonbubit
rpaq) KOTOpBIi Oymer packpamen k —1 nperamu.
Teopema ooxazana.

Teopema 8. [llapannenvholil 10KaATLHBLL 00-
pammuviii HII-aneopumm onmumanvro kpacum 08y-
donvioe koneco BW, , ona k > 2, ne 6onee uem 3a
mpu waza.

Joxazamenvcmeo. JIBymombHOE KOIECO — 3TO
rpad, moaydaeMblii U3 YETHOTO LUKJIA JIIMHOW 2K
myTeM 100aBJIeHUs IEHTPAIbHOM BEPIIUHBI, COSIU-
HEHHOU € Ka)KJI0M BTOPOM BEPIIMHON ITUKJIA.

Ha nepBoM 1are user 1 nosyuar BepLIuHbI, HE
COEIMHEHHBIEC C LEHTPAIbHON BEPIIMHON U UMEIO-
[IFe HaUMCHBINNE CTEIeHH B Tpade, Ha BTOPOM
miare IBeT 2 TOJy4YaT BEpPIIMHBI, COCIUHEHHBIC C
LEHTPaIbHON BEPIIMHON, U HA TPETheM LIare LeH-

TpajbHasl BEpIIMHA 0e3 BCSIKUX KOH(INKTOB MOITY-
Ut uBeT 1. Teopema doxasanua.

Teopema 9. [lapannenvhulii 10KanbHLL 0Opam-
noul HIl-aneopumm onmumanbHo Kpacum O80UHYHO
36e30y 3a mpu waza.

Jloxazamenvcmeo. JIBoliHad 3Be31a — 3TO Aepe-
BO C 11-2 JTUCTBSIMHU.

Ha nepBom 1mare OyayT packpaiieHbl BCE JIH-
CTBS B IIBET 1, HA BTOPOM W Ha TPEThEM IIarax Oy-
JIyT pacKpalleHbl OCTABIITUECS JIBE BEPIIMHBI B I[Be-
ta 2 u 3. Teopema doxazana.

3akawuenue. B HacTosmei paboTe paccMoT-
peHa 3aj7a4a BEPUIMHHON PacKpacKd HEOPUECHTHUPO-
BaHHBIX rpadoB B Kiacce MapasiesIbHBIX JIOKaJb-
HBIX aJTOPUTMOB. BBITOTHEHB! BBIYUCIHTEIBHBIC
9KCTIIEPUMEHTHI ISl CIy4YaiHbIX TrpadoB MpUMEHH-
TEJNBbHO K TpeAjiaraeMbiM anroputMam. Bce TecTbl
C/IeNaHBl B MapaJUIeTbHON cpere, Tae Kakaas Bep-
IIMHA pa3fessieT mpouecc. Bee mporeccsl padoTaor
HE3aBUCUMO, 0€3 LIEHTPaJIbHOTO YIpaBiIeHHus. JKC-
TIEPUMEHTHI ITOKA3aJIH, YTO MPUMEHEHUE N3BECTHBIX
CTpaTeruii TMOCIeIOBATEbHOTO AJITOPUTMA, OITH-
paroluxcs Ha YNOPsAJOYEHHE BEPILIMH B Ompere-
JICHHOM TIOPSIIKE JUIS PAacKpackKW OMpeIeleHHBIX
KiaccoB rpadoB, a Takke Uil YaCTHBIX CIydacB
BEPLIMHHOMN pacKpacku rpadoB Ial0T ONTHMAaNbHbIE
WK TIOYTH OTITHMANTGHBIC PE3YIIBTaTHI.
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