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BBenenmne

DBOTIOMUOHHBIE AITOPUTMBL (DA), K UHCJIY KOTOPBIX OTHOCATCSI M€HETHYECKHe
anaropuT™Mbl 26|, sBosONMOHHEBIE cTpaTeruu [28], aaropuTMbl r€HETHIECKOTO TIPO-
rpammupoBanust |27| u ap., 6epyT Ha4ag0 B IEPBHIX paboTax MO IBOJIONUOHHOMY
monenuposannio JI. @oresst ¢ coast. [19] u /x. Tomranga [26], rue Gbuto mpen-
JIOZKEHO MOJIeJTUPOBATH MPOIECC OMOJIOTHIECKOTT SBOTIONUH JI/Tst CUHTe3a Y(PHEKTHB-
HBIX CTPYKTYP H CO3IaHUS CACTEM HCKYCCTBEHHOTO HHTeLIeKTa. IloaTn onHOBpeMeH-
HO C BOBHHKHOBEHHEM METOIa IBOJIIONMOHHOrO MomeaupoBanus, A.I'. VBaxHeHKO u
JILA. Pacrpuruabiv Oblin 1PEJIOZKEHb METO/ bl I'PYIIIOBOIO yueTa apryMenros 7] u
caydaifnoro moucka [15], rae Takzke HCIOIB30BATNCH WIEH SBOJIONUA U CJIyYaiiHOi
MYTalliu.

OcuHopHOll mpuHIUI paboThl DA OCHOBaH Ha KOMIIBIOTEDHOM MOIETHPOBAHUN
IPOIIECCA IBOIONUU C YIETOM (haKTOPOB M3MEHYUBOCTH, HACIEIOBAHUS U OTOOpA
HanboJIee IPHUCIOCODIEHHBIX 0cobeii. B DA sBoII0IIMOHHOE MOIEINPOBAHIE, KaK IIpa-
BHJIO, UCIIOJIb3YETCs He JJIsi HCCJIeI0OBAHNS ONOJOTHYEeCKHUX MOMYJISIIi, a s Pelre-
HUSI 33129 ONTUMUBANNY U OPUHITHS permenuii. bazosas uges mcnonb3oBanmsa DA
B ONTUMU3AIUN COCTOUT B TIOCTPOEHUH HEKOTOPOTO MHOZKeCTBa, (IOIYJIAIIN) Oy~
CTUMBIX PelIeHUi ONTHMH3AIMOHHON 3a/1a9M U NPUMEHEHHH «MAJIBIX» CIydalHBIX
IpeobpasoBaHuil ¢ TETbI0 TOJYUeHUsT peleHuii Gosiee BBICOKOTO KadecTBa (6osee
upuciocobsennbix). [Ipu sTom vem Gosbiie IPUCIOCOOIEHHOCTH 0CO0U, TeM 0O0JIb-
e OHA UMeEeT IMAHCOB OBITH BHIOPAHHONW B KAYECTBE POJUTENBCKON I8 MOCTPOEHU S
HOBBIX pereHnii. DA nMeT MHOTOYNCIEHHBIE TPUIOKEHWS TPH PENTeHnn pPa3HO-
oOpa3HbIX 33Ja49 B yIPaBJIeHHH, ILIAHHPOBAHWUY, ITPOEKTUPOBAHUH, PACIO3HABAHUH
06pa3oB u B Apyrux obaactsx (cm., Hampumep, [3, 12, 13, 16]).

OfHMM U3 THIOUYHBIX HpeacTaBuTeeil DA BIsSeTCsS KIACCHYECKHI IeHeTHde-
ckuit anroput™m (KTA), npennoxennsiii /I:x. Tomnangom [26]. B sTom anropurme
MPHUCITOCOOIEHHOCTh 0CO0eH K YCJIOBHSAM «OKPYIKAIOIIEH Cpeibl» BhIPAYKAETCS HEKO-
TOpPOl MOHOTOHHOM (DYHKIIMEH OT 3HaYeHUs IeJieBoil (pyHKIuM 3a1a4u. YeM BbIIIe
Ka4eCTBO JIOIMYCTHMOrO PEIleHs, IOHNMaeMOe KaK 3HaUeHne ne1eBoil (yHKINT, TeM
BBIIIIE €0 IPUCIIOCO0eHHOCTD. [lomysiius pa3BuBaercs 3a cder 0rdopa POAUTEb-
CKHX 0CO0eil ¢ MOMOIIBI0 OIePaTopa MPOMOPINOHATBLHON CEJIEKIINN W IPUMEHEHN T
K HUM CJy4YafiHbIX OIepaTopoB, UMHTUPYIONIAX MYTaIUI0 M'€HOB U PEKOMOUHAIUIO
POJIUTETHCKIX TeHOTHIIOB (KPOCCHHIOBEP). B pasinvHbIX BADHAHTAX T€HETHYECKUX
anroputMoB (['A) HCIOTB3YIOTCST pasHble OMEPATOpbl 0TOOpPA, MPU TOM OCOOU €
OGIBIINM 3HAYEHHEM IMIPHUCIOCOOJEHHOCTH, B CPeIHeM, IOJyYaloT OOJbIIee YHCIO0
IIOTOMKOB Ha CJIEAYIONIEM ITOKOIEHHH.

[Ipu cosmannu ['A HaxoauT nmpuMeHeHne OHOHUYECKUIH MOAX0/I, COCTOSIINI B 3a-
HMCTBOBAHUH IIPUHITUIIOB OPraHU3AIMK CHCTEM M3 XKHBOI Ipuposl. B mamroM ciry-



Jae UMeeT MeCTO HCIOIb30BaHUe IMPHHIMIIA TOCTEIeHHBIX aJalTUBHBIX IPeodbpaso-
BaHWI B IIpeJie/ax MOMyJIsIUH WK BAJIA B X0/, TAK HA3bIBAEMOI, MUKPOIBOJIIOIIH.

Kak mnoxkaswiBator mccaenopanns akama. FO.IT. AgryxoBa m Apyrux aBTOpPOB
(em., [1], § 6.4), Gosee «MacmTabHAsS» MEKBUIOBAsS H3MEHIUBOCTD (MAKPOIBOJIIO-
musi) Tpebyer CKaYKoOOpPa3HbIX MEPECTPOEK TeHOTHIA W He MOXKeT ObITh BbIBEIe-
Ha HEIOCPEJICTBEHHO M3 IIOCTEIeHHOH BHYTPUBHIOBOW M3MEHUYHBOCTH. B cBsaA3m ¢
HEJIOCTATOYHON M3YYEHHOCTHIO TaKMX CKAYKOOOPA3HBIX MEPECTPOEK, IIPUBJIEYCHUE
MU3BECTHOI TEOPHHU TPOMCXOK AEHUS BUIOB /st 000CHOBaHHSA padboTocmocoorocTr ['A
npejicTaBasieTcst BecbMa npobsemarndaubim (em. [30], §1.3).

OrpaHuYeHHBII 00'beM HACTOMAIIEr0 IOCOOHUs He MO3BOJISeT JAaTh IOAPOOHOIO U3-
JIOZKEHHS TEOPETHUECKUX Pe3YJIbTATOB, MOy deHHBIX 1ist [A (M., Hanpumep, [30]), u
ONUCATH BECH KJACC IBOJIONMUOHHBIX AJTOPUTMOB, BKJIIOUAIONUN B cebsl TAK¥Ke IBO-
JIOIHOHHBIE cTpaTerun [28], aaropuTMbl reHETHYeCcKOro mporpamvuposanus [27),
mvuTanun orzkura [12] u ap. Unarepecyrommuiicss antatean MoxkeT Haiitn nHOpMa-
IIUIO IO STUM TeMaM B YKAa3aHHBIX HCTOTHHKAX.

MaTtepuaJr HaCTOSIIEro mocobusi OpraHu30BaH CaeayIomuM obpazoM. OUuCaAHUIO
kjgaccudeckoro Bapuanta ['A u ero unpumenenuio nocssimen § 1. Pazauunbie
vonudukarmun ['A obcyxaaorcs B § 2. Jlamee, B § 3 paccMaTpuBaroTCss METOIbI
rubpuausanun ['A co cnenuaan3upoBaHHBIMIA TOYHBIME W MPUOJIUKEHHBIMU aJIro-
PUTMaMH.

Pabora Beimonena mpu dpuHancoBoi mogaep:xke POPU, rpant 07-01-00410. Ap-
top Onarogapen I1.A. Bopucosckomy u A. A. Kos10k0JI0BY 3a MOMOIIL B IIOJATOTOBKE
HACTOMAINEro Mmocodus.



1. Kiaccudeckuit reHeTU4eCKNii aJropuTm

1.1. OmnmcaHue ajaropurMa

Kunaccnaecknii renernveckuii aaroputy Obi1 npesgoxken k. Tommanmom [26],
KaK aJITOPUTM, HMUTHUPYIONIUN aalTAIUIO ITOMYJIAINA K 3aIaHHOl dynruuy npu-
cnocobaennocmu. Tlpu 9TOM, KaK ¥ B TOMYJISIMOHHON TeHeTwKe [1], moa mpucto-
cOOJIEHHOCTBIO MeHOTHUIA MOHUMAETCS CpeIHee YUCI0 MOTOMKOB, IMOPOXKIAEMBIX 34
BpeMs KU3HU 0COOM JTAaHHOTO INeHOTHIIA B OIPEJIEJEHHBIX YCJIOBHSX OKPYKaoIieit
cpeabl. Boceacreun KI'A cran akTHBHO HCIOIB30BATHCI W KaK METOJ, ONTHMH3a-
muu [16, 24|. [lycTts 3aja9a onTHMEA3AIMHE «HA MAKCUMYM» HMeeT OOTIiii BU/

max{f(z):z € X}, (1)

IJle MHOXKECTBO X — npocmpancmeo peutenuti, HaIpuMep, €BKJIUI0BO IPOCTPaH-
crBo R" win npocrpancrso {0, 1}" Gymesbix ¢Tpok amunbl n. [Ipomece paborsr KT'A
IpeJICTaBsieT co00¥ MOCIeOBATENLHYIO CMEHY TOMYJIsuil (MOKOJeHuit), cocTosi-
mux u3 GUKCHPOBAHHOIO YHCAA ocobell. 3aech U jajee IO 0COObI0 MOHUMAETCs
9JeMEHT TPOCTPAHCTBA penteHuil © € X WM HEKOTOPOE ero MpeCTaB/IeHne B aaro-
putme. Hem OoJibllie 3HAUEHUE 1e/1eBOi (DYHKIMKE 0cOOU, TeM OOJIbIe TTAHCOB OHA,
UMeeT OCTaBUTh IMOTOMKOB B CJIEJIVIONIEM IOKOJIEHHH W TeM OOJIbIIe IIPUCIOCOOIeH-
HOCTb COOTBETCTBYIONIErO TEHOTUIA (TOT MPUHIUI JIETKO AJANTHPYETCS W ITpUMe-
HUTEJIBHO K 3aja4aM Muaumu3anun). [Ipu dpopMupoBanum caeayomero moKoJIeH st
YaCTh TOTOMKOB TO/THOCTHIO UIEHTHIHA POIUTETHCKIM 0CO0SAM, 8 TaCTh H3MEHIETCSI
HEKOTOPBHIM CJIyYaiiHbIM 00pa30M TOJ, AefiCTBIeM OMepaToOpoB MYTAIlUd U KPOCCHH-
roBepa (CKpeIuBaHusi).

[Ipr umcnoab3osanuu KI'A pemreHust mpeacTaBASIOTCS IBOMYHBIMU CTPOKAMH
dukcuposannoit amuner [. Kaxmoit ctpoke u3 [ cumBosos asdasura {0,1} co-
[IOCTABJIIETC JIEMEHT IpocTpancTBa X, T.e. oupejensercd dpyuknusa x: B — X,
rie B = {0,1}!. Tlanmass GyHKIHS Ha3HIBACTCS CTeMOli npedcmaserua peueHud.
Crtpoku £ € B NpUHATO Ha3BIBATDL 2eHOTMUNAGMU WA TPOMOCOMAGMU, & UX O0OPa3bI
z(&) € X — denorunamu. 31ech u gasee st 0003HAUCHNS JIEMEHTA TPOCTPAHCTBA
peIeHnii CIOMb3YeTCsT TOT Ke CAMBOJ T, UTO U JTsl CXeMBI TIpeICTaBIeHus z(-),
O/IHAKO, W3 KOHTEKCTa CMBIC CHMBOJIA T BCeryia Oy/1eT siCeH.

Yrorpebsienne TepMUHOB «(DEHOTUITS W <«TE€HOTHUI» CBSI3aHO C TeM, 9TO MPH
aHaIM3€e U NMPUMEHEHUH T€HeTUYECKHUX aJrOPUTMOB BaKHOE 3HAYEHHE HUMeeT CIIO-
€00 BHYTPEHHEr0 MpPeJCTaBIeCHNAs PEIIeHUu| B aJIlTOPUTME. DJIeMEHTHl cTpoku & € B
MPUHATO HA3BIBATH 2€HaMU TIO aHAJOTUN ¢ ydacTKaMu Mosjekyasl JIHK. Ecan mpo-
crpancTBO pernennit X nmeer 6ecKOHEUHYIO MONTHOCTH, TO B KI'A ero mesiHo orpa-
HUYHBAIOT MHOYKECTBOM JIHITh TeX pernenuii (HeHOTHIOB), KOTOpbie MPeACTaBHMbl
TeHOTHIIAMU.



[onynsamueit IT = (£1,£2, ..., &Y) uncnennocrn N Ha3blBaeTcs BEKTOD MPOCTPaH-
crBa BY, sneMenTaMu KOTOPOrO SBJSIOTCS T€HOTHIBI 0COGeil TAHHON HOMYJISITHIL.
Cnocob mymeparun ocobeii B monyasiiun KI'A #e nmeer 3navenns. [lomymastus mo-
kostenud t, t > 0 Gyger obosHauaTbed depes IIF = (&Y &2 &N Urepanueit
KT'A gapasercd nepexoj oT Texyieil nonyaanuu [P k ciemyiomeit nomyasmun 110,
Yucnennoctsb nonyasinud N bukcupoBaHa OT Hada a PabOTHI aaropuTMa 10 KOHIA
u s yio0CTBa Hpeanoiaraercs, 9ro [N 9eTHO.

[Tpu ornenke «kadecrBas ocobu B KI'A Bmecro meseoit dyukmun f(-) uexomHoi
3a/1a41 UCTIONIB3YeTCs (hynkyus npucnocobaernocmu rerotuna ®(&) = ¢(f(x(€))),
rne £ € B. 3nech ¢ : R — R' — HekoTopas MOHOTOHHO Bo3pacTalomias (pyHKIH,?
BeIOMpaeMas npu agantanunun KI'A K KOHKpeTHO# 3a71a4ue ONTUMUAZAIMHE C YIETOM e
cuenuduku. Ipocreiinum npumepom GYHKIUU IPUCTOCOOJIEHHOCTH SBJISETCS CaMa
nesiesast bynkius f(z(€)), ecniu ona neorpunaresnbha.’ B Guonormueckoit unrep-
npetanuu Makcumymbl GyHKimn $(€) coorBeTcTBYIOT HanbOIeE TTPHCIOCOOIEHHBIM
PEHOTUIIAM JJId JAHHOU «OKPYZKAIOIIEH CpeJibl».

YemoBuMces JTydIvil U3 HafIeHHBIX TeHOTUIIOB K TIOKOJIEHUIO ¢ 0003HAYATh e-
pes & re. )

¢ = argmax{®(¢"7),i=1,..,N,7=0,....t}.

[Tpusenem obmyto cxemy KIT'A. Vcnosb3yembie 37eCh BEPOSITHOCTHBIE OMEPATOPHI
Sel: B" — {1,...,N}, Cross: BXx B— Bx B u Mut: B— B 6yiyT onucans

HUZKe.

Kiaccmyeckuii reHeTmYecKuii aJaroOpuT™m

[Tonoxurs t := 0.

1. /Ina k or 1 1o N BBIOJHATD:

1.1. TTocTpouts coydaiiusiM o6pasom remorum 0,

2. g k or 1 go N/2 Beinonaars maru 2.1-2.3:

2.1. Cenexuns: BHOPATh TeHOTHIBL & = E3HINE = gSell)t

2.2. Ckpemusanue: nocrpouts (&',7') := Cross(&, n).

2.3. Myramus: nonoxutb £ = Mut(¢), £2RHL = Mut(n).

3. [onoxurs ¢ :=1 + 1.

4. Ecom t < 1,42, TO UATH Ha Iar 2, HHaYe — Ha IIar o.

5. PesyabraTom paborsr KI'A gpiserca aydiree u3 HaliIeHHBIX pelTeHuit a:(ftm'“).

IB aHII0A3bI4HOI JIUTEpPATYPE UCIOJIb3yeTcd TePMUH fitness function.

2B oraebHBIX CJIydadx 9Ta (DYHKIU OLPENe/ISercd ¢ y9eToM COCTaBa TeKyeil momyssnun 117,
Torma mbr Oymem ee 0003HAYATH UEPE3 d)(nt), a GYHKINIO MPUCTOCOOIEHHOCTH — Yepe3 <I>(Ht)(§).

30 zajanun byHKIUM TPUCTIOCOBIEHHOCTH B CIydae, Koraa f(r) MOXKeT MpUHUMATh OTPUIIA-
TeJbHbIE 3HAYEHNs CM. B KOHIE 1I. 1.2.



[Tosicuum mpuBenennyo cxemy. Ha mrare 0 dopmupyercd HadaabHas MOMYIs-
s [1°, 3;1eMenTEl KOTOPOit TeHEPUPYIOTCS B COOTBETCTBUH ¢ PABHOMEDHLIM PaCIIpe-
nesenmen ma Mmoxectse renorunos B, re. P{6" =0} = P{&* =1} =1/2, i =
L,...,N, k=1,...,1

BeposiTHOCTHBII 0OnIepaTop cenexiun ocobeit Ha mpocrpancTse momyssimuit Sel(11)
UMeeT TO YKe 3HAaYeHHe, YTO M eCTeCTBEeHHBLIN oTOOp B mpupoje. [leiicTBue sTOTO
orepaTropa COCTOUT B BbIOOpE HOMEpa POJAUTEJHLCKOW OCOOHM s MOCTPOEHUS Ove-
peanoro motoMka. Lemorum €4 ¢ momepom 4, i = 1,..., N m3 monyaamuu II¢ oka-
3BIBAETCA POJNTETHLCKONH 0COOLIO TIpH (GOPMIPOBAHNE OYepeHOT0 TenoTuma &Mt
nomyssanun 11771 ¢ BepoaTHOCTBIO

P = 28
Zj:l (&)

Unnivu caosamMu, qobas ocodb £ momynsamun [I! mpuanMaeT yuacTie B CO3TAHUN
CJIEJIYIONIEr0 MOKOJIEHUS B COOTBETCTBHUH €O cxeMoit Bepuysin u3 N ucnbiTanuii, riae
BEpPOATHOCTD yerexa papHa Py (i, ITY). TIpn sTom He uckmodaerca Boibop &4 ommo-
BpeMeHHO B KadecTse & u 1) Ha mare 2.1. Ouucanubiit oneparop Sel nnorma Taxxke
HA3BIBAIOT cesekiueil Merogom pyserku |16, 24|. TIpeamosoxkum, 910 KOJI€co py-
JIeTKH pa3ouTo Ha N CEeKTOpPOB, NMPUYEM CEKTOP ¢ COOTBETCTBYET OCOOW i W MMeeT
pagmannyio mepy 27 Py (i, ITY). Torna cenekmuio ocodu £ MOKHO IIPEJICTABIATE, KK
BBIOOD -TO CEKTOpa Ha KOJIeCe PYJIETKH.

(2)

Omnpegenenune 1.1. Cerexuyus Ha3v6aeMCA NPONOPUUOHAALHOUT, ECAU YUCAO YUC-
A0 CAYHAES, K0200 0C00D BLICMYNAGEM 8 KaYecmsee PoOumens, 6 cepoHem nponopyu-
OHANDHO OMHOWEHUI) €€ NPUCNOCOONEHHOCTIU K CYMME NPUCnocobiernnocmet ecex
0cobetl nonYAAUUL.

Jlerko BUJIETH, YTO ONHMCAHHBIN BBHINIE OHEPATOP CETEKIUH OCYIIECTBISIET MPO-

IOPIUOHAJIBHYIO CEJIEKINIO, T.K. CPe/lHee UUCIO0 MOTOMKOB KaxkKioi ocobu £ pas-

it N 4.t II) (¢4t

no NO(&)/> 2.2, ®(§%). Ecom sanars dynxiuio npucnocodaennocty P (i)
TaK, 9TO0BI BBIIOJHSAIOCH YCIOBUE

N
>_ oM =N, (3)
j=1

TO MPUCITOCOOJEHHOCTH 0c00H OyIeT paBHa CpeIHEMY YHCIY ee IIOTOMKOB. Takum 00-
pa3oM, 3aMMCTBOBaHIE TEPMUHA, «ITPUCIOCOOIEHHOCThY W3 OMOJOIUN BIIOJIHE OMpPaB-
JIAHO, 10 KpaifHeil Mepe, B TOM YaCTHOM CJIydae, KOTJIa BBIOTHSIETCST PABEHCTBO (3).
B obmem cayuae 3unadenus dyukmnun $(-) Jerko HOpMHPOBATH ¢ MOMOIIHIO TAKOTO



macirabupoBanust GYyHKIUH ¢(+), KOTOpoe obecreduBano Obl cooTHONeHne (3) Ha
kaxx 10t urepanun KI'A, ogHako, Ha TPAKTUKE 9TO HE UMEET CMBIC/IA.

Cremymomee ynpasKHeHHE CBI3aHO C BBIYUCIUTENbHON CIOKHOCTBIO HPOIETY PBI
CeJIeKITHH.

Yupaxuenne 1.1. [lokazamb, wmo npu u36eCmuvlE 3HAYEHUAT NPUCTLOCOOAEHHO-
cmu ocobeti mexywet nonyasyuu 110 cenexyua ecex podumenvexux ocobeti Oaa

nocmpoenus nosoti nonysayuu 11 moocem 6omo ewnoanena ¢ KI'A 3a epe-
ma O(N logy(N)).

Hamee, nus ormcanust KI'A HeoOXoaMMO ONMUCATH JIBYMECTHBI OmepaTop Kpoc-
cunroBepa (ckpemusanus) Cross(§,n) u omHoMecTHbIH omepaTop myTamun Mut (),
JeficTBHe KOTOPBIX HOCUT CJAYYaMHBIA XapakKkTep.

Pesynbrar kpoccuurosepa (£',7') = Cross(€,n) ¢ BepogTHOCTBIO P, popmMupyer-
Csl B BU/JIE

5/ = (£17€27 "'7£X777x+17 '-'777l)7
T], - (77177727 "'777X7£X+17 "'7&)7

rje ciaydaiinas KOOpJAHHATAa CKPEIIMBAaHUs X BbIOpaHa ¢ paBHOMEDHBIM pPacIpejie-
geareM ot 1 g0 [ — 1. C BeposTHOCTBIO 1 — P, 06a reHoTHIIa COXpaHAOTCS Oe3
usmenennit, r.e. ¢ = &, 1’ = n. Bangnue oneparopa KpOCCUHIOBEPA PEryaIupyeTcst
napamerpom P.. JlaHHBIN OmepaTop MPUHSITO HAZBIBATH 00HOMOYEYHbIM KPOCCUH20-
sepom.t

Oneparop MyTalluu B KasK/IOH MO3UIME IeHOTHIIA C 33JaHHON BEPOSTHOCTBIO Py
U3MEHseT ee CoJepKuMoe. B IpoTUBHOM cIydae reH ocTaercs 6e3 u3menenuii. Taxum
00pa30M, MyTallus JIEMEHTOB I'€HOTHUIIA IPOUCXOJUT 10 cXeMe BepHyJuin ¢ BeposdT-
HOCTBIO ycrexa .

N3meHnenne BepOATHOCTEH MyTallni W KPOCCHHTOBEPA MO3BOJISET PEryJnpPOoBaTh
pabory KI'A u HacTpamBaTh ero Ha KOHKpPETHBIE 33a49h. Y BeJHICeHHEe BEPOSTHOCTH
myTamnus 10 0.5 npespamaer KI'A B mpocToii ciiydaiiHbIil mepeGop, MO BechMa
orpanndennoe upumenenue (cMm. [15], § 6.1). Ymenbiienue xe Py 10 Hy/Isl IPUBOLAT
K MaJIOMy pa3HOOOpa3UIO0 T€HOTHUIIOB B HOMYJIAIUN U MOZKET BbI3BaTh <«3al[UK/INBaA-
aney KT'A, koryia Ha KarK0i WTepannu reHepupyIOTCs JUITh paHee BCTPEIABIITHEC S
reqorunsl. Besuaunsl P, u N Tak:Ke MOT'YT CYIIECTBEHHO BJIMSATH Ha CKOPOCTH CXO-
JUMOCTH TIOMYJISIIIAA K PEIIeHUusIM IPHEeMJIeMOro KadecTsa (M., Hampumep, [6, 16]).
HacrpanBaemble mapamerpsl KI'A BrIOMpatoT, Kak IpaBUIO, B CAEAYIONIUX THAIA-
somax: 0 < P. <1, 107* < B, < 0.3, 30 < N < 1000.

4B aHr0g3bIMHOI JIMTEpATYPE UCHOIb3YeTCs TePMUH 0ne-point crossover.



1.2. IIpumeHeHne K 3aga4aM OINTUMU3AINNI

Pacemornm  mpocrefimuii npumep npumenennss KIA k 3amage Buma  (1).
[Iycrs R o6o3na9aeT MHOKECTBO HEOTPHIATENLHBIX BENICCTBEHHBIX YHCET.

IIpumep 1. Tpedyercs MaKCHMU3UPOBATH bYHKITIIO
f X — R, upu X = {0,1,..,2" — 1}, rme n — uenoe. Ilpu apauranun
KT'A nng moumcka perreHuil Takoil 3aadd €CTECTBEHHO IMOJMOXKHTb [ = N u

BOCHOJIB30BATHCA JBOMYHON CUCTEMON CUMCJICHUA JJId 3aIUCU PEIICHUN:
-1
— E { 9]
l’(f) - glsz .
J=0

B kadecrBe (hyHKIHH NPUCHOCOOJEHHOCTH MOXKET OBITh HCIOJIb30BaHA IejIeBas

ynrmus: &(§) = f(x(¢)).

IIpumep 2. Paccmorpum 3ajady o MakcHMajabHOM paspese B rpade. /lan
rpad G = (V,E),V = {v1,...,v,}, kaxaomy pebpy npunucan Bec w: F — R*.
Paspesom B Tpade G HaseBaor napy mnoamuoxkects {U,U’}, makux dro
UuU =V, UNU =. Ina KpaTKOCTH 3aIlUCA B JaabHeiimeM paspes oymeM 000-
3HAYATh KaK OJIHO M3 ero mojMHOxecTB (B ganHoM ciaydae U mau U'), T.K. Bropoe
MTOJMHOKECTBO OIpeIessieTca OJHo3Ha4uHo. T pedyercss Haiitu paspe3 U ¢ Makcu-

W(U) = Z w(e).

e=(u,v)EE:
welU, veV\U

MaJIBHBIM BE€COM

Eciu Bepua nsBecrnas runoresa P#NP (cwm., manpumep, [5]), To st qaunoit 3agaqu
He MOZKeT OBIThH TTOCTPOEHO 3D MEKTUBHBIX AJITOPUTMOB, C TAPAHTHE OTHICKBAIOIIIX
ontuMasbHoe pemenne.’ B ¢BA3M ¢ 9TEM HMeeT CMBICT pa3paboTKa IBPUCTHICCKHX
AJITOPUTMOB €€ pelleHns, U B YACTHOCTH, FeHeTUIECKUX aJIrOPUTMOB. Ly mpume-
uernsd KI'A monoxmm X = {U : U C V}, f(U) = W(U). llpeacraBnenne perrennii
MOKHO OIIPEJIETUTh TAK:

ZE(5) = {Uj eV: 5]' = 17] = 1)"'7”}7

upu s1om nosarasi [ =n u (&) = f(x(§)).
OueBuiHO, TpH JAHHON KOMuPOBKe oneparopbl Mut u Cross coXpaHsaoT 10IyCTH-
MoOCTh periennii. HeobXo M0 0TMEeTHTD, YTO IIPU STOM BO3HUKAET, TAK Ha3bIBaeMasd,

53mech u mamee TepMuH sdermuenviii ar20pumM O3HATAET ATTOPHTM C TPYIO0EMKOCTEIO, OTPa-
HUYEHHOM HEKOTOPBIM IMOJMHOMOM OT JJTHHBI 3AITUCH BXOIHDIX JAHHBIX 33Ja49u. 3a/a49a, J1Jisi KOTO-
poii cymiecrByer 3¢ MEKTUBHBINA AJTOPUTM, HA3BIBACTC IPPHEKMUEHO paspeusumot.



mpobsIeMa, BBRIPOKICHHOCTH TIPEJICTABICHUS: OAUH U TOT ke paspe3 {U, U’} moxer
ObITH TpeacTaBaeH JAByMs crocobamu (mbo cuMBOI «1»  KOIUpPYeT BepIIuHY, Jie-
Kartyto B U, 6o B U'). Takasi HEOIHO3HAYHOCTh MOYKET MPUBECTH K CHUKEHUIO
3ddeKTHBHOCTH pabOThl aJrOPUTMa U3-3a CKpeliuBaHug ocobeil, 3aKOAupPOBaHHBIX
Pa3HBIMHU CIIOCODAMU.

Yupaxxuenne 1.2. [Ipedroscums 63aUMHO-00HO3HAUHOE NPEOICTNABAEHUE PEULe-
HUT 304004U 0 MAKCUMAALOHOM paspese 6 2page npu |l =n — 1.

3amaun ycaoBHOM onTumu3anuu. Hapsay ¢ 3amagamu 6€3ycJI0BHOM ONTUMH-
sanuu (1) HA OPAKTHKE 9aCTO BO3HUKAIOT 3aJ4a9 YCAOGHOT ONMUMUIAUUL BHJIA

max{F(z):z € D C X}, (4)

rae D — o61acTh JONyCTUMBIX perernii. [l1s momcKa peneHuil TaKuxX 3a/1a49 TaKKe
MOKeT ObITh mcrosb30Ban KI'A. OauH U3 mMOAX0M0B OCHOBAaH Ha <«ITpadOBAHINY
perteHuil, HaXOMAIINXC 38 IIpejeaMu gonyctumoit obsactu. Ilpocreitmuit criocod
cocTouT B TOM, 4T00BI nostarath f(z) = F(z) upu x € D, unaue f(x) = p, rue p
BeIOMpaeTcs Tak, 4Tobsl s aoboro &' € X\ D poimonusanocs f(z') < maxgep f(x).

IIpumep 3. [ycTb Tpedyercs MaKCUMU3UPOBATD dYHKIUIO
f ' Z — R na muoxkecrse D = {a,a+1,...,b}, e 0 < a < b u Z — mHO-
JKECTBO TeJIbIX 4nces. Kak u B npumepe 1 Bocnosb3yemcs JBOUYHOM CUCTEMOit
CUUCTIeHUS:

-1
p(€)=a+ > 42, (5)
j=0

rne | = [logy(b — a)], m cumBon [y| oGo3HAYAET MUHHUMAJIbHOE Iie-
goe gucao ue Menbimee y. Ilpm z(§) €  {a,a + 1,..,b} mnomaraem
D(€) = F(w(¢)), mase B(E) = 0.

Tax Kak He MeHee MOJIOBUHBI TeHOTHIIOB MPHU JAHHOM KOIUPOBKE 0TOOPAYKAIOTCS B
JIOIyCTUMBbIE pelieHus u3 ooaact D, To ¢ 60bII0I BEpOATHOCTDIO Y2Ke B HaYaIbHON
HOIY/IAIMHA OYIyT HAfiIeHbI JOIMYCTHMbIE PEIleHHs.

B obG1mem ciiydae HeIOCTATKOM JAHHOTO CIOCODA ydeTa HEJIOMyCTUMOCTH pelle-
HUH ABJISIETCS TO, YTO BCE TOUKH BHE 00/1acTh [) OKA3BIBAIOTCHA «OUHAKOBO ILJIOXH»
n (QYyHKIHUA TPUCHOCODJIEHHOCTH He JaeT HUKAKoi mHpopMmaruu ob yIajeHHOCTH
HEJIONMYCTUMON TO4YKH OT obsactu . Bo MHOrmx 3amgadax ONTUMH3AIUU TTOWCK
JIOMYCTUMOI'O PelleHusl caM 10 cebe HpeJCTaBIsgeT JTOCTAaTOYHO CJIOXKHYIO 3a/1ady
u 6e3 undopManun 00 VIAJEHHOCTH TOYKH OT obyiacTu [ aJrOpuTM MOXKET He
JlaTh JIONyCTUMbIX pelenuit. B npumepe 4 Oyjer paccMorpeH japyroit crocod
UCI0JIB30BaHusT MTPpadHON (DYHKIHH, YINTHIBAONNI JTydire crnenuduKy 3a/1aqm.
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Ecm D C X = R" u MHOXKecTBO [ OTPaHUYIEHO, TO €TI0 MOYKHO JUCKPETH30-
BaTh, HAI[PUMep, C TOMOIIBIO Iepexo/ia K JUCKPETHON pererke TO9eK ¢ J0CTaTOYHO
MaJIbIM HTaroM. Takum oO6pa30oM, TOUYHOE pPeleHue 3a/a49 9aCTO 3aMEeHsIeTCA TTOMCKOM
ONITUMYMAa HA JIUCKPETHOM II0JIMHOKECTBE HEKOTOPOI'O N-MEPHOTO IapaJ/lie/IeluIIe 1a

QcCX.
ITpumep 4. [lycrs obaacts D morpyzkena B n-MepHbIil mapaJieiennmes ()
DCOQ={zeR":a1 <z1<by,...,a, <, <b,}.

3anureM MOCIe0BATEIHFHO BCe KOOPANHATHI BEKTOPa (DEHOTHIIA B JIBOUYHON CUCTe-
Me CUHUCJIeHUS:

g
— ¥) —
x({)z—az—l—%_l gki—jQ s Z—l,...,?’l, (6)
Jj=0
rie d; = by —a;, © = 1,..,n. 37ech IpeJnojaraercsd, 4To Ha KOJUPOBAHUE
KaxKJI0#W KOOPIMHATHI UCHOJb3yeTcs k OutT, [ = kn u mocjiemoBaTebHOCTH IeHOB

9" = (k(i=1)+1, ---» §ki) KOMUPYET 4-10 KOOPJMHATY.
Ecyim obstacts D 3a/1ana cucTemMoii HepaBeHCTB

D={r€R": fi(2) <0,.... fulx) < O},

TO MOZKeT OBIThH MCIOJIb30BaHa mrpaduas pyuxnmus
m
P(x) =Y max{f;(z),0},
i=1

npu 9rom nosaraior f(x) = F(x)—rP(z). 3nadenue r BBIGHPAETCS JOCTATOTHO OOIb-
IITUM JIJIS TOTO, 9TO0BI KaKOe-TH00 HeJIOMyCTUMOE PellleHne He IMPEeB30ILI0 ONTHMYM
no 3nadenuto dyuknuun f. Hanpumep, ecrecTrBenHO MOTpebOBATH YTOOBI BBIIIOJIHS-
JIOCh YCJIOBHE

f((8)) < f(z(n)) ana & n, rakux aro 2(§) € D, x(n) € D. (7)

[Tonpobree 0 cBOIMMOCTH 3319 MaTeMaTHYeCKOro IPOrPAaMMUPOBAHUS K 33/1a-
gam Ge3yCJOBHOI ONTUMEU3AINET CM., HApuMmep, B [8].

Hapsny ¢ ucnonnzoBanuem mrrpadHbix (GYHKIUH BO3MOXKHBI U JIDYTHAE METOJIbI
ydeTa orpannmdeHuit. Hampumep, s MHOTMX 3aj7a4 JUCKPETHOM ONTHUMU3AIUU
IpU TOJIYUeHUN HEeJOIMYCTUMOTO pellleHrsI Ha BBIXOJe OlepaTopa MYTalluHl, TaKoe
perenne MoxKer ObITh CKOPPEKTHPOBAHO C HOMOIIBIO «2KAHBIX» AJTOPUTMOB (CM.
. 3.2). JIpyroii moaxo/ coCTOMT B BBIGOpE MOAXOJAIIEIl KOAUPOBKH, TIPH KOTOPOIi
x(B) C D. C 310if 1eapd MOIyT OBITH WCIOJB30BAHbI, B YaCTHOCTH, MeTOJIbI,
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onucanuole B 1. 3.3.

IMpumep 5. Ob6mas cxema KI'A erko agantupyercs A 3a1a9 MeJTOUHCICHHO-
ro Jimaeitroro nporpamvuposanus (LIJIIT). Pacemorpum 3agaay IJIIT ceayromiero
BUOA: HAUTH

F(z) = (¢,r) — max (8)

IPU yCIOBUAX
Az <b, = >0, (9)
xeZ". (10)
Bmece A — wMarpuma  pasmeproct (M X n), c = (c1,oe0)T,
b = (b,....,b0)", © = (x1,...,2,)7. anee npeanonaraeM, 9To MHOXKecTBO M,

onpezessiemMoe cucreMoil HepasencTB (9), orpanumdeno. Byjaem Has3bBaTh BEKTOD
IEJJOYHCICHHBIM, €CJIU BCE €r0 KOMIIOHEHTHI NEJOYHCACHHDI.

MHororpaHHuk JIOILYCTUMBIX pereHnit HOIPY ZKAeTCs B
n-MEpPHBI IapaJlieIennex

Q={z e R"|dj <x; <dj,j=1,..,n}.

['panunpr napanenenumnesna d;, d; MoryT ObITh Haif/JeHbI, HAIIPUMEp, perieHnemM 2n
3a/1a9 JIMHEHHOTO HPOrpaMMUPOBAHHUsSA ¢ CHCTeMOil orpanundeHuil (9) u 1mesreBbIME

dynknuamu r; — max, r; — min, j =1,...,n.

MuHuMAIbHAS JIJIAHA OUHADHOI CTPOKHU LIS KOJIMPOBKH
J-oit KOOPAUHATLL LEJIOYUCIICHHONR TOYKHA u3 Q COCTaBJIACT
kj = [logy(dj — d})] Our npu d; < dj. He Tepas oGmmoctn, mamee Gymem
upeanonaratb uro d; < dj ans peex j = 1,...,n. JOmyCTHMBIM IHEJIOYHCTICH-

HBIM TOYKAM B ) COIOCTABISAIOTCA 3JIeMEHTH NMPOCTPAHCTBA BB, cocTosdmue U3 n
IIOCJIeJOBATEILHO 3AIMCAHHBIX JIBOMYHBIX IIPEICTABICHHH KOOpIHHAT. Takmm
obpaszom, B = {0, 1}fit-+kn y

kj—1

z(§); = d;‘ + Z 2i§k1+...+k]~—i> Jj=1..,n (11)

i=0
Omnpenenm byuknuio f(x) ¢ yaerom «mrpadas:

F(x) mpu  s(z) =0

J(w) = F(X)—rs(x) mpu s(z) >0,

rae s(x) — cyMMa HapyIeHuil cucTeMbl orpanndeHuit (9) 1id TOYKA X 7 — HEKOTOpast
HOJIOKUTEIbHAS BEJHYUHA, TOCTATOYHAS 9TOObI BBIMOJIHSIOCH yeaoBue (7).
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OYHKINSA TPUCITOCOOTEHHOCTH OIPEIeISIeTCsI CIeAYIONIM 00Ppa30M:

B(6) = ) (a(g))) = LD Join

)
avg f rfain

(12)

e fiog fri — cpemnee n munmvasbioe suadenns dynkuun f(2(£)) na rexyueii

nonynsanuu 11°. Jlerko Bugerh, uTo onpenenennas Takum obpasom dyukmus P(€)
HeoTpuIaTesbHa n HeyOsiBaeT ¢ pocroM f(z). Jlanubrii BapuanT dOyHKIMH TPUCITO-
cOOJIEHHOCTHU MO3BOJISIET periaTh ¢ moMotnbio KI'A 3a1aun 6e3 orpannydenus Ha 3HaK
1eJIeBOU (bYHKIUH.

1.3. KomgmpoBka I'pes

3ameTnMm, 9TO MpeICTaB/IeHNe B HEKOTOPHIX OJIM3KUX YUCeT B ABOMIHON CHCTEME
CUMCEHUST MOYKET CYTIECTBEHHO PA3IHIaThCsl (HATPUMeED, TpeIcTaBaeH s duces 127
u 128 pasimdatoTcst B BOCBMHE MO3UIMsIX ). JITaHHOTO HeJO0CTATKA JIUIIEHA KOIUPOBKA
I'pes [18].

Pacemorpum st pocrorst cayuaii n = 1. Ilpu srom orobpaxenue z(§) B dop-
myaie (11) 3amensiercs komnosunueit z(y(£)), rae npeobpazoBaHue 7 MEPEBOIUT YHC-

JIO U3 KOJIMPOBKY ['pest £ B ero 3anuch & B JIBOMYHOI cucTeme caucjaenus 1mo (popmy.ie:

k
5]€ = @5]7 k= 17"'7l7
j=1

rae cumBosl @D obo3HauaeT ciOXKeHHe MO MOAYI0 JBa. [laHHOe oTOOpaykeHue
B3aMMHO-OJTHO3HAMHO W 0OpaTHbIil oneparop G = =1 peitctByer CITeSIYIoIHUM 00~
pasom: G(§) = (&1,& @ &, ..., -1 © &) (merpyamo mposeputs uto (G (E)) = € ana
Joboro &.)

[Iyctes () — 3ammeh  Ieaoro  d9uciaa 4 0B JIBOMYHOH  CHCTe-

Me CUNCJIeHUS ¢ HCHOJb30BAaHUEM [ OUTOB. Ob6o3nauum Jepes
I

p(&,&) = > 11§ — &l paccrognue B merpuke XsMMHHTa MeXK1y CTPOKaMH

& m &. U3 Tabumnbl 1 BHJAHO, YTO PACCTOSHHE XAMMHUHIA MEXKIY KOIUPOBKAMU
quces, pazaudatomuxcs Ha 1, paBao 1.

Vaopaxkuenne 1.3. Jokazamov, wmo das ecarozo i = 1,2,....28 — 1 swnoanaemesa
PABEHCMEBO

PGB0 — 1)), G(B () = 1.

Ocobenno mnoJie3na Jannas KOJAMPOBKA B 33/[a4axX YIIPABJICHUS, I HapaMeTpPbl
HEIIPEPLIBHO M3MEHAITCA € TeYeHUEM BPEMCHH M IIOMYJAIUA JOJI2KHA ITOCTOAHHO
CJIEJIOBATH 33 SKCTPEMYMOM IIe1€BOi (DYHKITUM.
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Ta6umna 1. JIBonunas cucreMa CUYHCIEHAsT U KOTUpOBKa ['pes

| i | B5(0) | G(Bs(4)) |
0| 000 000
1| 001 001
2| 010 011
3| 011 010
4 1 100 110
5 | 101 111
6 | 110 101
7 111 100

2. Moandukannm KJIacCIIecKOT0 reHeTUIeCKOro aJi-
TOPHUTMA

Jlns muorunx 3amaqd ontumusarnun npuMmenenne KI'A okasbiBaerca masiodddek-
THUBHBIM, T.K. B JIAHHOM aJrOpuTMe ¢1ab0 YUuThIBaeTcsd crienuduka 3aj1aqu. B cBa3u
¢ 3TuM paszpaborano Gosblnoe yucao momudurammit KA. Jlanee Bce Takme MoOIH-
dburanun Gynem HazbiBaTh 2enemuueckumy aszopummamy (TA).

Paccvorpum, k npumepy, psa moauduranuit KI'A aasa 3agaan TJIIT w3 o, 1.2.
Kiraccuaeckast cxema 0THOTOYEYHOTO KPOCCHHTOBEPA /s 9TOH 3a/1a91l MOXKET ObITh
aIATITHPOBAHA TaK, 9TOOBI Y BHIOMPAJIOCH C PABHOMEDHBIM PACIIPe/IeIEeHHeM U3 MHO-
wkectBa {ki, k1 + ko, ..., k1 + ... + k,_1}. annasg momudukanus mo3BOJIsAET «pas-
PBIBATb» M€HOTHIIBI TOJHKO B TOUKAX COCJIMHEHHS JBOMUYHBIX IPEJICTABICHUE KOOP-
munar. Kak ormedeno P.T. @aiisysunbim |23, jeficrBue Takoro omeparopa Kpoc-
CHHTOBEDPA COOTBETCTBYET HEKOTOPOMY IIOBOPOTY POUTENHCKHX (PEHOTUIIOB BOKPYT
CepeIMHBI COeMHSIIONIEr0 nX oTpeska. JlokazaresbCTBY 3TOr0 (haxTa MOCBSIIEHO
CJIeJIyIONIee YTBEePZK IeHHe.

Vrepxkaeuue 2.1. ITycmo x € {ky, ki+ks, ..., k1+...+kn_1}. Toeda cywecmeyem
makoe npeobpasosanue nosopoma R, ¢, ¢ R", npu xomopom x(§') = Ry ¢n(z(£)),
z(n') = Ryen(x(n)). IIpu asmom cepeduna ompeska, coedunatowezo podumesscrue

0 — z(©+z(n) 0
2

peromunst, T , ocmaemces nenodeusicroti, m.e. Ry ¢ p(2%) = 2°.

HokazareabcTBo. O603HAUNM Yepes 1 HOMeP KOOPAMHATH, KOAUPOBKA KOTOPOii
OKaH4YmBaercs Ha Oure x, T.e. X = k1 + ... + k,. Bynem uckars oneparop R, ¢, () B
BHUJIE cJieayoInero ad@uHHOrO mpeodpa3oBaHNId:

Ryen(z) = A(x — 2%) + 2°. (13)

14



Cnyuaait 1. Ilpu n — r 9eTHOM IPEAIONOXKUM, 9TO A - IMArOHAJILHAS MATPHIA
C r eIMHWIIAMU B Hadaje JUArOHAJIH, /ajee 3aN0JHeHHAS YeTHBIM YHCJIOM CHMBO-
jg0B —1. C mOMOIBI0 HEMOCPEICTBEHHONH TPOBEPKH JIENKO yOeauThest, 910 oToOpa-
xenneMm A(z — 2°) 4+ 2° ¢ marpuueil yKazaHHOTO BHa JaeT TOT Ke pPe3yJabTaT, u4To
U IIPHU JIeHCTBHH ollepaTopa KpoccuHrosepa. leficTBUTE/IBLHO, /I BCeX KOOPAUHAT
7 < r uMmeeM

2(§); —z(m); | x(&); +x(n);

(A(2(§) = a") +2%); = =5 —F + =5 —= ==2(Q);,
(A(JZ(T]) . ZL‘O) + ZL’O)j _ —l'(f)j;' 55(77)3' + [L’(f)] _g 35(77)3‘ _ x(n)jv

a JIJIs BCeX J, TAaKHUX 4TO 1 < J < n, AMeeM

2(€); — =(n);

(A(2(§) = a°) +2%); = ——H5—— + 25— = a(n);,
(A(:L’(n) . 1,0) + :L’O)j _ _—fE(f)j;— 55(77)3' + $(§)J _; 95(77)3 — :L’(f)]

To ecth, npepcrapierne (13) KOPPEKTHO.

PaccmorpuM  3-MepHOe  MOANPOCTPAHCTBO, OOPA30BAHHOE  KOOPIMHATAMH
T1,Tj,Tjp1, Opu aoboMm j = r + 1,7 + 3,...,n — 1. B 3ToM mnoaupocTpaHcTse
JTeficTBHEe KPOCCHHTOBEPA OMMCHIBACTCS THATOHAIBLHON moaMaTpuieil MaTpuibl A ¢
muaronanbio (1,-1,-1), 3agatomeil noBopor BOKpyr ocu x Ha yros 7. [Ipeobpasoba-
Hue MaTpUIbl A ecTh KOMIO3UIUS TaKUX HOBOPOTOR, ciejoBarenbno, A(x —z°)+ z°
SBJISIETCS TIOBOPOTOM B R™.

Cayuait 2. Ilpu n — r HeEI€THOM PACCMOTPHM MATPHUIY A BHIA

E’ 0 0 0...0
0...0 cos(—2«a) —sin(—2«a) 0...0
0...0 sin(—2a) cos(—2a) 0...0]°
0...0 0 0 —E"
rie o = arctg%, a equHugHble MaTpulnl £ u E” nmeror pasmepocru r—1
wn — 1 — 1, cooTBeTcTBemHo. HemocpeacTrennas TpoBepKa, MoM00Has CIeTanHol
B caydae 1, nokasbiBaer uro orobpazkenue A(x — z%) + 2° ¢ marpuneit ykazanuoro
BHJIA JIa€T TOT K€ PE3yJIbTaT, 9TO U ONEePaTop KPOCCHHTOBEPA.

PaccMoTrpum 2-MepHOe TTIOAITPOCTPAHCTRO, 0OPA30BAHHOE KOOPANHATAMU Ty, Lpy1:
31ech MaTpuia A 3a7aeT IIOBOPOT Ha YroJ 2 BOKPYT Hadaja Koopampar. Bo Beex
3-MepHBIX OANPOCTPAHCTBAX, OOPA3OBAHHBIX KOODAUHATAMHE T, Tj, Tjt1, IPH j =
r+2,7+4,...,n— 1 upeobpasopanue A saBJISETCS IOBOPOTOM BOKPYI' OCH L1 HA YIOJI
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7, Kak 1 B cayuae 1. Cremosarensno, A(x — x°) + 2° asnserca mosoporom B R".
Q.E.D.

Baugactyio ontuMaiabHoe perenne 3amaan 1IJIIT (8)-(10) okaskiBaercst pacmoio-
JKEHHBIM CPABHUTEIHHO OJM3KO K ONTHMYMY & 33/a49H JIMHEHHOTO HPOrPAMMUPOBa-
must (8)-(9), nazsiBaemoii JIII-peaarcayued nexonnoii 3amaun. Ha npakTuke perre-
HHE T MOXKET OBITH JOCTATOYHO OBICTPO HAMIEHO METOMAMU JTHHEHHOIO MPOrPAMMHU-
POBaHHUS U IATh <IIOJCKA3KY» O TOH 061aCTH, OTKY/[a HMEeT CMBICJ HAYMHATH HOMCK
pemenns 3agaqan LIJIIT mpn ucnoas3osannn ['A. Ocobu HAYAIBHONR TOMYIAIINH MO-
TYT TIOPOKIATHCSI, HAITPUMED, € MOMOIIBI0 N-MEPHOTO HOPMATHHOTO PACIIPEICTeHHUST
¢ MATEMATHICCKHM OKHJIAHIEM B TOUKe . B TaKOM cJiydae B KadeCTBe FeHOTHIIA UC-
MOJIb3YeTCs IBONIHAS 3AMUCH OKPYTJIEHHBIX 3HAYCHUIT HOPMATBHO PACTPEICTeHHBIX
KOOD/IMHAT.

DKcIepuMeHTAIbHBIE HCCTeI0OBAHNS TOKA3aIH [22], 9T0 ecyin BEPOSITHOCTh MyTa-
AU JTOCTATOYHO BEJINKA, TO JUCTEPCHsI HOPMAJIBHOTO DPACIPEIETeHHsT MOYKET ObITh
YCTaHOBJICHA PABHON HYJIIO.

2.1. OnepaTopsbl ceJjieKIun

CroiicTBa onepaTopa CeJeKInu OKa3bIBAIOT CYIIECTBEHHOE BJIMSHIE HA, CPeIHee
BpeMs IOJydYeHUsl pelleHdui 3aJJaHHOr0 KadecTBa W Ha pas3dpoc pe3y/IbTaToB IIpU
HE3aBHCHMBIX PeaTH3AIUIX SBOJIOIHOHHOTO mpormecca B I'A. B psame ciydaes orre-
paTop HpOmoOpIHoHaIbHOM cenexmun u3 KA MoxKeT OBITH ¢ yCIIeXoM 3aMeHeH JIpy-
ruMu oneparopamu cejiexiuu. [Ipu 31oM BBIOOD KaxKI0il POAUTETHLCKON ocobu He
0043aTeTbHO OCYIIECTB/AAETCS HE3aBUCUMO OT BBIOOpa JApyrux ocobeil Ha JaHHOI
ATepanun t.

s cpaBHEeHHS Pa3JIUYHBIX OIEPATOPOB CEJEKIUA HEOOXOJIMMO BBHIOPATH HEKO-
TOpbIE XapaKTePUCTUKU, UMEIOIHe OJUHAKOBBII CMBICT I BeexX 3 HuX. Bozbmem
B Ka4ecTBe TAKUX XapaKTePUCTUK MaTeMaTUYeCKOe OKUJIAHUE U JUCHEPCUI0 YUCIIa
coOBITHIT, COCTOSIINX B BBIOOPE 0COOM ¢ B KadeCTBEe POJUTENBCKON B MPOIECCe
IIOCTPOEHHUS OYEPEIHOTO MOKOIeHud. UHCI0 TaKuX cIydailHbIX coOBITUH OyaeT 000-
sHauarbest depes Z (i, [1') u dpopmasbho onpegenserca ciaeayromum oopasom. [lyers
Ki,..., Ky — HOMepa POIUTEIbCKUX ocobeil, BRIOpaHHBIX u3 II' mpu mocTpoeHuu
ouepeanoit nonyssin B LA, Torna Z (i, I1') — aucao Taknx j, aro K; = i.

CroxacTuyeckas yHUBepcajJabHas cejekmnusa B3kepa. [lpu nocrpoenun
ouepeiHoit momyssinuu oneparop ceneknun KI'A  Boibupaer ocobb ¢ B cpei-
wem Py(i,IT1')N pas, ognako, ciaydaiinas seqmauna Z (i, 1) mMoxkeT cymecTBeHHO
OTKJIOHSTBCS OT 3TOI0O CPeJHEero 3HadYeHus. DoJibline OTKJIOHEHUS OT CPEJHEr0 MO-
YT IPUBOAUTH K HeycroitunBoii pabore ['A B megom. Jlnsa cHUKeHWS TaKUX KOJIE-
oanuit /I>x. Bakep npemaoKuI CJIeIYIONYI0 MOAUMUKAIINIO OllepaTopa CeJIeKIIn,
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Ha3BIBACMYIO cmozacmuyeckoli ynueepcarvroti ceaexyuet® [16, 24]: kaxmasa ocodb i
rapanTupoBanno Beibupaerca | Ps(i, [I') N | pa3 B kauecTBe pomuresns, a ApoOHAS
gacth { Ps(i, [I') N} ucnonb3yercs, Kak BepOATHOCTH 0TGOPA 3TOH 0co0u ele OjuH
pa3. OgeBuaHO, TaKoil omeparop, Kak u omeparop ceiexknuu KI'A, ocymecrsiser
MPOTIOPIUOHATBHYIO CEeJIEKIHIO.

eiicTBUE omepaTopa CTOXACTUUECKONH YHWBEPCAJIBHON CeJEKIUH MOYKHO Tpe-
CTaB/IATh cebe ¢ MMOMOIILIO KOJIeca PYJIEeTKH, pa3/ie/IeHHOro Ha [N CeKTOPOB Kak 1pu
cenexnuu B KI'A. Tlycts B ieHTpe KoJleca Yepe3 paBHBIE YIJIOBbIE TTPOMEXKYTKH, 3a-
kperteno N ykazarteseit. [IoBopoT KoJieca pyeTKy Ha CJIy4aiiHO BBIOPAHHBIN YyTOJI
(¢ paBHOMepHBIM pactpeeienneM or 0 10 27) OTHOCHTENBHO yKa3areseil Jaer Ha-
3HAYEHUEe POIUTENbCKUX ocobeit K, ..., Ky. B 3aBepinenne, 31eMeHTHI OCTIEI0BA-
TesibHoCTH K1, . .., Ky n1epeynopsiiouuBaioTcs C1y YailHbIM 00pa3oM, 4TOObl CHU3UTD
BEPOATHOCTH COBHAJICHUS POJIUTEIHCKUX T'€HOTHIIOB HA BXOJE CJICIYIOIIETO 3a CEJIeK-
nueii onepaTopa KPOCCHHTOBEPA.

O003HAYUM YHCJIO COOBITHI, COCTOSINNX B BBIOOpe ocodbm i mpu cenekmun KI'A
qepes Zoaa (i, 1Y), a IpH cTOXaCTHIECKON YHUBEPCATBHOM ceneknnu Bakepa — gepes
Zg(i,IT"). Iycrs D[] 0603HaUaeT AUCIEPCUIO CJIy YalHON BEJIMYUHDIL.

Vupaxuenune 2.1. Iloxasamv, wmo D[Zg(i,11')] < 1/4, 6 mo epema Kak
D|[Zcea (i, ITY)] mosrcem pacmu weoeparuyernno ¢ pocmom N npu nodrodsuem 6vi-
6ope nonyasuuu I1°,

Kak BuaHo #u3 ylnpakKHEHHSI, OLEpPATOP CTOXaCTUIECKOH YHHBEpPCAJILHON ce-
JIEKIINA WMeeT IIPEMMYIIeCTBO MO cpaBHeHHIO ¢ ceiekmueir m3 KI'A, obecneunBas
MeHbIIe KoJjieDaHusi YUCJIEHOCTH MOTOMCTBA KayKkJioi ocobu u, TeM cambiM, OoJjiee
yCTOHYUBYIO PabOTy aJropuTMa.

Panrosag cenexkmusa.” O6a W3 pacCMOTPEHHBIX BBIIIE ONEPATOPOB CEJICKIHH
UMeIOT 00IIee TPoOJIeMHOe CBOMCTBO: KaK HMPABUJIO, B MPOIECCe PA3BUTHUS IOIMYJIA-
muu ['A npoucxoaur npubsimzkeHne npucnocobJeHHOCTH 0c0o0eil K MaKCHMAaJIbHOMY
SHAUEHUIO, U BMECTE C 9THM pacupesenenune sepostaocreii Py (i, [1') npubanxaer-
¢S K paBHOMepHOMY. Takum 00pa30M, CHUZKAETCST «IYBCTBUTEILHOCTHY OMEPATOPOB
IPOIOPIUOHAIBHON CEJIEKIUN K Pa3IududgM B HPHUCIIOCOOIEHHOCTH 0cObel TeKyIeit
HOIY/ISAIAH, 9YTO IPEJICTABIACTCA HEelleJeCOO0OPA3HBIM IPU PEIIeHUH 33291 ONTHMH-
samun. OuH 13 crocob0B pelrerust 1ol mpodsembl ObL1 npeioxen 1. Toxadep-
roMm [24| u cocTour B mpeobpaszoBaHny 3HaYeHUTT GYHKIME ITPUCIOCOOIEHHOCTH (CM.
Beipazkenne (12) B mpumepe 5). AJBTepHATHBHBIN OIXO0 COCTOUT B UCTIOJb30BAHNH
PAHACUPOBAHUA OCODEII.

5B anrnoassranoil mreparype: Baker’s stochastic universal selection.
"B aHII0A3bIMHON IUTEpATyPe UCIONb3yeTcs TepMun ranking selection.
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Ounpenesenne 2.1. Buekyusa rip:{1,...., N} — {1,..., N} nasweaemcsa panotcupo-
sanuem daa nonyasayuu 11, ecau r(i) > ru(j) das ecex i,j € {1,2,..., N}, maxux
ymo ®(£Y) > ®(&7). Bnanenue r(i) nasweaemea pamzom ocobu .

Panrosas cejiekinusa cocTOUT B IPUMEHEHUH ollepaTopa HMPONOPIMOHAIbHONL ce-
JIEKIIUH ¢ TIOJCTAHOBKON PAHTOB 0cobeil 711(1) BMECTO 3HAYCHUH UX MPHCIOCODIEHHO-
crr ®(¢') B Beipakenuu (2). Takag CeTeKIus He TEpAeT «IyBCTBHTEILHOCTH» MPH
CKOJIb YI'OIHO MAJIbIX Pa3/IMUMsX ITPUCIIOCODJIEHHOCTH 0CO0Ei.

Caenyromuit u3 pacCMaTpUBaeMbIX OLIEPATOPOB TaKzKe Ipe/o/IaraeT paHKHIpo-
BaHMe 0CO0eit.

TypuaupHasa ceaexknus.® B oneparope TYpHUPHO# ceJIeKIIUT ¢ Pa3MePOM TYp-
HUpa S (MHOE HA3BAHME: OLEPATOD S-TYPHUPHOMN CEJIeKIUK) JJist 0TO0PA 0YepeIHOro
POJIUTEIHLCKOTO PEIeHNsT U3 TEKYIIel MOy SN He3aBUCUMO U3BJIEKAIOTCSI S 0CO-
Oeit ¢ paBHOMEpPHBIM paclipejieIeHneM W U3 HUX BbIOMpaeTcsi 0co0bh C HAMOOJIBITAM
paHrom.

Caemyrtoriee yIpaKHeHue IOKA3bIBAET, 9TO orepaTop
2-TYpHUPHO# ceaeknun OJU30K II0 CBOUM CBOHCTBAM K PAHTOBOH CEJIEKIIHH.
Ob6o3HaunM 49ucaI0 COOBITHIH, COCTOSIHUX B BBIOOpEe 0cOOM ¢ TPH HMCIOJB30BAHUN
oneparopa 2-TypHUpHO# cesiexiun uepe3 Zr (i, [1'), a mpu ncnosb30BaHuN PAHTOBOI
cenexiun — vepe3 Zg (i, I1Y). Ilycrs E|[-] obo3Hawaer MareMaTHIecKOe OXKHUJIAHUE
CJAYYalHOU BEJUYUHDL.

Vnpasnenue 2.2. [lokasamo, wmo E[Zr(i,11')] = 22, E[Zg(i, 1] = #5, u
D[Zg (i,111)] 2r
D[Zr(,IT)] 251

npu N — oo.

2.2. Crpareruu ympaBJIeHUS TIOMYJIAIAEH

Oo6noBjenue Beeit TOMYJIANNA Ha Kaxk1oi ureparuun KI'A coorBeTcTBYeT M0IX0-
STy, IPUMEHSIEMOMY TTPH UMUTAITHOHHOM MOJIETUPOBAHUH B MOTYIAMNOHHON TeHETHKE
(em., mampumep, [1]), ogHAKO, AJ1sT YCKOPEHHUSI MOUCKA TeHOTHUIIOB ¢ BBICOKOI MPHCIIO-
cobierHoOCTHIO 0OMIast cxema ['A 3auactyio moqudunupyercs. OCHOBHAST MOTHBAIUST
[IPU 9TOM COCTOUT B TOM, 4T0 B KI'A f1azke reHOTHII, CyIIECTBEHHO HPEBBIIIAIONTUI 110
MPUTOIHOCTH BCE TIPOYHE OCOOU TOMYJISITHE, ¢ OOTBIION BEPOATHOCTHIO OYIeT UCKJITIO-
YeH U3 PACCMOTPEHHS Y2Ke Ha CJeAYIONell nTepanun mocye ero nogpiaerus. OHako
B YCHEITHBIX IPUIOKEHusIX ['A mPUCIOCO0IeHHOCTh TOTOMKOB, KaK HPABUJIO, HMEeT
MOJIOYKUTEIBHY 0 KOPPEJAIHNIO ¢ MPUCITOCODIEHHOCTHIO POIUTETbCKUX TeHOTUIIOB. B
TaKUX CJIydadx Ieaecoo0pa3Ho COXpaHATb HamboJiee MPUTOIHBIE 0COOUM B TeYEHUE

8B aHMI0A3BIYHOIT JIUTEpaType UCHOIb3YyeTcd TepMuH tournament selection.
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pana ureparuii ['A u reHepHpOBATDH ¢ MOMOIIHI0 KPOCCHHTOBEPA W MYTAIUU OCTaB-
IIYIOCs] 9aCTh HOMYJSANnn. PacCMOTPUM HEKOTODBIE W3BECTHBIE CXEMBI YIPAB/ICHUS
MOTYIATNEl, PeaJTn3yIoIiie STOT TPUHITAII.

DumrapHas crparerus. Ha kaxkoii nreparun ['A, Bo-epBBIX, CTPOUTCS OUe-
peanaa nonyasimua 11071 o npasunam KIA. Bo-BTOpBIX, ec 110 IPUCHOCOD/IeH-
HOCTH BC€ TE€HOTHIIBI HOBO# MOMYJISINN YCTYIAIT MAaKCAMAILHO IMPHCIOCODTEHHOI
(saummot) ocobu & 3 npeabyIeil TOmyIsaum, TO OJMH U3 HAUMEHee NPUCTIOCO0-
JIeHHbIX TeHoTHnoB B 117! zamensierca na &.

Taxum obpaszom, eciu ['A mpuMeHsieTcst JIIs pereHus 33, 1a9u 0e3yCI0BHON OmTH-
muzanuu (1), To mocse10BaTeIbHOCTD 3HAYEHUH eJ1eBOi (DYHKIIME SJUTHBIX (heHo-
manos f(z(&l)), f(x(£2)),. .. 6yner meybmBaomeit. Bomee Toro, kak nmokaszan I. Py-
nobd [31], npu 2(B) = X u 0 < B, < 1, nonosuaenne KI'A snurapHoii crparerueii
obecneanBaer cxomuMocThb nocaegosareabnoctn f(x(£L)), f(x(€2)),. .. kK onTumas-
HOMY 3HAYEHWIO IeeBoil dbyHKImn 3aga9n (1) mouTn HaBepHOe.

Bwmecto onnoit ssmrHOR ocobu B ['A MoxKeT cOXpaHIThCSI HEKOTOPOE IMOIMHOMKE-
CTBO MEHOTHUIIOB TEKYIIEH MOMYJISIINE, MMEIOIIUX BBICOKYIO TIPUCIOCOBJEHHOCTD (CM.,
naupumep, |22|). Takue crparernn Ha3bIBAIOTCS YACTMUYHOU 3AMEHOT NONYAAYUL.
Crenyromas crpaTerusi MOXKeT PacCMAaTPUBATHCS KaK MPEeAeTbHBIN Caydail paciiu-
PEeHUsI MHOYKECTBA JTUTHBIX OCODEH.

CramumoHapHas cTparerus ylpaBjieHus momyasiueit. [Ipu sroit crpare-
I'UU Ha KaxKaoi ureparud ['A B MOIMyIsIuio 100aBJIAI0OTCA 1Ba MeHOTHUIA, [MOJIYYeH-
HBIX IIPUMEHEHHEM OIIepaTOPOB KPOCCHHTOBepa W MyTamuu. Kaxkmas HOBas 0COOb
3aMeIaeT HEKOTOPBIl «HENePCIeKTUBHbBINY reHOTHN. [Ipu 3TOM B KadecTBe «HEmep-
CIEKTUBHOTO» MOYKET OBITH B3ST M€HOTHII C HANMEHBITEH MTPUCIOCOOTEHHOCTHIO, T
IeHOTHII, BEIOPAHHBINA C PABHOMEPHBIM PAaCIpejesieHreM Cpeau MMEIOINX IPUCIIO-
cO0JIEHHOCTD HUZKe CpelHell B TeKylmel momyasanun. B HekoTopeix BapuanTax ['A Ha
BBIXOJIe KPOCCHHIOBEPA MMEETCs TOJIBKO OIUH TeHOTHUI — TOTAa M3MEHSETCS TOJIBKO
0JiHa 0CODODb TMOIYJISIINH.

OcobeHHOCTBIO CTAMOHAPHON CTPATErnu YIPABJICHUs TMOMY/ISIUell ABIIeTCs
3HAYUTEBHO 00Jiee OBICTpOe «CyzKeHnme» O00JACTH IOHCKa, o cpaBHeHmio ¢ KI'A.
B cBsI3M ¢ 3THM, BO MHOTHX PEAJH3AIMUSIX CTAIMOHAPHOHW CTPATErHU yIPABICHHS
MOIY/IAIKel MPH COBHAJICHUN HOBOM OCOOM € OJHON M3 MMEIOIIUXCsS B OIS,
HOBasi 0COOb B IOIYJIAIUIO HE JI00aB/IseTCS.

2.3. OnmepaTopbl KPOCCUHTOBEPA M MY TaIlN

Hapsiny ¢ omepaTopom omHoTOYedHOr0 Kpoccuuropepa KI'A | B reHeTnuecKux aJ-
rOpUTMax MCIHOJIb3YIOTCS M JIPyrue OlepaTopbl PEKOMOMHAIUU POJIUTEIbCKUX I'e-
morunoB. OOIIeil dyeproil a1 BCeX M3 HUX SABJISETCs, TaK Ha3bIBaeMoOe, CBOHCTBO
nepedayy 2en06: 3HAUYEHWE JIIsT KAyKJIO0TO TEeHA TMOTOMKA BBIOMPAETCS W3 3HATCHUI

19



COOTBETCTBYIOIMX TeHOB OJHOTO WM IPYroro poauTeneit.’

B HEKOTOpBIX BapHaHTaX KPOCCHHTOBEPA Pe3YJIbTATOM ABJSETCA OAUH T'eHOTHII
(em., manmpumep, [6]), onHako, Hamboee PACTIPOCTPAHEHBI OMEPATOPHI ¢ JIBYMS Bbi-
XOJHBIMH TeHOTHNaMHu. Bo BTopom c¢iiydae, ¢ Heabio COXpaHeHHd pa3sHooOpa3us IIo-
IyJISIAH, CTPEMATCA HOCTPOUTH KaK MOXKHO 6oJIee yIaJeHHble OIUH OT APYTOro re-
HOTHIIBI TOTOMKOB.

[TycTh AaHbl POAMTENBCKHE TeHOTHIBI & U 1), I KOTOPHIX HOPOXKIAETCS IIapa
renotunos moroMkos &', 7. Ecam B 3ama4e 0OTCYTCTBYIOT OTpaHHYEHHUs], WIH CXeMa,
NpeJICTABIeHNs Perennii TakoBa, 9o x(B) C D, Torga yMecTHO HCIOIb30BATh, TaK
HA3BIBACMYIO, MACKY Kpoccunzosepa. 1101 STHM TepMIHOM HOHAMAIOT BCIOMOTATE Ib-

HYIO TOCTEI0BATEILHOCTh M = (Myq,...,m;) € B, 0 KOTOPOil CTPOSATCS T€HOTUIIBI
[HOTOMKOB:

¢ = &, ecmm m; =1 ;) i, ecmm m; =1

¢ 7;, WHaJe, T &, wuHade,
qis ¢ = 1,...,]. PaceMoTpuM JaBa mpuMepa HCIOTHL30BAHNAS MACKH KPOCCHHTOBEPA.

PaBHoMepHbIiT KpoccuuroBep. lIpu jeiicTBun 3TOro omeparopa i-biif TeH,
1 = 1,...,l, Konupyercsd B I€HOTHUII IMOTOMKAa U3 i-TOH MO3UIUU I'€HOTHUIIA OJHOIO
WJIH JIPYTOrO POIUTEJISI ¢ PABHBIMU BEPOATHOCTSIMHU, HE3ABUCUMO OT BBLIOOpA JIPYTHUX
renoB. PopMaIbHO JAHHBIN OIEPaTOP OIpPeJeIsieTcss BHIOOPOM MacKu KPOCCHUHTOBE-
pa ¢ paBHOMEpPHBIM paclipejiejieHrneM Ha MHOXKecTBe 3.

k-To4edHBIi KpOoCCHHTOBep. /laHHblil omepaTop mpeacTasiigeT codboi 06001Ie-
HUEe OJHOTOYEYHOIO KPOCCHHTOBepa. B cTpoke reHornma BuIOHpaeTcsa k pasHdHBIX
KOOpAMHAT cKpemuBaHud 0 < x; < Y2 < ... < Xk < | ¢ paBHOMEpPHBIM pacIpe-
JIeJIEHUEM CPeJi BCEBO3MOXKHBIX Takux HabopoB. Obo3maunm Yo = 0, Torga macka
KPOCCHHTOBEPA OMPEIEISIeTCA CAeIYIONuM 00pa3om:

e — 1, ecnm max{j: x; < i} — 4eTHOE YHCJIO
! 0, wuHage
a1 = 1,...,1. JlanabIil omepaTop UMeeT TO CBOWCTBO, YTO NPH 3aJAHHH YETHOTO

YUC/Ia TOYEK CKPeIuBanus k, nmepBasi U HOCIeIHsIsT KOOPIUHATHI OJHOTO POIUTEIsI
BCErJla MepexodT OJHOMY HNOTOMKY. Haobopor, npu HeuyeTHOM Kk 3TH KOOPAWHATHI
KOMUPYIOTCS B KayKJbIHl U3 T€HOTUNOB MOTOMKOB OT Pa3HbIX poauTeseil. KEcau atn
cBOICTBA KpailHUX KOOPJIWHAT MPEJICTABIAIOTCS HeyKelaTeJbHbIMI, TO MOKET ObITh

9 Mammoe cpoiicTBo B paborax N. Radcliffe masaBmo gene transmission U SBISETCA TACTHBIM
cnydaem allele transmission (cm. [29]).
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WCTIONB30BaH, TaK Ha3bIBAEMBIN, kpYy206801U Kpoccun206ep, IPU KOTOPOM CTPOKa Te-
HOTHUIIA PACCMATPUBACTCH KAaK KOJIbIO U HCIO/Ib3YeTCHd YeTHOEe YUCJI0 Kk KOOPJAUHAT
CKPEIBaHUSI.

Kazkiplit 13 ONUCAHHBIX OIEPATOPOB KPOCCHUHIOBEPa MOXKET ObITH peau30BaH
U B BapuUaHTe ¢ OJHUM TEeHOTHIIOM MOTOMKA (JIsi 9TOr0 JOCTATOYHO OTOPOCHTH
BTOpOii renotun). Jlaree GyeT paccCMOTPEH OIEPaTOp KPOCCHHTOBEPA, IIPU KOTOPOM
€CTeCTBEHHBIM 00pa30M CTPOMTCS TOJIHBKO OJMH NEHOTHI OTOMKA.

Bagaua onTuMmasibHOIT pekomOuuanuu. [lycte permaercs 3ajada yCa0BHOM
MaKCHMHU3AIUU B HPOCTPAHCTBE JBOMYHBIX CTPOK IJIUHBI 1. PaccMOTPUM BBIYHC/IH-
TEeJIBHYIO CJ0KHOCTD 33JJa9K OTHICKAHHUS HAUIYYIIEro M0 HNPHUCIOCOOIEHHOCTH TeHO-
THIIA, KAK Pe3yJIbTaTa KPOCCHHIOBEPA JJIsl 3aJaHHO Mapbl POJAUTEILCKUX T€HOTUIIOR
[pPU YCJIOBUU BBINOJHEHUsI CBOWCTBA Iepeaadn TeHoB. [y mpoCcTOTHl MOCTAHOBKH
9TOil 3a/1a9u OyeM MpernoaraTh ITO OMepaTOPhl MTOCTPOEHUST HAYAIBHON MOITy.Isi-
MK, KPOCCHHIOBEPA U MYTAIMH I'€HEPUPYIOT TOJBKO T'€HOTHIIBI, IIPeJICTaBISIONINe
JIONYCTUMBIE PEIIeHUs.

C yuerom cBOWCTBa mepeadn reHos, chOpMyJIHPYEM 3a0da4y ONMUMGALHOT pe-
KOMOURAUUY: /IS TPOU3BOILHBIX 33 JaHHBIX POANTEILCKAX TeHOTHIIOB pt, p?, mpe-
CTABJISTIOIIIX JIOMYCTUMBIE DEIeHUsI, TPeOyeTcs HAlTH MpeICTaB/IsONUi JOTyCTH-
MO€ pellleHre MeHOTHUIl &, TaKO# 4TO:

1) mist Kaxzaoro j = 1,...,n BBIIOJIHSETCA & = p} i §; = p?;

2) £ uMeeT MaKCHMAaJbHOE 3HAYeHHe (DYHKIUMH MPUCTOCOOJEHHOCTH CPEIH BCEX
TeHOTHIIOB, YJOBJIETBODPSIONINX YCIOBHIO 1).

Jlajtee MHOYKECTBO HOMEPOB KOOP/IMHAT, B KOTOPBIX POIUTEIbCKAE TEHOTHIIBI Pa3-
JIM4YHbL, GyjemM obozHayaTh depes D(pl, p?).

B kadecTBe mpumepa 3pHeKTHBHO paspemnuMoil 3aJa4d ONTHMAJIBHON PEKOM-
OMHAIIME PACCMOTPHUM CJIEAVIONYIO M3BECTHYIO 3aJa4y u3 Teopuu rpados. [Iycrs
mveercs rpad G = (V) E) ¢ muoxectsom Beprime V' = {vy,...,v,} u MHOKecTBOM
pebep E. 3agada o Hanbo/IbIIeM HE3aBUCHMOM MHOYKECTBE COCTOUT B OTHICKQHWH Ta-
Koro mojMHoKecTBa S C V| uro HE 07HO pebpo e € F He MHIUIEHTHO CPa3y JIBYM
BepiuHaM u3 S (T.e. S — HE3aBHCHMOE MHOYKECTBO) ¥ MOITHOCTH 9TOIO MHOYKECTBA
MaKCHMaJIbHA.

EcrecrBenubiv Oyaer npejcraBjenne perieHnii ¢ TOMOIIBIO BEKTOPa-UHINKATOPA
u3 {0,1}", rne & = 1 Torna u TOIBKO TOr/A, KOIIA BEPIIHHA U; MPUHAJIEZKAT UCKO-
moMmy noamuozxkecty. [Tyers (&) = |2(€)| mst smoboro momycrumoro penternst x(§).
Kaxk 3amedeno B pabore D.Banama u B.Huxayca [20], npu ucrnonb30BaHun JaHHOTO
Ipe/ICTaB/JIeHUs pellleHn# 3a7ada ONTHMAJIbLHON PEeKOMOMHAIIMN Pa3pelIiuMa 3a I0-
JINTHOMUAJILHOE BPEMSI.

st Toro 9Tobbl B 3TOM yOEIUThCs, PACCMOTPUM ITPOU3BOJILHBIE POIUTETHCKUE
HE3ABUCUMbIE MHOXKECTBA S1 U Sy M COOTBETCTBYIOIINE UM T€HOTHITBI P1 U Po. Vcxomst
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13 CBOUCTBA TEPeIadyl MeHOB, PENIeHNue-MOTOMOK S JTOJIZKHO COEPXKATH BCE MHOKE-
ctBO BepmmH L = S1 NSy, KpoMe TOro, B S HE JOJIZKHO OBITH 3JIEMEHTOB MHOYKECTBA
V\ (81 USy), a Bepuinnbl ¢ HoMepamu u3 muoxkectBa D(p', p?) uHeoGXoauMo Bbi-
Oparb onTUMaJLHBIM obpaszoM. [loceanee TpeboBanue popMyTupyercs, Kak 3a/1ada
0 HamOOJIBIIEM HEe3aBUCUMOM MHOXKECTBe B MoArpade, MOpoKIeHHOM MHOYKECTBOM
BepmmH ¢ HoMepamu u3 D(pt, p?). Jlerko BuaeTh, 9T0 JaHHBIN moarpad ABIAeTCS
JIBYIOJTBHBIM.

Jlast oThICKaHUST HAMOOJIBIIEr0 HE3ABHCUMOTO MHOXKECTBA B JIBYJO0JBHOM I'Da-
dbe H = (V') E') MOXKHO BOCHOJB30BATHCST TeM (DaKTOM, 4TO HanbosbIiee He3a-
BHCHMOE MHOZKECTBO BCETJIA SIBJIAETCS JOTOJHEHNEM HAUMEHBIETO BEPIIMHHOTO 110~
kpbiTust C’) TO €cTh TAKOTO HAMMEHBIIIErO MO MOIIMHOCTH MHOYKECTBA BEPIIHH, UTO
Kazk/10e pedpo MHIMIEHTHO XOTs Obl OIHOM U3 HUX.

3ajada 0 HAMMEeHbIIIeM BePITHHHOM TOKPBITHH ABY101bHOT0 rpadba H = (V| E')
3 PHEKTUBHO pa3pernmMa ¢ MOMOIIBI0 AJITOPUTMa TOCTPOEHUST MUHUMATHHOTO Pas3-
pe3a BO BcroMmoraresJpHOM rpade, coctodmeM u3 rpada H u TONOTHUTETBHBIX
BEPIMUHBI-UCTOUYHNKA Uy W BEPIIHHBI-CTOKA U1 1. cTOUHUK vy coeuHseTcsS cO Bee-
MU BEPIIMHAMU OJHON JI0JIM, & CTOK Upiq — CO BCEMU BEPIIUHAMU JIPYTON JI0JIH.
Pebpam u3 MHOKecTBa F' NpUIICHIBAIOTCA GECKOHEUYHBIE MTPOIMYCKHbBIE CIIOCOOHOCTH,
a pebpaM, WHIWJIEHTHBIM JIOTIOJTHUTETLHBIM BEPITHHAM — €IUHUIHbIE MPOMYCKHBIE
ciocobrocTr. Hanmenbiee BepimnaHoe mOKpbiTie C! (hOPMHUPYETCsT U3 BEePIIUH, HH-
MUIEHTHBIX pedpaM MHHUMAJIBHOTO pa3pesa.

lenorun &, gapastionmuiicst BeKTopoM-uHIuKaTopoMm Muoxkectsa LU (V'\ C') mpen-
cTaBjsieT coOOM pelleHue 3aa49u ONMTUMAJILHON PEKOMOMHAITMY 15 3378491 O Hau-
0O0JIbITIEM HE3aBUCUMOM MHOKECTBE.

Yupaxkuaenue 2.3. [lokasamv, wmo 0is 360a4U 0 HOUMEHLULEM GEPULUHHOM TO-
KDOIMUY Npu Mex sHce npednosoHCeruAT o cnocobe npedcmasienus pewenud (m.e.
vj € C & & = 1) 3adana onmumasviotl pexombunayuy dPPexmueno pasperuma.

Paccmorpennast 3/1ech HOCTAHOBKA, 33/1a41 OIITUMAJIBHON PEKOMOMHAIIMN MOZKET
6brTh MOAMMUITHPOBaHa — CM., HanpuMmep, |4, 6]. Beibop nHanbosee mogxomsiieit dbop-
MYJIMPOBKHA 3TON MMoJ3a/Ja49n U MeTOJ0B €€ pelIeHund JgejlaeTCd Ha OCHOBE BBIYUCJIN-
TeJIbHOIO SKCIIEPUMEHTA.

2.4. HenBowynble ITpeJICTaBJIEHUS PeEINeHnin

Cy]l[eCTByeT 0OBIIOE YHCIIO 3aJa4 OINTHMHU3allUn, B KOTOPBIX nauboJjiee ecre-
CTBEHHBIM CIIOCOOOM npeJacTaBJICHUA pemeHHﬁ ABJIdeTCd BEKTOP IIeJIbIX HJIH pallu-
OHaJIbHBIX YHCEJI, IIepeCTaHOBKa JIEMEHTOB HEKOTOPOIo MHOXKECTBa HJIN €I'0 pa3-
OHeHHe Ha IIOAMHOZKECTBaA. Bo MmHOrmx ms sTnx CJIy4aeB IIpeJcTaBJIeHUue peHIeHI/Iﬁ
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IIOCPEICTBOM JIBOMYHBIX T'€HOTHIIOB HE MMeEeT CMBIC/IA M PacCMaTPUBAIOTCS Oosee
MOAXOIAIINHE HEJBOUYHbLE TIPEJICTABAEHUS ¢ IIPOCTPAHCTBOM I'€HOTHUIIOB

B=A x Ay x ... x A,

Ay, ..., A — HEKOTOpBIE KOHEYHBIE MHOYKECTBA CHMBOJIOB.

HeBouunoe npejcraBierne, B YaCTHOCTH, MOZKET OBITH HCIOTH30BAHO I 00€C-
HevYeHust IOMyCTUMOCTH perterust x () fuist Besikoro renotumna & € B. Ilpuvep Takoro
[Ipe/ICTABJICHUS PEIeHHH I 3a/1a9id O HAMMEHbIIIeM IMOKPBITHU MHOXKECTBA COJIep-
KUTCS B 1. 3.2.

[[Tupokoe mpumMeHneHue HEABOWUHBIE MpecTaBaeHus HaxoasaT B ['A jyra 3amadq,
rae MHOXKeCTBO JOIIYCTHMbIX peHleHI/Iﬁ COCTaBJAI0T NIepeCTaHOBKU. PaCCMOTpI/IM B
KadecTBe IpUMepa HEKOTOpbIe omepaTropbl I'A| mpeioxKeHHbIe I 331491 KOMMHU-
BOsIZKePa.

Ilycrs gam mommetit rpad G = (V,E) ¢ Hymepamueil BepuimH u yKa3aHa
jaana d(e) st Kaxkiaoro pebpa e € E. Tpebyercst najitu kpardaiinuii 00xo/1, TO
€CTh IUKJI, TPOXOJMIUA 1O BCEM BepInHaM rpada U UMerluii MUHUMAJILHYIO
juinHy. B JaHHOM ciiydae B KadecTBe HEIBOMYHOTO TMPEICTABICHUS I 00X0/a
MOZKeT ObITh BBIOpaH 1eJouncIeHHBit BekTop u3 [ = |V| — 1 aucen, rae & coaepxKut
HOMED ¢-TOW BEePIIMHBI IIPH 00X0J1e, HAUUHAS C BEPIIUHBI V1.

OnepaTop KpoCcCUHTOBEpPA C YaCTUIHBIM OTOOparkeHmeM. /lannbiii onepa-
Top 6bL1 pejioxken B pabore 1. Tonnbepra u P. JTunrie [25] u kpaTko o6o3HAUAETCsT
PMX.!® PaccmorpuM geficTBue Kpoccuuarosepa PMX Ha HILTIOCTpATHBHOM IPAMepe.

[IycTh maHBI clemyromue pOAUTETbCKIE TeHOTHUITHI ¢ KOOPAUHATAMU CKPEeNTuBa-
HUAA X1 = 3, X2 = (¢

9)

¢=(1 2 3|4
1 3).

7
n—(4 5 2 6

5 6 8
8 7 9

CHavayia BBIIOTHAETCS OOMEH CPeJHUMH YYACTKAMH TeHOTUIIOB, MPOYHNe TeHbI
IIDU 3TOM CUUTAIOTCSI HEOIIPeJIeIeHHBIMHU:

(x x x|[1 8 7 6|x x)
(x x x|4 5 6 7|x x).

Jajee, g KazKJI0ro U3 HEONPEICJCHHBIX 3HAYEHUN MMPOBEPAeTCs, MOYKHO JIU B
9TO MO3UINU OCTAaBUTH MpexKHee 3HadeHue. Hampumep, B MEPBOM M3 YKa3aHHBIX
TFeHOTHUIIOB HeJIb3s OCTaBHTL 1 Ha mepBoil mosumuu, T.K. 1 yxke 3aduKcHpoBaHa B
JeTBEPTOM T'€He, OTHAKO MOXKHO OCTABUTH Ha MecTe 3HadeHnd 2, 3 u 9. AHAIOTHYHO,
BO BTOPOM TI'€HOTHIIE MOYKHO OCTaBUTHb Ha Mecte 2, 9 u 3:

1907 anrsmiickoro partially mapped crossover.
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x 2 3

( 9)
(x x 2

8 7 6]x
5 6 79 3).

N

Hakomer, octabHbIe 3HAUEHUS 3AM0THIIOTCA TAKIMHI YKe TONAPHBIMIA 0OMeHaMH,
KaKUMHU U3MEHAJINCH CpeJHuEe YIaCTKH, TOJIBKO Tellepb O6MeH IIPOUCXOJUT HE MEZKIY
TeHOTUIIaMHU, & BHYTPHU KazKJIOro u3 Hux. B paccMmarpuBaeMom mpumepe 4 MeHsgeTcs
Hal,5—muna8, 6—mna’7, 7—mnab6. Takum oOpa3oM, pe3yIbTaT KPOCCUHTOBEpa HMEeT
BHI:

9)

8 7 65
5 6 7]9 3).

3\
PN
—_
oo
)
I

Kak mnokaszanu sxcnepumentsi, kpoccunropep PMX mnokasbiBaer xopoiiue pe-
3yJIbTAThl B Psjie 3a/lad COCTABJCHUS PACIHUCAHUN, B TO BpeMs KakK IS 3aJ1a4u
KOMMUBOSIZKEPA JIYUIIIHE Pe3yAbTaThl MOKA3a/Il ONEepaTOphl, OCHOBAHHbIE HA HACJIE-
JIOBAHUH CBOficTBa cMmexkHocTh Bepinud. [Ipumep A ¢ ucnosb3oBanueM KpOCCHHTO-
Bepa PMX s 3a7aun ynpaB/ieHus MOCTABKAMU MTPOIYKIIUHA TPUBOJUTCS B 1I. 3.3.

PaccmorpuM  HeCKOJIBKO — OLEPATOPOB  MyTallMd, IIPUMEHIEMbIX B 3ajade
KOMMUBOSIZKEPA H JIDYIHX 3aJ/ladax, I/ JIOMYCTUMBIMU PENIeHUSIMH SBJIII0OTCS
nepecTaHoBkU. [Ipm omucanuum 3TUX ONMEPATOPOB MO CAYYAWHBIM BHIOOPOM TTOHH-
MaeTcs BBIOOD ¢ pABHOMEPHBIM pacIipe/leJIeHueM Cpe/id BCeX BO3MOYKHBIX BADHAHTOB.

MyTamusa obMeHa'l cocrour B oOMeHe Iapbl TEHOB U3 CIy4aliHO BHIOPAHHBIX
MO3WNMIl B JaHHOW Ha BXOM mnepectanoBke. C TOYKH 3DPEHUs JIOKAJIBHOTO MOUCKA
JIJIS 337]a91 KOMMUWBOSYKEpa, IPHU JIeHCTBUN JAHHOTO OllepaTopa BHITOJTHIETCS Trar
B CJIy9aiiHO BBIOPAHHYIO TOYKY M3 OKpecTHocTH 2-city swap [11].

MyTamusa casura'? cocTOUT B HepeMeIleHHH TeHa U3 CAydaiiHo BLIOpAHHOIl
MO3WNHMK Ha CJIydaiiHOe dYHC/I0 MO3uIuil BjaeBo uian Bupapo. Copep:KuMoe BCex
IIPOMEKYTOYHBIX I'E€HOB IIPU 3TOM CJBUTACTCH HA OJHY IIO3ULUIO.

MyTanmusa «2-3ameHa». [lociegauii npuMep onepaTropa MYyTaIllii ONpeessdeT-
csg HauboJee MPOCTO B CAyYae 3aJ1add KOMMHBOsIZKEpA B TepMHUHAX (PEHOTHIIOB, TO
ecTb 00x010B Tpada G. B 00xome, 33[aHHOM BXOIHBIM T'€HOTHUIIOM CJIyJIaliHbIM 00-
pPa30M BBIOMPAIOTCH J[BA HECMEKHBIX pebpa u 3aMeHAI0TCS ABYMS HOBBIMU pebpamu,
KOTOPBIE B JAHHOM CJIyYae ONPeesiiorcs: oaHo3Had9H0. C TOYKN 3peHus JTOKAIh-
HOT'O IIOMCKA, JICHCTBHE JaHHOTO OllepaTopa IpeJCcTaBIdeT cOOOU Imar B CJIydaiiHO
BBIODAHHYIO TOUKY U3 OKPECTHOCTH, ONPEJIeIEHHON OTHOCHTEbHO 2-3aMeHbl [14].

1B anrnos3pranoit muTepaType MpUHAT TepMuH exchange mutation.
12B anrnoa3bIuHOl JIUTEpaType IPUHAT TepMuH shift mutation.
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Yupaxuenne 2.4. Onucamsv  ai20pUmM,  OCYUWECMBAANOUWULT  MYMAYU0 <« 2-
3aMeHG» 8 YKa3anhol eviue HedsouuwHol Koduposke peuwleHul 360a4U KOMMUBO-
IHCEPQ.

3. I'mbpnaHble reHeTMYeCKNe aJTropPuTMbI

Ha nmpakTuke mpuBesieHHbIE BBIIIE CXeMbl TeHETUIECKAX aJTOPUTMOB, KaK Ipa-
BHJI0, UCHOJIL3YIOTCH B KOMOMHAIIMU ¢ HEKOTOPBIMH 9BPUCTUYECKUMU [IPOLE/LY PAMU,
YUIUTHIBAIOIUMEA crenuduky pemraemoii 3agadan. Cpenan Takux TPoOeyp Haubo ee
JACTO NCTIOIB3YIOTCA JIOKATBHAS ONTHMHU3ANNA, S «JKaIHBIe» aJTOPUTMBI KOPPEKTH-
POBKH pellleHn#l 1 JeKOIUpYIoline IBPUCTUKHN. HrzKe onuchIBaloTCA OCHOBHBIE TIPUH-

IUIBI pabOTHI STUX TPOIELYP.

3.1. JlokaabpHas ONTUMU3AINA

Pacemorpum mMerom, cocTosimuii B IpUMEHEHHH HTPONELyPhl JOKAJILHON OITH-
MH3aIUA K KayKJIOMy HOBOMY PEIIeHUIO, IOJYYeHHOMY B pe3yJbTare MYTallud U
KPOCCUHTOBEpa. YJydIlleHHOe TaKUM 00pa3oM pelleHHue KOJMPYeTCd KaK I'eHOTHI U
nobasasgerca B monyaanuio [A. Ilyers mig Begkoro snementa y € D ompeieseHa
Hexkoropas ero okpecmnocms N(y) € D. B kauecrBe OKPECTHOCTH 3a4aCTYIO BbIOHU-
paeTcss MHOYKECTBO TOYEK, HAXOISIIUXCS B Mpeaeatax 3aJaHHOIO PACCTOAHHSI OT 1,
HaIpuMep, B METPHUKE XOMMUHTA.

[Iponeypa JJOKAIbHON ONTUMH3AIKK [IPeTHAZHAYCHA, /I OTBICKAHUS A0KAAbHO-
20 ONMUMYMA, TO €CTh TAKOTO JIOIMYCTUMOTO PEIIeHHs Yy, B OKPECTHOCTH KOTOPOI'O
HeT PelieHuil JiydInux ero 1o uejiesoit pynkuuu. Pabora mnpone/ypbl JIOKaJIbHOM Ol1-
THMHA3AIUH COCTOUT B IIOCIEI0BATENIBHOM IEPEX0OIE OT PEIIeHU K PEINIeHN0, TAKIM
00pa3oM, 9TO KaykKJI0e HOBOE PEIlleHNe sIBASIeTCs HAWIYUInM M0 IeIeBoit hyHKIN B
OKPECTHOCTT HpeabLaymero,' nim mo xpaiiieil Mepe yaydmaeT IpeablIyInee pere-
HEE B CMBICTIE TegeBoit dbyukun. Bo Muorux ciaydasx mouck mo okpecraocta N (y)
BBITIOJIHSIETCS TTepe0opoM ee d1eMeHTOoB. Toraa Xopomine pe3yIbTaThl JaeT YIIPOIIeH-
Hasl 9BPHCTUKA, B KOTOPOil U3 TEKYIINEro PeIieHns { BBIIOJTHSIETCS MePEX0] B EPBOe
Haiilennoe pemenue, yayumiaiomiee suadenue f(y).'> Tlocsieaee mojydentoe TaKum
obpa3oM perieHue y gBILETCS A0KaAbHbLM onmumymom. 1logpobuee o MeTomax 1mo-
MCKa JIOKAJTBHON ONTUMHU3AINY CM., HarpuMmep, B [11, 14].

MotuBarnueit 1,1 HCIOJIB30BAHUS JAHHOTO METOJIA, SIBJSIETCS TOT (PAKT, UTO MHO-
JKECTBO JIOKAJIbHBIX ONTUMYMOB COAEDP:KHT, B YaCTHOCTH, W TJIOOAIBHBIA OITHMYM.

IBTA ¢ noKaJIbHOI ONTHMHU3AIMel B aHIVIOA3LIYHON JHMTEpaType IPUHATO HA3LIBATL memetic
algorithm.

1B anriog3pranoil uTepaType UCIOJb3yercs TepMul best improving move.

15 First smproving move.
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[To3TOMY eCcTeCTBEHHO IpeANnoaaraTh, 4TO OPraHU3alus MOUCKA HA MHOMXKECTBE JIO-
KaJIBHBIX OIITUMYMOB HJIK B OKPECTHOCTH 9TOI'0 MHO2KECTBa YBECJIMIUT IIaHCBHI IIOJIY-
qUTb FJIO6aJIbHBIfI OIITUMYM. B HaI/I6OJIbH_[eI71 CTeIIEeHU OIIMCaHHadAd IBPUCTUKA ITOIXO0-
JIAT JII TeX CHTyaluii, Korna Berancaenne 3uadenus f(y'), v € N(y) 3HaUATETBHO
VIIPOIIAeTCs TP U3BeCTHOM 3HadYeHuu f(y).

PaceMoTpuM B KauecTBe IPUMepa 3a1a49y 0 MaKCUMAJILHOM paspese, ¢hopMyIn-
posamnyio B 1. 1.2. [Tycrs oxpecrnocrbio paspesa y = {U,, U, } apjisercs MHOze-
ctBo Beex Tex paspesos {U,U’}, B xoropsix U mwmn U’ orimuaerca or U, He Goiee
yeM k BepmimHaMu, T7e k — KOHCTaHTa. B 3TOM cjydae BBIYHC/ICHUE BECa O4Yepe/i-
HOTO paspesa U3 oKpecTHocTH ocymiecTBuMo 3a O(|V]) onepanuii, B TO BpeMsi Kak
HEMOCPEeICTBEHHOE BRITHCICHUE Beca paspesa tpebyer O(|E|) oneparmit.

3.2. «2Kaaubie» aJropuTMbl KOPPEKTUPOBKU PEITEHMI

Januplit MeTo1 10100€H JIOKAIbHOM ONTUMU3AINN PeIleHn, HO OTJIMYIAETCS TeM,
YTO K BHOBb HOJIYYEHHOMY PEIMIeHHUIO BMECTO JIOKAJLHOU ONTHUMU3AINH ITPUMEHIIOT
HEKOTOPbIH «2Ka/iHblity aJjiropurm. Kak npaBujo, Jjisi 31oro Tpedyercs ipejicra-
BHUTD 3324y B BHJE OTHICKaHUs HAOOPa Wjd Pa3MEIeHns 3/IEMEeHTOB U3 HEKOTOPOTO
3ajanHoro Maoxkectna U. Jlyig 3a71a49 Takoro THIA W3BECTHO OOJIBIIIOE YHUCIO0 «¥Ka,I-
HBIX» aJITOPUTMOB, paboTa KOTOPBIX HAYUHAETCS C IIYCTOIO MHOYKECTBA U Ha KazK 10
UTepaIun K UMEIeMycs: (BO3MOXKHO, eIle HeJIOMyCTUMOMY ) HaGopy WIn pa3Mere-
HUIO J00aBIg€TCA HOBBIH JI€MEHT ¢ HCIOJIH30BAHIEM HEKOTOPOTO IBPUCTUIECKOTO
npasuia. CyImiecTBYIOT TaKXKe «ZKAJHBIE» AJTOPUTMBI, pab0Ta KOTOPHIX HAYMHAET-
€S C 33JaHHOI COBOKYITHOCTH 3JIEMEHTOB, W HA KarKJ0W MTEPAllnd W3 MMEIOIIeroCst
Habopa UCKJII0YAETCA 9JIEMEHT C HAaUMEHbIIeHl «IIeHHOCTHIO».

1151 KOPPEKTUPOBKHU FeHOTHIIA &, MOJYYEHHOTO Ha BBIXOJIE ONEPpATOPOB MYTAIMH
U KPOCCHHTOBEpa, K HAOOpy 3aeMeHTOB J(£), COOTBETCTBYIOMMX &, MPUMEHSETCS
«KQJIHBIY aJiropuT™. B HEKOTOPBIX CIydasX B «2KaJHOM» AJTOPUTMeE Ie1eCO00pas-
HO HCHOJIb30BATh TOJBKO jeMenThl 3 J(§) (eMm., Hanpumep, [6]). B apyrux cayqa-
ax [21] B nporecce paboTHI «2KaHOTO» AATOPHTMA B MHOXKeCTBO J () H00aBadoTCs
ssementsl u3 U\ J(§).

B xadecTtBe mpuMepa paccMOTPHUM OJUH U3 «2KAIHBIX» AJTOPATMOB KOPPEKTH-
POBKH pelleHuii, ncnoab30BanHabiil B I'A /11 38184 0 HAMMEHbIIEM HOKPBITAN MHO-
kectBa [6]. Jannas 3amada umeer caenyorniyio dhopmynanposky. [lycts mambl MHO-
xecrBo M = {1,...,m} n wabop ero nommuoxkects M; C M, rne j € U = {1,...,n}.
ITogmuoxkectso J C U nassiBaercs nokpumuem M, ecm |J M; = M. Kaxnomy M,

jed
npunucana croumocts (uam Bec) ¢; > 0, ¢; € R. Tpebyercs naiitu nokpsirue mu-
HUMAJIbHOR CYyMMAapHON CTOUMOCTH.
PaCCManI/IBaeMbIﬁ TreHeTnYeCKuit AJITOPUTM OCHOBAH Ha HEABOWYHOM IIpeacTaB-
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JICHWH pelllennii, 0Jarogapss KOTOPOMY 0O0ecIedruBaeTCs JAOMYCTUMOCTH (PeHOTHIIA
upu 1060M resorune. OboznaunM depes U; MHOKECTBO HHIEKCOB MOAMHOXKECTB M),
nokpeiBaromux vrement ¢ € M, te. U; = {j : i € M;}. B nannom T'A renorun
COCTOMT U3 M TeHOB &1, &a, ..., &, pudeM & € U;, tie © = 1,2, ..., m, T.e. KaxKJbIit
reH KOJHPYeT OJHO U3 MHOXKECTB, OKPBIBAIOIIUX COOTBETCTBYIOMMIA d1eMeHT. ['ero-
Tuny £ comnocrapisiercss TOKpeiThe (denorun) J(§), comepKaiiee HOMepa BCEX TeX
IIOKPbIBAIOIIKUX IIOAMHOZKECTB, KOTOPbIE€ 3aKOAUPOBAaHbI XOTA 6bI B OHOM H3 I'CHOB 5

B kauecTBe oneparopa peKOMOMHAIINN MOYKET HCIIOJIb30BATHCS, HAIPUMED, PaB-
HOMEPHBIN KpoccuHToBep. [Ipu MyTamnum B ciydaitHo BHIOPAHHOM TIOJIMHOYKECTBE Te-
HOB BBIIIOJIHSIETCSI 3aMeHa UX 3HAYEHUH HEKOTOPBIM CJOydalHbIM oOpasoM. s agd-
dexTuBHO paboTsl JanHoro I'A nerecoobpasHo NPUMEHUTD OIePaTOp KOPPEKTUPOB-
KU PelieHuil, nCKJIIIOYaonuil u3 renoruna &, moJly4eHHOIO B PE3yJIbTaTe KPOCCUHIO-
Bepa M MyTAI[HH, HEKOTOPbIe «IuiHne» moamuozxectsa M. C sroit messio B TA (6]
UCIIOJIB3YIOTCA TPpHU <«2KaJHbIe» IBPUCTUKH, KazKJdad M3 KOTOPBLIX HAXOAUT HEKOTO-
poe npubIuKEeHHOE pelleHue IM0/3a1a9 HAUMEHbBIIeTro MOKPBITHS MHOX)KecTBa, M
MOCPEJICTBOM TIOAIMHOZKECTB ¢ HoMepamu u3 J(&). PaceMoTpuMm oy U3 THX 9BpH-
CTUK.

Jlannas sppucruka obo3Hadaercsd Lmin, BBUIY TOrO YTO Pe3y/bTaTOM ee pado-
Thl ABJIdeTCA ﬂeKCI/IKOFpaCbI/ILIeCKI/I MHUHUMAJIbBHOE U3 HOKprTI/II'?'I7 CoadepzKalIuxcd B
noamuozkectse J(&). Lmin naunmaer pabory ¢ JaHHOTO Ha BXOJ MOKpbITHS J (&), 1,
IPOCMATPUBAS €I'0 JEMEHTHI B MOPSIKE BO3PACTAHHS HOMEPOB, UCKJIIOYAET Te U3
HUX, yJaJeHne KOTOPBIX He HapyIaeT IOMYCTHMOCTH perneHus. [Ipemxmonaraercs,
YTO HN3HAYAJIBbHO 3JIEMEHTHI MHOXKECTBA U yYuopda0o4eHbl 110 HEBO3PaCTaHUIO HX
CTOUMOCTH.

Agropurm Lmin
1. lomoxuts J := J(§).
2. lyist Beex j u3 J B HOPs/IKe BO3PACTAHUS UHJCKCOB BBIIOJIHSTD!
2.2. Ecam J\{j} - mokperrue, To nonoxurs J 1= J\{j}.
3. s Bcex ¢ € M B pe3ybrupyiolieM IeHOTHIIE 7) IIOJIOXKUTD
n; =7, e 3 € U;NJ.

Ha mrare 3 3pech crpouTcst T€HOTHI MOTOMKA, KOJAMPYIOMIMI [OJIy4Ye€HHOE I10-
kpbiTue. [locae npumenenus: nporeayp JOKaJIbHON KOPPEKTUPOBKU PEIIEHU TIOJIY-
YEHHBIH TEHOTHUI J00aBJIIeTCd B TMOMYJIAINUIO. JJaHHbINi TOX0 MPUHATO HA3bIBATH
Aamaprosoti ssoarouueti. o

OTMeTuM, YTO B HEKOTOPBIX PEATU3ANAAX TeHeTHYECKAX AJTOPUTMOB € JIOKATb-

16TTo 2K.B.JIaMapKy, HHTEHCHBHO (GyHKIIMOHAPYIONIAE OPraHbl PA3BHBAIOTCA, a He HAXOIAIIIe
ynorpebjieHus 0C1abeBaloT, u 3TU (PYHKIINOHAILHO-MOPGOIOTHIECKUE N3MEHEHUS TIEPEIAIOTCS 10
HACTEeNCTBY. 3aKOHbBI JlaMapKa ObLIN ONPOBEPTHYTHI OTKPHITHSIMU TeHEeTUKH B Hadase 20 B.
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HOI ONTUMHU3AIMEH DEIIeHHi WIN C UCTIOJIH30BAHUEM «YKATHBIX» IBPUCTUK KOPPEK-
THUPOBKH OKa3bIBaeTcs 00Jiee BHITOIHO JH00aBJISATH B IMOMYJISIIINIO HCXO/HbBIN T€HOTHII,
MOJIyYeHHBI Cpa3y Mocje PeKOMOWHAIMH ¥ MYTAIMi, BMECTO CKOPPEKTHPOBAHHOTO
perrenus [32]. B kauecTBe 3HAYEHUS TPUCIOCOOJEHHOCTH JIJIS TAKOIO TEHOTHUIIA [TPH-
HUMaeTcs TPUCIIOCOOTIEHHOCTh 0cOOH, TIOTYyYeHHON B pe3yIbTaTe KOPPeKTUPOBKH. B
3TOM c/Iydae TOBOPAT, 9To B I'A peanmsopana basdeunosa seomoyua.'’ Kax npasu-
JIO, HA HAYAJIHLHOM JTare Takoil ['A 3arpauuBaer OGOJIbINEE YUCTO UTEPAIIANA YeM Hpu
JIAMAPKOBOI SBOJIIONWY /I MTOJYyYeHUs PEIIeHuil TOro Ke KadecTBa, OJIHAKO, MPHU
JIOCTATOYHO OOJIBLITOM BpeMeHu paboThl OAJIABUHOBA IBOJIONUS MOYKET UMETH TIpe-
UMYTIECTBO. BaJIIBUHOBY IBOJIONUI0 MOXKHO TaKzKe PACCMATPUBATh KaK YaCTHBIH
cayuait A ¢ pekomupyoreii 9BpucTukoii (eM. m. 3.3).

3.3. /lexkoaupymoIiiue 3BPUCTUKN

1t MHOTUX 3aJ1a49 JIMCKPETHON ONTUMH3AINKA UMEeTCs BO3MOYKHOCTD JEKOMIIO-
UMK UCXOIHOM 3aJaum Ha psia Oojiee MPOCTHIX MOA3a1a4, IIPUIEM MOy YAIOIIHecs
110/133/1a41 OKa3blBAIOTCS OJHOTUIIHBIMU 110 CBOEH ITOCTAHOBKE U MOI'YT ObITH 3 deK-
THUBHO PellleHbl TOYHO WJIH Npub/mkeHHo. K auciy 3aj1ad paccMaTpuBaeMoro KJjacca,
OTHOCSITCS TaKue, Tjie TPeOYyeTcs HAWTU ONTUMAJIbHBIN HAOOD WM Pa3MelleHne 3ie-
MEHTOB M3 HEKOTOPOI'O 3aJaHHOI'O MHOXKECTBA, 3aJa4d COCTABJICHUHA PACIUCAHUM,
MapHIPpYTH3AIUKA ePeBo30K 1 Jip. Kak mpaBmiio, peireHue moa3aliad MOKeT ObITh
OCYIITECTBICHO C MOMOIIBIO OJHOTO MM HECKOJbKUX AJbTePHATHBHBIX <«KATHDBIX»
9BPUCTUYECKUX [IPABIII, B DE3yJIbTaTe 4ero K UMeromeMycs (BO3MOKHO, eIe HeJ0-
[MyCTUMOMY ) YACTHIHOMY DEIeHUT0 H00aBIsieTcst OiH 1 60J1ee HOBBIX 3JIeMEHTOB.
[Ipu TOM IIpe/IIIecTBYIONKE MO3a/ a9l MOI'YT JIaBATh PEe3YAbTAaThl, 3aTPYIHSIONIEe
WIH VIPOIIAIOIINE PellleHre IocaeayIomux. Jlaxe onTUMaJIbHbIe PelieHus 0TI b-
HBIX 033124 32a9YaCTYI0 OKA3BIBAIOTCS He PAIMOHAJIBHBIME ¢ TOUYKN 3PEHUs UCXOI-
HOW 3312491 B MMEJIOM.

Cy1ecTBeHHOE TTOBBIIIIEHNE TOTHOCTH OKOHIATETBHOTO PEIeHNsT MOYKeT ObITh J10-
CTUTHYTO 3a cYeT I0/00pa MOCAeI0BATE/IBHOCTH SBPUCTHK, IPUMEHIEMBbIX I pe-
[IeHWs [TOA3a7a49 WK 3a CYeT BhIOOpa MOpsgIKa 00pabOTKU 3J1eMEeHTOB peIleHMHs.
s moucka HamboJiee MOAXOMSINETO YHOPSAJIOUNBAHUSA MOXKET OBITH HMCIIOJB30BaH
TEeHeTUIECKHIT a/IFOPUTM, IJIe TEHOTHUIl COAEPKUT HHMOPMAIHUIO O TOCIE0BATEIHHO-
CTH TPUMEHEHUS SBPUCTHK WIN 00pabOTKM 3JIEMEHTOB permenud. TakuMm oOpa3oM,

17 ok, Baajsui LpejIozKuil MEXaHH3M, COVIACHO KOTOPOMY IIePBOHAYAIBLHO MPUOGPETEHHbIE
HABBIKU OPTaHU3MOB MOTYT B JajbHEHINEM CTaTh HacjeayeMbiMu. Ha mepBOM 3Tame OpraHu3Mbl
(Giaromapsi COOTBETCTBYIOIIAM MYTAIUAM) MOIYYAIOT CBOHCTBO O0YUUTHCSI HEKOTOPOMY IIOJIE3HO-
My HaBbIKY. [Iprcmocob/I€eHHOCTh TAKMX OPraHU3MOB YBEJIMYUBACTCS ¥ OHU PACIPOCTPAHSIOTCS IO
nomyanun. Ha Bropom 3Tame mproOpeTeHHbIH MOTEe3HbIH HABBIK MOXKET ObITH «IIOBTOPHO M300pe-
TEeH» PEHETUYECKON IBOIIONKEH, B PE3yIbTATE Yero OH 3AIUCHIBACTCS HEITOCPEJICTBEHHO B NEHOM W
CTAHOBUTCS HACJIEyEMbIM.
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«KaJIHBIe» IBPUCTUKU OCYMIECTBISIOT JeKOIUPOBAHNE WHMOPMAIINT, 3aINCAHHON B
renorure. Jlannbiii 10/1x0/1 Ob1J1, B 4ACTHOCTH, YCIICIIHO IIPUMEHEH K 3a/1a9aM COCTaB-
JIGHWS PACIUCaHuii, IBYMEPHON YINaKOBKHU, pAacUpeIe/JeHnus 3aJaHuil M0 JIOKAILHOM
BBIYHUCJIUTETBbHOI ceTn [13].

B kadecTBe mpumepa paccMOTPUM THOPHIHBIR aJropuT™M, OCHOBaHHBIH Ha ['A u
«ZKQJIHO» IBPUCTUKE IS 3G0a4U YNPABAEHUA NOCMABKAMU NPOJYKYUL, TTPEICTAB-
Jisgronieit coboit 0bobIIeHe KJIACCUYeCKOU TPAHCIIOPTHON 3a/1a4u.

[IycTh KOMMYECTBO TOCTABIIMKOB PABHO 7, & KOJUYECTBO NoTpeduTesneir — m.
Obozuaunm gepe3 M; MaKCUMAJIBHBIH 00beM TTPOIYKIINH, KOTOPKIH CIIOCODEH TIpe I0-
CTaBUTb MOCTABMIUK %, © = 1,...,n, A; — o0beM TPOIYKINHU, HEOOXOTUMBIH HOTpe-
oureno j, 7 = 1,...,m. Kpome TOro, ecjam ocymecTBIIeTcs HEKOTOpast MOCTaBKa OT
[IOCTABIIUKA 7 OTPEOUTENIO j, TO OHA HE MOXKET ObITh MEHbIIe 33JJaHHOI0 3Haue-
HUA M. Mojeab 4acTHYHO LEJI0YUCICHHOrO JIMHEHOrO IPOrpaMMHUPOBAHUS JJid
9TOi 3a/1a9¥ BBITVISIUT CJIEIYIONIAM 00pa3oM:

n m

F(z,x) = Z Z(aijzzj + ¢;;x;;) — min (14)

i=1 j=1

Zmingi,i:L...,n, (15)

j=1
oay=A4;, j=1...m, (16)

i=1
zije{(),l},i:17...,n,j:1,...,m, (17)
mijzijgxijgi\/[izij,izl,...,n,jzl,...,m. (18)

ByﬂeBbI nmepeMeHHbIe Zij VKa3bIBalOT Ha HaJIM4YUE UJIN OTCYTCTBUE HOCTABKH OT T10-
CTABIIHUKA ¢ IIOTPEOUTEIIIO j, a BellleCTBeHHbIe IlepeMeHHbIe X;; 0003HAYaI0T ee 00beM.

C moMoImIbo TOMHHOMHUAILHOH cBoauMocTn oT NP-monmoit 3amaun PA3BUE-
HIUE [5] werpyaso nokasarb, 4ro 3ajada MOUCKA JOIYCTHMOIO DEIIeHHs] JJisi CH-
cremst (15)-(18) aBasercs NP-Tpyanoit nazke npu m = 1. B cayuae, korga Bce my;
PaBHBI HYJTIO, PACCMATPUBaEMast 33,1242 IBJISETCsT XOPOIIO W3BECTHON TPAHCIIOPTHOI
3ajiaveil ¢ GUKCHPOBAHHBIME JloITATAME [2].

Pacemorpum renerndeckuii asroput™ GAgrd, ocHOBaHHBIN Ha WIee MOC/IeI0Ba-
TEJIbHOI'O pellleHud 3aJa4u ylIpaBJieHUud 1HOCTaBKaMM JJId KazKA0I'0 HOTpe6I/ITeJ'IH B
oTAeabHOCTH. B ajropurMme JIeKOAMPOBaHUS OTPEOUTEIH PACCMATPUBAIOTCS 1TO0Ye-
PEAHO N KazKJI0OMY W3 HUX Ha3HAYAIOTCA ITOCTaBKH M3 OCTaBHICTOCA Y IMOCTABIINKOB
obbema npojayknuu. B mporecce paborsr ['A ocyriecTBiisgercs MOuCK HAWIYUIIETO
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MOpsiIKa POcMOTpa norpebuTreseit. Tak Kak paccMaTpUBAeTCs 3a1atMa MHHEMH3A-
MK, TO B KauecTBe (PYHKIMHA TPUCITOCODJIEHHOCTH MOYKHO HPHUHSITH, HAIpUMep, Be-
mnanny 1/F(z, x) npu yeaosun F(z,x) > 0. Ilycts mopsiok 3agaercs ¢ HOMOIILIO
IePECTAHOBKH HHIEKCOB OTpebureseit o = (Ji, ..., J,). Toraa pemrenne Mozxer ObITH
IIOCTPOEHO 110 T€HOTHILY & = 0, HCIOIb3Ys CJAeIYIONLYIO MPOIEyPY:

30



Hexonuposanue (o)
Jlng k=1 10 m BBIIOJHATH:
1. Pemmurs 3aa9y 11 OIHOTO MOTPEOUTENSA Jyi,
T.e. HOJIYIHTb BEKTOD Tjj, & = 1, ..., n.
2. [lepecunrtars oObembl pogykuuu: M; = M; — x;, .

Bajgaua ¢ ogHHM nOTpeOHTEeM TPHUOJIMKEHHO PEIIaeTcs € MOMOIIBI0 <« KaJl-
HOTO» AJITOPUTMa, CXeMa KOTOporo Oymer mpuseaeHa HuzKe. [losyaeHHoe pereHne
MOZKET OKa3aThCsl HEJIOMYCTUMBIM — B 3TOM CJIyJae eMy Ha3HadaeTcs mrpad.

AnajornyHas 3ajada IOMCKA HAMIYUIIEH MepecTAHOBKH BO3HUKAET IIPH pe-
IeHNH 331291 KOMMHBOsIzKepa. [l 3a1au1 KOMMUBOSIZKEpA U3BECTHO MHOYKECTBO
YCIIEITHBIX PeaIn3annii TeHeTHIecKoro ajropurma, u aaropurm GAgrd moxno pac-
CMATPUBATh KaK JANTAINIO OIHOTO W3 HUX /IS 3329 YIIPABJICHUS] MOCTABKAMHU.
GAgrd OB peaM30BaH C WCIOAB30BAHUEM TYPHHUPHON CEJEKIINN W CTAIMOHAPHOM
cXeMbl yIIpaBJIeHus momysiueii. B kagecrse MmyTamuu ObLT BEIOpaH omepaTop obMe-
Ha, B KAYeCTBE KPOCCHHTOBepa — omeparop PMX (cm. 1. 2.3).

OrnuiieM aJirOPUTM peIieHus 3aJa9u € OJHUM HOTPeOuTe/IeM, T.e. B CJIydae
m = 1. Obozraunm JJId KPATKOCTH A= Al, C; = Cj1, Q5 = A1, Ty = My1, Tj = Ty1.

2Kamnpiit anroputMm g caydad m = 1:
[Toka A > 0wu {i | M; > m;} # 0, BHIIOMHSITH:
1. S; := min{max{A, m;}, M;} nna 1 <i < n, takux aro M; > m,.
2. Buibpars 1 < i < n, mig koroporo M; > m; n BeJuvdnHa
(a; + ¢;5;)/S; MuHEMATHHA.
3. llonoxure x; := S;, A:=A—x;, M; .= M,; — x;.

Ha kaxK710il uTepalyn »Ka Horo aaropuTMa J106aBsercs: Hanboree JemeBast mo-
CTaBKa B OTHOCHTEJIbHOM BBIDAXKEHHHU 3a €IUHUILy Npoaykimu. [locste 3aBepiienust
paboTHl KaJIHOTO AATOPHTMA TPUMEHSIOTCS TIPOCTEHIIIe MPOTeAyPhl yAAJTCHUS 3~
JIAIIHEr0 00beMa MPOAYKIUH, KOTOPBIi MOXKET HOSBHTLCS 334 CYET OUDAHHYCHHS
x; > m; ipu x; > 0. Ecan ke 10 3aBepHIeHn# ¥Ka HOTO AJITOPUTMa OKAZKETCsl, ITO
A # 0, TO HOJYYEHHOE DEIeHue SBISETCS HEJOMYCTHMBIM, H COOTBETCTBYIOIEMY
PeHOTHILY, B Ka4ecTBe 3HaYeHUs] (DYHKIUN IIPUCIOCOOJEHHOCTH, HA3HAYACTCS BEJIH-
anna «/|A|, rae « gocrarouno maso (mrpadmuoii koaddunuent). 3ameTnm, 4To He
Kazk10e perenne 3agaqn (14)—(18) MozkeT GBITH MOJIYUEHO € MOMOIIBIO MOAXOIATIET
EePECTAHOBKH O.

DKcIepuMeHTaAIbHBIE HccaemoBannsa aaropurMa GAgrd moxasaim, YTO UCIO/Ib-
30BaHUE CHENUATU3UPOBAHHOIO JEKOJIEPA IAeT 3HATUTEIHHOE HPEUMYIIECTBO KaK 110
BpEMEeHH, TaK U 110 KA4eCTBY PEIleHuil B CDABHEHUH C HEIIOCPECTBEHHBIM PHMEHe-
HUEeM JIBOMYHOTO MpPeJICTABICHNsI B 3a/a4e YIpaBJeHns nocrapkamu [3].
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3.4. TouyHble TUOPUAHBIE AJTOPUTMBI

KpOMe MepevIucCJICHHBIX BBIIIE CXeM FI/I6pI/I,ZLI/I3a]_[I/H/I reHeTUIeCKuX aJIrOpuTMOB C
JIDYTUMH TPUOTHKEHHBIME METOJAMU, HEOOXOIUMO OTMETHTH OOJIBIIOe MpPAKTHIe-
CKOe 3HadeHHe KOMOMHAIUN 9THUX AJTOPUTMOB ¢ TAKMMH TOYHLIMH METOJIAMH, KaK
MeToJl BeTBeil u rpanull, nepe6op L-KiaccoB u Jekommosuius Bengepca (cM., Ha-
npumep, [2, 9, 10, 17, 22]).

Paccvorpum mytst npumepa kombunarmio ['A 1 ToaHOro ajroputMa BeTBeil u rpa-
uutl JIsug u Jlofir [17] JJTIS 331291 TEeJOUNCIEHHOTO JIMHEHOTO MPOTrPaAMMIPOBAHU S
ma MakcumyM (8)—(10) u3 1. 1.2. Bamernm, 9To nporecce paboThl AITOPATMA BeTBEl
U TPAHWIL IPOUCXOIUT YTOUHEHHE Peropda, TO €CTh ONEHKH CHU3Y /I ONTHMAIBLHOTO
3HAYEHMS 1e/1eBOH (DYHKIMYU, IIPUYEM yBeJUYEeHHe TOYHOCTH ITON OIMEHKU CLOCOD-
CTBYeT YCKOPEHWIO aJTOPUTMA.

Pabora rubpumaHoro ajaropurMa HAYMHAECTCS C MOJIy4YeHus BepxHeil onenku U
JIUTS ONITUMAJIBHOTO 3HAadeHus neseBoil dbyukiuu pemenuem JIl1-perakcanun ucexou-
Hoit 3a/1a4un. [lasee, BBITOJHSETCSA MOUCK MPUOJIMYKEHHOTO PelieHus ¢ MoMOIIbio ['A.
Ecim ma mexkotopoii urepammn ¢ B A BemmosnauTest pasencrso U = f(z(£)), ato
03HAYAET ONTUMAJbHOCTH HaliJIEHHOrO pelieHusd U padoTa ruOpHIHOTO aJIrOPUTMa
zapepinaercsa. B nporuBaoMm ciaydae I'A mpogomkaer ¢Boio paboTy 10 cpabaThiBa-
HUS JPYTOTO KPUTEPHUs OCTAHOBKH, HAIIPUMED, JIOCTHKEHUS HEKOTOPOTO 3aaHHOTO
YUCJIa UTEPAIMH UM OTPAHUYCHUS 10 BPEMEHU CUeTa.

[Toce 3aBeplieHMs TEPBOrO JTAma HAYAHAET PAOOTY TOUHBIH AJITOPUTM BET-
Beit u rpanut. [lpm sTrom, ecim B ['A HalileHO HEKOTOPOE JOMYCTHMOE PEeINeHue
ac(étm“), TO BesimuuHa p = f (x(ét”“)) UCIIONL3YeTCS B KA4ecTBe pexopaa. B ciy-
Jae MeJ0YUCTCHHBIX KOIDMUIUEHTOB 11e1eBOil (DYHKIUH C1, ..., ¢;, MOKHO HOJOKUTD
p = f(z(€me)) + 1. PesyapraTom paboThi TEOPHIHONO AITOPHTMA SBISETCS OITH-
MaJIbHOE peIleHue.

AHaJOrHIHBIA TOAX0 MOXKET NPUMEHSTHCS Ui ruopuau3anun ['A ¢ meTonamu
nepe6opa L-kmaccos |9, 22| u nekommosunun Bengepca [10]. ITpu sTrom pabora T'A u
TOYHOTO AJTOPUTMA MOYKET OCYIIECTBIISITHCS MAPAJIETHHO, ¢ OOMEHOM HAWTY dIIH-
MU HallIeHHBIME pelreHusaMu [22|. BeraucaurebHble 9KCIEPUMEHThH ¢ THOPUTHBIME
AJTOPUTMAMH OIMHCAHHOTO TUNA MOKa3ad, 4To npumenenue ['A B komMOuHanum
TOYHbIMU METOHdaMHU 1MO3BOJIAECT CYIIECTBEHHO COKPATUTH BPEMA IMOUCKa OIITHMAJIb-
HOTO PerieHus U 1Mo/ IHoe BpeMs paboThl ajiropurMa.
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KoHTpoJbHBbIE BOIIPOCHI

)

B uem 3ak/09aeTcst anaaorust PabOTH TEHETHIECKOTO aJTOPUTMA C PA3BUTHEM
OMOJIOrTYIECKON MO IAIIHH !

KakoBbl OCHOBHBIE TPUHITATIBI PAOOTH TEHETHIECKOTO aaropuT™Ma’

KaKI/IM 06pa30M CTPOLATCA N'eHOTUIIbI IIOTOMKOB B KJIACCUYCCKOM I'e HETUY1CeCKOM
agropurme?

Yto perysmpyercs ¢ TOMOIIHIO TapamMeTpoB Py m P, B KJIaCCHIECKOM TeHEeTH-
TeCKOM aaropurme’?

CdopmynupyiiTe 3a1a4y 0 MAKCEMAJILHOM paspese rpada.

B 4gem orsimune CTaHHOHapHOﬁ CTpaTeruu ynpabBJceHHA HOHy.HHIlPIGfI OT CXEeMDbI

KI'A?

[TpeatoxkuTe cBOM BapUAHTHI T€HETHYECOT0 AJTOPUTMA, JIJIsT 3312491 KOMMUBO-
sgzKepa.

CdopmymupyiiTe 3amady yrnpaBiaeHUs TOCTABKAMI TPOLYKIIHH.
Yro perysupyercs ¢ IOMOIIBIO mapamerpa « B aaropurme GAgrd?

[IpemnokuTe reHeTHIecKuil aJIropuTM JIjIsd BHIICHEHHST COJAEPXKUT JIU rpad ra-
MUWJIBTOHOB MUK, T.€. IIUKJI, TPOXOJIATINN depe3 KayK/IyI0 BePIIUHY B TOYHOCTH
OJTH Pa3.

33



Crmcok aurepaTyphl

1]

2]

3]

4]

[5]

[6]

7]

18]
19]

[10]

[11]

Aamyzos FO.II. Tenernueckue mponeccs B nomysasanuax. — M.: Akajgemkanra,
2003.

Baxmun A.B., Koaoxonos A.A., Kopobkosa 3.B. JluckperHsie 3amaqdn
IPOU3BO/ICTBEHHO-TpaHcIIOpTHOrO TUna. — HoBocubupck: Hayka, 1978.

Bopucoscxudi I1.A. Tenermyeckue aaropuTMbl s 33a9d O IOCTaBKaX IPO-
nykunu // Marepuaast V Mex ynap. Hayd.-rexH. koud. "Innamuka cucrewm,
MexaHm3MoB u MamuH". — Omck: M3a-sBo OMI'TY, 2004, Ku. 2. — C.255-258.

Bopucosckuti I1.A., Epemees A.B. Tenerudeckuii aqroputm s 331291 O BEP-
MIHHOM HOKpeiTHH rpada // "Maremarnka u naGoOpMaTHKa: HayKa U oOpa-
3oBanue". MekBy30BcKuit cOOPHUK HAaydIHBIX TPYI0B. Boin. 7. — Omck: U3a-B0

OMIITY, 2008. — C. 49-54.

I'spu M., /lotconcon /]. BeraucmureabHbIE MAIITHBI U TPY/THOPEIIaeMble 3a,/1a-
qn. — M.: Mup, 1982.

Epemees A.B. Tenerndeckuii aaroput™ Jjist 3a1a4u 0 HoKpeituu // Jnckper-
HBII aHaIu3 u uccaenopanue oneparmuit. Cepus 2, 2000, T. 7, Ne 1, — C.47-60.

http://iitam.omsk.net.ru/"eremeev/papers_r.htm

Hsaznenro A.I. Cuctembl IBPHCTHYECKON CAMOOPTAHU3ANNN B TEXHUIECKOI
kuOepHeruke. — Kues: Texnuka, 1971.

Kapmarnos B.I. Marematndeckoe mporpamMmmupoBanue. — M.: Hayxka, 1986.

Konoxonos A.A. Perynspubie pa30OueHnss 1 OTCEUEHUS B IEJTOTUCIEHHOM MTPO-
rpammuposarun // Cub. XKypH. uccsen. onepanuii. — Hopocubupek, 1994, T. 1,
Ne 2. — C.18-39.

Konoxonos A.A., Jlesanosa T.B. Anropurmbl JeKOMIO3HIME U mepebopa L-
KJIACCOB JIJIsl PEIeHns HeKOTOPBIX 3aja4 pasmertenus // Bectauk Omckoro
yHuBepcuTera. - Omck: OmI'Y, 1996. — Ne 1. — C.21-23.

http://www.omsu.omskreg.ru/vestnik/index_ru.html

Kouemos 10.A. BeposiTHOCTHBIE METOJIBI JIOKAJIHHOTO TOUCKA TS 3309 JTUC-
KpeTHO# onTuMusaun // JlnckperHas maTtemMaTnka u ee npusozkenus: Coop-
HUK JIeKL[I/Iﬁ MOJIOJCZ?KHBIX HAYYHBIX HIKOJI II0 ,ZLI/ICerTHOIL/‘I MaTeMaTUKe "
ee npumaoxkerusaM. — M.: V31-Bo meHTpa NPUKJIAIHBIX HCCJIEIOBAHUI HpH
MexXaHHKO-MaTeMaTHnieckM pakyabrere MI'Y, 2001. — C 84-117.

34



[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

21]

[22]

23]

http://math.nsc.ru/LBRT/k5/Kochetov/publ-rus.html

Jesanosa T.B., Jlopew, M.A. AnropuTMbl MypPaBbHHONI KOJOHUN W MMATAIAN
OTZKUTA JJIsT 33/1a9u 0 p-Meanane // Apromaruka u tesemexannka, 2004, Ne 3.

— C.80-88.

Hopenxos HU.II. IBpUCTUKE U UX KOMOMHAIUU B T€HETHUCCKUX METOJIaX JHUC-
kperHoil ontumuzanuu // Nudopmannonnsie texunonornu, 1999, Ne 1. — C.
2-7.

Ianadumumpuy X., Cmatesuy K. KombunaropHas onTuMu3anus. AJIropur-
MBI B CJIOKHOCTB. — M.: Mup, 1985.

Pacmpuzun JI.A. Cratucrudeckue MeToanl noucka. — M.: Hayxka, 1968.

Pymxoscran /1., Husunvcxut M., Pymxoscrut JI. Heliponubie ceTn, reHeTH-
YecKHue aJropuTMbl n HedeTKme cucrembl. — M.: lopstuas smuuanga — Tesexowm,

2006.

Cxzpetisep A. Teopus JTUHEHHOrO U NEJTOYUCIEHHOTO IporpaMMupoBanns. 1. 2.
— M.: Mup, 1991.

Tymesuw B.H. Tenemexanmka. — M.: Brictrag mkomna, 1984.

Dozeav JI., Oysne A., Yoarw M. VIcKyccTBEHHBI HHTEIEKT U 3BOJIIOIIOHHOE
MosesupoBanue. — M.: Mup, 1969.

Balas E., Niehaus W. Optimized Crossover-Based Genetic Algorithms for the
Maximum Cardinality and Maximum Weight Clique Problems // Journ. of
Heuristics. — 1998. — Vol. 4, Ne 4. — P. 107-122.

Beasley J.E., Chu P.C. A Genetic Algorithm for the Set Covering Problem //
European J. Oper. Res. — 1996. — Vol. 94, Ne 2. — P. 394-404.

Eremeev A.V., Kolokolov A.A. On Some Genetic and L-class Enumeration
Algorithms in Integer Programming // Proc. of The First International
Conference on Evolutionary Computation and its Applications. — Moscow,
1996. — P. 297-303.

Faizullin R.T. An approximations for genetic algorithms and star’s pattern.
In Proc. of The First Online Workshop on Soft Computing, Nagoya, 1996. —
P. 77-79.

http://www.pa.info.mie-u.ac.jp/bioele/wscl

/papers/p006.html

35



[24]

[25]

[26]

27]

28]

[29]

[30]

[31]

32]

Goldberg D.E. Genetic Algorithms in Search, Optimization and Machine
Learning. - Reading: Addison Wesley, 19809.

Goldberg D.E., Lingle R. Alleles, Loci and the Traveling Salesman Problem.
In: Proceedings of International Conference on Genetic Algorithms and Their

Applications, J.J. Grefenstette (ed.), Lawrence Erlbaum Associates, Hillsdale,
NJ, 1985. — P. 154-159.

Holland J.H. Adaptation in Natural and Artificial systems. — University of
Michigan Press, Ann Arbor, MI, 1975.

Koza J.R. Genetic Programming II : Automatic Discovery of Reusable
Programs (Complex Adaptive Systems). — MIT Press, 1994.

Rechenberg 1. Evolutionsstrategie:Optimerung Technischer Systeme nach
Prinzipen der Biologischen Evolution. — Formann-Holzboog Verlag, Stuttgart,
1973.

Radcliffe, N. J. Forma analysis and random respectful recombination. In:
Proceedings of the Fourth International Conference on Genetic Algorithms,
Morgan Kaufmann, 1991. — P. 31-38.

http://users.breathe.com/njr/formaPapers.html

Reeves C., Rowe J. Genetic algorithms — principles and perspectives. A guide
to GA theory. Kluwer Academic Publishers, 2003.

Rudolph, G. Finite Markov Chain Results in Evolutionary Computation: A
Tour d’Horizon // Fundamenta Informaticae. Vol. 35. Ne 1-4. 1998. — P. 67-89.

http://citeseer.ist.psu.edu/article
/rudolph98finite.html

D. L. Whitley, V. 5. Gordon and K. E. Mathias. Lamarckian Evolution,
The Baldwin Effect and Function Optimization. In: Proc. Parallel Problem
Solving from Nature — PPSN III, Y.Davidor, H.-P. Schwefel and R.Manner,
eds. Springer. Berlin. 1994. — P. 6-15.

36



