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AnHOTanUA

IIpuBoguTcs 0630p COBPEMEHHBIX METO/0B JIOKAJIHLHOIO HMOUCKA JIJI Pe-
mrennss NP-Tpyanbix 3amad guckperHoit onrumusanun. O0CyKmaoTcs 00-
e CXEMbI aJITOPUTMOB TIOMCKa C 3allpeTaMW, UMHTAIIUNU OTXKUTa W TeHe-
THYECKUX aaropuTMoB. [lokazamo, 9TO 3TH pas3Hble IO CBOEH CTPYKTYpe
AJITOPUTMBI I/ICHOJH)BYIOT O6H_Ly}0 MaTeMaTI/ILIeCKyIO KOHCprKI_[I/IIO KOHEeY-
HBIX 1ereit MapkoBa. DTO CBOMCTBO rapaHTHPYET CXOANMOCTH IO BEPOAT-
HOCTU HaI/IJ'IyLIIHeFO HaﬁﬂeHHOFO pemrenna K OHTI/IM&JIBHOMY pemenunIo 3a1a-
un. [IpuBOAITCS IpUMepPHI Y IATHOTO IPUMEHEHNS JAHHBIX aJArOPUTMOB IIPH
MTOMCKE JUCKPETHBIX CTPYKTYP, CYIIECTBOBAHNE KOTOPBIX KAa3a/0Ch Mpob.ie-
MaTHYIHBIM.

BBenenne

N nen j1oKaJIbHOIO TOWCKA MPHU PEIIeHUH 3374249 JUCKPETHON ONTUMHU3AINU SBJIS-
I0TCA, IMO-BUAUMOMY, HaI/I6OJIee eCTeCTBEHHbIMU U HAIVIAJIHBIMHA. HepBbIe I1arm mx
peam3anuu OTHOCATCS K KOHIy 50-x, Hadaay 60-X rogoB JABAIIATOTO CTOJTETUS
[22, 30, 80| u cBst3aHBI B OCHOBHOM € 3ajJaueili KOMMUBOsizKepa. [1o3/1Hee sTu ujien
MCIOJIL30BAJINCH U JIJIS 3314 pa3MeIleHns, MOCTPOeHUs ceTeil, pacimucanuii u JIp.
[72, 77, 56, 10|. OgHako HOBOIBHO OBICTPO BBISICHUIOCH, YTO TIPOCTON JIOKAJIb-
HBII CIIYCK He€ IMO3BOJIACT HaXOAUTh FJIO6aJIbeII71 ONITUMYM 3aJa4du, U OTCYyTCTBUE
KOHIIENITYaIbHOIO IIPOrpecca ocjabuIo HHTepec K JaHHOMY HalpaBiaeHuio. B mo-
ciegune 10-15 yter HAOIIOHAaETCS BO3POXKIeHHE 3TOro moaxona. OHO CBA3aHO Kak
C HOBBIMH aJITOPUTMUYECKUMU CXEMaMM, HTOCTPOCHHBIMU Ha aHAJIOTHUAX C JKUBOM
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U HEYKUBOW NMPUPOJIOi, TAK U HOBBIMU TEOPETHYECKUMU pe3y/IbTaTaMu B 00/1aCTH
JIOKAJILHOTO ToucKa. VI3MeHusicst oOmuit B3T/Isi] HA MMOCTPOEHUE JIOKAJIBHBIX aJl-
ropuT™MoB. TpeboBaHHe MOHOTOHHOI'O YJIYUIIEHUS TI0 Ie/1eBOi (DYHKIUKU OOJIbIIe
He gBJgeTcd JoMUHUpyomuM. Hanbomee MOITHBIE aITOPUTMBI JIOMYCKAKOT TPOU3-
BOJIbHOE YXY/IIeHNe U MHOTHE U3 HUX MOTYT PACCMAaTPUBATHCI KAK CIIOCOD MOPO-
KAEHUA KOHEYHbIX HEPA3JI02KUMbIX ueneﬁ MapKOBa Ha IIOAXOAAIIIeM MHOXKECTBE
COCTOAHUN.

B nannoit pabote mpuBoauTCI KpaTKuii 0630p pe3yIbTaToOB B 3TOH OypPHO pas-
BUBalOIIeiics 00acTH TUCKpeTHO onTuMu3anyu. B § 1 BBOAATCS OCHOBHBIE Ompe-
JleJIeHus W JAeTCsd KPATKOoe BBeJIeHHE B TEOPHIO CJOXKHOCTU 33/1a9 JIOKATBHOTO
noucka. B § 2 ma mpumepe 3a7a9u KOMMHBOSIZKEPA, J€MOHCTPUPYIOTCS Pa3HbIe
crocobbl MOCTPOEHUsI OKpecTHOCTell u ux cBoiicTBa. T'pu Haumbosiee MpoIyKTUB-
HbIe CXeMbl JTOKAJBHOTO TIONCKA TPUBOIATC B § 3 U, HAKOHeIl, B § 4 Ha nmpuMepax
n3 Teopun rpadoB U KOJUPOBAHUS HJLTIOCTPUPYIOTCSI BO3MOXKHOCTU JIOKAJTHHOTO
NOUCKA 0 OOHAPYZKEHUIO TUCKPETHBIX CTPYKTYP, CYIIECTBOBAHIE KOTOPHIX MPeI-
CTaBJISETCS TTPOOJIEMATUYHBIM.

1 OcHoBHBIE OIIpeesIeHNs

[Tycrs mapa (Z, f) 3a1aeT MHAMBUIYAJTBHYIO 33/a9y JUCKPETHON ONTUMU3AINE C
KOHEYHBIM MHOXKECTBOM JIOIYCTHMBIX perneHuit Z u neneBoit pyuknueit f : 7 —
R. s onpejesieHHOCTH OyJ/ieM CYMTATh, 9TO Tpedyercss HAaiiTH MUHUMYM (DyH-
nun [ wa muoxectBe Z m camo pertenne i € 7, HA KOTOPOM ITOT MUHUMYM
nocruraercs. Permenne ¢* OyieM Ha3bBaTh J100AJIbHBIM MUHUMYMOM U MHOZKE-
CTBO II00ATBHBIX MHHUMYMOB Oy/ieM obo3HadaTh depe3 Z*. Jlnga xaxmaoro ¢ € 7
ompesenum dynxnmo okpectaoctn N : I — 27, xoTopasg mis KazKaoro aomy-
CTUMOTO peIIeHnus 337aeT MHOXKECTBO cOCedHUT DeIIeHuil, B HEKOTOPOM CMBICTIe
6am3kuX K gapaoMy. MuoxkectBo N (i) OyneM Ha3bIBATH OKPECTHOCTHIO PEIeHHst
¢ B MHOkKecTBe L. DyHKIMSA OKPECTHOCTH MOYKET OBbITh JIOCTATOYHO CJIOYKHOM H
OTHOIIIEHNE COCEJICTBA He BCEr/Ia CUMMETPHYHO, TO €CTh ¢ MOXKET ObIThH COCEeIOM
J, HO j MOZKeT He ObITh coceoM i (cM., Hampumep, [63, 85]).

Onpenesienue 1. Pemrenne ¢ € 7 na3biBaeTcs JIOKAJIbHBIM MUHUMYMOM IO
oTHOIeHuIO K pyuknuu N, ecjiu

£(0) < £() s weex j € N(i).

MHOoKecTBO JIOKAJIBHBIX MHUHHUMYMOB 0003HA4YUM 4epe3 Z. DTO MHOXKECTBO,



OYEBU/IHO, 3aBUCUT OT BbIOOpa (pynknuum N.

Onpenenenne 2. Pynxmmio okpectaoctn N : Z — 27 6ymeM Ha3BIBATH TOY-
Hoit, ecoiu Z C 7%,

CraHIapTHBIH aJrOPUTM JIOKAJIBHOIO CIYCKA HAYMHAET CBOIO PabOTy C HEKO-
TOPOT'O HAYAJBHOI'O PEIIeHus %y, BBIOPAHHOTO CJIy4YailHO WJIM C TIOMOIIHIO KaKOTO-
00 BCIIOMOraTeIbHOIO ajiropurMa. Ha KazkaoMm mrare JJOKaJIbHOIO CILyCKa IIPO-
HCXOJIUT MePeXo/ OT TEKYIIEero pemeHns K COCeIHeMY PEeIIeHHI0 ¢ MeHbIIeM 3Ha-
JeHHeM Ie1eBoii (DYHKIMH J0 TexX IOop, IMOKa He OyJaeT JOCTHTHYT JTOKAJIbHBII
ONTUMYM.

AJIropuT™MBL JIOKAJIBHOTO TOUCKA MIMPOKO MPUMEHSTIoTCst jijist pemterust NP-
TPYAHBIX 33724 JUCKPETHONH ONTHMHU3AIui. BymecTe ¢ TeM, MHOTHE IIOJTHHOMHUATh-
HO pa3pelIuMble 3aJa9i MOIYT pacCMaTPUBATBLCA KaK 3aJadi, JErKO pelraeMble
JIOKAJIBHBIM CIyCKOM. [Ipn momxossiineM BBIOOpE MOJHHOMHAJIBHON OKPECTHOCTH
COOTBETCTBYIOIIAST TEOPEMA MOXKEeT ObITh C(HOPMYTUPOBAHHA B CJIEIYIOIIEM BHJIE:
AO0IIYCTUMOE peEIIeHue HE ABJIAeTCA FJIO6aHbeIM ONITUMYMOM, €CJIN U TOJIBKO €CJIn
OHO MOZKeT 6bITb yay4dnuieHO HEKOTOPBIM JIOKaJIbHbIM 06pa30M. HI/I}KG MIPpUBOAUTCA
HECKOJILKO IIPHMEPOB TaKUX 3a7ad, MOJAPOOHOE OIMMCAHIe KOTOPLIX MOXKHO HANTH
B [9]. /lanHble TpUMEpPBbI YKA3BIBAIOT HA BAXKHOCTH JIOKAJTHLHOTO MOMCKA MPU MO-
CTpO€HUHU ONTHMU3AIUOHHBIX aJITOPUTMOB U JOCTATOYTHO O6HII/II>'I XapakKTep 9TOro
MOAX0/1A.

1. JIuneitnoe mporpaMMupoBaHue. ['eoMeTpuIecKn aJropuT™M CHMILTIEKC MeTO-
Ja MOKHO MHTEePIPEeTUPOBATH KaK JBUZKEHHE MO BepIIHHAM MHOTOTDAHHUKA JI0-
nyctuMoii obslactu. Bepiinna He gBiseTcs ONTUMAJIbHON, €CTH U TOJBKO €C/TH
CYIIECTBYeT CMeyKHasl C Hell BepINHA C MEHbIITUM 3HaYeHueM IeIeBOi (DyHKIIHH.
Anrebpandecku, mpenoaras HEBbIPOKIEHHOCTD 33/1a9H, 0a3UCHOE JOMYyCTHMOE
pelIeHne He siBJISeTCS ONTUMAIbHBIM, €CTH U TOJTBKO eCJIM OHO MOZKeT OBITh Y.Iyd-
IIIEHO JIOKAJILHBIM H3MeHeHHeM 0Da31ca, T. €. 3aMeHO 04HOoil 6a3uCHOI mepeMeHHOi
Ha HebasucHyo. [lomydatomascsa TakuM o6pa30M OKPEeCTHOCTh ABJSIETCS TOYHOIM
n uMeeT IMOJIMHOMUAJIbHYIO MOIIMHOCTD.

2. MurnmaabaOe 0cToBHOE JepeBo. OCTOBHOE JE€PEBO HE SIBJISIETCS ONTHMAJIb-
HBIM, €CJIH U TOJBLKO €CIH JIOKAJILHON IepecTpoiKoi, J100aB/ds OJIHO pedpo u
yaaJigsda n3 00pa30BaBIIerocs IUKIa JIPYyroe pedbpo, MOzKHO MOy IUTh HOBOE OCTOB-
HOE JIEPeBO C MEHBIIINM CyMMapHBIM BecoMm. Omneparus JOKAJIbHOI MepecTpoilku
3a/1aeT OTHOIIEHNE COCECTBA HA MHOYKECTBE OCTOBHBIX JepeBbeB. OKPEeCTHOCTH
JIFOOOT0 JIepeBa uMeeT MOJINHOMHUAJIBHYIO MOIIHOCTh, a (DYHKIUST OKPECTHOCTH SIB-




JIeTCd TOYHOM.

3. Makcumasibnoe napocoueranue . [lapocoderanue He sBJIsieTcss MaKCUMAJIb-
HBIM, €CJIH M TOJBLKO eCTU CYIIeCTBYeT YBeJTMYHBAMOIMNN MyTh. /IBa mapocodera-
HUS Ha3BIBAIOT COCETHUMU, €CTU UX CHMMETPUYECKas PAa3HOCTh 00pa3yeT MyTh.
Omnpenenennasg TaKUM 00Pa30M OKPECTHOCTH SBJISIETCS TOYHON W MMeeT TMOTUHO-
MHUAJIBHYIO MOHOITHOCTD. AHaﬂOFI/I“IHbIe yTBeEep2KAeHud CupaBeAJINBBI J1Jisd B3BCIIIEH-
HBIX TTAPOCOYETAHUI, COBEPIIEHHBIX MaPOCOYETAHNI MUHUMAJBLHOTO Beca, 3a/1a4
0 MAaKCUMAJTHLHOM MOTOKE W MOTOKEe MUHUMATBHON CTOMMOCTH.

Ha ka:x1oM mare JJOKaJbHOIO CIIycKa (DYHKIMSA OKpecTHOCTH N 3aJaeT MHO-
JKeCTBO BO3MOKHBIX Halnpas/jeHuil jpukennsi. O4eHb 9acTO 3TO MHOYKECTBO CO-
CTOWT W3 HECKOJIbKHX 3JEMEHTOB W WMMeeTCsl OmpejesieHHast ¢BOOOIa B BHIOOpPE
cleayromero pemrenns. [IpaBmio BeIOOpa MOMKET OKa3aTh CYIIECTBEHHOE BIIHsI-
HHUe Ha TPYI0EMKOCTh aJTOPUTMA U Pe3ysbTaT ero padborsl. Hampmmep, B 3amade
0 MakCHMaJbHOM HoToKe aaroput™ Popma-Pankepcora (KOTOPBIH TOXKE MOK-
HO pacCMaTpUBaTh KaK BAPHAHT JIOKAJBHOINO CIYCKA) MMeeT MOJHHOMHUATIBHYIO
BPEMEHHYIO CJIOYKHOCTH MPU BHIOOPE KpaTdaifiiero myTH it YBeJWIeHus MOTO-
Ka ¥ 9KCIOHEHIINAJTHHYI0 BPEMEHHYIO CI0YKHOCTH 0e3 TapaHTUU MOJYyYIUTH TJIO-
OATBHBINH ONTHMYM MPU TPOU3BOIBHOM BbIGOpe myTn [11]. Takum obpazom, mpu
pa3paboTKe aJrOPUTMOB JIOKATLHOTO MOMCKA BaXKHO HE TOJBKO MPABUILHO OIpe-
JIeJINTh OKPECTHOCTH, HO U BEPHO 3a/1aTh MPABUIO BHIOOPA HAIIPABJIEHUS CIIYCKA.
NuaTynTuBHO KaKeTcsi, 9T0 B OKPECTHOCTH HAJI0 OpaTh JeMEHT C HAUMEHBITUM
3HaveHneM 1eseBoit pyukiuu. O HAKO, KAK Mbl YBH/IUM HUKe, PA3yMHBIM OKa-
3LIBAETCS He TOTHKO TaKOi BBHIOOD, HO U IBH2KeHHe B "abcypanom' HaIpaBIeHnH,
KOT/JIa HECKOJIBKO IIAr0OB ¢ YXY/IIIEHHEeM MOTYT TPUBECTH (U 9aCTO MPUBOJAST) K
JIYYIIEMY JTOKAJTHHOMY OITHMYMY.

[Tpu BBIGOPE OKPECTHOCTH XOYeTCsT UMeTh MHOKeCTBO N (7) KaK MOZKHO MeHb-
1eif MOIIHOCTH, 9TOOBI COKPATHTH TPYA0EMKOCTh OfHOrO mara. C apyroit ctopo-
HBI, OOJTee MIIPOKas OKPECTHOCTD, BOODIIE TOBOPS, IIPHUBOIUT K JIYUIIEMY JTOKATb-
HOMY onTumyMmy. [lodToMy mpu co3maHHE aarOpUTMOB KayKIbIi pa3 IPHXOINT-
€ MCKATHh ONTHMAJILHBIH OaJTaHC MeXKIY STHMHU MPOTHBOPEUYHBLIMU (haKTOPAMHI.
SlcHBIX TPUHIUIIOB pa3periennsi 3TOr0 MPOTHBOPEUNsT HA CErOIHSIIITHUI JIeHb He
U3BECTHO, W JIJIsl KayK/I0H 3a/1a9 9TOT BOMPOC PEIraeTcsl NWHINBHIYAJIbHO.

Ounpepenenne 3. I'padom okpecrrocreit Gy = (Z, E) Gyaem Ha3bIBAThH B3Be-
HICHHBI OPHEHTHPOBAHHBI rpad, BEePIITHAME KOTOPOTO ABIAIOTCS JTOIIyCTHMbIE
peleHus 3a/1a49u, a JyraMiu — yropsiaodeHubie napsi (i,7), ecim j € N(i). Be-
ca B 3TOM rpade IPUIHCAHBI BEPIIUHAM ¥ PABHBI COOTBETCTBYIOIIUM 3HAYCHUSIM
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1eJeBoit (pyHKIMH.

I'pad okpecrrocreit Gy (neighborhood graph) uHOrIAa HA3BIBAIOT elle JIAHI-
madrom eneBoit pynkuuu uiau npocro gangmadbdrom (landscape, fitness landscape,
cM., Hanpumep, [68, 82, 83|). IIpu onpepesnennn byHKIMH OKpecTHOCTH N BasKHO
CJIEIUTDH 3a TeM, 9T00bI nosrydatomuiics rpad Gy ObLI cmpozo céaseH, T. e. I
KayKJIOf mapbl BEPIIUH ¢ U j CYHMIECTBOBAJ MyTh U3 7 B j. DTO CBOWCTBO sIBJISIET-
¢ BaXKHBIM IIPU aHAJIN3e ACHMITOTHIECKOTO MOBEJIEHUs aJrOPUTMOB, HAIIPUMeEp,
BEPOSITHOCTHBIX METa’BPHUCTHUK, O KOTOPBIX MOiiaeT peub B paszaene 3. Ecan xke
9TO CBOICTBO HE BBIMOTHSIETCS, TO CTAPAIOTCS TMOMYUIUTH XOTSA OBl CBOWCTBO 6M0AHE
C6A3HOCMU, KOTJIa U3 JII0O0N BEPIIMHBI CYIIECTBYeT NMyTh B Bepmuny ¥ € Z* ¢
MUHUMAJIbHBIM 3HadeHneM neseBoii dynkunn |24, 63]. Eciun ke u atoro croiictsa
HET, TO MBI TepsieM YBEPEHOCTb B JOCTUKEHUHU TIOOATBHOIO ONMTUMYMA JIOKAThb-
HBIMH METOJIAMHU U JIOJI?KHBI JTUOO OTPAHUUUTHCS JTOKATBHBIME ONTHMYMAaMU, JTHOO
epeorpeIeTuTh (PYHKIHUIO OKPECTHOCTH.

AHa/in3 BRIYHUCIUTEIBHON CII0KHOCTH JIOKAJIHHOTO TMOUCKA B TIOC/IEHUE TO/IbI
WHTEHCUBHO BEJETCS B JBYX HAIMPABICHUSIX: IMIUPUIECKOM U TEOPETUIECKOM.
Kak uu cTpaHHO, HO 9TH HANPAB/IEHUS JAIOT CYNECTBEHHO Pa3HbIE ONEHKU BO3-
MOZKHOCTSM JIOKAJIBHOTO TTOUCKA.

Ovmupudeckue pe3ysabrarsi. st muorux NP-Tpyaabix 3a1a4 JIOKaIBHBIH 110-
UCK TO3BOJISIET HAXO/JAUTh MPUOJINKEHHBIE pelleHus, OJIn3Kue 1Mo 1neaeBoi (pyHk-
U K 1I00ajJbHOMY ONTUMYMY. TPy0eMKOCTh aJITOPUTMOB YaCTO OKA3bIBACTCS
HOJIMHOMHAJIBHOM, ITPAYEM CTelleHb IMOJTNHOMA JJOCTATOIHO MaJia. Tak Jis 3a1aqu
0 pa3dHeHnu MHOXKEeCTBa BepIInH rpada Ha JBe paBHbIE YacTH Pa3pabOTaHBI aJl-
POPUTMBI JIOKAJILHOTO TOUCKA €O cpeHedi TpynoemkocTbio O(nlogn), n — wqucao
BEPIIIH, KOTOPbIe JAI0T BCEIO HECKOJIBKO MPOILEHTOB MOrpentHocTu [53].

st 3a/1a9M KOMMUBOSIZKEPa aJITOPUTMBbI JIOKAJIHHOT'O TIOUCKA SIBJISIOTCS HaM-
JIVUIIAMHE C IPAKTAYIECKON TOUKU 3peHus. OJUH U3 TAKUX aJTOPUTMOB C OKPECT-
HocTeio JInna-KepHurxana B cpeaHeM HMeeT IOTPENIHOCTL OKOIo 2% W MaKcH-
MaJibHAs pa3MepHOCTh pemraeMbix 3aad jgocruraer 1 000 000 ropomos [55, 33].
Ha ciryuaiino creHepupoBaHHBIX 33/1a9aX TaKOil KOJIOCCAJIHLHON Pa3MEepPHOCTH HTe-
pamonnas mpoue/aypa />KoHcona mo3BosisieT HaXOIUTh PelieHus: ¢ OTKJIOHEHUeM
okouso 0, 5% 3a HECKOIBKO MEUHYT Ha COBPEMEHHBIX KOMIbLIOTepaX. AHAJIOTHYIHEBIE
PEe3yJILTATHL sl PeATbHBIX 33124 pasMepHocTbio 10 100 000 moryuenst B [86].

JIns1 3a/1a9 TeOpuH pacnucaHuii, pa3MeIeHus, MOKPBITHA, PACKPACKI U MHO-
rux gpyrux NP-Tpyaabix 3aja4d aJropurmbl JOKAJIHLHOTO TOMCKA MOKA3bIBAIOT
MPEBOCXO/IHBbIE PE3YJIbTaThl. Bojiee TOro, X r'MOKOCTH NPU U3MEHEHUH MaTeMaTH-




9eCcKO MOJieid, MPOCTOTA Pean3alni W HATVISTHOCTH MPEBPAIIAIOT JIOKAJIHHBIH
MMOWCK B MOIITHOE CPEJCTBO /IS PelleHns MPaKTUIeCKuX 3a/71a4.

Teoperndeckue pe3yabTaThl. VccaeqoBanue JOKAILHOTO MOUCKA ¢ TOUKH 3De-
HHs IapaHTUPOBAHHBLIX ONEHOK KAYECTBA IOKA3BIBAIOT IPAHMIBI €r0 BO3MOXKHO-
creii. [TocTpoenbl TpyaHbIe st JIOKAJIBHOTO MOUCKA MPUMEPHI, U3 KOTOPHIX ClIe-
ayer, 9To [84]

1) MUHHMAJIbHASI TOYHASI OKPECTHOCTH MOYKET UMETh SKCIOHEHIIUATHHY IO MOIII-
HOCTb;

2) YHCAO MAroB ISl TOCTUKEHUS JIOKAJBHOTO ONTHMYMa MOXKET OKA3aThCs
IKCIIOHEHIUAJIbHBIM]

3) 3HAYEHME JIOKAJIBHOIO ONTHMYMa MOYKET CKOJIb YTOJHO CUJIbHO OTJIHYATHCS
OT IJI00ATBHOTO ONTHMYMA.

DTU pe3yabTaThl MOATAJIKUBAIOT K 0OIee NPUCTATLHOMY PACCMOTPEHHIO 3a-
JIa9M HAXOZKJIEHHsI IIPOU3BOJBLHOIO JIOKAJTHHOTO ONTHUMYyMa, €€ TPYJI0EMKOCTH B
Xy/IeM u cpenHeM ciydae. AGcrpakTHasi (MaccoBasi) 3aja9a JOKATBHOIO MOUC-
Ka L 3a/1aeTcs MHOYKECTBOM €€ MH/INBU/LYaIbHBIX IIPUMEPOB, KaZKJIbli 13 KOTOPBIX
OJIHO3HAMHO ONPEJIeNsieT NeJeByio (PyHKIU, (DYHKIMIO OKPECTHOCTH U MHOZKE-
CTBO JIOIYCTUMBIX DeIleHHuii.

Onpenenenne 4 [89|. Bamaua L npunamiexkur K kiaaccy PLS (polynomial-
time local search), ecin 3a moMHOMHAIBHOE BPEMsl OT JIJIMHBI 3AIIHCH HCXOIHBIX
JaHHBIX MO?KHO BbBIIIOJIHUTDH CJIEAYIOIIUE TPU OIlepaliu:

1. /111 mpou3BOILHOTO MIPUMEPA & IPOBEPUTH IIPUHAJIIEKHOCTD X K L, U ecin
x € L, To HAfiTH JOMyCTHMOE pellleHne Sg 3aJa49l .

2. JIsg mob0oro pemreHus § IMPOBEPUTH €ro JOIMYCTUMOCTH U BBIYHCTHTD JIJIsI
HEro 3Ha4YeHue 1e/1eBOi (DYHKIUN.

3. Y3HaTh, ABJIAETCS JIU JIAHHOE JIONYCTUMOE PelIeHue S JIOKAJIbHBIM OINTUMY-
MOM JIJIsl T, M €CJIH HeT, TO HAWTH B OKPECTHOCTH pEIIeHHe C JIYUIINM 3HaYeHneM
1eeBoit pyHKIIH.

Jpyrumu ciaoBamu, B Kaacce PLS comep:karcss Bce 3aadu JIOKAJIBHOIO IO-
UCKa, JIJIsi KOTOPBIX MPOBEPKA JIOKAJbHONU ONTUMAJIBHOCTH MOXKET ObITh OCyIIe-
CTBJIEHA 3a MoJuHOMHaIbHOe BpeMs. [To ananoruu ¢ knaccamu P u NP g 3agaq
JIOKAJILHOI'O MOMCKA MOYKHO BBeCTH B paccmorpenue Kiaaccel Py u N P,. Hedop-
MasbHO, Kiace Py (N Py) cocTouT u3 3aa4 HAXOXKIEHUS JIOKATBLHOTO ONTHMYMA,
pa3pelmMbiX 3a MOJTHHOMHAIBHOE BpeMsi Ha JIeTeDMUHUPOBAHHOI (HeaeTepMu-
HUpOBaHHOI) MammHe Thiopunra. 3amernm, 9o Kiaaccel Py u N P BBoggTcs 6e3
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nepexoa K 3aJadaM pPaCliO3HaBaHUA, TaK KaK, UMeEAd aJII'OPUTM [IJId HaXO0XKJIe-
HUSI JIOKAJIBHOTO ONTHMYMa, HEsICHO, KaK OTBedaTh Ha Bompoc: Cywecmeyem au
AOKAALHBLT ONMUMYM CO 3HAYEHUEM Ueaesoll PyHnryuu, He npesocrodiuyum A?
OHEM W3 mpejcTaBuTeNeil Kinacca P; sBigercd, HAIpuUMep, 3ajJada JUHEHHOro
IPOTPAMMHUPOBAHUs, TaK KaK METO/I SJTUICOUIOB UMeeT IMOTUHOMUATBHYIO TPY-
JIOEMKOCTB. JIpyruM npumMepoM MOKeT CIyKHUTh 3a/a9a 0 MaKCUMaJIbHON KJIWKe,
rae 9YucCJjIo JJOKaJIbHBIX YqumeHHﬁ, O4Y€BUIHO, HE IPpUBbLIIIAET YHCJIa BEPUIUH I'Ppa-
da. st kitaccoB Py u N Py ycTaHOBJIEHBI, B YaCTHOCTH, CJIEIYIONIHEe CBOicTBa [89):

Teopema 1. P, = NP;, ecau u moavko ecau P = NP.
Teopema 2. P, C PLS C NP,.

Teopema 3. Ecau 3adauwa L us xaacca PLS asasemca NP-mpydnot, mo
NP=co-NP.

JLst 33129 MOMCKA JIOKAJIBHOTO OMTHMYMa €CTeCTBEHHBIM 00pa30M OIpeae s
ercs nousarue PLS-cBenenus.

Onpenenenne 5. [lycts Ly u Ly — aBe 3a1a9u MOUCKA JIOKAJIHHOIO ONITUMY-
ma. PLS-cBenenne 3agaun Ly K 3aga4de Ly COCTOUT B MOCTPOEHHWH JABYX HOJHHO-
MUAJIBHO BBIUACIUMBIX (DYHKIMHA A U ¢ TAKUX, 9TO

1. h nepeBoOIMT MHAMBUAYAIBHYIO 33184y & € L1 B MHAMBUAYAJTLHYIO 38024y
h(x) € Ly;

2. g mepeBoaut mapy (pemenue 3anaun h(zr), ) B pelieHue 3aJa9u I;

3. ayist Beex x € Ly, eciim § — JIOKAJIbHBIN ontuMyM jiis h(x) € Ly, To g($, )
— JIOKAJIbHBIA ONTUMYM JJIsl 382491 .

Ecnu takne dyHkIum h u ¢ yaeTcs mMOCTPOUTH, TO FOBOPAT, 4TO 3aja4da L
PLS-cBoautcs K 3ama4de Lo, HeTpyiHo 3aMeTUTh, 9TO TaK ONpeeIeHHOe TIOHATHE
PLS-cBogumocTu ob1a1aeT ¢BOMCTBOM TpPaH3UTUBHOCTH M, ecnu Lo € Py, a L
PLS-cBogurest K Ly, To Ly € P,. loBopsr, uaro 3amada L € PLS asnasercsa PLS-
HOJIHOM, ecym Jjiobast 3agada B PLS moxer Obith PLS-cBenena k Heit. Ipore
ropops, PLS-mnonHble 3aa49n 9BISIOTCI Haumbosee TPYJAHBIME B 9TOM KJIacce W
eCJIH XOTS OBl OJHA M3 HUX MOKeT OBITH pelleHa 3a MOJTHHOMHAJILHOE BPeMs, TO
BCe OCTAJIbHBIE 33JIaYU MOTYT ObITh PeIIeHbl 3a MOJTUHOMUATBHOE BPEMS.



2 OxpecTHOCTHI

Bri6op okpecTHOCTH, KaK y2Ke OTMeYaaoCh BBIIIE, HTPAET BAXKHYIO POJTb TPH TMO-
CTPOEHUU AJTOPUTMOB JIOKATBHOTO ToucKa. OT HEero cymecTBeHHO 3aBHCUT TPY-
JIOEMKOCTB OJIHOT'O IIara aJiIrOpuTMa, oOIee YuCI0 MIaroB M, B KOHEYHOM CUe-
Te, KA4ecTBO O/Iy4aeMoro JIOKaJIbHOro onTumyma. Ha cerogusirauii jeHb HeT u,
BO3MOXKHO HUKOTJIA He OYJIeT, €JIMHOr0 MpaBuia BbIOOpa okpecTHOCTH. [[1s1 KaxK-
noit 3amaun GyHKIUIo N NPUXOTUTCS ONPEIeNITh 3aHOBO, YAUTUBAS CIEUMUKY
JmanHoil 3anaun. Bosee Toro, mo-BuAMMOMY IS KaKI0# 3319l MOYKHO TpPeIo-
JKHUTh HECKOJIBKO (DYHKIUH OKPECTHOCTH € PA3HBIMH MO MOIIHOCTH MHOYKECTBAMHU
N(i) u, KaK cieacTBue, Pa3HBIMU MHOYKECTBAME JIOKAJbHBIX OonTHMyMoB. Huzxe
OyyT MPUBEJIEHBI TPU NPUMEPa BbIOOPA OKPECTHOCTEH JIjIsd 3324 KOMMUBOSI ZKe-
pa, KOTOpble WLTIOCTPUPYIOT BO3MOZKHBIE IIYTH MOCTPOEHUS OKPECTHOCTEeHl W WX
CBOICTBA.

2.1 OkpecTHOCTU HA TTEPECTAHOBKAX

HamomunMm, 910 3a7a9a KOMMHBOSIZKEpa COCTOUT B HAXOXKJIEHHH MHIHIMAJHHOTO
10 JITMHE TAMUJIBTOHOBA IUKJIA B MOJHOM B3BEIIEHHOM OPUEHTHPOBAHHOM (MJTH
HEOPUEHTUPOBAHHOM) rpade ¢ n Bepiuuaamu. s yao6cTBa HEZKe OymeT paccma-
TPUBATHCA TOJIHKO HEOPUEHTUPOBAHHBIE IPpadbl ¢ CUMMETPUYHOI 11€/I0YUCIeHHOM
HeoTpUIATeIbHOM MaTpuleil paccrosnuit w;; = wj;, 1 < 1,57 < n. Kaxgoe no-
IyCTHMOE pelleHrne 33Ja9i KOMMHIBOsZKepa W Typ B rpadax OyaeM IIpeiacTa-
BJISITH B BUJIE TEPeCTaHOBKU T = {iy,...,i,}. g m € T onpenennM 3HadeHHe
dbyukiun okpectHocTH N () KAK MHOXKECTBO BCEX MEPECTAHOBOK , OTTHYAIOIIHXCSI
OT 7 TOJABKO B JABYX nosunmsx (city-swap). MuoxkecrBo N(7) coaepKuT poOBHO
n(n — 1)/2 271eMeHTOB ¥ BBIYUCIHTENbHAS CJIOKHOCTH OJHOTO Iara JIOKaJIbHOIO
TOKCKa C yYeTOM BbIUHCTeHHs IeseBoil dbynknuu He npesocxomut O(n?) omepa-
IHA.

O603uaunm vepe3 W (m) IIUHY raMHIBTOHOBA IUKJIA M OMPEJIEJUM PA3HOCT-
et oneparop V2 s W () ciemyiomum obpasom [39)]:

2 1 i
VW(r) = —=— >, W(@)-W(r), meL

IN(MI LS
Omnepartop V2W (7) 3agaeT cpegnee oTKIoHeHAE 1eteBoit byukmun W () B OKpecT-
HOCTH JTaHHOW ImepecTaHoBKH 7. [l JTOKAJIBHOIO ONTHMYMA 7 € 7 CIIPaBe I THBO
nepasencTBo VW (m) > 0. ITycts W,, — cpeansas JIuHA Typa Ha MHOZKECTBE



BCeX JONycTUMbIX perteruit Z. Torna crnpaBeainBbl CJIeIYIONHE YTBEPKICHUS

[39]

Teopema 4. Qynryua W=Ww-— W ydosaemeopaem ypasreruro

vV =
n

CaencrBue 1. Jlo6otl sokaronod murnumym © € T umeem dauny W(mr) <
Wy

CaencrBue 2. Anzopumm A0KAADHO20 NOUCKE, HAYUHAA C NPOU3BOALHOT Ne-
pecmanosku, docmuznem aokaavrozo onmumyma sa O(nW) wazos, ecau druna
MAKCUMANLHO20 TYpa npesocrodum cpeduee snadenue Wy, ne boaee wem 6 2V
pas.

AnayioruuHble YyTBEPKICHNS CIPABEINBLI U JJIA CIEAYIONINX 3a/1a:

(i) o pasbuennu 2n-BepumHOro rpada Ha JBe YACTH 10 7 BEPIIMH ¢ MHHH-
MaJbHBIM CYMMapHBIM BecoM pebep, COeJUHSIOMNX 3TH YacTH;

(ii) o packpacke BepiuH rpada B 1 IBETOB TaK, 9TOObI CMEKHBIE BEPITHHBI
UMeJIH Pa3Hble IBETa;

(iii) o pa3bueHnN N-3TEMEHTHOTO MHOYKECTBA Ha J[BA MOJMHOYKECTBA TaK, Y4TO-
OBl CyMMapHBIN Bec OJHOTO IIOJIMHOZKECTBA COBIIAJT C CYMMAapPHBIM BECOM JPYTOro
IOIMHOZKECTBA;

(iv) 0 3-BBIMOJIHUMOCTH B CJIEJYIOMNIEil TOCTAHOBKE: JIJIsi 1 OYJIEBBIX MepPeMeH-
HBIX 3a/J]aH HAOOP TPOeK; KazKJas IepeMeHHas MOKeT BXOJUTh B HAOOP ¢ OTpHIla-
HIeM uan 0e3 Hero; HaDOp CUMUTAETCS BBIITOJHEHHBIM, €CJTH OH COAEPXKUT Pa3HbIe
3HAYeHHd, T. €. XOTd ObI OIHO UCTMUMHOE U XOTS OBl OTHO .A09/CHOE; TpedyeTcs
y3HATb, CyIecTByeT JI Ha3HAUYeHHEe IepeMeHHBIX, IIPH KOTOPOM Bce HabOPHI Oy-
JIyT BBITIOTHEHBL.

2.2 Okpectraoctu JImaa-Kepuurxana

PaccmorpuMm raMuibTOHOB UK KaK IMOCTEI0BATEIbHOCTE pebep. OKpecTHOCTHIO
2-opt OyaeM Ha3bIBATh MHOXKECTBO BCEX MAMMIBTOHOBBIX IUKJIOB, MOJTYYAONTIXCS
u3 33JaHHOTO 3aMEeHOil JBYX HeCMexKHBIX pedep. Takas OKpecTHOCTH COAEPXKUT
n(n — 3)/2 s1eMeHTOB, YTO HECKOJIBKO MEHBIIe, YeM B OKPECTHOCTH City-swap.
Ha pucynke 1 noka3ano pasjandue MexKJ1y OKpecTHOCTSIME 2-opt u city-swap. st



okpecTHOCTH 2-0pt ynanenue pedep (a,b) u (e, f) IpUBOANT K MOSIBJIEHHUIO JABYX
HOBBIX pebep (a,e) u (b, f) u obparromy o6xomy ayr ot d mo ¢. Ecin B okpect-
HOCTH City-swap B MEPECTAHOBKE IIOMEHATH MECTAMH b U €, TO IOABATCA YeThIpe
HOBBIX pebpa (a, e), (e, ¢), (d,b) u (b, ), HO 06XOI AYT OT ¢ 10 d OCTAHETCS TPeK-
HHM.

a g d
"
f b g
a g d a g d
.
¥
f b ¢ 7 h ¢
city-swap 2-opt

Puc. 1. Paznuaunsa Mexk 1y OKpecTHOCTAMUI

B ciyuae, Korja TOYKH PaCHOMOZKEHBl HA IUIOCKOCTH, & Beca W;; ABIAIOTCA
eBKJIMIOBBIME DACCTOSHUSIMH, Tlepecedenne pebep (a,b) u (e, f) cBumereabcTByer
0 BO3MOXKHOCTH YJIydYIlleHusl JJAHHOI'O Typa B CHJIy HEPABEHCTBA TPYYI'OJIbHHUKA.
OHaKo 3TO yCaI0BUE HE SBJISIETCS HEOOXOIUMBIM U YJIyUIeHHe BO3MOMKHO JIarKe
0e3 mepecedeHus pedep.

OKpecTHOCTD 2-0pt MOKEeT OBITH €CTeCTBEHHBIM 00pa30M paclIupeHa a0 3-opt
u B 0bmieMm ciaydae 710 k-opt OKpecTHOCTH, T/e pa3pelaercs 3aMeHsTh He dDojee k
pebep maHHOro Typa Ha k HOBBIX pebep [65].

Teopema 5 [61]. Iouck nokarvrozo onmumyma 6 3a0a4e KOMMUBOANCEPD C
okpecmuocmuiro k-opt asasemea PLS-noanot drsa vexomopozo k.
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MunumaabHOe 3HAYeHNEe KOHCTAHTHI k, TIPU KOTOPOM yTBEPIKJIEHUE OCTAETCSI
BEDHBIM, TOKa Hem3BecTHO. VI3 paborsl [61] ciemayer, uro yrBepKaenue cripase/-
MUBO pu kK = 8 W BO3MOXKHO 3TO 3HaYEHUE MOXKET OBITh YMeHbIIeHo 10 k = 6.
Ha mpakTuke mupoKo MpUMEHAIOTCS OKPECTHOCTH ¢ k = 2, HO TeOPeTUIeCKUX
Pe3yIbTATOB O CIOKHOCTH TAKHUX AJTOPUTMOB MOKA HE TOTYYeHO.

Ha ocnoBe okpectrHocTu 2-opt JIunom n Kepaurxanom mpejjioykeHa odeHb 3h-
dbekruBnast spucruka [66]. Ona MO3BOIAET 3aMEHSATH TPOU3BOIBLHOE THCIO Pe-
Oep W MepexoiuT OT OJHOTO Typa K APYTOMY, UCIOTb3Ys TPUHITUILL KA THBIX aJl-
roput™MoB. OCHOBHAS UJes IBPUCTHKH 3AKJIIOYAETCI B CJAEIYIOMIEM. YIATUM W3
raMHJIBTOHOBOIO MUKJIA TIPOU3BOJIBHOE peOpo, ckaxkeM (a,b). B momyveHnoMm 1ry-
TH OJMH KOHer (BepmmmHy a) GyaeM cautaTh (GUKCHPOBAHHOI, a APYroil KOHeIr
OyJileM MeHsTh, IepecTpanBasi FaMUJILTOHOB MyTh. JlobaBum pedpPo U3 BepIIUHbBI
b, nanpumep (b, ¢), 1 pasopBem 00pPA30BABIIHIACS €JINHCTBEHHbIH UK TAK, YTO-
OBl CHOBA MOJIYYUTH FAMUJIBTOHOB MyTh. I 3TOTO mpmaeTcd yaaJauTb pedpo,
uHIUAeHTHOe Bepimue ¢. O6o3uaunm ero (c, d). HoBblil raMHJIBTOHOB MyTh HMe-
er KOHIEBble BepummHbl @ U d (cM. puc. 2). DTy npouemypy Oyaem Ha3bIBAThH
poramueit. [Ijst mosydenusi HOBOIO raMUJIbTOHOBA IMKJIA JIOCTATOYHO J0OABUTH
pebpo (a,d). Corsacuo anropurmy JInua-Keprurxana, mepexon oT 0gHOTO Typa
K JPYTOMY COCTOUT W3 YJAJIeHUs HEKOTOPOro pedpa, BLIMOTHEHUN CEePUH TOCTe-
JIOBATETLHBIX POTAIU U, HAKOHEIl, 3aMBIKAHUS KOHIEBHIX BEPIIUH MOJTYIYEeHHOTO
raMuJIbTOHOBaA IIYyTH. CyIlIeCTByIOT pa3JnIHble BapUaHTbI 9TOI OCHOBHOM CXEMBblI,
KOTOpbBI€ OT/IMYalOTCA IPpaBUJIaMHA BbI60pa pOTaHHﬁ n OrpaHUYeHUAMU Ha MHO-
JKecTBa yJIaaseMbix u gobasisieMbix pebep [54]. B anropurme Jluna-Keprurxana
pOTAIIMY BLIOMPAIOTCA TaK, YTOOBI MUHUMHU3UPOBATH PAZHOCTb Whe — Weq. LIpH
9TOM MHOYKECTBA YVIAJsdeMbIX U JI00AaBIAEeMbIX pedep B CepUH POTAIUil He TOTK-
HBI TTepecekaThed. [locmeanee orpannyene rapaHTUPYeT, YTO YHUCIO POTAIWil He
IPEBLICUT N? U TPYJ0EMKOCTh OJJHOTO Hara ([epexoja OT OJHOr0 Typa K Jpyro-
MY ) OCTaHeTCsl moJMHOMHIAIBHOT. ObIee 9uCI0 MIAroB aJrOpUTMa, MO-BHIUMOMY,
HEe MOYKeT OBITh OTPAHIYEHO TIOJTMHOMOM U U3BECTEH BAPUAHT OKPECTHOCTH JInHa-
Keprurxata, /i KOTOPOTO 3a/1ava KOMMUBOsIZKepa craHoBuTcst PLS-tomHoi [89).
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Puc. 2. [Iponeaypa potanum

2.3 ODKCHOHEHINAJbHBbIE OKPECTHOCTU

OHuM W3 HOBBIX TEPCIEKTHBHBIX HAIPABJICHUN B 00JIACTH JIOKAJTHHOTO MOMCKA
SIBJISIETCS MCCJIeJOBAHUE CBOWCTB OKPECTHOCTEH IKCIOHEHIUAJIbHON MOIIHOCTH.
Ecan nyqinee peirenre B TaKO# OKPECTHOCTH MOYKHO HAWTHU 3a MOJMHOMHUATLHOE
BpeMs, TO aJITOPUTM JIOKAJTHHOTO MOMCKA C TAKOW OKPECTHOCTHIO MOIyYaeT Ompe-
JIeJIeHHOe TPUEeMYTIECTBO Mepes OCTAJbHBIMU. /I 3a7aun KOMMUBOsIZKEpa mep-
BbIe TPHMEPbhl TAKHX OKPECTHOCTEH ObLIN MpeaioxkeHbl B paborax |25, 19]. Mt
He Oy/IeM OCTaHABJIMBATHLCS HA BCEX pe3yJjbTaraX B JaHHOU obsactu. V3/10KuM,
B Ka4ecTBe W/LIIOCTPAINH, W0 OJHOTO W3 TAKUX IMOJAXOJ0B. DTOT MPUMEpP Ha-
[UISITHO MOKA3BIBAET TECHYIO CBI3b MEZK/Ty IKCIOHEHIINATLHBIMI OKPECTHOCTSIMY 1
NOJTMHOMUATBLHO Pa3PeluMbIMU CTYyYadMi 337291 KoMMuBoszKepa. Hamnane Ta-
KO CBsI3U, MO-BUJIUMOMY, OYJET CTUMYJMPOBATH MOUCK HOBBIX MOJHMHOMHAJIHHO
pa3penuMbIX CJIydaen Jijis TPYAHbBIX KOMOMHATOPHBIX 33/a4, 9YTO B CBOIO OY€PE/Ib
MOZKET MPUBECTH K JIAJIbHEHIIeMy IIPOrpeccy B 00JIACTH JIOKAJIHHOTO TOUCKA.

OcHoBHasI ujest AIrOpUTMOB U3 78] MOXKeT GBITH MPEJICTABIEHA CIEYOIIUM
obpazom. [Ipenmosokum, 9T0 MHOXKECTBO W3 1 TOPOIOB PA3dbUTO HA JBe YACTH
Tiyeveys Ty A Y1y .., Yp TaK, 910 k +m =n u m < k. JIna yno6cTBa U NpOCTOTHI
U3J107KeHusi JOOABUM B MEPBYIO TPYIILY k — m (PUKTUBHBIX TOPOJOB Typi1, - - -y Tk
M PACCMOTPHUM OKPECTHOCTh N (Y1, ..., Yk, L1, -+ -, Ty ), COCTOSIILYIO U3 BCEX TYPOB
BUIA

NTrY2Tryy - - o s YT Yt,

rae (71, ..., Tk) — NPOU3BOJIbHAS MepecTaHOBKa 1emeHToB {1, ..., k}. Comepxa-
TeJIbHO, KaZK/IBIi TAKOH TYD MOIydaeTcsd BCTABKON TOPOIOB X; MEXKIY HapaMu Io-
poznoB Yj, Yjt+1. MuomectBO N(y1,. .., Yk, L1, ..., Tp,) EMEET SKCIOHEHIUATBHYIO
MOIIIHOCTb [”TH]' upu 2m < n < 2m+ 1. OnTumasbHBIR TYp B 9TOM MHOXKECTBe
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MOXKeT OBbITh HalJeH C IMOMOIIBIO PEeIeHnsT 331291 O HA3HAYEHUSIX CJIEIYIOIIM
obpazom. [Ipu j = 1,..., k momoxxkum

4 — w(yjz;) +w(ryj), i=1,...,m,
iy — S
w(YjYjs1), i=m+1,...,k,
BBeJieM IepeMeHHbIe
1, ecam x; pACHONAraeTcst MEXKLY Yj, Yji1,
Zii =

" 0 B IPOTUBHOM CJIyYae

1 PACCMOTPHM 32129y

k k
min E E dijzz-j

i=1 j=1

k

d zp=1,j=1,...,k,
i=1

k
 my=1i=1,..k
7j=1
z; €{0,1}, i,j=1,..., k.

OuruMasbHOEe penienne 3a1avyM ONpeesdeT HauIydlee Pa3sMeIleHue TOPOIOB
x;,t = 1,...,m, Mexkay ropojamu y;,j = 1,...,k,, To eCTb ONTEMAJBHLII TYD B
muoxkecTBe N (Y1, ..., Yk, L1, - - -, Ty). PellieHne 31oii 3a1a4n MozKeT OBITH Haiiie-
HO ¢ BpeMeHHOit cozkHocThio O(k?), nanpumep, anropurmom @opaa-Dankepcona
JUTsT MAKCUME3AIMN TOTOKa B cetn [11] wim mocrpoeHnem cOBEPIEHHOTO Mapoco-

deTaHisi MUHIMAJIBHOTO Beca Jist ABY101bHOTO rpada ¢ goasvu X = {x1, ..., Tk}
uY = {yla"'ayk)}‘
3aMeTuM, 9T0 MAKCUMAIbHASA MOTIHOCTD OKPECTHOCTA N (Y1, .+« Yy T1y - - 5 Tin)

nocruraercs npu m < n/2. Tounee, myctb m = n/2 —p,p > 0, nenoe, n > 5 u
o(n) = n (mod 2). das aeiicrBurenpHoro ducia r obo3Hadnm 4epes [r]y (coor-
BETCTBEHHO [1];) MakcHMaJsbHOe 1eioe (MoIyIenoe, To eCTh YHCI0 BUAA ¢/2 nis
HEYeTHBIX (), He TpeBocxosiiee 7. Torga mMakcumaabHas MOIIHOCTD Npaq (1)
okpectHOCTH npesocxoaut [“]! n pasna [40]

Niaz(n) = (n/2 + po)!/2po!,

rae po = [/ én + % + %]g(n). [Ipumenenne 3Toit (bopMyJTIbI MO3BOIAET MOTYIUTH
ACUMIITOTUYIECKOE BbIpazKeHHUe JAJid MOIMHOCTU OKPECTHOCTH.
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Teopema 6 [40]. Nyqz(n) = G(W[/ﬂza(l))

[Iepeiiiem Tenepb K HanbOIe€ HHTPUTYIOMIEMY CBOMCTBY JTAHHON OKPECTHOCTH,
CBA3aHHOMY K PACCTOSHUEM MeKIy Typamu B rpade okpectHocTeil. OKa3bBaeT-
Cs1, 9TO € MOMOIIBLIO MHOKeCTBA N (Y1, ..., Yk, L1, - - - , Tpp) MOKHO TAK OMPEJIETUTH
HOBYIO OKPECTHOCTH, YTO PACCTOsIHHE MEXKJy JIIOOLIMU JBYMs Typamu He OyJer
npesocxoauTh 4. Cam akT, 9T0 MAKCHUMAJIBLHOE PACCTOSTHUE MEXKIy TypaMu He
3aBUCUT OT Pa3MepPHOCTH 3aJa4u, MPEeJCTaB/IseTcs YAUBUTEIbHBIM. Bojee Toro,
9TO KOHCTaHTa OYeHb MaJa; BCero 4 mara J0CTaTOYHO CIeIaTh, YTOOBI JOOPAThCS
13 33JAHHOTO PEeIIeHus 70 JII0OOTo JPYTroro U, B YaCTHOCTH, JI0 ONTUMATLHOTO. K
COYKAJIGHUIO, Mbl HE 3HAEM B KaKyI0 KMMEHHO CTOPOHY HYKHO CJEJIaTh ITH YeThIpe
mara, iHa4e 3ajia4da craJja Obl HOJIMHOMHAJILHO pa3penuMoii. KpoMe Toro, Mol He
3HaeM, KaK MHOT'O JIOKAJbHBIX ONITUMYMOB THUMA 2-0pt Uan cily-swap cOepAKUTCS
B TaKOil 9KCIMOHEHIIUATLHOI OKpecTHOCTH. TeM He MeHee, caMm (haKT orpaHmIeH-
HOCTH JUAMeTpa CBUIETETbCTBYET O OOIBIMNX MOTEHIMATBHBIX BO3MOXKHOCTSIX
TaKOM OKPECTHOCTHU.

HyCTb T - HpOI/ISBOJIbeIfI raMHUJIbBTOHOB IIUKJI B IIOJIHOM B3BE€II€EHHOM HEOPHU-
eHTUPOBAHHOM N-BeprmmHOM Tpade. Obo3nadnMm depe3 F,,, cemeiicTBO BCex MOJI-
MHOZKECTB MOIITHOCTH 1M, COCTOSANINX W3 HECMEeXKHBIX BepmnH Typa 1'. KaxKmbrii
S7EMEHT CeMelcTBa (T1, ..., Tn) € Fum OMHOZHAUHO ONPEIEIseT MHOXKECTBO TY-
POB N (Y1 - -+ Yn—my L1y - - -, T). OObeIUHEHEE TAKUX MHOXKECTB OGO3HAYUM Ue-
pe3 N, (T'). Moxkno nokasarb, 9410 n1pu (DUKCHPOBAHHOM 1M MOIIHOCTH CeMeiicTBa

Fom paBHa | |
n—m n—m-—1
= (30)+ (725

TO €CTh BBIPAXKaeTCsd MOJMHOMOM OT 7 W, CJAeJ0BATEJbHO, ONTUMAJbHBIA TYD B
muo)KecTBe Ny, (T) MOXKHO HAlTH 3a MOTMHOMHATLHOE BpeMs. Byiem roBoputs,
4To Typ R sBasercs coceaqnum K Typy 1, eciu B Type T HalLyTCs M HECMEZKHBIX
BEDIIUH (T1, ..., Tmy) TAKAX, 9T0 R € N (Y1, ..y Yn_myT1y- -y Tin)-

Teopema 7 [41]. IIpum = |(n—1)/2] daa mobwxr mypos Ty u Ty cyusecmey-
rom maxue mypu, 1o, T3 u Ty, wmo T; asasemea cocednum % T;_1,1 = 2,3,4,5.

B obmiem cirydae nmpu npou3BOIbBHBIX M AJIWHA IIYyTH B Tpade okpecTHoCTel Gy
MeKJIy JIBYM$ TIPOU3BOJIBHBIMA TYPAMU OTPAHUYEHA CBepXy BeaudnHoi 4[| (n —

1)/2]/m].
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3 BeposgTHOCTHBIE 3BPUCTUKU

U en TOKATBHOTO MOMCKA MOJYYIHIH CBOE MAJbHEillee pa3BUTHE B TAK HA3bIBA-
eMBIX Mmemasspucmukar [73], To ecTb B OBIIUX cXeMaX MOCTPOEHHsI AJITOPUTMOB,
KOTOPbIE MOTYT ObITh NPUMEHEHbI NPAKTHIECKH K JII000# 3a/1aue TUCKPETHOM o1
TUMU3aIMK. Bce METadBPUCTUKH AB/IAIOTC HTEPAIMOHHBIMHU TIPOIELYPAMU U JIJIsT
MHOI'UX M3 HUX yCTAHOBJIEHA ACHMITOTUYECKAS CXOJAMMOCTH HAMJIYUIIEro Haii1eH-
HOT'O PeleHus K raobagbHoMy onTuMymy. K dnciy MeTasBpHCTHK OTHOCITCS aJl-
FOPUTMbBI UMUTAIIMN OTKUTA, TOUCK C 3AlPETaMH, MeHeTHYIECKHEe AJTOPHUTMBI, O
KOTODPBIX MONJET pedb B 9TOM pa3jiesie, a TaKKe HEefPOHHBbIE CeTH, MypaBbUHbBIE
KOJIOHWMH, BEPOSITHOCTHBIE JKAHBIE POIEAypbl 1 apyrue. O6umpHyto nadopma-
MO IO JAHHOW TeMe MOXKHO HAaWTH! IO aJpecam:
http://www.ing.unlp.edu.ar/cetad /mos/TSPBIB_ home.html
http://www.informatik.hu-berlin.de/~weinert /localsearch.html
http://iridia.ulb.ac.be/dorigo/ACO/ACO.html

3.1 AJaroputM MMHUTAITAN OTXKUTA

DK30THYECKOe Ha3BaHHE JaHHOTO aJTOPUTMa CBA3aHO C METOJAMHU UMUTAIHOH-
HOTO MOJIeJTMPOBAHUs B CTATHCTHYECKON (usnke [20], OCHOBAaHHBIMH Ha TEXHUKE
Monte-Kapio. Hccienoanne KpucTaaIndecKoil pernieTkn W MOBeIeHUus aTOMOB
IpU MeJJTIEHHOM OCTBIBAHUH TeJIa MPUBEJIO K MOSBICHUIO Ha CBET BEPOITHOCTHBIX
aJITOPUTMOB, KOTOPBIE OKA3aJUCh Ype3BbIYaitHO 3(MEKTUBHBIMU B KOMOUHATOP-
HOl omTuMu3anuu. Brepsbie 310 66110 3amedero B 1983 roxy [29, 58|. Ceromms
TOT AJITOPUTM SIBJISIETCS TOMYJSPHBIM KaK Cpejy MPaKTUKOB OJiarojaps CBOei
npoctore, ruOKOCTH U 3HHEKTUBHOCTH, TaAK U CPE/IM TEOPETUKOB, TOCKOJIBKY JIJIsT
JIAHHOTO aJITOPUTMAa yIAeTCs aHAJUTHIECKH HCCIeJ0BATH €ro CBOHCTBA U JOKa-
3aTh ACUMITOTHYECKYIO CXOJUMOCTD.

ANrOpuT™M HMHTAIIME OT?KUTA OTHOCTUTCS K KJIACCY IIOPOTOBLIX AJTOPUTMOB
JIOKAJILHOTO TIoncKa. Ha KazKjioM 1rare 3Toro aJirOpuTMa B OKPECTHOCTH TEKYIIe-
ro perieHns i, BbIOMpaeTCss HEKOTOPOe PelieHne j, U e/ Pa3HOCTh 10 IeJIeBOit
GYHKIIMY MEZK/Iy HOBBIM U TEKYIIUM PEIIeHreM He MPEBOCXOUT 3aJaHHOTO TTOPO-
ra t;, TO HOBOE pellleHne j 3aMeHsieT TeKylee. B mpoTuBHOM cydae BHIOMpAeTCs
HOBOe coceanee pemrenne. OOIasg cxemMa MOPOTrOBBIX AJTOPUTMOB MOXKET OBITDH
NpeJICTaBICHA CIE/LYIONUM 0Opa30M.
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[Toporoswiit anropuTm

1. Boibparh HauaabHOe perierue ig € Z u nonoxutsb f* = f(ig), k = 0.
2. TToka He BBINOJTHEH KPUTEPHl OCTAHOBKH JEIATH CJICAYIOIIee:

2.1. Ciyuaiino Beiopats j € N (ig).

2.2. Ecm f(j) — f(ix) <t 10 dgy1 := J.

2.3. Ecm f* > f(ix), To f* := f(ix).

2.4. lTonoxuts k := k + 1.

B 3aBucumocTu OT crnocoba 3ajaHus IMOCIeJI0BATEIbHOCTH {tx} pasimdaior
TPU TUTIA AJTOPUTMOB

1. ITocienoBarenpuoe yaydmenne: t, =0, £k =0,1,2,... — BapuaHT KJIacCH-
YeCKOI0 JIOKAJTHHOTO CIIYCKA ¢ MOHOTOHHBIM YJIVUIIEHHEM II0 HeaeBoil (hbyHKITHH.

2. [loporosoe yayummenune: t, = cx, k = 0,1,2,..., ¢t > 0, ¢x > ¢cpi1 1
limy_,o ¢ — 0 — BapwaHT JIOKAJHHOTO MOWCKA, KOTJIa JOMYCKAETCS YXVIIIEeHHe
10 1esieBoil (HYHKIUU JI0 HEKOTOPOro 3aIAHHOTO 1IOPOra, W TOT MOPOr MOCIeI0-
BaTE/IbHO CHUKAETCS JIO HYJIS.

3. Umuranus orxkura: ty > 0, £ =0,1,2,..., — cay4aiinas BeJIM4uHa C MaTe-
mMaTudeckuM oxkugauueM E(ty) = ¢; > 0 — BapuaHT JIOKAJIHHOTO MOUCKA, KOIIA
JIOTIYCKAETCsT MTPOU3BOIbHOE YXV/IIEHNEe IO IeJIeBOil (DYHKIUN, HO BEPOSITHOCTD
TAKOTO Tepexoia 0OpATHO MPOIMOPIHOHATbHA BeJIMYNHE YXYIIMICHUs, TOUHee JIJTsI
moboro j € N (i)

= { N D bl
17 exp(1D) ecnn £() > £(i).
[TocieoBaTeIbHOCTD {¢f } UTpaeT BayKHYIO POJIb IPU AHAIHW3€ CXOAUMOCTH 1
BBIOMpaeTcsa Tak, 9Toobl ¢, — 0 mpu k — oo. MHOrma mapameTp ¢, Ha3bIBAIOT
TeMiepaTypoii [15], nMess BBUIY yKa3aHHbBIE BBIIIE HCTOKH.
JIns aHa/M3a JTAHHOIO M BCEX MOCIEAYIONHUX AJTOPUTMOB HaAM HOTPeOYIOTCA
HEKOTODBIE OIPEeJIeIeHNsI U3 TeOpun KoHedHbIX meneii Mapkosa [8, 15].

Onpenenenane 6. Ilycts O 0603HAYAaET MHOXKECTBO BO3MOXKHBIX HCXOJIOB

HEKOTOPOTO cIydaifHoro mpornecca. ems MapkoBa ecTh mocienoBaTeIbHOCTD HUC-
NBITAHUN, KOTJIA BEPOSITHOCTH MCXOJIa B KAXKJOM UCIBITAHUHM 3aBUCHT TOJBKO OT
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pesyJibTaTa mpenecTByonero ucnbitanus. [lyers x(k) — caydaiinast mepemes-
Hasi, 0bo3HaAYAIONas pe3yabTaT k-ro ucnbitanus. Torjga Jjis KayKJI0i mapsl ¢, ] €
£ BEpOSATHOCTH MEPexo/ia OT i K j MpU k-OM HCIBITAHUE 3aaeTCsS BhIPasKeHHeM

Pj(k) =P{x(k) =7 | x(k — 1) =1i}.

Marpuua {P;;} nazsiBaercs nepexodnoti mampuyed. llens MapkoBa Ha3bBaeTcst
KoHeuHot, eCIM MHOYKECTBO UCXOJI0B £ KOHEYHO, U 00HOPOdHOTU, eCJIn IEPEXOIHbIE
BEPOSITHOCTH HE 3aBUCAT OT HOMepa Imara k.

Jl1g anropuTMa IMATAIINN OTZKUTA UCTBITAHUE COCTOUT B BBIOODE OYEpPETHOTO
penienus Ha k-oMm mare. BeposdTHOCTb 1epexo/ia OT ¢ K j 3aBUCUT OT %, TaK KaK Ie-
PexoJi BO3MOZKeH TOJIbKO B cocennee perenne j € N(i). OHa He 3aBHCHT OT TOTO,
KaKUM IyTeM J00pajuch Jio ¢. Takum oOpa3om, MOC/IeI0BaTe/IbHOCTh PelleHui
{ix} obpasyer menb MapkoBa. DTa 1ellb KOHEUHA, TAK KAK MHOYKECTBO JOMYCTH-
MBIX pemreruit Z konedno. /s KaxKmaoit mapsl ¢, ] € Z BeposITHOCTH MEpPexo1a OT
7 K J 33JlaeTCsI PaBEHCTBOM

Diinj (Ck), eCcJIn 1 §£ ],
Pij(k) = .
1-— ;DilAil(Clc); ecin i = j,

1

rne D;; ectb BeposiTHOCTDH BbIOOpaA pemennsi j u3 okpecrHocTn N (i) u A;ji(cg) —
BEPOSITHOCTh MPUHATHS DEIIeHNs] j B KAYeCTBe OYePeJHOr0 TEKYIEro PEeIeHusl.
Ecnu pemenust u3 okpectrHocT N (i) BBIOGHPAIOTCS PABHOBEPOSITHO, TO

1/|N(i)|, ecmu j € N(i);
D —{ ) J

W B IIPOTMBHOM CJIy4vae ,

a BEPOATHOCTH IIPpUHATUA j onpejesidercda Kak

Aij(cr) = exp €16 _C{(ij))+,

rae ot = max{0, a}. Eciu ¢, = ¢, To uenp Mapkosa siBjistercst 0HOPOHO#. B 06-
HIEM C/Iydae aJrOPUTM UMHUTALUU OTKHUra MOPOKIAeT KOHEUHYI0 HEOJHOPOIHYIO
nens Mapkosa.

[Ipu uccaen0BaHIE ACUMITOTHICCKOTO MOBEICHH AJITOPHUTMOB BaXKHYIO POJIb
UTpaeT TaK HA3LIBAEMOE CTAIIMOHAPHOE PACIPEIe/eHHe H BeKTOP (¢; PA3MEepHOCTH
|O], KOMIIOHEHTBI KOTOPOTO OTPEIEJISIOTCST KAk

¢ = lim P{a(k) =i | 2(0) = j},j € O,
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ecJIM TaKOW TpeJiesl CyNIeCTBYeT U He 3aBUCUT OT j. Bejuuwna ¢; paBHa BeposiT-
HOCTH OKa3aThCs B COCTOSTHUU % MOCJE JIOCTATOYHO OOJIBIIONO YHCJIA NIATOB.

Teopema 8 [15]|. ITycmwv ¢, = ¢ daa 6cex k u das aoboti napw i,j € T naii-
demca wucaop > 1 uly,ly, ..., I, € T marue, wmo lo = 1,1, =7 u Dy, ., >0,k =
0,1,...,p — 1. Toeda dan uenu Maprosa, noporcdeHHol AA20PUMMOM UMUMA-
YUU 0OMotcu2a, CYWecmeyem eduHcmeeHHoe CmatuorapHoe pacnpedesenue, Kom-
NOHEHMBL KOMOP020 3adaromcs Gopmyrot

o - IO
> exp(—f(j)/c)
JET
a
: 1/|Z%, ecmm i€ I*,
lim¢;(c) =
cl0 0 B MTPOTUBHOM CJIyYae .

[Tocnegaee paBeHCTBO MO CYTH O3HAYAET, UYTO C POCTOM UHCIa UTEPAIUl BEpPo-
STHOCTh OKa3aThCd B TOUKE II0OATBLHOIO ONTUMYMa ¢* € Z* cTpeMuTcd K 1, eciu
3HAYEHNEe MOPOra ¢, CTPEMHUTCS K HYJIIO, T. €.

lim lim P.{z(k) € T} = 1.
cl0 k—oo
Ha npakTuke, KOHeYHO, HET BO3MOYKHOCTH BLIIOTHUTH OECKOHEYHOE YUCITIO

nrepanuii. [losTomy Teopema 8 gBageTCS TONHKO UCTOYHHUKOM BIOXHOBEHUS MU
pa3paboTKe peasibHbIX AJIrOpUTMOB. CyIIEeCTBYeT MHOTO 9BPUCTHIECKUX CIIOCODOB
BBIGOpA KOHEYHOMN IOCIeI0BATEIbHOCTH {C;} C NEJIbIO TIOBBINIEHHsT BEPOSTHOCTH
O00HAPYKUTH TJI00AJIbHBIH ONTUMYM. B HEKOTOpPHIX paboTax paccMaTpPUBAIOTCS
HeOOJIbIIIHe TTPUMEPBI, I KOTOPLIX yIAeTCsd MOJHOCTBIO MCCIe0BATH XapaKTe-
pucruku neneit Mapkosa |14, 44|. B GosbummHcTBe paboT CIeAYIOT PEKOMEH IAITH-
SIM TIePBOITPOXO/LEB [58] U HCMONB3YIOT CXeMy IeOMeTPHYECKON TPOrPECCHH.

1. Haganbroe 3radenne: ¢g = A frax — MaKCEMaJIbHas Pa3HOCTh MEXKIY JIBY-
M COCETHUMU PeIleHUsSIMH.

2. IToumxkenue nopora: cxy1 = acg, k=0,1,..., K —1, rjie @ — noJIo)KuTeE /b~
Hasi KOHCTAHTa, JI0CTATOYHO Om3Kas K 1, Hanpumep, « € [0, 8;0,99].

3. Koneunoe 3nauenue: cx > 0 onpejensercs JTUOO0 MO YUCTY CAeTaHHBIX H3Me-
HeHuit, MO0 KaK MaKCHMAJIbHOE ¢k, IPU KOTOPOM aJrOPUTM He MeHdeT TeKyliee
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perieHye B TedeHue 33/[aHHOr0 Ync/Ia maros. [Ipu Kaxk10M 3HAYEHUHN Cf, AJITOPUTM
BBITIOJIHSAET Topsika N (i) maroB, He MeHsisl 3HAYEHUe TTOpOra.

3.2 Tlowmck c 3amperamn

OCHOBOMOMOKHAKOM aaroputma noucka ¢ 3amperamu (Tabu search) assercs
®. ['moBep, KOTOPHBIil MPEeJIOKIT TPUHITUIHATHLHO HOBYIO CXeMY JIOKAJHHOTO T0-
ncka |34, 35]. Ona no3BossieT ajIropuTMy He OCTAHABINBATHCS B TOYKE JIOKAJIBHO-
ro ONTUMYMa, KaK 3TO MPEANUCAHO B CTAHJIAPTHOM aJrOPUTME JIOKAJIHHOTO CITYC-
Ka, & MyTeIecTBOBATH OT OJIHOTO ONTHMYMa K JIPYTOMY B HaJIeXK/e HAWTH cpen
HUX I0OATBHBINH onTHMyM. OCHOBHBIM MEXaHU3MOM, TIO3BOJISIIOIIAM AJTOPUTMY
BBIOUPATHCS U3 JIOKAJTBLHOTO ONTHMYMA, siBJIsieTcs cnucok 3anperoB Tabu(iy). Ou
CTPOUTCA 1O IpPeAbICTOPHUHU ITOUCKa, TO €CTh IO HECKOJBbKHUM NOCJI€eJHUM TOYKaM
Qky Uk —1y- -0k 141, U 3aIPEIIAET 9aCTh OKPECTHOCTH Tekyiiero perenus N (iy).
Tounee Ha KazK/IOM IIare ajJropuTMa OdepeHas TOUKA iy ABASETCS ONTUMAJIb-
HBIM peIlleHueM IM0/13a/ a1

f(ir) = min{f () | J € N(ix) \ Tabu (i)}

MuozkectBo Tabuy (i) C N (i) Onpesessercs Mo MpeecTBYONMM DelleHusIM.
CHmcoK 3alpeToB YUUTHIBAECT CHeNUuMUKY 3aJa91 U, KAK IPABHUJIO, 3allpeniaeT nc-
noan3oBanne tex "dparmentos" perrennst (pebep rpada, KOOpAUHAT BEKTODA,
[BET BEPIIUHBI), KOTOPbIe MEHsINCh HA MOCAeAHUX [ mmarax ajgropurma. KoH-
cranta [ > 0 onpezessier ero mamsarh. [Ipu "koporkoii mamsitu" (I = 0) nosydaem
CTAHIAPTHBIN JIOKAJIBHBIN CIYCK.

CymiecTByeT MHOIO BADHAHTOB PeATH3AIMHA OCHOBHOM UIEH MOUCKA C 3aIIpeTa-
vu [37|. [IpuBeem ofuH U3 HUX, JIJI KOTOPOTO YAAETCSA YCTAHOBUTH ACHMIITOTH-
deckue cBoiicTBa. Paccmorpum pangomusnposannyio okpecraocts N, (i) € N(i),
e Kaxk/plil smemMent okpectrHocT j € N(i) Bkiodaercss B MHOXKecTBO N,(i) ¢
BEPOATHOCTDHIO P HE3ABUCAMO OT JAPYruX 371eMeHToB. C HeHy/IeBOil BEpOATHOCTHIO
MHOKecTBO N (i) MozkeT coBmagarh ¢ N (i), MOXKeT OKA3aThCsI MYCTBIM IIIH COIEP-
JKaTh POBHO OMH 3neMeHT. O0IIas cxeMa aJropuTMa MOUCKA C 3AIIPETAMU MOZKET
ObITH MPEJICTAB/IEHA CIELYIOIUM 00Pa30M.

AJropuT™ momncka ¢ 3amperaMu

1. BeibpaTh HauaabHOe pelreHue ig € Z U MOT0KUTH
[* = flio), Tabu(ip) := 0, k := 0.

2. Iloka He BbBINIOJIHEH KPUTEPHUil OCTAHOBKHU JIeJIaTh CJIe/LyIOIee.
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2.1. Cdopmuposars okpectHOCTb N, (if).

2.2. Eciin N, (i) = 0, 10 ig41 1= i), MHAYE HAWTH Gpy1 TAKOl, 9TO
flin4r) = min{ f(j) | j € Np(ix) \ Tabuy(ix)}.

2.3. Ecmu f* > f(igs1), 0 f*:= f(igs1)-

2.4. Tlonoxuts k := k + 1 u obHOBHUTD crincok 3ampetoB T'abu(iy).

[TapameTpbl p u [ SABJISIOTCS YIPABIAIOIUME /I JTAHHOTO aJIOPUTMa W BbI-
0Op UX 3HAYEHMI 3aBHCHT OT PA3MEPHOCTH 3aJa4H U MOIIHOCTH OKPECTHOCTH.
[TpuMepsl aganTamud STOH CXeMbl K pa3HBIM 3aJa9aM KOMOMHATOPHOII OINTHMHU-
3alnuy MOYKHO HallTH, Hampumep, B [36].

[Tycrs [ = 0. Torpa Tabu(l) = O n caygaitnas nocienoBareabHOCTb {if }
SIBJISIETCST KOHEYHOM o/iHOpOIHOI 1enbio Mapkosa. MoxKHO moka3aTh, 9TO B 3TOM
clydae Iepexojnble BepodaTHocTu ;4,7 € 1, onpeJendioTca paBeHCTBOM

0, ecin j & N(7);
P = p(1 —p)s_l, ecin j € N(i) u f(j) = Tfenj%)s(f(ﬂ)a

rje min® o3HavYaeT S-ii MUHHMAJIbHBINA 37IeMeHT MHOXKECTBA.

Teopema 9. Fcau epag oxpecmmuocmetd Gy cmpozo ceasen, mo 0aa uenu
Mapxkosa cywecmeyem eduncmeennoe cmavyuonaproe pacnpedesenue q; > 0, © =
1,2,...|Z], u nezasucumo om 6vbopa HaasbHOT Mouky iy € L 6epoamHocmy He
Hatimu 2400a40HLT ONMUMYM CMPEMUMCS K HYAIO CO CKOPOCTILIO 2C0MEMPUYE-
ckotl npoepeccuu, mo ecmv watidymea b > 1 u 0 < ¢ < 1 makue, wmo

P{min f(ir) > (i")} < b

BaMeTuM, 9TO /s CTAIIMOHAPHOI'O PACIpe/ie/IeHHs He MOy IeHO TOIHOH (hop-
MYJIbI, KaK 9TO yAAJI0Ch CJIeJIaTh JIJIsi JITOPUTMa HMUTAIUNA OTZKUTA. Y TBEPZK TaeT-
CsI TOJILKO CYIIIECTBOBAHUE U €IMHCTBEHHOCTH TAKOTO pacipejenaenus. [Ipu maabix
Pa3MEepHOCTSAX ero MOYKHO MOJYYUTh YUCJIEHHO U3 COOTHOTIEHU

jeo
ZQZ' =1.
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AHaHI/ITI/IquKOFO BbIpazKeHud JJid pelieHundg TaKOI CucremMbl, IMO-BUANMOMY, HE
cymecrByeT. Tem He MeHee, UCCIeIOBAHEE STOrO PACIpPeNeeHud W, B YaCTHOCTH,
ero KOMIIOHEHT, COOTBETCTBYIOIIUX II00ATBHOMY ONTUMYMY ¢* € Z*, mpeacTaBis-
€T HECOMHEHHBIII WHTEpecC.

Pacemorpum obmmuii ciayaaii [ > 0. B 3ToM ciydae mocieioBaTeabHOCTD {i }
yKe He sBjisieTcs nenbio MapkoBa, Tak Kak BbIOOP OYepeHOil TOYKU 3aBUCUT OT
npeapicropun. OIHAKO, €CIH PACCMOTPETh MHOYKECTBO KOPTeXKeit (ig, i 1, ..., 0k 111)
JUTHEL [, TO cydaiiHasg mocaeI0BaTeIbHOCTh TAKIX KOPTEKeil, IOpPozK 1aeMasd al-
TOPUTMOM, y2Ke OyJeT KOHEeYHOII 0ZHOPOIHOH membio Mapkosa. Marpuna mepe-
XOJHBIX BEPOATHOCTEH MMeeT Tellepb 3HAYUTEILHO OOJBILIYI0 Pa3MEepHOCTD, HO ee
JIEMEHTBI OY/IyT OHPEIEeIsThCS 110 CYTU TeMU Ke (pOpMYyJIaMu, YTO U PaHbIIIe.

Crmcok 3anperos Tabu; (i) OKa3biBaeT CyMIECTBEHHOE BJIUSHIE HA TIOBEEHIE
anroputMma. B wacrHoctu, ecin Ha Hekoropom mare Tabu(ig) O N (i), TO mpo-
Iecc MOMCKA TMPEeKpPAIaeTcsd, iy = lgr1 = .... LaKuM 00pa3oM, JazKe CBOWCTBO
crporoii cBasuoctu rpada Gy He TapaHTUPYeT KeJIaeMOro ACHMITOTHYECKOIO
nOoBeJCHUA. TeM HEe MeHee IIPpU onpeJe/IeHHbIX YC/IOBUAX Ha CIIMCOK 3allpeTOB yda-
eTcd O6eCHqu/ITb CXOAUMOCTD I10 BEPOATHOCTU HaMWJIy4dHIero Haf/iﬂeHHOFO penieHnud
K IJIO0AJIbHOMY ONTUMYMY, W IIPABUJILHOE UCIOJIH30BAHUE 3alPETOB 3aMETHO CO-
KpAaIlaeT BpeMs pernenus 3aaa4an [59).

3.3 T'emernyeckume aJrOpUTMBI

I/I,ZLGH TeHeTUYIeCKHUX aJITOPUTMOB 3aMMCTBOBaHa Yy YKUBOI npupoabl U COCTOUT
B OPTaHU3aIdN SBOTIOIUOHHOTO MPOIEcca, KOHEIHOW MeTbI0 KOTOPOTO SBJISET-
cd MOJIyYeHHe ONTHMAJIBHOIO peIleHus B CI0KHOU KOMOMHATOpHOI 3amade. Pas-
paboOTYMK IeHeTHIeCKHX AJTOPUTMOB BBICTYIIAeT B JaHHOM CIydae Kak 'cosma-
TeJib", KOTOPBIN JOMKeH MPABUIBHO YCTAHOBUTH 3aKOHBI IBOJIONUHU, 9TOOBI 0~
CTUYb YKEeJIAeMOM [eJIn KaK MOXKHO ObicTpee. Briepsbie 3Tu HecTanapTHbIe HIEH
OBLIM TPUMEHEHBI K PENIeHUI0 ONTUMH3AIMOHHBIX 3a7a4 B cepegaune 70-X romos
[10, 23]. TIpumepHO Yepe3 AecsTh JeT MOSBUIUCH MEPBbIe TeOPeTHIeCKue 06OCHO-
BaHust HToro moaxoia [50, 79, 81|. Ha cerogusiuiauii 1eHb reHETHIECKHIE AJTTOPHUT-
MBI JI0OKa3a/1d CBOIO KOHKYPEHTHOCIIOCOOHOCTD IPH petiienur MHOTHX NP-TpyiHbix
3ama9 |7, 38] u 0cOGEHHO B MPAKTHYECKUX NPUJIOKEHUSX, T MATeMATHICCKHe
MOJIETT UMEIOT CIOKHYIO CTPYKTYPY W NMpUMeHeHue CTaHJAPTHLIX MeTOI0B THUIIa
BeTBeil W TpaHWI], NTWHAMUIECKOTO WJIH JUHEHHOTO MPOrpaMMHUPOBAHUA KpaiiHe
3aTPY/IHEHO.

O01yro cxeMy reHeTHYeCKHX aJIFOPUTMOB MPOIIE BCEro MOHSITh, PACCMaTPU-
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Basl 3a/a49n 0€3yCJIOBHOI ONTUMUBAIUN
max{f(i) | i € B"}, B" =1{0,1}".

[Ipumepamu ciyzkar 3ajadu pa3MeNieHus, CTaHIapPTU3AINUU, BBIIOJHUMOCTH W
apyrue |2, 5, 69]. CrangapTHBIl reHETHYECKHIT AJITOPUTM HAYHHAET CBOIO paboTy
¢ dopMupoBanus HAYANBHON nonyaayuu Iy = {iy, iz, ..., 05} — KOHEYHOrO HAGO-
pa JIOMYCTUMBIX PelIeHri 3aa9i. DTU pelIeHnusl MOT'YT ObITh BBIOPAHBI CIydUaii-
HBIM 00Pa30M WJIM TOJYYEHBI C MOMOIIBIO BEPOATHOCTHBIX YKATHBIX aJTOPUTMOB
[1, 3, 4]. Kak mMbl yBUANM HUKe, BHIOOD HAYAIBHON MOMYJSIIAE HE HMeeT 3Ha-
YeHUsl JIJIs CXOAMMOCTH TIPOIECCa B aCUMIITOTHKE, OJHAKO (popMupoBaHme '"Xopo-
medi" HavANbHOI momysanun (HApHUMeD U3 MHOYKECTBA JIOKAJTBHBIX ONTHMYMOB)
MOZKeT 3aMeTHO COKPATUTh BPEeMS JOCTUZXKEHU IVI00AJIHHOTO ONTUMYMA.

Ha xazkmom mrare 3BOTIONAN ¢ TOMOIIHIO BEPOSITHOCTHOTO OMEPATOPa, CeAKUU
BBIOMPAIOTCS JIBA peMIeHust, podument iy, is. Omeparop ckpeujusaHus mo perie-
HUSM 71,79 CTPOUT HOBOE peIieHne i, KOTOPOe 3aTeM MOABEPraeTcss HeOOIbIITNM
caydaifHbIM MoOAuUKAIAAM, KOTOPble HPUHATO HA3BIBATH MYMAUUAMU. 3aTeM
pereHne 100aB/IsIe€TCs B MOMYJISINIO, & PellleHre ¢ HAUMEHbBIITNM 3HAUYeHHeM Iiesie-
Boit MYHKINN yaaasgeTca u3 nomyaanun. O0Iasa cxemMa TaKOro aJropuTMa MOZKET
OBITH 3alMcaHa CJAeLyIONUM 06pa3oM.

[leneruyeckuii aaropurm

1. BeibpaTh HavaJIbHYIO HOMYIAIni0 [y ¥ MOTOKUATH
f*=max{f(i) | i€ L}, k:=0.

2. [loka He BBINOJIHEH KPUTEPUl OCTAHOBKHU JIE€JIATH CJIEIyIOIIee.
2.1. Beibpatb poauresnei i1,y n3 nonyasuuu I.
2.2. ITocTtpouts ' 10 iy, is.
2.3. Moaudunuposars 7'.
2.4. Ecm f* < f(i'), To f* := f(7').

2.5. OOHOBUTD MOTY/ISIIIUIO U MOJIOKUTH k := k + 1.

OcranoBuMcs 1opoOHEe HA OCHOBHBIX OIIEpATOpPaX ITOTO aJTOPUTMA: CeTeK-
U1, CKpemuBaHuu u MyTanuu. Cpegu omepaTopoB CeJeKIN Haubosee pacipo-
CTPaHEHHBIMU SBJSAIOTCS JIBA BEPOSATHOCTHBIX OMEPATOPA NPONOPUUOHAALHOT T
mypHruprot cenexnuu. [Ipu mponopuuonaabHON CeJeKIUN BEepPOSTHOCTH Ha k-M
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mare BoIOpaTh pelieHne ¢ B Ka4ecTBe OJIHOrO U3 pojauTeseil 3aaaercs popmyioi

P{i — BeiGpano} = L),, i € I,

> f()

JEI
B nipeanosoxkenun, 94to f(i) > 0 st Beex ¢ € Z. Tlpu TypHupHOii cesexiun Gop-
MUPYeTCsl CJIyYaifHOe MOAMHOYKECTBO W3 3JIEMEHTOB MOMY/ISIUN U CPEIN HUX BbI-
OupaeTcs OJMH JIEMEHT ¢ HAuOOJIBIINM 3HadYeHueM 1eseBoit pyuxknuu. TypHUp-
Has CeMeKInd UMeeT OIpejie/IeHHbIe MPUEeMYIecTBa, Mepe MPOIOPIHOHATbHOM,
TaK KaK He TepseT cBoeil m30upaTebHOCTH, KOI/Ia B XO/e SBOIIONUH BCE IeMeH-
THI TOMY/ISIIUN CTAHOBSITCSI IPUMEDHO PABHBIME MO 3HAYEHUIO 1eJIeBON (DYHKIINH.
OnepaTopbl CeIeKIUI CTPOSITCS TAKUM 00Pa30M, 9TOOBI C HEHYJIEBON BEPOSTHO-
CTBIO JII000# 37eMEHT MOIY/IAIUE MOT Obl ObITh BHIOpAH B KadecTBe OJTHOTO W3
poauteseii. Bosee Toro, pomyckaeTcs CUTyalus, KOTJa 00a POIUTENS MpeIcTaB-
JIEHBI OJTHUM H TeM 2Ke 3JIeMEHTOM IOy ISIIH.

Kak Tosbko mBa perrenusi BoIOpAHBbI, K HUM MPUMEHSIETCS BEPOSTHOCTHBII
oreparop ckpermBanusi (crossover). CylecTByeT MHOIO Pa3JINIHBIX BEPCHIT 9TO-
ro oneparopa [38|, cpean KOTOPHIX MPOCTEHIITIM, 110 BUANMOMY, SIBJISIETCS OTHO-
poausiii oneparop. Ilo pemenusam 4,4, OH CTPOUT pelleHHE i’ NPUCBAUBAd KaiK-
JIOf KOOp/IMHATE 3TOr0 BEKTOPa ¢ BEPOATHOCTHIO 0,5 COOTBETCTBYIOIIEEe 3HAUCHUE
ojHOTO W3 poautesneit. Kcium BekTopa i1,ip COBHAJAJIU CKa)kKeM IO IMepPBOil KO-
opaunare, To Bekrop i’ "ymnaciaeayer" sro smadenue. ['eomerpudecku, omeparop
CKPEIMBAHUsT CIyYallHBIM 00pa30M BbIOMpAET B THIIEPKYOe BepIiuHy i, KoTopas
HPUHAIEKAT MUHAMAJIBHON TpaHU, coJepzKalieil BepIIUHBI i1, i3. MOXKHO CKa-
3aTh, YTO OIEPATOP CKPEINIUBAHMA CTAPAETCS BLIOPATH HOBOE pelleHue i TIe-To
MEXKJIY %1, %o HOJArasch Ha yjady. bosee akkypaTHas mpoIeaypa MOTria Obl BbI-
rsieTh TakuM obpas3oM. HoBbiM perierureM i’ sBJIsSIeTCsl ONTHUMAJIBHOE PeleHue
MCXO/HOMN 3a/1a91 HA COOTBETCTBYIOMIEl rpann runepkyoda. Koneano, eciim paccro-
sgHne XeMMHUHIa MeXKIY i1, %y PABHO 7, TO 3aJa4a ONTUMAJbHOTO CKpPENuBaHUSI
COBIAJIAET ¢ UCXOMHOU. Tem He MeHee jTake TPUOTHKEHHOE pelleHne TOi 3a1a-
Y BMECTO CJIyYaifHOTO BBIOOpA 3aMETHO Y/IydInaeT paboTy IeHeTHIeCKOro aJjro-
purma [16, 17, 18, 32|. ITo anamornu ¢ OXHOPOJHBIM OMEPATOPOM CKPEIHBAHHS
JIETKO TIPEJJIOKUTH U JIPYTHe OMePaToOpbl, MCIOJbL3YIONNe He TOJIBKO JBa, HO W
IIPOU3BOJIBHOE YUCTIO perenuii u3 nonyasiuuu. Hanpumep, B [71] ucnonbzosanocs
BOCeMb pojuTesneii. Ipyrue npumepsl MoxHO Haiitu B [31]. C agantanumeit sroi
HJIeH K 3aJa9e KOMMHUBOSIZKEPA MOXKHO MO3HAKOMUTHCS B [54].

Oneparop MyTaluu, IPUMEHSAEMbIil K pereHuto ¢ B 1. 2.3. TeHeTHIECKOrO aJl-
FOPUTMA, C 3aJaHHON BEPOSITHOCTHIO Py, € (0, 1) MeHsieT 3HAUYEHME KarKI0i KOOD-
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JIMHATHI HA TPOTHBONOI0KHOE. Hanpuwmep, BepositHocTh Toro, ¥ro i’ = (0,0, 0,0, 0)
B X011 MyTanun nepeiizer B j' = (1,1,1,0,0), paBHa Py X Py X Py X (1 =y ) X (1 —
Pm) > 0. Takum 06pazoM, ¢ HEHYJIeBOil BEPOSITHOCTHIO pPelieHne i’ MOKeT mepeiTu
B J11060€ Apyroe pemenne. OTMeTuM, 4To MOANMUKAIIS PEIIeHUs i’ MOXKET COCTO-
4ATh He TOJbKO B CJIy4YailHOH MyTallud, HO U B YaCTUYHOI IepecTpoiiKe pelreHnsd
AJICOPUTMAMU JIOKAJILHOT'O IOUCKA. [IpuMeHeHre JIOKAJIbHOIO CIYCKa I03BOJIAET
IeHeTHIECKOMY aJIFOPUTMY COCPEIOTOUNTHCSA TOJIBLKO Ha, JIOKAJIbLHBIX OIITUMYMAaX.
MHOKeCTBO JIOKAJIHHBIX OINTHMYMOB MOXKET OKA3aThCsS IKCIOHEHIIHATHLHO OOJb-
UM W Ha IepPBBIi B3LJIAJL KarKeTcs, YTO TAKOH BAapHAHT AJTOpPHUTMa He Oymer
IMeThb OOIBIINX mpeuMyInecTB. OIHAKO IKCIepUMeHTATbHbIE HCCIeT0BAHUS Pac-
npeje/eHns JIOKAJIbHBIX ONTHMYMOB CBUAETEILCTBYIOT O BHICOKOH KOHIIEHTPALUN
WX B HENOCPeJICTBeHHON Gjm3ocTu or miobaabHOro ontumyma |21, 57|. D1o Ha-
OJTF0IeHIe M3BECTHO KaK THIIOTe3a O CyIIecTBoBaHUU "OONMbInoil mommHb" 1715 3a-
J1ad Ha MEHEMYM HJIH " TEeHTPaJbHOr0 TOPHOro MaccuBa' I 3a/1a9 Ha MAKCHMYM.

l'ummore3a 1. B cpeanem Ji0KaabHbIE ONITUMYMBI PACIIOI0ZKEHBI TOPa310 OJ11-
JKe K IVI00aJIbHOMY ONTHMYyMY 4eM K CaydaiiHo BeIOpanHoil Touke. Ix pacnpe/e-
JIeHHe B 00JIaCTH JOIYCTUMBIX PEIeHWil HA sIBJIsIeTCs paBHOMepHBIM. OHEM KOH-
HEHTPUPYIOTCS B paiioHe TI06aIbHONO ONTUMYMa, 3aHUMasl 00/1acTh HEOOIBIIIOrO
JIHaMeTpa.

DTa runoresa 0TIACTH O0bICHIET PADOTOCTIOCOOHOCTH TEHETUIECKUX AJITOPUT-
MoB. Ecin B nonysinun cobuparoTcst JIOKAJIbHbIE ONMTUMYMbI, KOTOPbIE COTJIACHO
IUIIOTE3€ CKOHIEHTPUPOBAHLI B OJHOM MECTe, M O4YepeIHOe pelleHne i BuIOmpa-
eTCd TIe-TO MeXKY ABYMdA NPOU3BOJIbHBIMU JIOKAJIBHBIMU ONMITUMYyMAaMHU, TO TaKON
IPOIIECC MMeeT MHOIO IMIAHCOB HAWTH I0OAJbHBIH OOTHMYM. AHAJTOTHYHbBIE Pac-
CYKJeHUsI O0bSICHSIIOT PabOTOCIIOCOOHOCTD U JIPYTUX JIOKAJbHBIX aJropuTmMoB. B
CBSI3W C TUM IPOBEPKA W TeopeTudeckoe 0DOCHOBAaHME TAHHOI TMIIOTE3bI TPe/I-
CTaBJIdeT HeCOMHEHHBIII MHTepec.

[Iepeitmem Temephb K aHAIN3y TeHETHYIECKOTO aJTOPUTMa C TO3WIUN Ierneit
MapxkoBa. Ha kaxKaoMm mrare 3BOJIONUH aJTOPUTM UMeeT JeJ0 C TOIYJIdnuein —
HabopoMm u3 s caydaiinpix perennii. MHOXKeCTBO COCTOSTHUIT TAaKOTO CTOXaCTHYe-
ckoro mnporecca Z® — Bce BO3MOXKHBIE monyJsiiuu. [lepexo oHONW MOMyJIsiiuu K
JIPYTOii He 3aBUCUT OT TOT'O, KAKUM 00pa30M ObLIA Oy UeHA JTaHHAS MOy TSI, a
3aBHCHUT TOTHKO OT COCTaBa caMoil momyadnun. /[pyruMu cioBaMu, reHeTHIecKmit
AJITOPUTM TMOPOXKIaeT enb MapkoBa Ha KOHEYHOM MHOXKeCTBe cocTogHmil. Tak
KaK OMEepaTop MyTalluu O3BOJISIET 3a OJUH IIar JIOCTUYb JII0D0E pelieHne 3a/1a9u
1, B YACTHOCTH, ONTUMAJIbHOE PeIleHue, TO ¢ POCTOM YHUC/IA IIArOB BEPOSTHOCTh
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HaiTU 1J100A/ILHBIA ONTUMYM CTPEMHUTCS K eJuHuile. Kcjiu 1mpu u3MeHeHuu Io-
NyJIsIUA HaWIydlllee HaliJIleHHOe pellleHne BCerjia OCTaeTcsl B IOIYJISIIUU, TO B
npejesie oHa OyJIeT COCTOATh W3 OJHUX ONTHUMAJIbHBIX pelleHuit 3amadu. Takum
00pa3oM, IMeeT MECTO CXOJMMOCTD MO BEPOATHOCTU HAUIYHUIIErO HaliIeHHOTO pe-
IeHus K TJ100aIbHOMY OITHMYMY.

4 Ilouck AMCKPETHBIX CTPYKTYP

B srom pazjesie OyayT npuBeieHbl TPUMEPHI yIa9HOTO ITPUMEHEHUsT MEeTO0B JIO-
KaJIbHOTO MOWCKa B Teopuu rpadoB u kogupoanuu. Oda mpumMepa UCHOIB3YIOT
OJIUH U TOT K€ TIPUEeM CBeJEHUs 3a/1a9K MMOUCKA, 00'bEeKTA ¢ 3aJaHHBIMU CBOMCTBA-
MU K 3aJiaue TUCKpeTHo onTuMu3anuu. Ha comepkaTeIbHOM yPOBHE 3TOT MpUeM
COCTOWT B 3aJJaHUH YKeJAeMBbIX CBOUCTB B BUJE OTDAHUYEHWII HA PABEHCTBA WJIH
HEPABEHCTBA, a IejeBas (PYHKIMS 3a/[a9U JIUCKPETHOW ONTUMHU3AIUNA COCTOUT B
MOKCKE PelleHnsl ¢ MUHUMAJILHBIM 3HAYE€HUEeM CyMMapHOil HeBs3ku. Ecan jiis Ta-
KO 3a/la4¥ yJAJI0Ch HAUTH pelleHue ¢ HyJIeBOU HEBS3KOM, TO HYKHBIH OOBHEKT
Haiimen. TakuM obOpa3oM, I BEPOSITHOCTHBIX AJTOPUTMOB JIOKAJTHHOTO MTOMCKA
IMeeTCsl IPOCTOil KPpUTepuil OCTAHOBKHU, U €CJTU HYKHBIIl 0OBEKT CYIIECTBYET, TO
PaHO WJIK TIO3/IHO OH OyeT oOHapyzkeH. Ecin ke 00beKT He CYIIECTBYET, TO aJro-
pUTM MOXKeT paboraTh O€CKOHEYHO JI0/r0. BeposiTHOCTHBIE aJrOPUTMBbI, KOTOPHIE
JIAIOT TOYHOE pelleHue, HO BpeMsi PadOThl KOTOPBIX SIBJISETCS CIyYallHON BeJu-
YUHOM, Ha3BIBaIOTCA anropurmamu tuna Jlac-Berac [70]. B oramdme or HEX au-
roputmbl Tuna Monte-Kapio MoryT HEKOrjga He JaTh TOYHOE pelleHue, HO WX
HNOTPENTHOCTb CTPEMUTCS K HYJIIO ¢ POCTOM YHCIA Iaros aiaroputrma. Huke Oy-
JIyT TIPUBEJIEHBI IpUMephl ajroputMmos Tuna Jlac-Berac.

4.1 IlaauHAPOMHBIE JepeBbs

[Tycts G — cBs3ubiii rpad u D — ero quamerp. O6o3uadum vepes d(G, k) aucio
nap BepiuH B (7, HAXOAAIINXCA Ha paccTosauu k apyr ot apyra. [1o onpeaenennto
d(G,0) ectb gucio BepuuH B G. [Tomnrom Buga

H(G)=H(G,\) = XD:d(G, k)\F

k=0
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Ha3bIBAIOT MOJMHOMOM Xocoiia |26, 52, 64].

Ounpepenenne 7 [27]. T'pad G ¢ muamerpom D Hazbiaercs H-TaJIuHIPOMHBIM,
ecu paBencrso d(G, k) = d(G, D—k) Bommonugercs npu Beex k= 0,1,...,[D/2].

Omnpenenenne 8 [27]. 'pad G ¢ qanamerpom D HaszbiBaercst H*-najnHIpoMHBIM,
ecain pasenctBo d(G, k) = d(G, D—k+1) Bemomasiercst npu Beex k = 1,..., [D/2].

T’If ; f T2 T3 T4 T5 j/
n=21 n=22 n=22 n=>24 n=24

Puc. 3. H-manuaapoMHbBIe TepeBbs

B 1993 rogy U. I'yrman caenast mpeganonozxKenue, 9ro H-naannipoMHbie Jiepe-
Bbst He cytiecTBYIOT [42]. [TozauHee 6b110 HafieHO Tpu puMepa H *-najnHIPOMHBIX
nepeBbeB ¢ 1 < 12 Bepmmnamu [43] u cemeiicrBo H-namunapomusix rpados, He
SABJISIIONIUXCS JIepeBbaAME [6]. DTH HAXOJAKN CTUMYJIUPOBAIN JAJbHEHIHH TOUCK
H-nanmuaapoMHBIX JTepeBbeB, KOTOpble W ObLIH OOHApy:KeHbl mpu n > 21. Jlna
MeHbIIeil pa3MepHOCTH TaKUX 00BbeKTOB He cymecTByer. Ha puc. 3 m3o0pakeHs
JiepeBbsi, HAllIeHHBIE METOJaMI JIOKAJIBHOTO MoucKa [45, 46]. Inamerpsl nepeBbes
paBHBI 6 MK 8, a MOJIWHOMBI XOCOa UMEIOT BUI;

H(T)) = 21 4 20X + 342% 4 2503 4 310* + 2575 + 3475 + 2077 + 218

(1)
H(Ty) = H(T3) = 22+ 21\ + 5202 + 633 + 521 4 215 4 22)\6
H(Ty) = 24 + 23X\ + 37TA% + 4103 + 50\ + 4105 + 370 + 2377 + 24)8
H(Ts) = 24 + 23X + 3922 + 4103 + 460" + 415 + 3975 + 23\ + 24)\8.

B mannom ciyuae neneBas dyukmus f(G) onTUME3AIMOHHON 331441 OTIPE/Ie-
JII€TCS BBIPasKEHUEM

/2]
f(G) =) (G, k) —d(G, D~ k)
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1 MOZKeT WHTEePIIPETHPOBATHCS KAaK paccTosiaue a0 H-najmwaapomuoro rpada, ec-
JIN OH CYIIeCTByeT. B kadecTBe orpannvdeHunii 3a/1a4u BoICTyIaeT TpeOOBAHIE, 9TO-
obl Tpad ObLT JepeBoM. B Tabsuie 1 mpuBejeHbl pe3yabTaThl moucka H- u H*-
HAJTHHIPOMHBIX JiepeBbeB ¢ n < 26 BepmmHamu. Tak Kak MeTOJaMH JTOKAJIbHO-
ro MOHMCKA HeJTb3s J0KAa3aTh HECYIIECTBOBAHUE O0OBEKTOB, TO MOJTHBIM IIepedbopoM
OBLIIO NIpOBEepeHo, uTo jpyrux H- u H*-naJuHapoMHBIX JepeBbeB ¢ n < 26 Bep-
IITTHAMHA HET.

Tabauna 1. Yucno gepesbeB, H- u H*-maJuHIPOMHBIX JIepeBbeB

n HepeBba  H-nmanunapomuble H*-maauHIpOMHBIE
JA€PEBHSI JepeBbs

4 2 0 1
5t 3 0 0
6 6 0 0
7 11 0 1
8 23 0 0
9 47 0 1
10 106 0 0
11 235 0 0
12 551 0 0
13 1301 0 3
14 3159 0 0
15 7741 0 0
16 19320 0 )
17 48629 0 6
18 123867 0 0
19 317955 0 0
20 823065 0 0
21 2144505 1 39
22 5623756 2 11
23 14828074 0 2
24 39299897 2 0
25 104636890 0 410
26 279793450 0 69

Bce naiinennnie H-maJuHIpOMHBIE JepeBbd HMEOT YeTHHIH guamMerp. [loaTo-
My ObLJIO OBl HHTEPECHO HAWTU TAKOe JIePeBO C HeYeTHbIM jramMeTpoMm. VHTeHcus-
HbIe TIOMCKW TaKWX JepeBbeB Jijisd n = 32 u n = 36 He Jaju NOJOXKUTETHHBIX
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pe3yabTaToB, HO OBLIO 3amMedeHo, 4To npu Jiodom n, b < n < 30 u HEYETHOM
JaMerpe

min f(G) = [n/2].

D10 HAGIIOEHNE TOCTYZKIIIO TIOBOJIOM JIJisl HOBOTO TIPeIonozkenust [27).

I'mmoreza 2. He cymecrByior H-naJuHIPOMHBIE JIEPEBbsl C HEUETHBIM JTHa-
METPOM.

4.2 IlocTpoeHue KOa0B

Paccmorpum 3agady nmokpeitust n-mepaoro runepkyba B™ = {0,1}" mapamu
pamuyca R. Ilenrpel mapoB obpasyrorT OWHAPHBIH MOKpbIBaOMMil Kox (covering
code), u 331494 COCTOUT B TOM, ITOOBI JIJIs IAHHBIX 1 U R HANTH MEHUMAJILHOE 110
MOTITHOCTH MHOKECTBO IIapOB, 00JIaJAONINX YKa3aHHBIM CBOiicTBOM. O603HAYMNM
depe3 Ky(n, R) MOIIHOCTH TAKOIO MHOZKECTBA M MOKAYKeM KakK MeTOJIbl JIOKAJIbHO-
IO TIOUCKA MOTYT OBIThH MPUMEHEHBI K BBIYHCICHNIO BEPXHUX ONEeHOK /st Ky (n, R).

Baduxcupyem momuOCTh Koga M u mocrapaeMmcsi TOCTPOUTH MOKPBITHE TH-
nepkyba M mapamu. Eciu 1o ypacres caenartb, To yMeHbIIUM M Ha eTuHUIy |
noBTOpuM mporeaypy. [pu 3amannom M J0MyCTUMBIME peIIeHUSIMHA ONTHMU3A-
UOHHON 3a/1a4un OyaeM cuuTarh J0bie Habophl n3 M Bepiuu runepkyba. Lle-
sneBast pynkmus 11 Habopa C' ompeessieTcss KaK 9uCI0 HEMMOKPBITHIX BEPIIHH B
B", t0o ecTb

f(C) =z € B* | du(z,C) > R},

rje dy(z, C') — paccrosiaue XeMMUHTa OT BepIInHbL 2 10 MHOKecTBa C'. /IBa KOJIA
C} u C5 Oyj1eM Ha3bIBaTh COCETHHUMU, €CJI OHH OTTHYAIOTCS TOJBKO JIBYMs KOJIO-
BBIMH CJIOBAMH U PACCTOSTHHE XEMMHUHTa MEXKIY STUMH CJIOBAMHU HE MPEBBIIIAeT
R. lns xoga C' MHOXKECTBO COCEIHUX KOIOB 00pa3yeT ero OKPeCTHOCTHh W COOT-
BETCTBYIOIIMIT Tpad OKPECTHOCTEl, 0UeBUIHO, ABIIETCS CHIBHO CBSI3HBIM. [lis
n < 16 u r < 4 noxyveHHbIe PE3yIbTATH NpUBeJeHbI B Tabsure 2 [47, 48, 49, 74,
75, 76, 87, 88].
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Tabmnua 2. I'pannupt qyist Ko (n, R)

n R=1 R=2 R=3 R=4
1 1

2 2 1

3 2 2 1

4 4 2 2 1

5 7 2 2 2

6 12 4 2 2

7 16 7 2 2

8 32 11 - 12 4 2

9 35 — 627 15—-16 7 2

10 105 — 120" 23 — 307 9-12 4

11 178 — 192 36 — 44 12 -16 7

12 342 — 380" 61 — 78" 18 — 28* 8§ —12

13 598 — 736" 97 — 128 28 — 427 11 -16
14 1172 — 1408* 157 — 256 44 — 64 15 —-28
15 211 309 — 384~ 70 — 112 22 — 407
16 212 512 — 768 114 — 1927 33 — 64

Bepxuue onenku mist Ko(n, R), mogyYeHHbIe JTOKAJIBHBIM TIOUCKOM, TOMEYeHbI
3Be37109KOi. HuzKHMe OleHKH HallIeHbl AaHATUTHIECKIMI METOJAMU U MPUBOISAT-
Cs1, 9T00bI 0603HAYUTE TpaHUIb J1ist Ko(n, ). JTaHHBIH MOIX0 JIEPKO MOXKET OBIThH
nepeHeceH ¢ OMHAPHLIX KOJOB Ha MPOU3BOJIbHBIE g-apHbIe KOIbL. s ¢ > 3 meTo-
JIAMHU JIOKAJIBHOTO TIOUCKa ObLI0 yeranoBieno, uro K3(6,1) < 73 u K3(7,1) < 186.

C pocToMm n pa3MepHOCTD 332491 O MOKPHITUU TUIEPKy0Oa OBICTPO BO3pACTAET.
Ouu w3 cocoOOB perrrenust ITOi MPOOIEMBI COCTOUT B TOM, YTOOBI KAK-TO OI'Pa-
HUYATH MPOCTPAHCTBO TOUCKA, HO MPHU 3TOM He CJIUIIKOM CHJIBHO CY3UTh KJIACC
paccMaTpuBaeMbIX KoaoB. Hampumep, MOXKHO mOTpebOBaThH, YTOOBI KO, OBLT JTH-
HeitnpiM. Hawmydmme sinueiinble HOKpBIBAOIIHE KOIbI MOKHO Haiitu B [67]. Cire-
JIYIOIasi TeOpeMa OIMICHIBAET KJIACC KO0B, KOTOpbIit "Oorade" jmuHeitHbIx, HO BCe
emre 00J1a/1aeT CBONCTBAMHU, MOME3HBIME C TOYKH 3PEHUsI JIOKAJBHOTO MMOUCKA.

[Tycre I, — equananas Matpuna nopaaka r u A = (I, D) — marpuna pa3mepa
r x n B andasure F' = {0,1,...,g — 1}. Muoxkectrso S C F" uaspiBaercs R-
nokpeiTieM F” ¢ momonibio Marpunbl A, eciu J0boe coBo © € F” MoxKeT ObITh
peCTaB/IeHO B BHJIE

xr = Ay + s,
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e s € S u ciaoo y € F™ umeer Bec He Oosee R.

Teopema 10 [51]|. Ecau S asasemes R-noxpuwmuem F™ ¢ nomougvro mampu-
uvt A, mo xod

C={xeF"|Az e S}

umeem |S|q"" kodoswx ca06 u paduyc nokpwmusa ne boaee R.

CdopmynupoBannas TeopeMa MO3BOJISET HATPABUTD JOKAJBHBIH MOWCK MPU
JAHHBIX ¢, n, R, r Ha nocrpoenne matpuibl A u R-nokpeitus S. [62, 76]. Ienesast
byHKIINA ONTUMU3ANMMOHHON 334l BbIpazKaeT YHCIO CI0B B F" KOTOpBIe He
MOTYT OBITH TIpe/icTaBIeHbl B Bujge Ay+ S Hu jqj1st kakoro y € F' Beca e Oosee R.
OxkpecTHOCTH JjIsT JAHHBIX A 1 S MOZKeT OnpeeIaThCs PA3IMIHBIMA CIIOCODAMH,
HAIPpUMep,

- OJHOBPEMEHHBIM H3MEHEHHeM KaK CJI0B U3 S, TaK U CTOJOIOB MAaTpUIbl A
[62];

- M3MEHEHUEeM TOJILKO CJIOB U3 S W PacCMOTPEHHeM OOJIBIITOTO YUC/IA PA3IUd-
HBIX Marpuil |75, 76|;

- W3MEHEHUEM TOJIBKO CJIOB U3 S W PaccMOTpeHmeM MaTpul] A crnemuajbHOro
Buza [60, 76].

JluHeiiHble KOABI MOTYT OBITH TOXKEe MOJYYEHBI JAHHBIM CIIOCOOOM, IOJIaras
S ={0,...,0} u Mersig TOABKO CTOIONUBI MATPUIBI A.

[TpeatozkeHHbII TOIX0 MPUMEHUM TaKZKe U I KOJOB, HCIPABJISIIOIINX OO~
ku. [Tosydennble pe3ysbTarThl B 9TOM HAIPABJIEHUH MOYKHO HaiiTu B [51].
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