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1. Beenenue

Jlannas paGora mocBsillleHa OAHOMY H3 ONTHMH3alMOHHBIX MeTomoB. Kak
W3BECTHO, ONTUMH3aLHOHHbIE 3a[Jaul 3aKJIOUAITCs B HAXOXKIEHUH MHHUMYyMa
(MakcuMyMa) samaHHOl (yHKIMH. Takyio (QYHKIHIO HasbiBaioT leneBod. Kak
NpaBuJIo, LeseBas PyHKUUSA — Ca0KHas (QYHKLHs, 3aBUCALLAS OT HEKOTOPBIX
BXOJIHBIX NapaMeTpoB. B onTuMu3aLMOHHON 3anaue TpebyeTcss HAHTH 3HaYeHUS
BXOJIHBIX MapaMeTpOB, TPHU KOTOPBIX LeseBasi PYHKIHUS NOCTHraeT MHHUMAJb-
Horo (MakcuMasbHOro) 3HadyeHusi. CylllecTBYeT LEJbIH KJacC ONTHMHU3alHOH-
HBIX METOJOB. YCJIOBHO BCe ONTHMH3aLHOHHBIE METONbl MOXKHO Da3lesuTb Ha
METO[Ibl, UCIIO/b3YIOLIHEe MOHSATHE MPOM3BOAHOH (rpafiHeHTHbe METOABI) H CTO-
XacTHyeckHe MeTonbl (Hampumep, MeToabl rpynnsl Monrte-Kapsao). C ux momo-
IIbI0 MOXKHO HalUTH 3KCTPeMaJjibHOe 3HadeHHe 11es1eBOH (PYHKIHMH, HO He BCerja
MOXKHO OBbITb YBEPEHHBIM, UTO MOJyYeHO 3HaueHHWe I00abHOI0 IKCTPEMyMa.
HaxoxeHue JIOKaJIbHOTO 9KCTPEMYyMa BMECTO II06aJbHOrO Ha3bIBAETCS Tpex-
IeBpeMeHHOH cXomuMocTblo. IToMUMO MpoGJeMbl MpeXAeBPEMEHHOH CXONUMO-
CTH CYLIeCTBYeT Apyras npodseMa — BpeMs Mpolecca BEIUUCAEHHH. 3a4acTyio
6oJiee TOUHbIE ONTUMH3AIMOHHBIE MeTObl paboTalT OueHb JAO0JITO.

JLnis pelieHusi TOCTABJEHHBIX MPOOJEM U MPOBOAUTCS MOUCK HOBBIX ONMTHMH-
3allMOHHBIX aJropuTMOB. [IpensioxKeHHble CpaBHUTEbHO HenaBHO — B 1975 ro-
ny — JxonoM Xosanaom redetnueckde aaroput™bl (IA) ocHOBaHBI Ha MPHH-
uunax ecrectBenHoro ot6opa Y. [dapeuHa. [A oTHocsiTCS K CTOXACTHUECKHUM
MeTofaM. DTU a/JTrOPUTMbl YCMEIIHO PUMEHSIOTCS B Pa3/MYHbIX 00/1aCTAX Lesi-
TEJIbHOCTH (9KOHOMHMKA, (pU3MKa, TeXHUYeCKUe HayKu U T.1.). Co3maHbl pas3jind-
Hble Mopudukanun ['A 1 paspabotaH psif TecTOBBIX (QYHKIMEH. PaccMoTpeTs Kak
pabotator ['A, u Kakue MpoGJEMbl OCTAIOTCS HEPA3PEIIeHHBIMH — [1eJb JaHHOM
paboThl.

[eHeTHyecKkUe anropuTMbl OTHOCAT K 00JaCTH MATKHX BbluMcjaeHHH. Tep-
MHH «MSITKHe BbluHc/eHusi» BBeneH Jloptu 3ane B 1994 rony [?]. DTo noHsATHe
00beMHSIeT Takhe 00J1aCTH, KaK HedeTKas JIOTHKA, HEHpPOHHBIE CETH, BEPOSIT-
HOCTHbIE PAcCyK/JeHMsl, CeTH J0Bepus' W 3BOMOLMOHHbIE aJTOPUTMBI, KOTOPbIE
IOTOJIHSAIOT APYT APYra H HCIOJb3YIOTCS B Pa3JUUHBIX KOMOWHALHMAX HJH ca-
MOCTOSITE/IbHO JJISl CO3MaHUSI TMOPUAHBIX MHTeJJeKTyalbHBIX cucteM. [lepBas
cXeMa TeHeTHYeCKOro ajaropuTMa Oblia mpensoxkena B 1975 romy B Muuuras-
ckoM yuuBepcurete J»konom Xosmaumom (John Holland) [8], a mpexmoceui-

Iweb of trust — KOHIENUMA MOCTPOEHHS pacrpe/ie/leHHOi ceTeBoil MHMPaCTPyKTYphl, B KOTOPOil
HeT HeOOXOLUMOCTH MMeTb YHHBepcaJbHble 1JIs1 BCeX KOpHeBbIe (T.e. Te KJI0YH, KOTOPBIM J0BEPSIOT
10 YMOJIYaHHIO) KJIIOYH KOAMPOBAHHS M JEKOAMPOBAHHS MH(OPMALMH, U KaxJas M3 CTOPOH MOXKeT
JIOBEPSITb CBOEMY HaGopy KOPHEBBIX KJ/louell (HanpuMep, CBOeMY COOCTBEHHOMY KJIOUY H KJIOYaM,
€10 MOATNHUCAHHBIM).



KaMi 3TOMY mocayxuan padorsl U. IlapsuHa [2] (Teopusi 3BOJIOLKUU) H HC-
caeposanus JI.Jx.DPorens, A.Jlx. Oysnca, M.J>xx.Bosa [?] no aBosounu
MPOCTBIX aBTOMATOB, MPEICKA3BIBAIOIIMX CHMBOJIBI B IIU(PPOBBIX TOC/IEN0BATE/b-
HocTax (1966)2. HoBbIi anropuT™ MOMydH Ha3BaHHE «PeNpOLYKTHBHbIH IJIaH
XoJsnanga» ¥ B JajbHEHIIEM aKTHBHO HCIIO/Nb30BaJICs B KayeCcTBe 6a30BOro aJ-
FOPUTMa B 3BOJIIOLMOHHBIX BhlYKCAeHUsX. Vnen XoJnanna pa3Bu/d ero y4yeHu-
ku Kenner Jle Monr (Kenneth De Jong) us yuusepcutera J[xopmxa Meiicona
(Bupmxkunus) [22] u Jasun Tonp6epr (David E. Goldberg) us nabopatopuu
['A Wnnunoiica [6]. Bnaromapst um, Obl1 co3maH Kjiaccuueckuid [A, omucaHbl
BCe OMEepPaTOphbl U UCCJIEAOBAHO MOBEIEHHE IPYINbl TECTOBBIX (DYHKIHUH (MMEHHO
anroputm [osinbepra v Mo/ayuus Ha3BaHHE «leHETHUECKHUH aJrOpUTM»).

[eHeTHUeCKMe aJTrOPUTMBI — 3TO aialTHBHblE METOABI MOHCKA, KOTOpbE B
mocJieilHee BpeMsi HCIIOJIb3YIOTCS JIsi PellleHUs 3a1ad ONTUMU3aliK. B Hux uc-
MOJIb3YIOTCSl KaK aHAJIOT MeXaHH3Ma FeHEeTHYeCKOTO HACJIe[0BaHUs, TaK U aHa-
JIOT ecTecTBeHHOro oT6opa. [Ipu 3TOM coxpaHsieTcs: GHOJMOTHUECKAS TEPMHUHOJO-
rusi B yIPOLIEHHOM BH[IE ¥ OCHOBHbIE MOHSITHS JIMHEHHOH anreGpsl.

2. T'eneTnyeckue aJropuTMbl

2.1. IIpocToit mpuMep reHETUYECKOTO AJTOpuUTMa

PaccMoTpuM npuHLMIBL pabOThl FeHeTUUeCKUX a/1TOPUTMOB Ha MaKCHUMaJ/bHO
NPOCTOM IIpHMepe.

[Tycte TpebyeTcs HalTH rnobanbHbIl MUHUMYM (DYHKLHH

y(x) =5 — 24x + 172 — Exg + 11‘4
3 4

Ha otpeske [0; 7] (puc. 1). Ha sTOM oTpeske (yHKUHNs MPUHHMAET MHHHMAaIbHOE
3HayeHHe B Touke x = 1. OueBHAHO, YTO B TOUKe = = 6 (yHKLMS MONafaer B
JIOKaJIbHBIH MUHHMYM. Ec/i 1151 HaxoxKAeHHs I7100a/1bHOr0 MHHUMYMa HUCIOJb-
30BaTb I'PajIHEHTHble METOAbl, TO B 32aBUCHUMOCTH OT HA4aJbHOIO NPUOIHKEHHS
MOKHO I0NacTb B AaHHbIH JIOKa/JbHBIH MUHUMYM.

PaccmoTpuM Ha npuMepe NaHHOH 3afauyd NPUHLMUI PabOThl IeHeTHUeCKHX
aaropuTMOB. /It MPOCTOTHEl MOJIOXKHUM, YTO = NPUHHMaeT JHUIb LleJble 3Hade-
Hus, T.e. x € {0,1,2,3,4,5,6,7}. DT0 npennosoxKeHHe CyLIECTBEHHO YIPOCTHT

2HpOCTbIe KOHeYHbIe aBTOMAaThbl npeo6pasy}oT HEKOTOPYIO BXOAHYIO YHCJIOBYIO MOCJ/JAen0BaTe/ib-
HOCTb COTJIACHO CBOE€MY CTPOEHHIO. OHu LIKXPOKO HCIIOJb3YIOTCA B o6J1acTH pacrno3HaBaHus O6p830B
W fA3bIKa. ﬂ.}'lﬂ TNOCTPOEHHS TaKHUX aBTOMATOB HCHOJb3YIOT 3BOJIOLWUOHHbBIE METOLBI.



13J10XKeHHe, COXPaHHB BCe OCHOBHble 0COOEHHOCTH PaBOThl F€HETHYECKOro aJ-
FOpUTMa.

BriGepem ciayualiHbiM 00pa3oM HECKOJbKO uuces Ha orpeske [0;7]:
{2,3,5,4}. Bynem paccmarpuBaTh 3TH YHCJa B KauecTBe MPOCHBIX peLleHHH
Halled 3amadu.

304
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Puc. 1. T'paduk ueseBoil GyHKUHUH C BEIODAaHHBIMH 3HAUEHHSIMH NPOOHBIX PelleHHH

OcHOBHOH Hpeell reHeTHYeCKUX alrOPUTMOB SIBJSETCS OpraHu3auus «00opb-
Obl 32 CYLIECTBOBAHHE» M «eCTECTBEHHOTO OTOOpa» CpPeir 3THX NpPOOHBEIX pe-
weHu#. 3anuiueM npobHble pelieHust B gBouuHoi dopme: {010,011,101,100}.
[TockosbKy reHeTHUecKHe alrOPUTMbI HCIIOJNb3YIOT OHMOJIOTHUECKHE aHaJOTHH,
TO W NPUMEHSIOIAsACS TEPMUHOJNOTHS HallOMHHaeT OHoJorHueckylo. Tak, of-
HO NpoOHOe pellleHHe, 3aMUCaHHOe B JBOMYHOH (opme, Mbl OyneM HasblBaThb
0c00b10 WM XPOMOCOMOL, a HaboOp BceX MPOOHBIX pelleHHH — nonyasyuel.
Kak 13BecTHO, NMPHUHLHMI ecTeCTBEHHOro oTOopa 3ak/ioyaeTcs B TOM, 4YTO B
KOHKYpPeHTHOH 60pbbe BbI)KMBaeT HanboJiee mpucnocob/eHHblH. B Hamewm ciy-
4ae MPUCIIOCOOJEHHOCTb 0COOHM onpejesseTcs LeaeBod (YHKIHUeH: yeM MeHblle
3HaueHHe LeseBOH (DYHKLHUH, TeM OoJiee PUCIOCOONeHHOH sABJ/sieTcs 0co0b, T.e.
npoGHoe pellleHHe, HCII0JIb30BaBIIIEECs] B KayeCTBe apryMeHTa LeseBoi (QPyHKLUHH
(cm. taba. 1).

Tenepb NpUCTYNHUM K NPOLECCY pasmHOX}ceHus: NMonpodyeM Ha OCHOBe HC-
XOJHOH MOMyJIALMU CO3/aTh HOBYIO, TaK 4TOOB MPOOHbIE pelleHHsl B HOBOH MO-
NyJASUMK ObLIU Obl OJHKe K HCKOMOMY TIJ1006a71bHOMY MUHHUMYMY LiesleBOH (pyHK-



und. [as sToro chopMmupyeM H3 HCXOAHOH MOMYJSLUHH OpauHbvie napol s
ckpenyBanus. [locTaBUM B COOTBETCTBHE KaxKI0H 0COOH UCXOMHOH MOMyJsLMH
cryvaliHOe IleJioe YHCJIO M3 nuamasoHa oT 1 mo 4. Bynmem paccmarpuBaTh 3TH
quc/a Kak HoMepa 4JjieHOB momyJasinuu. [Ipu TakoM BbIGOpe KaKHe-TO U3 4JIeHOB
HOMy/sALUK He OYAYT y4acTBOBATh B IPOLIECCE PA3MHOXKEHHUS, TAK KaK 00pasyloT
napy camu ¢ coboii. Kakue-To ujieHbl MOMYy/ASLUUMA NMPUMYT ydacTHe B MpoOLec-
Ce pa3MHOXKEHHs] HEONHOKPATHO C Pa3/MYHBIMH 0coGsaMu momyasiuuu. Ilpouece
pa3MHOXKeHHs (pekomburayus) 3akjodaeTcss B oOMeHe yyacTKaMH XPOMOCOM
Mexay ponutensMy. Hanpumep, mycTs ckpemmBaioTes ase xpomocomsl 111111 u
000000. OnpenensieM caydyaliHbIM 00pa3oM TOYKY pa3pblBa XPOMOCOMBI, MyCTh,
310 Gymer 3: 111|111 000|000. Temepr XpoMOCOMBI OOMEHHBAIOTCS YacCTSIMH,

CTOSILLIMMH TI0CJI€ TOUKHM Pa3pbiBa, U 06pasyloT ABYX HOBBIX moToMkoB: 111000
u 000111.

Tabauna 1
Hcxonnasa nomynassuus
No Ocobb
Llenoe uucao | HdBouuyHoe yucao | [IpucnocobeHHOCTD

1 2 010 -0,33
2 3 011 7,25
3 5 101 7,92
4 4 100 10,33

,HJIH Halel nonyJisiiyu npouecc Co34aHHsA TepBOro IOKOJIEHUSI NMOTOMKOB
MoKa3aH B TabJsule 2.

Tabmuna 2
OpHOTOYEYHBIN KPOCCHUHTOBEP
Ne Oco6b Bri6paHHbIft Bropas Touxa Oco6u-
nonynsauuu HOMEp OCO6b-pOIU/ITeJIb KPOCCHHTOBepa NIOTOMKH

1 010 1 010 1 000

2 011 4 100 110

3 101 3 101 2 100

4 100 1 010 o1

CyenyomuM maroMm B paboTe T€HETHYeCKOTO ajropuTMa SIBJSIOTCS MyTa-
LUHHU, T.e. CJyyalHble U3MEHEHUS MONYYEHHBIX B pe3yJ/bTaTe CKPeLlMBaHHUs XPO-
Mmocom. IlycTb BeposTHOCTb MyTauuu paBHa 0,3. s KaXKHOTO MOTOMKAa BO3b-
MeM CJy4YalHOe YHCJO Ha OTpe3Ke [0; 1], U ecJqd 3T0 4yucjo MeHblie 0,3, TO



MHBEPTUPYEM CJy4alHO BbIGpaHHBIH reH (3amennm O Ha 1 uiu HaoGopot) (cM.
taba. 3).

Tabauna 3
Myranus moToMKoOB
] 0
o 3 3)
o) 5 jand 5] g g
X = v = T 2
2 > = = s 2 o 2 g
5 2 23 |5 g8 g8
= T z S X o O m = 0 © =
: o T 2 o ~ O M = O X =
3 s 8= g g 52 |52
< o« o «
g 2 EE 5 |EES |EEE
No o S A = (= EEE |E2¢E
1 000 0,1 3 001 5
1 000 0,1 3 001 5 —5,42
2 110 0,6 - 110 5 5
3 100 0,5 - 100 10,33 10,33
4 011 0,2 1 111 7,25 12,58

Kax BHIHO Ha mpuMepe, MyTalHUH CIOCOOHBI YJIYYLINTb (MEepPBbIH MOTOMOK)
WM YXYALWNTb (4eTBEPTHIH NMOTOMOK) MPUCIOCOOIEHHOCTh 0COOU-MOTOMKA. B
pesysbTaTe CKpeLIUBaHHUS XPOMOCOMbI OOMEHMBAIOTCS «XBOCTAMH», T.e. MJaj-
LIMMH pa3psfiaMi B JBOHUHOM IpeJCTaBJeHUU uucsaa. B pesyjbrTaTe MyTalUi
HM3MEeHEHHUIO MOXKET MOJBEpPrHyThCs JM0OOH paspsii, B TOM uucae, cTapluui. Ta-
KUM 00pa3oM, ec/M CKpellUBaHHe MNPUBOAMUT K OTHOCUTEJNBHO HeOOJbIIHUM H3-
MEHEeHHSM NPOOHBIX pelleHHH, TO MyTallMh MOTYT NMPHUBECTH K CYLIeCTBEHHBIM
H3MeHeHHsIM 3HaueHH NMPOOHEIX pelleHHH (cM. puc. 2).

Teneps u3 veTbipex ocobeli-popuTesiedl U yeTbipex MOJyUeHHBIX ocobell Io-
TOMKOB He0O0XOAMMO C(hOPMHPOBATb HOBYIO MOMYJSLHIO. B HOBYIO MOMyJISLHIO
oT6epeM ueTblpe HauboJjee MPUCIOCOONEHHBIX 0cOOel U3 YMcaa «CTaphiX» 0CO-
6ell U ocobel-moToMKOB (cM. TabJ1. 4).

B pesysbTare nosyyuM HOBOe IOKOJIEHHE, KOTOpOe IIpelCTaBJ/eHO Ha puc. 3.

[TonyuuBuytocss NOMyJsILMI0 MOXKHO OyfileT BHOBb [OABEPIHYTb KPOCCHHIO-
Bepy, MyTalUuu U 0oTOOpy ocobell B HOBOe MOKoJeHHe. TakuMm obpasoM, depes
HECKOJIbKO MOKOJIEHHH MBI MOJNYUHUM MONYJAsSLHI0 U3 NOX0XKHUX U HanboJjee MpH-
Croco0/eHHBIX 0ocobel. 3HaueHHe IMPUCIIOCOONEHHOCTH HauboJiee «XOpoLuei»
0co6H (MJM CpelHsiss NPHUCHOCOOJNEHHOCTb MO MOMYMSALMH) U GyHeT SIBJISTHCS
peiiendeM Haue# sanaud. Cjenys 3ToMy, B JaHHOM cJjydae, B3siB HauboJee



npucnoco6yeHHyo oco6p 001 Bo BTOPOM NOKOJIEHHH, MOXKHO CKa3aTb, YTO MH-
HUMYMOM 1lieJIeBOH (DYHKLHH SIBISeTCS 3HayeHHe —5,42, COOTBETCTBYIOLIEE ap-
T'YMEHTY T = 1. Tem cambim rnomnagaHusa B JIOKaJbHBIH MHHHMYM YyOaJ0Cb HU3-
6exats! Ha naHHOM npuMmepe pa3ofpaH BapHaHT MPOCTOrO M'eHETHUECKOTO all-
roputma. [Ipu majbHeiieM HCrob30BaHHs [A K pasHbIM 3amauaM BO3MOXKHO
MOJEJIMUPOBAHUE OCHOBHBLIX ONEPATOPOB AJNTOPUTMA.

30

thyHEUMA

poauTenu

NOTOMEKN

® [IOTOMKW nNocne MyTauum

e +

204

Puc. 2. MameHeHHe nony/isiiiy B NpoLieCcCe eCTECTBEHHOro oTdopa
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30+

hyHKUMA

20 ® HOBaA Nonynauua

Puc. 3. MunuMusupyemasi GyHKLUUS U 0COOW HOBOH MOMYJSLUU

Tabauua 4
PopvupoBaHre HOBOW MOMYJISALUA
H3 0co0eii-poauTesied U 0CO0eH-IIOTOMKOB
Ne | Ocobu | Ilpucnocobien- Hoas nonynsiuust | Ilpucnocobien-
HOCTb HOCTb oOcobedl B
HOBOH MOMYJISILIUH
| 010 —0,33 001 —5,42
2 | 0l 7,25 010 —0,33
3 | 101 7,92 110 5
4 | 100 10,33 011 7,25
5 | 001 —5,42
6 | 110 b)
7 1100 10,33
8 | 111 12,58
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2.2. OcHOBHbIE MTOHATUS

BBeneM OCHOBHBIE MOHSITHS, IPUMEHsIEMble B FeHETHUECKHX aJrOpUTMax.

Bexmop — ymopsiioYeHHBIH HA0Op 4YHCeJ, HA3BIBAEMBIX KOMNOHEHMAMU
BexkTopa®. Tak Kak BEKTOP MOXKHO INpeACTaBHTh B BHJE CTPOKH €ro KOOpPAHMHAT,
TO B JaJibHeHIleM MOHSTHSI BEKTOPA U CTPOKH CUMTAIOTCS HIEHTHYHBIMH.

Bynres sekmop — BeKTOp, KOMIOHEHTBI KOTOPOrO MPUHUMAIOT 3HaueHHUs] U3
IBYX 3JIeMeHTHOro (6y/eBa) MHOxecTBa, Hanpumep, {0,1} uan {—1,1}.

Xemmurz080 paccmosHue — UCNONb3yeTcs /s OyJleBbIX BEKTOPOB ¥ PaBHO
YUCJy Pa3/HUAONMXCST B 0G0MX BEKTOPAaX KOMIIOHEHT.

XemMMuH2080 Npocmpancmeo — MPOCTPAHCTBO OY/IeBbIX BEKTOPOB, C BBEIEH-
HBIM Ha HeM paccTosiHHeM (MeTpHKoi) XeMmmuHra. B ciyuae GyneBbIX BEKTOPOB
pPa3MepHOCTH 1 paccMaTpUBaeMOe MPOCTPAHCTBO IMpPeJACTaBJseT coG0H MHOXKe-
CTBO BEpLIMH M-MEPHOTO THIepKyba ¢ XeMMHHTOBOH MeTpuko#. PaccrosiHue
MeXIy ABYMs BEPILIMHAMH OIpefessieTcsl NJIMHOH KpaTyakilero coeAnHSIOIEr0
UX MyTH, U3MEPEHHOH BIO/b pebep.

Xpomocoma — BeKTOp (WMJIM CTPOKA) U3 KAKUX-IHOO0 uucesa. Eciu 3T0T Bek-
TOp TIpelcTaBJ/ieH OMHAPHOH CTPOKOH W3 HyJsel u enunuu, Hanpumep, 1010011,
TO OH INOJy4YeH JHOO C MCIOJIb30BaHHEM 080UYHO20 KOOUposarus, b0 Koda
Tpes (cm. [puroxcenue A.3). Kaxnas nosuuus (GUT) XpOMOCOMbl Ha3bIBAETCS
2eHOM.

Hrousudyym (reHeTHueckui Kom, 0co6b) — HabOp XpoMOCOM (BapuaHT pe-
weHus 3agayn). O6bIYHO 0CO6b COCTOUT K3 ONHOH XPOMOCOMBI, [I03TOMY B JIaJb-
HelllleM 0coOb U XPOMOCOMa MIEHTHUYHbIE TOHSATHS.

Paccmosanue — XeMMHHTOBO PacCTOSIHHE MexX1y OHHapHBIMHM XPOMOCOMaMH.

Kpdccurneosep (kpoccoBep) — omepauusi, pd KOTOPOH IBE XPOMOCOMBI 06-
MeHHUBawTCs cBoUMH yactsamu. Hanpumep, 1100&1010 — 1110&1000.

Mymayus — caydaiiHoe U3MeHeHHe OfHOM UK HEeCKOJNbKUX MO3HULHH B XPo-
mocome. Hampumep, 1010011 — 1010001.

HHeepcus — vi3MeHeHHe MOPSIIKA CJIeI0OBaHHsI OMTOB B XPOMOCOME HJIH B ee
¢parmente. Hanpumep, 1100 — 0011.

[lonyasyus — COBOKYIHOCTb HHAMBHIYYMOB.

[Ipucodrocme (nprucnocobIeHHOCTb) — KPUTEPUE UK (PYHKLHS, IKCTPEMYM
KOTOPOH cyefyeT HaHTH.

Jlokyc — TO3WLHS IeHa B XpPOMOCOMe

Asaseso — COBOKYTHOCTb MOAPSIA UAYLUIMX T'EHOB.

Snucmas — BAUsHHE TeHA HA MPUTOTHOCTb WHAMBHIYyMa B 3aBHCHUMOCTH
OT 3HAueHHUs reHa, MPUCYTCTBYIOLIET0 B APYroM MecTe. ['eH CUMTAIOT 3MHCTa-

338M8THM, 4YTO OAaHHOE olpe/ie/IeHHe BeKTOpa OT/JAWYaeTCs OT ONpeleJieHHs, NPUHATOrO B MaTe-
MaTHKe.
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THYECKHM, KOTJla ero NMpUCYTCTBHE MOJaBJ/seT BJAMSHHE I'eHa B PyroM JIOKYyce.
OnucTaTHUecKHe T'eHbl M3-33 UX BJMSHHUSA Ha APYrHe T'eHbl HHOrJA Ha3blBAlOT
uHTrHOUpytomuMHy. [lonaBnenre nposiBieHUs] TeHA HeaJlJleNbHBIM eMy I'eHOM Ha-
3bIBAeTCS THIIOCTA30M, a CaM IOJAABJSEMBIH I'eH — THIIOCTATHUECKHM.

W3 npriBefeHHBIX Bbillle ONpeeseHHH caenyer, 4To TepMuHodorus A npen-
cTaBJ/sieT coO0H CUHTe3 COOCTBEHHO MeHeTHYeCKHUX W UCKYCCTBEHHbIX MOHATHUH.
Tak, nns MOHATHS, 3aUMCTBOBAHHOTO U3 T€HETHKH, MOXKHO NPENbsIBUTb €ro Uc-
KYCCTBEHHBIH (CHMBOJIMYeCKHi) aHasor. Hampumep, xpomocoMa H CTpoka. B
BMOJIOTMUECKHX CHCTeMaX TOJHBIA TeHeTHUeCKHH makeT! HasblBaeTcsi eenomul-
nom. B MCKyCCTBEHHBIX CHCTeMax IMOJHbBIM FeHeTHUECKUH MaKeT CTPOK Ha3blBa-
eTcsi cmpykmypoiul. B 6U0J0THUeCKUX CUCTeMax B Mpolecce WHAWBHLYaJIbHOIO
PasBUTHS OpraHU3Ma B3auMOJeHCTBHe TeHOTUIA C OKpyXKatollel cpenoil hopMu-
PyeT COBOKYITHOCTb BHEIIHHUX MPHU3HAKOB WU CBOMCTB, Ha3blBAEMYIO ()eHOMuUNOM.
B mMaremaTH4yeckoM MOAENMPOBAHHHU pPacCMaTpUBaeMasi CTPYKTypa IeKOIUPYeTCs
C TIOMOUIBI0 MHONCECMBA napamempos, KOTOpoe B JUTepaType MHOTLA Ha3blBa-
10T aJbTePHAaTHBHLIM pelIeHHeM HJIM TOYKOH. BceBo3MOKHbIe 3HaueHHs Mapa-
MeTpOB 00pasyoT npocmparcmeo peuieruti. B MCKycCTBEHHOH reHeTHUeCKOH
CHUCTEME BO3MOXKHO HCIIOJIb30BAaHHE KaK YHCJOBBIX, TaK M HEYUCJOBBIX Mapa-
METpOB.

B 6rosornyeckol TepMHUHOJIOTHH TOBOPSIT, UTO XpoMocoMa 06pa3oBaHa reHa-
MU. B reHertuke ¢ j1106bIM JIOKYCOM CBSi3aHa OIpefiesieHHast reHeTH4YecKas (pyHK-
uus. [TosToMy MOXKHO FOBOPHUTB O CllellMaJHu3HpOBaHHbIX reHax. Hanpumep, ren
BeTa I71a3 XXUBOTHOro Haxonutcs B 10 jokycax, T.e. rojy0oil LiBeT I1a3 UMeeT
10-annenbHOe 3HaueHue. B TepmuHonoruu I'A roBopsiT, YTO CTPOKM 0OpPa30BaHbI
3HaYeHHUsIMH (YHKLHUH, UIH demexkmopamu. 3Ha4eHHs (PyHKUHH MOTYT OBbITh
JIOKAJIM30BaHbl B Pa3/MYHBIX TO3ULUHUAX CTPOKU. CBsA3b MeKIY eCTeCTBEHHOH
(6roJIOTHUECKOM) ¥ HCKYCCTBEHHOH TePMHHOJIOTHEH TpHBeieHa B TabJHIle .

OcHoBHble TPUHLHIEL paboThl ['A 3akn04eHbl B clenyiolel cxeme (CM. Tak-
Xe puc. 4):

1. Tenepupyem HauasbHYIO MOMYJSLUIO U3 1 XPOMOCOM.
2. Boruncssiem 1151 KaXKA0OH XPOMOCOMBI €€ MPUTOAHOCTbD.

3. Bel6upaeM mapy XpoMOCOM-pOAMTENEeH C MOMOIIBI0 OfHOIO M3 CIOCOOOB
otbopa.

4. TlpoBomuM Kpoccurzosep NBYX poauTesell ¢ BEPOSITHOCTBIO Pe, IPOU3BOAS
IBYX MOTOMKOB.

5. HpOBO[LI/IM MYyTalH0 MOTOMKOB C BEPOATHOCTBIO Py .

4COBOKyl'[HOCTb BCeX T'€HOB.
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6. [oBTopsiem waru 3-5, Moka He OyoeT CreHepUPOBAHO HOBOE MOKOJEHHE
HONYJISLMH, COLEPKALLEe 7 XPOMOCOM.

7. IloBropsiem waru 2-6, noka He OyIeT AOCTUTHYT KPUTEPUH OKOHYAaHHUS
npouecca.

Tabauua 5
Cesi3b MEXKAY €CTECTBEHHOM (OMOJOrHYECKOI)
U WCKYCCTBEHHOW TEPMHHOJIOTHEN

Xpomocoma Crpoxka
len 3HaueHue (YHKIHUH, XapaKTePUCTHKA, NETEKTOP
Annens Bo3MokHble 3HaYeHHs] T€HOB
Jlokyc [Tosuuus B cTpoKe
['eHoTHT ®axkrrueckas cTpykrypa. KognpoBaHHasi XpoMocoma.
DenoTun MHoOXecTBO mNapaMeTpoB, ajbTEPHATHBHOE pelleHMe,

NeKOIUPOBaHHAs CTPYKTypa
Anucras HenuneilinocTs. B3auMonelicTBre reHOB.

HavdanbHaa nonynayus

‘ BblYUCcneHue NpurogHoOCTHU

BbIGOpP
poauTenen

AOCTUTHYT

KPUTepUii OKOHYaHUsS
npouecca

pesynbTar

Puc. 4. Cxema npoctoro TA

KputepreM okoHuUaHHUS mpoliecca MOXKeT CJIYXKHUTb 3alaHHOe KOJIHYeCTBO T10-
KOJIEHHH UJU cxoxcdenue (convergence) TOMyJsILUH.

CxoxIeHHeM Ha3blBaeTCsl TAaKOe COCTOSIHWE TOMYJSIUH, KOTJa BCE CTPOKH
MOMY/SLMY TTOYTH OfMHAKOBBI M HAXOASTCS B 00/1aCTH HEKOTOPOTO IKCTPEMyMa.
B Tako#l cuTyalMu KpOCCUHIOBep NPaKTHUYeCKU HUKaK He H3MeHseT MOMyAsLtH,
TaK KaK co3JaBaeMble TIPY HeM MOTOMKH MNPEeACTaBJSIOT COO0H KONMHWH pPOAHTe-
Jell ¢ mepeMeHEHHBIMH ydyacTKaMM XpoMocoM. Beimenmine u3 3To#d o6smacTu
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3a CUeT MyTalUH O0COOH CKJOHHBI BBIMHPAaTh, TaK KakK yallle HUMeT MEHbILUYIO
TIPUCIIOCOONEHHOCTD, 0COOEHHO eCJIM JaHHbIH IKCTPeMyM SBJIseTCS I106aJbHbIM
MaKCUMyMOM. TakuM 006pa3oM, CXOXAeHHe MOMyJasSIud O0OBIUHO O3HaYaeT, uToO
HalileHo syulllee WM OJHM3KOe K HEMY pelleHHe.

OcHoBHbiMU onepaTopamu ['A sIBASIIOTCS KPOCCHHTOBEP, MyTallUsi, BEIOOP po-
auTesedl U cesekuus (0T60p XPOMOCOM B HOBYIO MomyJisiuuio). Bua omepatopa
UrpaeT BaXKHYIO POJib B peanusauuu 1 spdektuBHocTH [A. CyliecTBYIOT OCHOB-
Hble (DOPMBI OMEPATOPOB, YHUCTOE HCIOJb30BaHHWE MM MOIEPHU3ALUST KOTOPBIX
BeJleT K moJyueHuto ['A, MPUTOAHOTO 1Jis pellieHHss KOHKPETHOH 3amaud. Pac-
CMOTPHUM HEKOTOpBIE W3 HHX.

2.3. Oneparopsl BbIOOpa poauTesnen

Cy1iecTByeT HECKOJBKO IMOAXOMOB K BBIOOPY POAMTENbCKOH mapel. Haubo-
Jlee pacIpoCTPaHeHHbIMU onepamopamu 8v.60pa podumeneti SBIASIOTCS CJeLY-
IoliKe.

llanmuxcia — caMblii pocTol omepaTtop ot6opa. B cooTBeTcTBHH C HUM
Ka)K[IOMY UJIeHYy MONMYJSILUHU COMOCTAaBJseTCs CJAydyalHoe [esoe YUCJA0 Ha OT-
peske [1;n], roe n — KoJauuecTBO ocobeil B momyasiunu. Bymem paccmatpuBath
3TH YMcJa KaK HoMepa 0co0el, KOTopble MPUMYT yuyacTHe B CKpeluBaHuu. [Ipu
TAaKOM BBEIOOpEe KakHe-TO M3 UJIeHOB MOMyJAslUMH He OyIyT y4acTBOBaThb B Ipo-
[ecce pa3MHOXEHHs, TaK Kak o0pasyloT mapy camu c coboi. Kakue-To usne-
HBl TIOMYJISILMH MPUMYT ydacTHe B MpoLecce BOCIPOU3BOACTBA HEOAHOKPATHO
C pasJUYHbIMH 0cO0AMH monmynasuuu. HecMoTps Ha NpocTOTy, TakoH MOAXOL
YHHBepCaJleH [/ pelleHHs pas/jM4HbIX KjaaccoB 3azad. OfHAKO OH NOCTAaTOUHO
KPUTHYEH K YUCJIEHHOCTH TOMYJSLHH, MOCKOJBKY 3(P(PEKTHBHOCTb aNroOpUTMa,
peasnu3yIoLIero Takoi MoAXol, CHUKAeTCs C POCTOM YHCJEHHOCTH TOMYJISILUH.

Hnbprioune npenctapsieT co6oil TaKOH MeTOJ, KOTJa MepBbld POAUTE/b BhI-
OupaeTcs cayuyalHbBIM 00pa3oM, a BTOPbIM POLUTEJIEM SIBJISIETCS UJleH MOMyJISALNH
OMXKAUIINK K TIepBOMY. 371eCh «ONMKaUINi» MOXKET TOHWMAThbCs, HANpUMep,
B CMBbIC/Ie MHHHMAaJbHOTO PacCTOsiHUs XeMMHHra (fsi GUHApHBIX CTPOK) HJIH
€BKJIMI0BA PACCTOSIHUS MEXKIy OBYMs BEILECTBEHHBIMH BeKTOopaMu. Paccros-
Hue XeMMHUHra PaBHO YKMCJY Pas3/nyaiollnXCsi JIOKYCOB (pa3psiioB) B OHHAPHOM
ctpoke. [Ipumep onpenesieHus: poacTBa GUHAPHBIX XPOMOCOM IIPU BbIGOpE POAU-
TeJbCKOU mapbl asst xpomocombl 1010001 nokasan B Tab.. 6.

[lpu aymbplidunee TakKe UCMOb3YIOT MOHATHE CX0KeCTH ocobeil. OnHako
Ternepb OpauHble Mapbl (HOPMUPYIOT U3 MAKCHMaJsbHO HaleKUX 0CoOel.

[Tocnennre nBa crmoco6a Mo pasHOMY BJIHMSIIOT Ha MOBeIEHHE I'eHeTHUeCKO-
ro ajropurMa. Tak, MHOPUAMHT MOXKHO OXapaKTepH30BaThb CBOHCTBOM KOHLEH-
TpaLUM MOUCKA B JIOKAJbHBIX Yy3JaX, YTO (h)aKTHUECKH NPHUBOIUT K Pa3OUEHUI0
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TOMYJISILIUK Ha OTHEJbHbIE JIOKAJbHbIE IPYIIIbl BOKPYT MOAO3PUTENbHBIX Ha 3KC-
TPeMYyM y4acTKoB JaHamadra. AyTOpUIUHT Ke HanpaBJeH Ha MpenynpeKaeHue
CXOOMMOCTH a/ITOPUTMAa K YyKe HAHIeHHBIM pEeLIeHHsIM, 3aCTaBJsisi aJrOPUTM
pOCMaTpUBAaTh HOBblE, HEHUCC/ENOBaHHBIE 00sacTH. MHOPUANHT U ayTOPHUAMHT
ObIBaeT reHOTHITHLIM (KOTAa B KaueCTBe PacCTOsIHKsE GePeTcst pasHOCTb 3HAYEeHHUH
11eJ1eBOH (PYHKIHH AJis COOTBETCTBYIOLUIMX 0C06eH) U (heHOTHIIHBIM (B KauyecTne
paccrosiHusl GepeTcsl paccTosiHHe XeMMHUHTa).

Tabnuna 6
XeMMUHIOBO PaCCTOSIHME MEXKIY XPOMOCOMAMM MOMYJIS AN
u xpomocomoiui 1010001

Xpomocomsbl monyisiuu | KosiduecTBO OTIHYAIOINUXCS JIOKYCOB
1000000 2

1010101

1111111

1100001

0110011

0100011

0011100

0000000

QO W | WO DO | —

Cenexkyuss COCTOUT B TOM, UTO POAMTENSMH MOTYT CTaThb TOJBKO Te 0COOH,
3Ha4YeHHe MPHUCIIOCOOIEHHOCTH KOTOPBIX He MEeHblle NMOPOroBOH BeJUUYHHBI, Ha-
IpUMep, CPefHero 3Ha4eHHs! NPUCNnocobeHHOCTH N0 NonyJasiuud. Takoi noaxon
o6ecrieunBaer 6osiee OBLICTPYI0 CXOAMMOCTh anroputMa. OfHaKo M3-3a OBICTPOH
CXOOUMOCTH CeJIeKTUBHbIH BbIOOP POAMTENbCKOH Napbl He MOAXOAMUT TOrAa, KO-
Tfa CTaBUTCA 3ajaya olpeleseHHs] HeCKONbKUX 3KCTPEMYMOB, MOCKOJbKY MJIS
TaKMX 3a4ad ajJropuT™, Kak NMpaBHJIO, OBICTPO CXOAMTCS K OfHOMY U3 peLIeHUH.
Kpome Toro, 1/1 HEKOTOPbIX MHOTOMEPHBIX 3afau CO CJOXKHBIM JaHAA(PTOM
e/ eBOH (PYHKUHH OBICTpPAs CXOAMMOCTb MOXKET IPeBPAaTUTbCS B MNpexKIeBpe-
MEHHYI0 CXOIMMOCTb K KBa3HONTHMAJbHOMY pEIeHHI0. DTOT HENOCTATOK MO-
JKeT ObITb OTYACTH KOMIEHCHPOBAH MCIOJ/b30BaHHEM MOAXOISIIEro MexaHH3Ma
ot6opa, KOTOPbIH OBl «TOPMO3UJI» CJHUIIKOM OBICTPYIO CXOAMMOCTb aJrOPUTMA.

[ToporoBasi BesiMuMHa B CeJIeKLIUH MOXKeT ObITb BBIYHCJ/IEHA Pa3HbIMHU CIIOCO-
6amu. [lostomy B quTeparype mo I'A BeIIeNSIOT pas/iHuHbE BapHALUH CeJIEK-
uuu. HanGosee U3BECTHBIE U3 HUX — 3TO MYypHUPHbIL U pysemouroiil (Tpornop-
L[MOHAJIbHBIH) OTOOPHI.

[lpu mypruprom ombope (tournament selection) u3 TMOMYJSLHH, COREP-
)aweld N ocobell, BHIOUpAIOTCS CAy4YaWHBIM 00pa3oM t ocobel, U Jyylias U3
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HHUX 0COOb 3alHCHIBAETCsl B MPOMEXKYTOUYHBIH MaccuB (puc. 5). dra omeparus
nostopsiercss N pa3. Oco6u B NOJSyYeHHOM NPOMEXKYTOYHOM MacCHBeE 3aTeM HC-
MOJB3YIOTCS I8 CKpPeLlUBaHUs (TakKXKe caydalHbIM oOpasom). Pasmep rpymnmsl
CTPOK, OTOMpaeMbIX HJsi TYpHHpa, 4acTo paBeH 2. B aTom cayyae roBopsit o
LBOUYHOM (mapHOM) TypHHpe. Booblie e ¢ HA3bIBAIOT YHCJAEHHOCTHIO TYPHUPA.
[IpenmMy1ecTBOM HaHHOTrO crocoba sBJSETCS TO, YTO OH He TpebyeT AOMOJHHU-
TeJbHBIX BBIUHCJEHHUH.

Pazmep mypuupa t=3

Tonynsiyus Bulbpanst 0cobu ¢ npucoOHOCmpio

v F=72.9
. B nosyto nonynayuro

svlOpana ocoow
<> F=12.8
g 0] ¢
A v A F=24.9

F=72.9

Puc. 5. TypHupHbI# 0T6Op

B memode pyremxu (roulette-wheel selection) ocobu oTOHPAIOTCS C MOMO-
mpelo N «3amnyckoBs pyJaeTkd, rae N — pasmep nomyasiund. Koseco pyneTtku
COJIEPXKHUT 10 OJHOMY CEKTOpY [JIsl KaxKJOro uJjeHa momyasiudd. Pasmep i-ro
CeKTOpa MPONOpLHOHANeH BEPOSTHOCTH IMONMafaHus B HOBYIO momyuasiuuio P(i),
BBIYUC/ISIEMOH 10 popMyJie:

rae f(i) — mpurogHocTh - ocobu. OxHIaeMOe YUCIO KOMUH -0H XPOMOCOMBI
nocJie omepatopa pysneTKu onpepensitorces no opmyne N; = P(i)N.

[Tpu Takom otGope YjeHbl MOMYJSLUUH C Oojee BHICOKOH MPUCIOCOBIeHHO-
CTbIO C 60JbllIeH BEPOSTHOCTbIO OYAYT yallle BHIOMPAThCS, UeM 0COOU C HHU3KOH
npucnocobeHHOCThI0 (Taba. 7).

Jpyrue croco6sl oT60pa MOXKHO MOJYYUTb HA OCHOBE MOAHW(HKALMU BbILIE
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NpUBefeHHbIX. Tak, HanpuMep, B PyJeTOYHOM OTOOPE MOXKHO H3MEHUTb (HOpPMY-
JIy 1J1S BEPOSTHOCTH IONMAfaHUsl 0COOU B HOBYIO MOMYJISLUIO.

2.4. PekomOnHanus (BocrnpousBeaeHUe)

OmnepaTop pekOMOMHALMH NPUMEHSIIOT Cpa3dy Ke MOCJe omepatopa oT6opa
ponuTesiell NJis MOJY4YeHHs HOBHIX 0C00ei-moToMKoB. CMBIC DPEKOMOWHAIUK
3aKJII0YAeTCs B TOM, YTO CO3[aHHBIE MOTOMKH JOJIXKHBl HacJef0BaTh TeHHYIO
MH(OpMaLMio oT 060X ponuTesed. Pasnuuaior duckpemmuyro pexomburayuro
U Kpoccunaosep.

2.4.1. luckpeTHasi peKOMOMHaALUS

Huckpernaa pekomounauusi (Discrete recombination) B OCHOBHOM MpH-
MEHsSIeTC K XPOMOCOMaM C BellleCTBEHHBIMH reHaMyd. OCHOBHBIMH croco6aMu
JIUCKPETHOH PeKOMOMHALMH SBJSIOTCS COOCTBEHHO AHMCKPETHAsi peKOoMOHHALUA,
NPOMEXYTOUHasl, JUHEHHAs] ¥ paclIMpeHHO JUHeHHasi peKOMOMHALMH.

JlnckpeTHass peKOMOHHALNS COOTBETCTBYeT OOMEHY reHaMH MeXay 0co0s-
Mu. LSt WITIOCTPAllMK JaHHOTO OTlepaTopa CPAaBHUM JIBE OCOOH C TPEMs FeHaMHU:

Ocobb 1 | 12 | 25| 7
Ocobb 2 | 116 | 4 | 34

Jlasl co3naHusl AByX MOTOMKOB C PaBHOH BePOSTHOCTbIO CJy4aHHO BbiOepeM
HoMep 0coOu [/151 KaX0Tr0 reHa:

Cxemal | 2] 21
Cxema2 | 1] 2|1

Tabmuna 7
Meron pyaerku. CymmapHas npurogHocts = 200,
CyMMapHas BEpPOSATHOCTb = 1

[Tonynsiuust u3 5 oco6eii | Ilpurognocts | BepositHocTh BeIGOpa
Ch 52 52/200 = 0,26
Cy 85 85/200 = 0,425
Cs 37 37/200 = 0,185
Cy 3 3/200 = 0,015
Cs 23 23/200 = 0,115
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CorylacHO cxXeMe CO3IaauM MMOTOMKOB:

ITotomoxk 1 | 116 | 4 | 7
[Toromok 2 | 12 | 4| 7

JluckpeTHass peKOMOMHAlMs MPUMEHHMa MJsl JIOOro THMA I'eHOB (IBOWU-
Hble, BELECTBEHHbIE U CHMBOJIbHbIE).

IIpomexyrounas pekomGunauus (Intermediate recombination) npuMeHu-
Ma TOJIbKO K BellleCTBEHHBIM MepeMeHHbIM, HO He K OUHapHbIM. B naHHOM MeToze
NpelBAPUTEJNLHO OTIpelesisieTCss YUCJA0BOM HHTEPBaJ 3HAUEHHWH TeHOB TIOTOMKOB,
KOTOPBIH JIOJIXKEH COIep>KaTb 3HaueHHs reHOB poauTesed. [loTomku cospaiorcs
MO CJeAyIOUIEMY TIPaBHUIY:

[Totomoxk = Popurens 1+ a-(Pogurens 2 — Poaurens 1),

rle MHOXHTeJb v — CJaydaiiHoe 4ucio Ha otpeske [—d,1 + d], d > 0. Kak
OTMEYaloT CTOPOHHHKM 3TOrO MeTofa, HauGoJjee ONTHMaNbHOE BOCIPOM3BEle-
HHe nojayvaercst mpu d = 0,25. Jlig KaJAOro reHa CO37aBaeMOro MOTOMKa
BBIOHpAETCS OTAENbHBIA MHOXKHTEb . PaccMOTPUM MpHMeHeHMe omeparopa Ha
npumepe. [lycTb aBa poauTessi HMEIOT CAeAyIOLIHe 3HAUYEHHs T€HOB:

Ocobb 1 | 12 | 25| 7
Ocobb 2 | 116 | 4 | 34

Cnyyaiito BeiGepeM 3HaueHus « € [—0,25;1,25] mst Kaxa0ro reHa 060UX
MMOTOMKOB:
Cxemal | 05| 1,1 | —0,1
Cxema?2 | 0,1 | 0,8 ] 0,5

BhiunciMM 3HaueHHs] TeHOB IIOTOMKOB I10 I'Ipe)lJ'[O)KeHHOI:I BbIlIIEe @OpMyJ'Iei

Tlotomok 1 | 12+ 0,5(116 —12) =64 | 25+ 1,1(4—25) =1,9 | 4,3
TTotoMok 2 | 12+ 0,1(116 — 12) = 22,4 | 25+ 0,8(4 — 25) = 8,2 | 20,5

[Ipy mpoMexkyTOYHOH pPEKOMOMHALMH BO3HMKAIOT 3HAUEHHS] TE€HOB, OTJIHY-
Hble OT 3HAYeHHs] FeHOB 0COOeH-pomuTeNed. DTO MPUBOAUT K BO3HUKHOBEHHIO
HOBBIX 0COG€H, MPUTOAHOCTb KOTOPBIX MOXKET ObITh Jydllle, YeM MPHUTOAHOCTD
ponuteseit. B sutepatype Takoi omepaTop peKOMOHWHALMK MHOTAA Ha3blBaeTCs
ouggeperyuarvrolm cKkpewusaruem.

JIuneitnaa pekomounauus (Line recombination) oTan4aeTcsi OT MPOMEXKY-
TOYHOH TeM, YTO MHOXHTEJb (v BBIOHPAETCS IJIsi KaXKIOTO TOTOMKA OIHMH pas.
PaccMOTpHM reHbl TIPUBEAEHHBIX Bhillle poauTesei. [lycTh 3HaueHHe « ompene-
JISieTCst CAeAYIOHM 06pasoM:
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Cxemal | 0,5
Cxema 2 | 0,1

Torma reHbl cO3JaHHBIX TOTOMKOB NpUMYT cJraenyroniye 3HadyeHus:

Tlotomok 1 | 12+ 0,5(116 — 12) = 64 | 25+ 0,5(4 — 25) = 14,5 | 20,5
Totomok 2 | 12+ 0,1(116 — 12) = 22,4 | 25+ 0,1(4 — 25) = 22,9 | 9,7

Ecnu paccmatprBath 0co6M TOMYJMSILMH KaK TOYKH B k-MEPHOM MPOCTpaH-
CTBe, rie k — KOJMUECTBO I'eHOB B OLHOH 0COOH, TO MOXKHO CKasaTb, UTO INpH
JIMHEHHOH peKOMOWHALWU TeHepupyeMble TOUKH MOTOMKOB JexKaT Ha MPSMOH,
3alaHHOH ByMsI TOUKaMH — POIUTEJSIMH.

2.4.2. KpoccunroBep (OuHapHas peKOMOWHALMSA)

PekombuHaLi0 CHHAPHBIX CTPOK MPHUHSATO HA3bIBATh KPOCCHHIOBEPOM (Kpoc-
COBEpPOM) HJIH CKpELIUBAHUEM.

OnHoToueuHblil KpoccuHToOBep (Single-point crossover) MomenupyeTcs
caenyolwuM obpasoM. IlycTe MMeloTCs 1Be POAUTENBCKHE 0COOM C XPOMOCOMa-
M X = {z;,i€[0;L]} nY = {y;,i € [0; L]}. Cayuadinsim o6pasom ompene-
JIIeTCs TOUKa BHYTPH XPOMOCOMBI (TOUKa paspbiBa), B KOTOPOH 06e XPOMOCOMBI
NeJIITCSl Ha JIBe YacTH U 0OMEHMBAITCS UMU. TaKOH THI KPOCCHHTOBepa Ha3bl-
BaeTcss 00HOMOUEYHbIM, TaK KAK MIPH HEM PONUTEJNbCKHE XPOMOCOMBI pasiessi-
IOTCSl TOJIBKO B OJIHOM CJIy4aWHOH TOUKe.

Ponurenu [ToTomMKH
L1223 ... Tp—-1Tp -+ . LTy, — T1X2T3...Tn—-1Yn .- Ym
Y1y2ys .- -Yn—1Yn---Ym  — Y1Y2Y3.. - Yn—-1Tn ... Tm

Puc. 6. OnHOTOYeYHBIH KPOCCHHTOBEP

Takxxe npuMeHsieTcsl IBYX- U IN-TOYeUHbIH KPOCCHHI'OBED.

B mByXTOUE€YHOM KpOCCHHroBepe (M MHOTOTOUEUHOM KPOCCHHIOBEpe BOOO-
Ile) XPOMOCOMBI PacCMaTpUBAIOTCS KaK LMKJbI, KOTOpble (POPMUPYIOTCS COeNU-
HeHHeM KOHLOB JIMHEHHOH XPOMOCOMBI BMecTe. [lJisi 3aMeHBl CerMeHTa OTHOTr0
LMKJa CerMEeHTOM [pyroro LHKJa TpedyeTcss BHIOOp OBYX TOUeK paspesa. B
9TOM IPEACTaBJEHHH, OJHOTOYEUHBIH KPOCCHHIOBEpP MOXeT ObITb pPacCMOTpeH
KaK KPOCCUHIOBep C ABYyMS TOYKaMM, HO C OJHOH TOYKOH paspesa, 3ahUKCHpO-
BaHHOH B HadaJsie cTpoku. CjiefloBaTeNbHO, IBYXTOYEUHBIH KPOCCHHIOBEP pella-
eT Ty K€ caMylo 3ajauy, YTO ¥ OfIHOTOYeyHbIH, HO 6oJiee MosHO. XpoMocoMa,
paccMaTpuBaeMasi Kak LMKJ, MOXKET COllep:KaTh OoJblliee KOJIUYeCTBO CTAHAAPT-
HbIX OJIOKOB, TaK KaK OHM MOTYT COBEPLIHTb «LHMKJHUYECKHH BO3BpPaT» B KOHLE
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CTPOKH (pI/IC. 7) B HacTosilMi MOMEHT MHOTHe MCCJENOBAaTEJM COIJalllatoTes,
4yTo ,E[BYXTO‘{G‘{HbIﬁ KPOCCHHTOBED BOOO111Ee Jiyduie, yeM OJJHOTOUEUHbIH.

|a1 | az | 33| a4| a5 | 2 | ar | a | ag |a1n|a11|312| |h1 |h2 |b3 |h4 |h5 bg |h? |hs |h9 |h1n |b11 |h12 |

a1z a

a az b]g b2
1 by
az by
=10 by
b
ag 84 * b5
a5 a5 by ]
5
ar ag bs by
an \L a by
A a2 b1z by
1 by
a3 by
Elli]
dq
by b
2 10 )
5
b by
b by by Ag a A

|a1 | a | a3 |h4 |h5 |ha |h? |bs | ag |a1n|a11|a12| |h1 |h2 |h3 | a4| 35| aa| a7 | as |h9 |h1n |h11 |h12|

Puc. 7. JIByxToueuHBI# KPOCCHHTOBEP

s MHorotoueuHoro KpoccuHroBepa (Multi-point crossover), BbiGupa-
eM m Touek paspesa k; € {1,2,...,Nvar}, i = 1: m, Nvar — KoJM4ecTBO
nepeMeHHbIX (reHoB) B oco6u. Touku paspesa BbiOHpawTes caydailHo Ges mo-
BTOPEHHH U COPTHPYIOTCS B MOpsiiKe Bo3pacTaHus. [Ipu KpoccHHroBepe mpowuc-
XOJUT OOMEH yuyacTKaMH XPOMOCOM, OrpaHUUYEHHBIMH TOUKAMHU pa3pe3a ¥ TaKUM
00pa3oM MOJIyyarT ABYX MOTOMKOB. ¥4acTOK OCOOH C MepBbIM I'eHOM A0 MEePBOU
TOYKH paspe3a B oO6MeHe He yuacTByeT. CpaBHUM cienyoliye aBe ocobu mno 11
LBOUYHBIM T€HaM.

Oco6pb1 | O |1 |11 10|01
Ocobb2 |1 |0 1|01 |T1T]O0O|0]1|0]1

—_
[e]
o

Bribepem TOukH pa3pes3a KpOCCHHroBepa:

| Touka paspesa (m = 3) | 2 | 6 | 10 \
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COSﬂaﬂ,I/IM ABYX HOBBIX ITOTOMKOB!:

IToromoxk 1 | O |1 |1 |01 |1 |1 |1]O]|T1]]1
[Toromok 2 | 1|0 (1|1 ]0]0O|O0O[O|1]0]|O0

[TpymMeHeHHe MHOTOTOYEYHOI'O KPOCCHHTOBepa TpefyeT BBeNEeHHS] HeCKOJb-
KUX NepeMeHHBbIX (TOYeK paspesa), U I/ BOCIIPOU3BeIeHHs BHIOUpPAIOTCS 0COOH
¢ HauboJbllIed TPUCTIOCOONEHHOCTHIO.

OnHOTOYEeUHBIH W MHOTOTOYEUHBIH KPOCCHHTOBEP ONpPeNeJsioT TOYKH pas-
pes3a, KOTOpble pasnensioT ocobu Ha 4yactTd. OXHOPOOHBIA KPOCCUHIOBEp
(Uniform crossover) co3maeT MacKy (cxemy) 0COOH, B KaxKI0M JIOKyce KOTOPOEt
HaXOIUTCS NOTEeHLUaNbHAs TOYKa KpOCCHHIoBepa. Macka KpoCcCHHIoBepa UMeeT
Ty e IJHMHY, UTO W CKpelluBalourecss ocobu. Co3naTb MacKy MOXKHO Clefy-
I0OIMM 00pa3oM: BBeleM HEeKOTOpylo BeJMUMHY 0 < pg < 1, U ecaM cayvaiHoe
4yKCJI0 OO0JIbILE Pg, TO HA N-10 MO3ULKI0 MacKu ctaBuM O, nHaye — 1. Takum 006-
pa3oM, TeHbl MacKH MpPEeACTaBJSIOT coO0H caydaiiHble nBonuHble yncaa (0 uiu
1). CorsacHO 3THM 3Ha4eHHsIM, T€HOM MOTOMKA CTAHOBUTCS INepBasi (€CJH TeH
Macku = 0) uau BTOpasi (ecyau reH Mackd = 1) 0COOb-POIHUTENb.

Hanpumep, paccMoTpuM ocobu:

Ocobpl |O |1 |11 |0]O0O|1]110]1]0O0
Oco6b2 |10 1(O0]1]1]0[O0O]1]0]1

JIsist KaXK[0ro CO3/1aBaeMoro MoToMKa CO3faauM Macky u3 11 ciydaiiHo Bbi-
OpaHHbBIX 3/1€eMeHTOB U3 MHOXecTBa {0;1}:

Mackal |O| 1|1 0| O0O]JO|1[1]0]1]0
Macka2 |1 ]O0|O|1|1]|]1|O]|O|1]|]0O]|1

Co3paiuM NOTOMKOB MO CJEAYIOLIEMY MPaBUJY: €CIH Ha {-OM MecTe B CO-
OTBETCTBYIOIIEH Macke CTOUT 1, To reH 1 pomuTess nmepexomuT NMOTOMKY, HHaue
HacJenyeTcsl reH BToporo poputess. [Tonyuum caenyioliue oco6u:

Ilotromok 1 | 1 |1 O |1 |1 |1 |1 |1]1[|1]1
[Toromok 2 | OO0 |1 |1]0]0|O0O[O0O|0]0]|O0

OnHOpPONHBIH KPOCCHHIOBEP OYeHb MOX0XK Ha MHOTOTOYEYHBIH, HO CTPOKA
CJyuyaldHbIX OUTOBBIX 3HAYEHUH B HEM JJIMHHee. DTO FapaHTHUPYET, YTO B MOTOM-
Kax OYIyT uepeloBaTbCsl KOPOTKHE CTPOKH 0COOEeH-pomUTeek.

AJITOPUTM OIHOPOIHOTO KPOCCHHIOBepa /s ABOUUHBIX CTPOK [OJHOCTbIO
UIEHTHYEH JTUCKPETHOMY BOCTIPOHM3BEIEHHUIO MJisl BEllleCTBEHHBIX XpoMocoM. Ta-
KOH BUJ KPOCCHHIOBepa ellle Ha3blBAlOT YHU(PHUIUPOBAHHLIM.

Tpuanueiii kpoccunrosep (Triadic crossover). IlaHHasi pasHOBHAHOCTb
KPOCCHHIOBEpa OTJIHYAeTCsi OT OJHOPOLHOTO TeM, YTO MOCje 0TOOpa mapbl po-
ouTesedl U3 OCTaJbHBIX UJEHOB MOMYJSLHH CAydalHBIM 00pa3oM BhIGHpaeTcs
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0co0b, KOTOpasi B NajibHeHllleM UCIoJb3yeTcs B kKauecTBe Macku. Janee 10 %
FeHOB MacKM MYTHPYIOT. 3aTeM TeHbl [IepBOrO POAMTEJS CPaBHUBAIOTCS C re-
HaMH MacKH: €CJIM TeHbl OIMHAKOBBI, TO OHH MepeNarTcs MepBOMY MOTOMKY,
B MPOTHBHOM CJIydae Ha COOTBETCTBYIOIIHE MO3HLIMH XPOMOCOMBI MOTOMKA Ie-
PEXOISIT TeHBl BTOPOrO POAMTEJNs. [eHOTUN BTOPOTrO TMOTOMKA OTJIHYAETCS OT
TeHOTHMNA MEePBOrO TEM, UTO HA TeX MO3ULHUSAX, TIe Y NepBOro NOTOMKA CTOSAT
TeHbl TIEPBOTO POLUTEJISI, Y BTOPOrO IIOTOMKA CTOST I'eHbl BTOPOIO POAUTENS H
Hao60poT.

IleperacoBounniit kpoccunrosep (Shuffler crossover). B nanHom ajro-
pruTMe 0coOH, OTOOpaHHBIE [J/51 KPOCCHHIOBepa, CJaydyalHBIM 00pa3oM 0OMeHH-
BAIOTCSl TeHaMH. 3aTeM BbIOHMPAIOT TOUKY MAJIS OfHOTOUEUHOTO KPOCCHHTOBepa H
npoBoAAT oOMeH YacTsMHM XpoMocoM. [locsie cKpelirBaHUsS CO3NAHHbIE MOTOM-
KH BHOBb TacyloTcs. Takum o6pa3oM, MpH KaxKJIOM KPOCCHHIOBEpe CO3[AI0TCS
He TOJbKO HOBble TMOTOMKH, HO U MOAM(HULHPYIOTCS PONUTENH (CTapble poau-
TeJU YAAMSI0TCs), 9TO T03BOJISET COKPATUTD YHUCJIO ONepaluil M0 CPaBHEHUIO C
OIHOPOIHBIM KPOCCHHTOBEPOM.

Kpoccunrosep ¢ ymeHbmeHuem 3ameHnl (Crossover with reduced
surrogate). OnepaTop yMeHblIE€HHs] 3aMeHbl OTPAaHHUUBAET KPOCCHHIOBEP, UTO-
OBl Bcerna, KOraa 3To BO3MOXKHO, CO3/1aBaTh HOBbIE 0COOH. DTO OCYILECTBJISIETCS
3a CyeT OrpaHHYeHHs Ha BbIOOpP TOUKH pa3pesa: TOUKH paspe3a AOJKHBI MOSIB-
JIIThCSI TOJIBKO TaM, Il TeHbl PA3JHUYAOTCS.

Kax ©bl10 MokasaHO Bbillle, KPOCCHHIOBEpP I'eHepUpyeT HOBOe pelieHue (B
BHE 0COOU-MIOTOMKA) Ha OCHOBE IBYX MMEIOLINXCSI, KOMOUHUPYs UX 4yacTH. [lo-
3TOMY YHCJIO PA3JUUHBIX PelleHUH, KOTOPble MOTYT ObITh MOJYYeHbl KPOCCHHTO-
BEPOM TPH HCIOJNb30BAaHUH ONHOH M TOH »Ke Tapbl FOTOBBIX pelLIeHHH, OrpaHu-
yeHo. COOTBETCTBEHHO, IPOCTPAHCTBO, KOTOPoe ['A MOXKET MOKPHITh, UCIIOMb3YS
JIMUIb KPOCCUHTOBED, XKECTKO 3aBUCUT OT TeHO(OHAA momyasiuud. Uem pa3Hoo6-
pasHee TeHOTHIIBl PEleHHH MOMYJAsLHH, TeM 60Jblie MPOCTPAHCTBO NMOKPLITHS.
[Tpu o6HapyKeHHH JIOKaJbHOTO ONTHMYMa COOTBETCTBYIOLIUH eMy reHOTHN Oy-
JIeT CTPEMUTBCS 3aHATh BCe MO3ULUH B TOMYJSILHH, U aITOPUTM MOXKET COHTHChH
K JIO)XHOMY ONTHUMYyMY. [109TOMY B reHETHYECKOM a/JTrOPUTME BaXKHYIO POJIb UT-
patoT MyTauud. CyliecTBYeT HECKOJBKO CIIOCOG0B MyTHPOBaHHUs reHoB. Bomnpoc
0 Bbl6OpE MOAXOASALIETO ONlepaTOpa MYTalUK pelLlaeTcsl B paMKax MOCTaBJIeHHOH
3ajauu.

2.5. Myrauus

[Tocsie mporuecca BOCPOM3BOACTBA MPOUCXOAAT MyTauuu (mutation). Jau-
HBEIH orepaTop HeoOXOOUM /51 «BbIOMBaHHUS» MOMYJASLHMH H3 JIOKAJbHOTO 3KC-
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TPEMyMa U NPeNsTCTBYeT NpexKAeBPEMEHHOH CXOOUMOCTH. DTO AOCTUTaeTcs 3a
CUeT TOro, YTO M3MeHsIeTCsl caydaillHo BEIOpaHHEIH TeH B XpoMocoMe (puc. 8).

T1X2 .. . Tp1TnTn41-+ - LTm —> L1X2 ... Ly 1TnTnt1---Tm

Puc. 8. MyTauusi B Touke

Tak Ke Kak W KPOCCHHTOBEp, MYTAaLMH MOTYT TMPOBOAMUTHCS HE TOJBKO T10
OflHOH csyyaliHOH Touke. MoXKHO BbIOMPATh [J/151 H3MEHEHHUsl HeCKOJIbKO TOUEeK B
XpOMOCOME, TIpUYeM KX YHCJIO TaKxKe MOXKeT ObITb caydaiHbiM. Mcnosb3syioT u
MyTalUH C U3MEeHEeHHeM cpa3y HeKOTOPOH IPYMIbl MOAPSL UAYILIHMX TOYeK.

BeposiTHOCTE MyTalMH pn, (Kak MPaBUJIO, Py <K 1) MOXKET SBJIATHCS WU
(UKCUPOBaHHBIM CJyYadiHbIM uHcaOM Ha orpeske [0;1], wau QyHKuHeH oT
KaKOH-TH00 XapaKTepPUCTHKH pelaeMol 3anaud. Hamprumep, MOXKHO MOJIOXKHUTH
BEPOSITHOCTb MYTHPOBaHUS I'eHOB, 0OpPaTHO NPOMNOPLHUOHANBHYIO UHCJY BCeX re-
HOB B 0COOH (pa3MepHOCTH).

OnTrMmanbHOe 3HauyeHHe BEepOSITHOCTH MYTalUK 00CYyKIaeTcsl B pasHbIX CTa-
ThsiX. Tak, HampuMep, MyTauusi ¢ (QUKCHUPOBAHHOH BePOSITHOCTBIO MPHUBOAHT K
XOPOILIUM pe3yJbTaTaM [IJs IIHPOKOr0 Kjacca TeCTOBBIX (DYHKUHE (Hampumep,
IS YHUMONAJbHBIX (GYHKUHMI®). JS MyAbTHMOAAJBHBIX (BYHKIHME TPHUMEHS-
10T CaMOaJaNTHPYIOLLYIOCs OLleHKY BeposTHOCTH. HuxKe mprBeneHbl OCHOBHblE
BapUaHTbl MyTHPOBAHHUSI.

MyTrauus ajid BeleCTBeHHbIX 0cobeit (Real valued mutation). Ha puc. 9
MOKa3aHa BO3MOXKHAas MyTalusi IJisi 0coOel C BelleCTBEHHBIMU T€HaMH B JIBY-
MepHOM MPOCTPAHCTBE.

Jst MyTauuu ocobell ¢ BelleCTBEHHBIMU UHUCJIaMH HEOOXOAUMO OIpeNeUTh
BeJMYHMHY llIara MyTalluh — UYHCJ0, Ha KOTOPOe U3MEeHMTCsl 3HaueHHe TeHa Mpu
MYTHPOBaHHUH.

OO6bIuHO OompefiesieHye 1Iara MyTalWy NPEACTaB/sET HEKOTOPYIO TPYIAHOCTD.
OnTuManbHBIE pa3Mep Iara A0J/KeH MEHSITbCS B TeUeHHEe BCEro mpoiecca mo-
ucka. HanboJsiee mpurogHsl MajeHbKHe LIaTH, HO HHOrAa GOJblIMe Mard MOTYT
NPUBECTH K YCKOPEHUIO Mpollecca. ['eHbl MOI'YT MyTHPOBaTb COIJIaCHO CJeLyIo-
ILIeMY NPaBUJY:

HOBasl MepeMeHHasi = cTapas nepemMeHHas + « - 9,

SYuumonanbHas (YHKIHSA — OZHOBEPLIMHHAS (YHKIHS.
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rle 3HaKW + HWJAM — BBIOMPAIOTCS C PaBHOM BepoOATHOCTbIO, a = 0,5 X
X TIONCKOBO€ TPOCTPAHCTBO (MHTepBas M3MeHEeHHUs] NTaHHOH MepeMeHHOH),

5= Em: a(i)27¢,
=1

N 1 N —
a(i) =1 ¢ BepOATHOCTbIO --, B IPOTUBHOM cayyae a(i) = 0, m — mapamerp.

HoBast ocobb, mosyunBLIasics MpU TaKOH MyTallH, B OOJBIIMHCTBE CJIyUyaeB
He HaMHOT0 OTJIHYAeTCs OT CTapoH. DTO CBA3aHO C TeM, YTO BEPOATHOCTb Ma-
JIEHBKOT'0 11ara MyTalKU BhILIE, YeM BEPOSATHOCTb GoJblioro wara. Ilpu m = 20,
NAHHBIH aJrOPUTM MYyTalMW TMPUTONEH [Js JOKaJU3alWH ONTHMyMa C TOYHO-
cthio o - 2719,

Heonunaa myrauus (Binary mutation). JIns ocobe, KOTHPOBaHHBIX 1BO-
UYHBIM KOIOM HJM KomoM I'pesi, MyTauus 3ak/woyaeTcss B CJAy4alHOM HHBep-
tupoBanuu reHa (0 samensiercs 1 U HaoGopot). DPdeKT MyTalHH 3aBUCHT OT
NPUMeHEHHOTro crocoba KOAMPOBaHHUS I'eHOB. Tak, B OAHUX 3ajayax MpH MyTa-
WU HaWgAydmnd 3((eKT NOCTHUraeTcss B cjaydae, Korga 0co0M 3aKOAHMPOBaHBI
KonoM I'pesi, a B ApPYrUX — C MOMOIIbIO IBOWYHOIO KOAA.

IlnotHocte myraumu (Density mutation). CTpaTeruss MyTalllu C HCMOJb-
30BaHHeM MOHATHS MJIOTHOCTH 3aKJUaeTcsl B MyTHPOBAHMHU KaKJOro reHa mno-
TOMKa C 3aJaHHOH BepOSITHOCTBbIO. TakuM 06pa3oM, KpOMe BEpOSTHOCTH MpH-
MeHEHHs] MyTalHH K CAMOMY MOTOMKY HCIIOJIb3YyeTCsl ellle BEPOSITHOCTb TpHMe-
HEHHsI MYTalUH K Ka)KIOMYy ero TreHy, BeJHYHHY KOTOPOH BBIOHMPAIOT C TaKHUM
pacdyetoM, 4ToGbl B cpeaHeM MyTHpoBajo oT 1 1o 10 % reHos.

O 00 MyTaLMK

~
{ ) nocne myTaum
b

nepemeHHan 2

nepemerHas 1

Puc. 9. Myrauus nss ocobell ¢ BellleCTBEHHBIMH I'eHaMH
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Hdpyrue Buapl mytamuil. [TycTb 0co6b ¢ mpencrtaB/eHa cienyolled nocJe-
JI0BaTeJIbHOCTBIO T€HOB t;: t = t1,...,t,. Torna MoXKHO MPUMEHHUTD CJelyIollHe
ornepaTopbl MyTallMH:

1. Ilpucoedunenue caydafiHOrO reHa U3 COBOKYMHOCTH BCEBO3MOXKHBIX 3Ha-
YeHUH T'eHOB K KOHILY MOCJeNOBaTeNbHOCTU: t — t1,..., ¢k, S.

2. Bcmaska Cnyqaﬁﬂoro reHa M3 COBOKYITHOCTH BCEBO3MO2KHBIX 3HaueHu#
reHOB B cnyqaﬁHo BbI6paHHy10 MO3ULIUI0 B MOCJEN0OBATEJBHOCTH: T —
tl,...7ti_1,8,ti,...,tk.

3. Yoasenue caydyallHO BBIOPaHHOTO TeHa W3 MOCJENOBATEJbHOCTH: ¢ —
t1, ooy tic bty oo T

4. Obmer MecTaMU B MOCJENOBATENbHOCTH JBYX COCENEH OJHOrO CJydalHO
BbIOpPAHHOTO reHa: t — tq, ... 41,8, ti—1,- .., k.

Crnenyer 3aMeTHTb, YTO MyTauus | fIBJsieTCS YACTHBIM CJydaeM MyTalUH
2. lnst ocobeit ¢ UKCUPOBAHHBIM pa3MepoM (KOJUUECTBO I'eHOB B MOCJeN0Ba-
TeJIbHOCTH) BO3MOXKHO MPHMeHEeHHe B YHCTOM BHIE TOJbKO 4 Myrauuu, a 1 u 2
MyTaLUK TOJKHBEI IPUMEHSITbCS B COUETAHHUHU C MyTalue 3.

2.6. Oneparopsl 0TO0pPa 0c00€il B HOBYIO MOMYJISIIHIO

Jlis co3naHusl HOBOH MOMYJ/ISLIMK MOXKHO HCII0Jb30BAaTh Pa3/HuHble METOMbI
ot6opa ocobeil.

O160p yceuenuem (Truncation selection). Ilpu orGope yceueHHeM HC-
NOJb3YIOT MONYASLUIO, COCTOSLLYI0O KakK U3 ocobeli-ponuTtenell, Tak U 0cobei-
MOTOMKOB, OTCOPTUPOBAHHYIO 110 BO3PACTAHHUIO 3HAUeHHH (PYHKLUH IPUTOJHOCTH
ocobert. Uneso ocobeli 1715 CKpelMBaHUs BHIOWPaeTcss B COOTBETCTBUHU C IMOPO-
rom T € [0; 1]. [Topor onpegessiet, Kakast 10Jisi 0co0ei, HaUKHAsi C CaMOi MepBoOH
(camo#t mpuronHo#), GymeT MpUHHMAThL ydacThe B oT6ope. B mpuHiume, mopor
MOXKHO 3a/aTh M 4YUcJOM OoJblie 1, Torna oH OyfeT NMPOCTO paBeH YUCIY 0CO-
6ell U3 TeKylleH MOMy/sLNH, AONYIIeHHbIX K 0T6opy. Cpenu ocobel, nonaBLIMX
«IIOfL TIOPOr», CAy4yalHbIM 00pa3oM BbIOMpaeTCs O4HA W 3aMUCHIBAETCS B HOBYIO
nonyJasauuio. [pouecc nosropsiercs N pas, moka pasMep HOBOH MOMYJIALUH He
CTaHeT paBeH pa3Mepy MCXONHOH monyasuud. Hoeas momy/siiusi COCTOUT TOJb-
KO M3 0co0el ¢ BBICOKOH MPHUIOJHOCTBIO, MPUYEM OfHA M Ta XKe 0coOb MOXKeT
BCTpeYaTbCsl HECKOJIbKO Pa3, a HEKOTOPble 0COOH, UMEIOIHe MPUTOAHOCTb BhILIE
[IOPOroBOH, MOTYT He MONacTb B HOBYIO MONYJSLHUIO.
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M3-3a TOrO, YTO B 3TOH CTpaTErdH HCIOJb3YeTCs OTCOPTHPOBAaHHAS MOMY-
JUHMs, BpeMsi ee paGoThl MOXeT ObITb OOJBIIUM [Js MOMYJSALIUH OO0JbLIOTO
pa3Mepa ¥ 3aBUCETb TaK¥Xe OT aJrOPUTMAa COPTUPOBKH.

Auurapueiit ot60p (Elite selection). Co3naercss mpoOMeXyTOUHAs TOMYJIsi-
L1, KOTOpasi BKJOYaeT B cebOsi KaK POAMTEJEH, TaK W UX MOTOMKOB. YJieHbI
3TOU MOMYJSLMH OLEHUBAIOTCS, a 32 TeM U3 HUX BhIOUpPaOTCs N caMbiX JY4LIUX
(MpUroAHBIX), KOTOPblE W BOUAYT B CJAelylOlllee MOKOJeHHe. 3a4acTyio NaHHbIH
MeTOJ KOMOMHHUPYIOT C APYTMMH — BBIOMPAIOT B HOBYIO MOMYJISILHIO, HATIPUMEP,
10 % «3muTHBIX» ocoGeit, a octajbHble 90 % — ONHMM W3 TPaJHIHOHHBIX
MeTon0B cesekuud. Muorma 3t 90 % ocobell cospaloT cayyaiHo, Kak I[pH
CO3JIaHHUW HavaJIbHOM TOMYJISILMK Tepel] 3amyckoM paboTbl reHeTHYeCKOro aJ-
roputMa. Mcrnosb3oBaHue cTpaTeruu 3JUTH3Ma OKa3bIBAETCS BeCbMa MOJE3HBIM
st apdexktuBHocTH [A, Tak Kak He JIOMycKaeT MOTepl Jydiux petreHud. K
NpUMeEpY, €CJH MOMYJMSLHUsS COLLIACh B JIOKAJbHOM MaKCHMyMe, a MyTallusl Bbl-
BeJia OHY M3 CTPOK B 00JIacTh IJ100a/JbHOTO, TO MPH TpelbAyllell cTpaTeruu
BeCcbMa BEPOSITHO, UTO 3Ta 0COOb B pe3ysibTaTe CKpellUBaHUs OyneT MoTepsiHa,
U pellleHHe 3aaud He OyneT nonydeHo. Eciiu xKe Ucrosb3yeTest 3JUTH3M, TO T10-
JIyueHHOe XOpolllee pelleHHe OYAeT OCTAaBaThCsl B MOMYJSALUU A0 TeX IOp, MOKa
He OyneT Hal[leHo ellle Jydllee.

OT160p BoiTecHenueM (Exclusion selection). B nannom ot6Gope BBIGOp 0cCO-
6V B HOBYIO TOMYJSLHIO 3aBUCHT He TOJbKO OT BEJIMYMHBI ee MPUTOLHOCTH,
HO W OT TOr0, €CThb JI yXe B (POPMHUPYyeMOH MOMyJsiUK 0CO0b C aHaJorny-
HBIM XPOMOCOMHBIM Ha6opoM. OTGOp TMPOBOAMTCA W3 UKCIA DOAMUTENEH M HUX
noTOMKOB. K3 Bcex ocoGell ¢ 0fIMHAKOBOH MPUCMIOCOOIEHHOCTBIO MPeNNoUTeHHe
CHauasa OTHaeTcss 0COOSM C pa3HBIMH T'eHOTHNaMH. TakMM 00pa3oM, NOCTHra-
I0TCSl JIBE LI€JIM: BO-TIEPBBIX, HE TEPSIOTCS Jydlliie HaUJeHHble pelleHus, obJa-
Jaroliie pa3UUHbIMU XPOMOCOMHBIMU HabOpaMH, BO-BTOPHLIX, B MOMYJISIUU MO-
CTOSIHHO MOJJIepKUBAeTCsi TeHeTHYeckoe pa3HooOpasue. BriTecHeHHe B JaHHOM
caydae (GOpMHpPYeT HOBYIO TOMYJSIUI0O CKOpee M3 yHnajeHHBIX ocobell, BMeCTO
ocobed, TPYNIUPYIOLIUXCS OKOJIO TEKYIIero HalaeHHoro petleHus. JlaHHBIN Me-
TOA HauboJiee MPUTONEH IJi MHOTOIKCTPEMAJbHBIX 3a1ad, MPH 3TOM TOMHMO
omnpefiesieHust T00abHBIX IKCTPEMYMOB TOSIBJISIETCS BO3MOXKHOCTb BBIJIE/NUTh U
Te JIOKaJbHble MaKCUMYMbl, 3HaYeHHsI KOTOPBIX OJIM3KH K TJI0GAJbHBIM.

Meton bonbumana, nau meton otxkura (Bolzman selection). B nanHom
MeTO/le BepPOSITHOCTb OTOOPa B HOBYIO MOMYJSLHIO 3aBUCHUT OT YNPAaBJISIOLIErO
napametpa — Temnepatypsl 1.

OObIUHO BEPOSITHOCTD MOMafaHus B HOBYIO MOMYJSLUIO BBIUUC/SIETCS 110 CJle-
nywouleit gopmyJe: .

P=—"—"""F"~ >
1+ oxp 101D
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rae f(i) u f(j) — 3HaueHHs LesneBOH (QYHKLUHUH ¢ U j 0cobeil, COOTBETCTBEHHO.
Howmepa ocobeii 7 u j BeiGupatoTes caydaino. Eciu 3HaueHue p okaxeTcsi 60J1b-
e caydyadiHoro udcia Ha uHTepsaje (0;1), To B HOBYHO MOMYJASILMIO MOMNAAET
ocobe f(i), unaue f(j).

B HeKOTOpBIX ciyuasx NMpUMeHsieTCsl ajbTepHaTHBHas (opmyJa:

exp(f(4)/T)
(exp(f()/T))’

rae () — cpenHee 1O MOMYJSILMH HAa MTepalHK ¢ HOMepoM ¢. Ecin p okaxercs
GoJibllle cay4yaifHoro uuc/a Ha uHrepsase (0;1), To ocobb f(i) nomnaset B HOBYIO
MOMYJISILHIO.

B naHHOM MeToze MepBbIM MOKOJEHHSIM COOTBETCTBYIOT BBICOKHE TeMIepa-
TYpbl, H BepPOSITHOCTb 0TOOpa 0cobell BesuKa (OAAEePKHBAETCS MHOrooOpasue
B HOBO# momyJisiuu). [locTeneHHo ¢ pocToM KoJHuecTBa mokoseHuit [A Temme-
paTypa CHHXKaeTcsl, BEPOSITHOCTb 0TGOpA YMEHBILIAETCS U B HOBYIO MOMYJISILIHIO
MonagalT Te 0COOH, MPHUCIOCOBMEHHOCTb KOTOPHIX MHHHMasbHA. JlaHHBEIH Me-
TOZ OTOOpa HCMOMb3yeTcsl HJIst Y3KOro Kjacca 3afad (Hampumep, HaXoxJeHHe
OCHOBHOT'O COCTOSIHHSI CIIHHOBBIX CTEKOJ).

2.7. Pa3nooOpa3ue reHeTUYECKHUX aJrOPUTMOB

Ci/lemyeT OTMETHTh, UTO B Hacrosiiiee BpeMmsi [A — 3rto uesblél Kjaace ajnro-
PUTMOB, HalpaBJeHHbIH Ha pelleHUe Pa3HOOOpPa3HBIX 3ajad. Ilprmepamu pas-
JUUHBIX [A MOTyT SIBJASATBCS CJAEAYIOLIHE aJTOPUTMBI.

2.7.1. Kanounueckuin TA

JlaHHast Mozie/1b aNropuTMa ABJsgeTCs Kaaccndeckod. OHa Obl1a MpesoKeHa
Jxxonom XoJsangom B ero padote [8]. CorsiacHo eft, MOMyJsILUsE COCTOUT M3
N XpoMOcoM ¢ (PMKCHPOBAHHOH paspsAHOCTbIO reHoB. C MOMOILBI0 MPONOPLHO-
HaJbHOTro 0T60pa (hopMUpPyeTCs MPOMEeKYTOYHBIH MacCHB, U3 KOTOPOTO CaAy4ai-
HBIM 00pa3oM BBIOHpAIOTCS 1Ba poauTess. Jlajee MpoW3BOAMTCS ONHOTOYEYHBIH
KPOCCHHIOBEp, U CO3[laHHBbIE 1Ba MOTOMKA MYTHPYIOT (OLHOTOYEUHAS] MYTaLlUsi)
C 3a/laHHOH BeposiTHOCThIO. MyTHpOBaBlIMe MOTOMKH 3aHMMalT MecTa CBOMX
ponutesel. [Ipouecc mponoskaercs 0 Tex Mop, NoKa He OyneT AOCTUTHYT KpH-
TepUH OKOHUYAHHS aJrOpUTMA.

28



2.7.2. I'eantop

B mopenu renutop (Genitor) ucmoJibdyercsi crelUpHUYHBIA crnocob oT6o-
pa [4]. Buauase, Kak u nosiaraetcsi, IOMYJSALKS UHULKATU3UPYETCS, U ee 0COOH
OLleHUBAIOTCS. 3aTeM BHIOUpAIOTCS CaydyallHBIM 06pa3oM ABe 0COOM, CKpeLlu-
BAIOTCSl, TIPUYEM IIOJYYAETCH TOJBKO ONMH MOTOMOK, KOTOPBIH OLEHHBAaeTCs M
3aHUMaeT MecTO MeHee MPHUCNOCO6JeHHON 0coOU B MOMyMsALUHU (2 He OIHOTO U3
ponuteJeit!). [Tocne aToro cHoBa cay4aiiHbIM 06pa3oM BHIOHMpPAIOTCs 1ABe 0COOH,
U UX NOTOMOK 3aHHMMaeT MeCTO POAUTENbCKOH 0COOM ¢ CaMOH HH3KOH MPHCIO-
co6seHHOCTbIO. TakuM 06pas3oM, Ha KaxKIOM Iiare B MOMYJSLUHW OOHOBJSETCS
JULb ofiHa oco6b. [Iponecc npoposkaercss 10 TeX MOP, MOKa MPUTOAHOCTH XPoO-
MOCOM He CTaHyT OfMHAKOBBIMH. B HaHHBIH anropuTM MOKHO N0OaBUTb MyTa-
U0 TIOTOMKa TocJje ero co3nanus. Kpurepuil okoHUaHHUs npolecca, Kak U BUJ
KPOCCHHTOBepa U MYTallMH, MOXKHO BBIOWPAThb PasHBIMH CIIOCOOAMH.

2.7.3. MeTtoa npepbIBUCTOr0 paBHOBECHUS

JlaHHBI} MeTOJ, OCHOBAH Ha N1a/JIeOHTOJIOIMYeCKOH TeOPHH MPEPLIBUCTOTO PaB-
HOBECHSl, KOTopasi OMHCBIBAET OBICTPYIO 3BOJIOLHIO 32 CUET BYJKAHUYECKHX U
IPYyTUX HM3MeHeHUH 3eMHOH Kopbl. I/l NMpuUMeHeHUs] NaHHOTO MeTOofa B TeX-
HUYeCKHUX 3aJauyax [pelJsaraeTcsi 1ocje KaxKAOH reHepalUH NPOMEKYTOYHOIO
MOKOJIEHUsl C/lydyalHbIM 00pa3oM IepeMelldBaTb 0COOM B MOMYJSLUH, a 3aTeM
npuMeHsiTb ocHoBHOH ['A. B manHO# Momesn 1Jst 0T6Opa POAUTENBCKUX Tap HC-
noJb3yetcst maHMHKcus. [TosmydnBiecs: B pe3ysbTaTe KPOCCHHIOBepa MOTOMKH
¥ HauboJsiee MPHUIOAHBIE POAHUTENH CcaydalHbIM o6pa3oM cMelinBatoTcs. M3 o6-
1iell Maccbl B HOBOE MOKOJIEHHs NONayT JULb Te 0COOH, IIPUTOAHOCTb KOTOPBIX
Bhlllle cpefHel. Tem caMblM JOCTUraeTcsl yIpaBjeHHe Pa3MepoM MOMyJasLUU B
3aBUCUMOCTH OT Ha/M4Ms JydlwHxX ocobel. Takas Mopudukauus MeTofa Ipe-
PEIBHCTOI'O PaBHOBECHS] MOXKET M03BOJIUTb COKPATUTh HerepcleKTHBHbIE MOIy-
JISILMK W PACIUMPHUTb MOMYJNALHMH, B KOTOPBIX HaXOAATCS JyullHe MHAUBHULYa/lb-
Hoctd. Kak nuuer B.B Kypeliunk: «MeTox NpepbIBUCTOrO pPaBHOBECHS — 3TO
MOLIHbI} CTpPeccoBbIH MeToJ H3MeHEeHHUsl OKpY2Kalollel cpelbl, KOTOPBIH UCHOJb-
3yeTcsi 47151 3((PEKTUBHOIO BbIXOAA M3 JIOKAJbHBIX iM» [?].

2.7.4. TuGpugHBIN aJArOPUTM

Wnes rubpugnbix anroputmoB (Hybrid algorithms) 3akaiouaercs B coue-
TaHWH TeHETHYECKOTO aJrOPUTMa ¢ HEKOTOPHIM APYTHM KJaCCHYECKUM METOLOM
MOKUCKa, MOAXOASIIMM B JNAHHOH 3afadye. B KaXIOM TOKOJEHHH BCe CreHepH-
pPOBaHHBIE MOTOMKH ONTUMH3HPYIOTCSl BEIOPAHHBIM METONOM H 3aTeM 3aHOCSTCH
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B HOBYIO MONYJAALMIO. TeM caMbIM MOJyyaeTcs, 4TO Kaxkjaas ocoOb B MOMYyJs-
LIMH JIOCTHraeT JIOKaJbHOTO ONTHUMYMa, BOJIM3H KOTOPOro oHa Haxonutcs. Jasee
NPOU3BOAATCS 0ObIYHbIE 1151 [A nmeficTBHs: 0TOOP POAUTEBCKUX Tap, KPOCCHH-
rosep ¥ myrauuu. Ha npakTuke ruGpuiHble airopUTMbl OKa3blBAIOTCS O4YeHb
yAauHBIMH. DTO CBSI3aHO C TeM, UTO BEpPOSITHOCTb MOMAafaHUs OLHOH M3 0CO-
6eli B o6JacTb ryo6ajpHOrO0 MakcuMyMma o6bldHO Besinka. [locse ontuMusaunu
Takas 0co0b OyleT ABJATbCA pelleHHeM 3alayH.

V3BecTHO, 4TO reHeTUYECKUH a/JrOpPUTM CIOCO0eH ObICTPO HaHTH BO Bceil
00/1aCTH MOHMCKA XOPOLIME pPeLIeHHs, HO OH MOXKET HCIBITHIBATbH TPYAHOCTH B
MOJNYYeHHH U3 HUX Haudydmux. OOBIYHBIH ONTHMH3ALHMOHHBI METONL MOXKeT
OBICTPO [IOCTHYb JIOKAJbHOIO MakCHMyMa, HO He MOXKeT HaHTH I[00asbHbIH.
CoueTaHue IBYX a/JrOpPUTMOB M03BOJSET HCIONb30BATh MPEUMYILECTBA 0OOUX.

2.7.5. CHC

CHC (Eshelman, 1991) pacuudpoBbiBaetrcs kak Cross-population
selection, Heterogeneous recombination and Cataclysmic mutation. JaHHbIH
aJTrOPUTM [OBOJBHO OBICTPO CXOAMTCS M3-3a TOTO, 4YTO B HEM HET MyTa-
LMH, CJAeIyIOLIMX 32 ONepaToOpOM KPOCCHHIOBEpPA, HMCIOJB3YIOTCS MOMYJSLNH
HeOOoJIbLIOrO pa3Mepa, U OTOOp ocobell B cJjenyiollee MOKOJEeHHE BeleTcs U
MeXIy POIHTEJIbCKHMH 0COOSIMM, U MeXAy MX NOTOMKaMH. B naHHOM MeToze
1715 KPOCCHHTOBepa BEIOHpAETCs CydaiiHasi mapa, HO He JONyCKaeTcsi, YTOObI
MeXIy PpOAUTENsIMU OBLJIO MaJleHbKOe XEMMHHIOBO pacCTOSIHUE WJM MaJio
paccTosiHHe MeXAy KpaHHHMH pasjuyariumucs 6utaMmu. s cKpelirBaHUA
UCMO/b3YeTCsl PA3HOBHIHOCTb ONHOpomHOro KpoccoBepa HUX (Half Uniform
Crossover), IpH KOTOPOM TOTOMKY MEPEXOIUT POBHO MOJOBHHA GUTOB KayKIOTO
ponuteJs. Jljs HOBOrO MOKOJIEHUS BHIOHpalOTCs N JIydIIMX pPa3/HuHBIX 0coOel
cpenu ponutesedl u nerell. Ilpu atom ny6/aMpoBaHHE CTPOK He JIOMYCKAeTCs.
B momenu CHC pasmep momyssiidu OTHOCHTEJbHO Maj — OKoJio 50 ocobeil.
D10 omnpaBablBaeT HCHOJb30BAaHUE ONHOPOAHOIO KPOCCHHTOBEpa W I03BOJSET
aJrOPUTMY COHTHCB K pelleHH0. [lJ1s1 mosyueHus 6oJiee UM MeHee OIMHAKOBBIX
cTpok (cM. ompenesenne cxopumoct) CHC npumensier cataclysmic mutation:
BCE CTPOKH, KpOMe CaMOH MPHUCIOCOONEHHOH, MOABEPTaloTCsl CUNAbHOH MyTalLHUH
(u3MeHsteTcst 0KOJIO TPETH GUTOB). TakuM 00pa3oM, aJrOPUTM Iepe3anycKaeTcst
U Jasee MpofoJkKaeT paboTy, NPUMeHss TOJbKO KPOCCHHIOBEP.

2.7.6. TA c He(pUKCHMPOBAHHBIM Pa3MepoOM MOMYJISALMU

B reHeTHuyeckoM airopuTMe € He(pHUKCHPOBAHHBIM pa3MepPOM [MOMYyJIsSLHH
(Genetic Algorithm with Varying Population Size — GAVaPS) kaxpo#i ocotu
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MPUITUCHIBAETCS MAKCHMaJbHBIH BO3PACT, T.€. YHCJIO MOKOJEHHH, M0 MPOLIECTBUH
KOTOPBIX 0C00b moru6aeT. BHenpeHue B aJropuT™ HOBOTO MapamMeTpa — Bo3pac-
Ta — I03BOJISIET MCKJIYNUTb Omepatop otréopa B HOBYW momyssiuuio. Bospacr
KaXXJ0H 0co0M HMHIUBMAYyaJeH U 3aBUCUT OT ee IIPUCIOCOOJNEHHOCTH. B Kax-
JIOM TIOKOJIEHHH © Ha 3Tarne BOCIPOU3BEJEHUs] 0ObIUHBIM 06Pa3oM CO31aeTcsi [0-
MOJIHUTEbHAS TIOMYJISILKST M3 MOTOMKOB. Pazmep HOMOJHHUTENBHOH MOMYJsSLUH
(AuzPopsize(t)) npornoplyoHaneH pa3Mepy oCHOBHOH nonynsuuu (Popsize(t))
1 paBeH
AuzxPopsize(t) = [Popsize(t)p.),

rIe p. — BEPOSITHOCTb BOCIpou3BeneHHus. [Jisi BocmpousBedeHUs: 0COOU BBIOU-
paloTcsl U3 OCHOBHOW MOMYJSIIUKM C PAaBHOH BEPOSITHOCTbIO HE3aBUCHMO OT HX
npucrnoco6seHHocTH. [loce npuMeHeHHsT MYTalMH U KPOCCHHIOBEPA MOTOMKAM
MIPUIKCBIBAETCS] BO3PACT COIVIACHO 3HAYeHHUIO UX NpucnocobseHHOCTH. Bospacr
SIBJISIeTCST KOHCTAHTOM Ha MPOTSXKEHUH BCeH 3BOJIOUUU 0COOH (OT POXKIEHHUS IO
rubenn). 3aTeM U3 OCHOBHOH IMOMYJSIIHK YAAJISIOTCS T€ 0COOU, CPOK KHU3HH KO-
TOPBIX UCTEK, U NOOABJSIOTCS MOTOMKH K3 MPOMEXYTOUHOH MOMYJsUK. Takum
06pa3oM, pa3Mep MocJie OIHOH UTepallUy aJrOPUTMa BBIYMCISETCS M0 (hopMyJIe:

Popsize(t + 1) = Popsize(t) + AuxPopsize(t) — D(t),

rae D(t) — uncso ocoGei, KOTOpble YMUPAIOT B MOKOJEHHH t.

2.8. IIapannenbHoe BbinonHeHue I'A

[eHeTHUeCKMe aNrOPUTMBI IPUMEHSIIOTCS U [P MapasiiebHbIX BHIYUCIEHH-
sx (Parallel implementations). [Ipu aToM QopMHpPYeTCsT HECKOJBKO »KHUBYILIMX
oTnesbHO monyasuui. Ha sTame ¢dopmupoBaHHsS HOBOTO MOKOJIEHHSI MO HEKO-
TOPOMY MpaBHJy OTOMPAIOTCS 0COOHM M3 pasHbIX momyasuuid. CreHepupoBaHHas
TaKUM 06pa3oM MOMyJsILUsl B HEKOTOPBIX CyUyasix 3aMeHsieT Bce ocTajbHble. Ta-
KM 00pa3oM, Tak MM MHadye, IPOMCXOAUT MHUrpauus ocobeil OMHON MOmyasiuuu
B npyrue nomy/asiuuu. [lostomy napassesbHble ['A Ha3bIBAaIOT MUrPALUSMH.

2.8.1. Ilapannensusid TA

Jl1si Hayana paccMOTpUM CO3faHHe TpocTefimero mnapasnensHoro A us
KJaccuueckod monesau XoJgnanaa. Ias satoro 6yneM HUCIONB30BaTh TyPHUPHBIH
or6op. 3aBemeM N/2 mpoleccoB (3hech U fajee MPOLECC pacCMaTPUBAETCs Kak
HEKOTOpasi MallliHa, MPOLEeccop, KOTOPbIH MOXKeT paGoTaTh He3aBUCHMO). Kax-
Bl U3 HUX OyneT BHIOMpATb CAy4alHO W3 monynasuud 4 ocob6H, MPOBOAUTH 2
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TYpHHUpa, U nobenutenell ckpewuBatb. [losyyeHHBle MOTOMKHM OyoyT 3amUCh-
BaTbCs B HOBOe IIOKOJieHHe. TakuMm 00pas3oM, 3a OOMH LUKJ pabOThl OLHOTO
npolecca 6yIeT CMEHSITbCS LeJI0e TOKOJIEHHE.

2.8.2. Murpauus

Monenb murpauun (Migration) npencraBisieT MOMYJSILKAI0 KaK MHOXKECTBO
nopnonyasiuui. Kaxxnas nognonynsuust o6padaTbiBaeTcsl OTAENBHBIM IPOLECCO-
poM. DTH MOANONYMSLUUH Pa3BUBAIOTCSl HE3aBUCHMO OPYT OT Apyra B TedyeHHe
OJIMHAKOBOTO KoJIMuecTBa nokoseHuil 1’ (BpeMs uzonsuun). [1o ucreuenun Bpe-
MEeHH HM30JISLHH IPOUCXOAUT OOMEH OCOOSIMH MeK1y MOAMONYNAUUsIMH (MUTpa-
uust). KosnuectBo ocobell, mopBepriiuxcsi o6MeHy (BEpOSITHOCTb MHUTPALHHU),
MeTon 0oT6Gopa ocobell mJsi MUTpalMM K CXeMa MHIPAlMH ONpefesseT 4yacTo-
Ty BO3HHKHOBEHHsI I'eHETHUECKOr0 MHOroo6pasusi B MOAMOMYJSLHSAX U OOMeH
HUH(opMaLHed MeXay MOMyJsLHUSMH.

OT160p 0ocobell A/ MUTPALN MOXKET MPOUCXOAUTDb CJAEAYIOIUM 06pa3oM:

e ciayyaifiHasi oqHooOpa3Has BeIOOpKA M3 4YucJaa ocobel;

e TIPONOPLIUOHAJbHBIA O0TOOP: N/ MUrpauuu OGepyTcs HauboJsee NPUTOAHbIE
oco6H.

OTpenbHBlE TIOANONYJALMH B NapasjeibHblX [A MOXKHO yCJIOBHO NMPHHATB
3a BepIUMHBI HeKoToporo rpaja. B cBA3M ¢ 3THM MOXKHO paccMaTpHBaTh TO-
noJsioruio rpada murpanpontoro I'A. Haubonee pacrnpocTpaHeHHOH TOMOJOTHeN
MHTPALUY SIBJISETCS MOJHBIH Tpag (cM. puc. 10), npu KoTOpoi 0cobu U3 JM060H
MOANONYJISLHI MOTYT MUI'PHPOBATh B JI00YI0 APYTYIO MoAnonyasnuo. Jas Kax-
IOU MOATOMYJISILMK MOJHOE KOJHYeCTBO MOTEHLHAIbHBIX HMMHUIPAHTOB CTPOUT-
csl Ha OCHOBe Bcex moanonyasiuuil. Murpupyromas oco6b caydyaiiHbIM 06pasoM
BbIOMpaeTcs U3 3TOro 06IIero yucJa.

[Tpu ucno/b30BaHUM B HEOIPAHMYEHHOH MUIDALMU IIPONOPLUOHANBHOIO OT-
6opa cHauasa (GopMUpPyeTCss MacCHB U3 HauboJsiee MPUTONHBIX ocobell, oTo6paH-
HBIX 110 BceM moamonynasiuusm. CiydafiHbIM 06pa3oM M3 3TOrO MaccHBa BbIOH-
paeTcsl 0coOb, U €10 3aMeHSI0T HauMeHee NPUTOAHYI0 0co0b B MOAMONYALUH 1.
AHasornuHble [eHCTBHS TPOAEJbIBAEM C OCTaJbHBIMH MOANONyAsUUsMH. Bos-
MOXKHO, UTO KaKasi-TO MONYJSLUS MOJIYUUT LyONUKaT cBoel «Xopollei» 0CoOH.

Jlpyrasi OoCHOBHAasi MHIpallHOHHAsl CXeMa — 3TO TOIMOJOTHS KoJjbla (cM.
puc. 11). 3necb ocobu mepenanTCs MeXAy COCeTHHMH (0 HaMpaBJeHHIo 06X0-
na) nopnomyasiuusimMu. TakuM o6pa3oM, ocoOH M3 ONHOH MOATNOMYJSALHH MOTYT
MHTPHPOBATh TOJBKO B OJHY — COCEJHIOI MOAMNOMYASLHIO.
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Puc. 10. Murpauus ¢ Tonosoruei mojHOH CeTH

AT

Puc. 11. Murpauus ¢ TonoJiorueft KoJbla
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Ha puc. 12 npeacTaBJJgeHa CTpaTerusa MHUrpaluy, MOoXoxKasgd Ha TOIIOJIOTHIO
KoJiblia. Kak u MPH TOIOJIOTHH KOJIblla, MUTpAllMs OCYIIEeCTBJIACTCA TOJbKO MEXK-
oy OJMXKANUILIUMU COCEISIMH. O}lHaKO MUTpalus B 3TOU MOJIE/IU TaK»Ke BO3MOXKHa
MexXay «KpaﬁHHMH» MOATIONYIALIUAMA (Toponnaanme KpaeBbie MI/II‘paHI/II/I).

| !

IS IS i
___| Iommomynauma 1 Togmonynaman 2 | | || Ilogmorynamas 3

1S 1S -
f ) )
¥ ¥ ¥
e I I

Togmonynamms 4 Togmorynama 5 || | Hommomynams 6

! ! !

.| IMoprmomynama 7 IMogmonynamus §

Il .| Tommomynamas 9 | |

Puc. 12. Murpauusa ¢ Mogu(HLHPOBAHHOH TONOJIOTHeH KoJsblia

2.8.3. I'nodaabuag moneap «Padouun u Xo3gauH»

Anroputm «Pabounit u Xossiuu» (Global model — worker/farmer) peasu-
3yeTcs ¢ pUMeHeHHeM HeCKOJbKHX OJHOBPEMEeHHO paboTaloLIUX KOMIbIOTEPOB
(cm. puc. 13). Cpenn BceX KOMIBIOTEPOB BBIAENSIOT «X03siMHA» U «Pabounx».
KommnbioTeper — «Paboune» oTBeuaoT 3a mporecchl BOCIPOHU3BOACTBA, MyTallUN
U BBIUKCJEHHUS] (DYHKIUU MPUTONHOCTH 0COOel 1Jist uX 0TOOpa B HOBOE IMOKOJIe-
Hue. Bce co3nanHble U oueHeHHble «PabournMu» 0co6H MOCTYMAOT K KOMIIbIO-
Tepy — «X03dHHY», KOTOPBIH 3aTeM MPOBOIUT OTOGOpP 0coBeil COracHO OlleHKe
UX NPUTOLHOCTH B HOBYIO nomyssnuio. OtoO6paHHble 0co0U NepenaiTcs «Xo3s-
WHOM» K KOMIbloTepaM — «PaGouunm».
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Xo3samH
Othop ocobefi B
HOEOE IOKOIEHHE

Patoyrt 1 Padoyrdt 2 Paboyit n
B ocop cuse0geTEO B ocoporseoncTED B ocnporsEoncTED
WyTammia IyTamia IIyramua
Brrmcuenne Brrmcmenne Britmcienne

IIPHT OOHOCTH

TIPHT OOHOCTH TIPHTOOHOCTH

Puc. 13. Mogenb «PaGounit u Xo3ssuH»

2.8.4. Mopeab nud¢ysuu, niu octpoBHasa moaeasb A

OcTpoBHasi MofieJs1b sIBJIsieTCsl HanboJslee pacpoCTpaHeHHOH MOZEJbIO rapas-
aeaboro TA. Ee cyTh 3akJioyaercst B TOM, 4TO MOMYJISILKS, KaK TPaBUJIO CO-
cToslIIasl U3 OueHb OOJBILIOrO YHcaa ocobell, pa3byuBaeTcs Ha OQMHAKOBBHIE I10
pasmepy noxnonynsuun. Kaxkmas mopmomyssitust o0pabaTeiBaeTCsi OTAEJbHBIM
MPOLIECCOPOM C TOMOLIbI0 OfHOH U3 pasHOBHUAHOCTeH HemapaJenabHoro ['A. Hs-
pelka, HampHMep, uepe3 MATh MOKONEHHH, MOANONYAALHHA OynyT 06GMEHHUBAThCS
HeCKOJNIBKUMHU 0cob6siMU. Takue MUrpaLliy TO3BOJSIOT MOANOMYJISIIHUSM COBMECT-
HO HCII0/Ib30BaTh MEHETHUECKUH MaTepHall.

[Tycth BuiMOMHSIIOTCS 16 HE3ABUCHMBIX T€HETHYECKHX AJTOPUTMOB, HCIIOJb-
3ys nopnonyasuud u3 1000 ocoGell Ha kaxzaoMm mpoueccope. Ecan mMurpauni
HET, TO MPOUCXOAUT 16 He3aBUCHMBIX MOWUCKOB pelleHHs. Bce moucKu BemyTes
Ha pas3/IMYHBIX HaYaJbHBIX MOMYJSLUSAX U CXOASATCS K ONpelesNeHHBIM 0COOSM.
HMccenoBaHusi MOATBEPKAAIOT, YTO TEeHETHYECKHH Apedd CKJIOHEH MPUBOIUTH
MOAMOMYJISIIAK K Pa3jHUHBIM TOMHHHUPYIOMIUM 0COOSIM. DTO CBS3aHO C TeM,
4TO, BO-MEPBHIX, KOJHUECTBO OCTPOBOB, MPUHHUMAIIINX IOMHHHUPYOLKUX «IMH-
TPaHTOB» C OCTPOBA, orpaHHueHo (2—5 ocTpoBoB). Bo-BTOpHIX, 06MEH 0COOSIMH
onHocTopoHeH. [loaTOMy B GO/BILIONA MOMYJSALKK MOSIBIATCS TPYIMIBI OCTPOBOB C
Pas3IHUHBIMK JOMHHUPYIOIIUMU 0co0siMu. Ecsiu nomynsiust HeGoJbIIOro pasme-
pa, TO BO3MOXKHO GBICTPOE MUTPUPOBAHUE JIOXKHBIX TOMUHHUPYOIMX ocobel. Ha-
[pPUMep, HCTHHHOE pellleHre HAXOAUTCS TOJMbKO Ha OIHOM OCTPOBE, a HECKOJIBKO
JIOXKHBIX TOMHHAHT — Ha OPYTMX OCTPOBax. Torma MpW MHUIPALUH KOJHYe-
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CTBO JIOXKHBIX 0cofefl Ha ocTpoBax Bo3pacTeT (Ha KaxAblH OCTPOB MUTPHUpPALMH
TIPOUCXOMST C He MeHeee 2 OCTPOBOB), FeHETHUECKHUM aJITOPUTMOM BepHOE pellle-
HHe GyzneT paspyuieHo. TeM caMbIM B MaJIeHbKOH MOMYJSLHUH NPH FeHETHUECKOM
npeiihe BO3MOXKHO MOSIBJIEHHE OLIMOOYHBIX NOMHUHHPYIOMIUX 0CO0el U CXOXKie-
HUe aJrOPUTMA K JIOXKHOMY ONTHMYMY.

BBenenne Murpauuii B OCTPOBHOH MOIEJH MO3BOJISET HAXOAUTb PA3JHUHbIe
0COOH-IOMUHAHTHl B MOJMONYJSALUAX, UTO CIOCOOCTBYET MOAAEPKAHUIO MHOTO-
o6pasust B nomynsuud. Kaxayio MOANOMYJSIIMH MOXKHO TPUHSATH 32 OCTPOB.
Bo BpeMsi MHUTrpallMy MOAMONYJASLUHH OOMEHHUBAIOTCS CBOUM NOMHHHPYIOIIHM re-
HEeTHUECKUM MaTepuasoM. [Ipy yacToM MHUIpHPOBAaHHH OOJBIIOrO KOJUYECTBA
0co0ell MPOUCXOAUT MepeMellBaHHe T'eHEeTHYeCKOro MaTepuasa. TeM cambiM
YCTPaHSIIOTCS JIOKaJbHblEe pasnyus Mexnay octpoBaMd. OueHb pefkue MHrpa-
MK He T03BOJISIOT MPeNOTBPAaTUTh NpeXAeBPEMEHHYI0 CXOAUMOCTb aJrOpUTMa
B MaJIeHbKUX MOJMOMYNSALUSX. B paccmaTpuBaeMoll Mones ¢ KaXJI0T0 OCTPOBA
MUIPalUKd MOTYT MPOUCXOAUTb JIMLIL HAa ONpeeieHHOe PaccTosiHUe: 2—5 oCT-
poBa B 3aBUCHMOCTH OT KOJIMUECTBA MOANONYAsUHH. TakuM 06pa3oM, KaxKAbld
OCTPOB OKa3bIBaeTcsl NMOYTH H30JHPOBAaHHBIM. KosHuecTBO 0CTPOBOB, Ha KOTO-
pble MOT'YT MHUIPUPOBAaTb 0COOM OLHOH NOAMOMNYJSLHH, HA3blBAIOT PACCTOSHHEM
usoasuuu. Crenyer 3aMeTHThb, YTO B3aHMOMHIPAlUH UCKJIIOYeHB! (pHc. 14).

-

Puc. 14. OctpoBHasi Monesb

Bce npuBeneHHble BapuaHThl ['A MOXHO MOJIe/IMPOBATh, 3a/laBasi pasHble 3Ha-
yeHus napameTpoB ['A u Tunsl onepatopos. Hanpumep, B ocTpoBHON Monenu ['A
MOKHO MOJIEJMPOBATh Pa3/HuHble KOMOWHALKMK CIOCO00B oT6Opa U (HhOPMHPO-
BaHMS CJIELYIOLIEro MOKOJEHHS WJH CHeJaTb TaK, YTO B Pas3HbIX MOMYJALHUAX
OYIyT HCMOJb30BATbCsl pa3Hble KOMOUHALMHK onepaTopo ['A.
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3. Ilapametpnr T'A

BeposiTHOCTb KPOCCHHrOBepa OOBIYHO BBIOMpAeTCsl NOCTATOYHOH BBICOKOM
80-95 %. Opmnako, B HEKOTOPBIX 3ajayaX HAWJYULIMH pe3yJbTaT AOCTHraeT-
Csl TIPH KPOCCHHTOBEpPE ¢ BeposTHOCTBIO 60 %.

BeposiTHOCTb MyTaluu no/kHa 6biTh Maja: 0,5-1 %.

Kak 370 HH cTpaHHO, OueHb 60JIbLION pa3Mep NMONYJASLHH 0OBIYHO HEe MPHUBO-
IUT K XOPOIIUM pe3y/JbTaTaM (CKOPOCTb CXOIUMOCTH aJrOPUTMA He YBeJUUUBa-
etcst). OntumaneHblil pa3Mep nonyasund — 20-30 ocobelt, 0IHAKO B HEKOTOPBIX
3ajlayax, KaK muiyT uccaenopatenu, tpedyercs 50-100 ocobeit. Miccnenopanus
TI0KA3bIBAIOT, UTO ONTHMAaJbHBIH pa3Mep MOMYJSLHUHU 3aBUCHT OT pa3Mepa KOAo-
BbIX CTPOK (xpomocom). Tak, mjsi anroputMa ¢ 32-GHTOBBIMH XPOMOCOMaMH
pasmep monyssuru Oynet GoJblie, 4YeM OJs aJroputMma ¢ 16-6MTOBBIMH XpOMO-
COMaMH.

B 0OCHOBHOM HCIHOJB3YIOT PYJIETOUHBIE OTOOP, HO M MHOTHA Jydlle MpHUMe-
HUTb OTOOp ¢ ycedeHHeM. CyllecTBYeT MHOTO APYTMX METONOB, MEHSIOLIUX TNa-
pameTpsl 0T6Opa B TeuyeHHe Bceil pa6oThl [A. DIUTH3M NpUMeHseTCs, eCld He
UCIO/b3YIOTCS APYTHe METOIbl, COXPaHSIOIIHe HakleHHOe XOpolllee pelleHHe.

Bri6op crnoco6a KomupoBaHusi 0OyCIOBJIEH TIOCTABJEHHOH 3aaueil U pa3me-
poM oObeKTa MOUCKa.

OnepaTopbl XKHU3HEHHOTO 1IMKJa (KPOCCHHTOBEpPa U MyTalluh) OMpeessiioTCs
BBIOpPAHHBIM KOIUPOBAHHUEM.

4. Monepuusanus I'A

OnHolt U3 cepbe3HBIX MPOOJIEM, BO3HUKAIOIIUX TPH UCIIOJb30BAHUH T€HETH-
YeCKHUX aJrOpUTMOB, sIBJISETCS MpeXXIeBpeMeHHas cXooUMoCTb. He pekomeHAy-
eTCsl UCMOJb30BaTh KJaaccuueckre ['A Ha MasleHbKHX MOMYJASLHUSAX, MOCKONbKY
B MOMYJSAOUSAX C MajblM pa3MepoOM TeHbl PACIPOCTPAHSIOTCS CJHILIKOM OBICT-
po: Bce 0COOU CTAHOBSITCS MOXOXKHUMH (IOMYJISILMS BBIPOKAAETCS) €llle 10 TOro,
KaK HalJeHOo pelleHHe 3afa4yd. 1o eCTb HOBBIH I'€HOTHI C JyulleH OLEeHKOH
OBICTPO BBITECHSIET MEHee XOpollMe KOMOWHALHWH TeHOB, UCKJIOYas TeM CaMbIM
BO3MOXKHOCTb TIOJTyUEHHSs Jy4IIero pelieHus Ha ux 6asze. MoKHO MpensioKuUTh
TPH OCHOBHBIX TYyTH yCTpPaHEHHUs MpeXAeBPEMEHHOH CXOAMMOCTH: YyBeJHUEHHE
pasMepa MOMyJsILUH, NPUMEHeHHe caMOafanTHPYIOLIUXCsl TeHeTHUECKUX Orepa-
TOPOB U CO3LaHHe «OaHKa» 3aMeHsieMbIX 0CO0eH.

B nepBom csyyae, yBesnnuuBasi pasMmep MOMYJSALMH, MOXKHO HafesiTbCs Ha
NOCTHKeHHe MHOroo6pasvsi TeHOoTHNa B momyasiuuu. Ho, ¢ apyrod ctopoHsl,
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yBeJHYeHHe unc/a ocobed BelleT K yBeJUUYEHHIO 3aHMMaeMOH NMaMsiTH U Bpe-
MeHH paboThl ajroputma. [laHHBIE MOAX0H MOXeT ObITh 3PQEeKTHBEH WJH MpH
napaJijieJIbHbIX BBIYHCJAEHUSAX, WM MPH HAJUYHH JOCTATOYHO MPOCTOH LieJIeBOH
(PyHKLUHU.

Bropo#, u camblél pacrnpocTpaHeHHbIH COC00, — HUCMOJAb30BAHUE CaMOaIall-
TUPYIOILMXCST aJTOPUTMOB — siBJsieTcsi GoJiee apdexktuBHbIM. CaMoanantauus
3aKJ/104aeTcsl B IPUMEHEeHUH IUHAMUYeCKUX MyTauui. [luHaMu4yeckrue MyTallH
B 3aBUCUMOCTH OT CKpeLIMBAIOLIUXCS 0COOell MEeHSI0T 3HayeHHe BepOsiTHOCTH
MYTalHH, TeM CaMbIM CTaHOBHUTCS BO3MOXKHBIM CaMOyIpaBJjeHHe ajaropurma. B
TaKMX CJydasix BblOMpaeTcss MaJiblil pa3Mep MOMyJsLHH.

B TpeTbem mopxosme co3maercs MaccUB /8 COXpaHeHHsl ocoOel, reHOTHII
KOTOPBIX OBblJ yTepsIH NpH (hOPMHUPOBAHUH HOBBIX MOKOJIEHHH, U BPeMeHaMH 3TH
0co0H 106aB/IATCA B NMOMYJSALHIO.

Huxxe 6onee nogpo6HO pacCMOTPUM OCHOBHBIE BapHaHTbl JUHAMUYECKHX MY-
TalHH.

4.1. CamoaganTupyoImmuecss ajJropuTMbI

4.1.1. HeonHoponHasi myrauus

OnHKUM K3 CMOCOGOB OpraHM3ali CaMOOAANTHPYIOLIEroOCsl ajJropUTMa SiB-
JsieTcsi mpuMeHeHHe HeomHoponHoi myTauwu [10]. Ecan myrtupyer red y;, To
HOBOE 3HauyeHHe y, caydalHO reHeprupyeTcst Ha OTpe3ke [min;, max;|:

1-4)°
y; + (max; —y;) (1 _p(1=4) ) , ecaud q =0,

/

Yi =
b
yi — (y; — miny) (1 — 7"(1_%) ) , ecau g =1,

rie g cayyaiHelM o6pa3oM mpuHUMaeT 3HaueHusi O uau 1; r — caydaiiHoe yuc-
JI0, IPMHMMAlolllee 3HaueHHe U3 auanasoHa [0;1]; ¢ — HoMep nokosenus;; T —
MaKCHMaJIbHOE UYHCJIO MOKOJNEHWH; b — HeKOTOphIH mapameTp, 00yCJOBJIEHHBIH
NPUPOJOH 3aauy; min; M Mmax; — BEPXHASA W HHXKHASA TPAHULB /1 BeJHUH-
HBI ;.

4.1.2. AHuect

Crparerusi HHILIECTA HCIOIb3YeTCsd KaK MEXaHW3M CaMOoaJanTally OnepaTo-
pa mytanuu. OHa 3aKJ/0UaeTcs B TOM, YTO «IIJIOTHOCTb MyTaLUHHU» (BePOSITHOCTb
MYTalM{ KaX/I0ro reHa) onpefesseTcs AJsi KaxA0ro NOTOMKA Ha OCHOBAHUH re-
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HeTHYecKo# O6siM30CcTH ero ponutesieii. Hanprumep, 3170 MoxKeT GbITh OTHOILEHHE
Yuca COBMAJAIOIIMX TeHOB POAMTEsEN K 00LIeMy YHCJIY TeHOB XpPOMOCOMEL. B
pesyJbTaTe HHLIECTA HA HaYaJ bHBIX JTAlax aJropuTMa MpH BEICOKOM pa3HooOpa-
3UM reHo(OHIA MOMYJASIHMH BEPOSITHOCTh MyTalUu OYAeT MpefesbHO MaJja, T.e.
MpaKTUYeCKH OyHeT MPOUCXONUTD JHULIb cKpelluBaHue. [Ipu yMeHblIeHUH pas-
HOOOpa3usi, BO3HUKAIOLIETO B CJyuae MonajaHusi aJrOPUTMa B JIOKAJbHBIH OMTH-
MYM, BEPOSITHOCTb MyTalu# Bo3pacteT. OUeBUIHO, YTO MPH MOJHOM CXOXKIEHUN
TMIONYJISILMK AJTOPUTM CTAHET CTOXAaCTHUYECKHUM, TEM CaMBbIM BEPOSITHOCTDb BBIXO/A
MOMY/SLMH U3 JIOKaJbHOTO ONTHMYyMa BO3PacCTeT.

Bricokasi BEpOSITHOCTb MYyTallMH TapaHTHUPyeT MOsiBJeHHE MHOroodpasus B
MOMYJISILMK, HO BIOJIHE BO3MOXXHO W pa3pylleHHe XOopollei 0cobu Mpu MyTHPO-
BaHUU. [lepbsiKC ¢ COaBTOpPaMHU MpenJoKUJIH HUCMOJb30BaTh MOMHMO MYTalHH-
MHLIECTA METON cynepurousudyarvrhoeo npubiuscerus aas otéopa ocobell B
HoByto momyssuuio [12-15]. Tlpu cynepuHAHBHAyasbHOM TPUO/INKEHHN BBHIOH-
paetcst Hauay4ias ocobb CPeAr YHUCJaa POAUTENEH M MX MOTOMKOB — 3JHMTHAs
xpoMocoMa. Bce XpoMocoMbl HOBOI MOMYJSLNU SIBJSIOTCS KOMUSMH 3TOH 3JUT-
HO# XxpoMocoMbl. [ToaToMy B monmyssiuuu GyayT NPOUCXOOUTb CHJIbHbIE MYTAlUH.

MHuect Tak:ke M3BeCTeH KakK MyTallMsi, 3aBUCSIIASI OT PACCTOSHUSI.

4.1.3. Kputepuii paccTosiHUS

B KkauecTBe pacCcTOsiHHSI B cjydyae MNpeACTaBJeHHs 0coOW B BHIe OWHap-
Ho# cTpoku (kom Ipest) Gepercsi paccrosHHe XemMmuHra. [lepbsikc ¥ apyrue
[12-15] nmpemyioXuauM Opyrodl KpUTEpUH pPacCTOsSIHHS, OCHOBAHHBIM Ha KpHTe-
pUM MHHHMAaJbHOH muomand. M BMecTo HCronb3oBaHUs abCOIOTHOTO PaccTo-
SIHUSI, OHM B3sJIK OTHOCHTEJNbHOE PACCTOsIHHE, KOTOPOe B pacyeTax T'paHHIL
IS KaXJ0H TepeMeHHOH WHAuBHUAyasabHO. [lyctb A = (ay,...,q,...a,) 4
B = (by,...,b;,...b,) — OBa pomuTessi, min; U max; — BEpPXHsS KU HUKHsIS
TpPaHULBl AJ15 i-U NepeMeHHOM:

n d

dist (A, B) = 1 >

n

ai—bi
)

max; — min;

rie d — mapaMeTp, UCIHOJb3YeMblil 1JIs1 BBIUMCJIEHHS PACCTOSHHUS.

[lycts M(A,B) = 1 — dist(A, B) — BeposiTHOCTb MYTallWH, CBsi3aHHAs C
paccrosinueM. Torna dist (A, B) € [0,1] u M (A, B) € [0,1]. M(A, B) pocru-
raer makcumyma npu dist(A4, B) = 0; npH HIOEHTHYHBIX poiuTeasx A u B
nosyyaeM M (A, B) = 1. KpoccHHroBep ABYX HAEHTHUHBIX HUHAMBHIYYMOB MPH
M(A,B) = 1, Bbi3biBaeT 0053aTe/bHYI0 MyTalHIO A/ KaXKA0H MepeMeHHOH-
notromka. O4eBHAHO, YTO TakKas MyTalHUs SIBJISETCS OueHb OOJBIIOH, U M03TO-
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My aBTOpbl BBeJHM MHOXHTeb M,,, TMO3BOJSAIIINN CKOPPEKTHPOBATH 3Haye-
uue M (A, B). Tlotom omnpenensiioT 3p(eKTHBHYIO BEPOSITHOCTb MyTauuu P
P.(A,B) = M (A,B)M,, = (1 —dist (A, B)) M,,, tne M,,, — (pUKCHPOBaH-
Hbl}l nmapametrp. B paccmaTpuBaeMoM Ksacce 3ajad ONTHMaJbHBIMH SBJISIOTCS
cjenyolye 3HayeHHs1 napameTpos: d = 0,2 u M, = 0,9.

4.1.4. ITapameTpbl BHIUNCIEHUN

Jnsi Boiuncsenuit [epbsike U apyrue [12-15] ucnosb3oBanu KaaccHuecKue
tectoBble (pyHkuuK e Monra, mupoko mpuMeHsieMble 1Jis1 aHanu3a 3PQpeKTrB-
HocTu ['A. Mcnosb3oBasuch cenyionide napameTpsl:

e pasmep nonynsuuu N = 20;

® BepOSATHOCTb KpoccuHrosepa P = 0,8;

e BepOATHOCTb MyTallMH BocnpoussoacTBa P’ = 0,01;
e MakcHMaJ/bHasl BeposiTHOCTb MyTauuu Mp = 0,9.

Hnsa xkaxno# GyHKUMH anroputM 3amyckasncsi 100 pas.
[Tpouecc paboThl reHETHUECKOrO AJrOPUTMA MPEACTABJIEH HA PUCYHKe 15.

Bridagp Beiucnenue Kpoccunaoeep Mymayin
podumenei SEroAMIGChl podimeneil NOMOMKOE
+ Mymayuu
IToxa He co3dand HOSAA NONVIAYLA
uTU He JOCHIUEHYMA CXOOUMOCN b
¥
Bunucnenue gyrryuu B Hogyio noynayieo Bunucnenue
MpUZOdHOCI U KaRCOoH EHOCILM LT POOUMENR, |4 HPUE0OHOCTILL
ocodu 11U €20 NOMOMKQ, MON OMKOE
€ 3QELCUMOCI U

O 1Y MPUZ0OHOCTL

Cozdanue HaHATbHO
FIOMMIAYLL

Puc. 15. TA B paborax [lepbsikca
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5. CumBoJgbHag moaeab I'A

5.1. IlocrtaHoBKa 3amauu

PaccmoTpuM ONMTUMU3ALHOHHYIO 3afauy (mogpoGHee 00 ONTHMH3ALMOHHBIX
3agadyax cMm. B npusoxceruu A.2): max f(x) ¢ ZONYCTHMBIM MHOXKECTBOM

D:{x:(xl,xg,...,xN) ‘-’L‘i € [Cbi,bi] ,i:1,2,...,N},

rie f(z) — MakcuMusupyemas (LesieBast) cKaJsipHasi MHOTONapaMeTpUuecKas
(YHKLHS, KOTOpasi MOXKeT UMeTb HEeCKOJIbKO [VI06aNbHbIX IKCTPEMYMOB, NPSIMO-
yronbHas o6aactb D — obaacTh noucka, D — noamHoxectso RY . Ilpeanona-
raetcs, uTo 0 (pyHKUKH f(2) M3BECTHO JIMIIb TO, YTO OHA ONpeJesieHa B JH000H
Touke obsactu D. Hukakasi nonosHuTeN bHasE HHPOPMALIKUS O XapakTepe QyHK-
LIMH U ee CBOHCTBaX (AHU((epeHLHPyeMOCThb, HEMPEPLIBHOCTD U T.A.) B IIpoLecce
TIOHCKa HE YUYHUTBIBAETCS.

[Ton pelweHneM nocTaBjeHHOH 3ajaud OyfeM MOHHMaTb BEKTOp & =
(x1,22,...,2N). ONTHMaNbHBIM pellleHHeM GyAeM CUMTATh BEKTOP T = ¥, MpH
KOTOpPOM LiesieBasi pyHKUMs f(x) MpUHHMaeT MakcHMasbHOe 3HadeHue. Mcxons
M3 MPEIINoJIOKEeHHsT 0 BO3MOXKHOH MHOrO3KCTpeMasbHOCTH f(x), ONTHMAJbHOE
pelieHHe MOXKeT ObITb HE eIUHCTBEHHBIM.

5.2. CuMmBoJbHAa"a MOIEab

Jlans Toro, 4ToObl MOCTPOUTH NPOCTPAHCTBO IpeACTaBJeHUH IIOA FeHeTHue-
CKHH aJrOpUTM JJISl 3aaUd ONTHMHU3aLHH HeOOXOAUMO NUCKPETH3UPOBATH MPO-
CTPAHCTBO MapaMmeTpoB ckansipHod (yHkuuu f(z). [lapameTpsl z 06BIUHO KO-
oupytoTcsl GHHapHOUH cTpoko#l s. Mcmosbays nesneByo ¢yHKUHIO f(x), MOXKHO
nocTpouTh (yHKUKIO (i(s), 0TOOpa3uB, Korga 3TO0 HeoOxomumo, f(x) Ha mo-
JIOKUTEJIbHYIO N0JY0Ch. DTO JesaeTcsl AJsl TOro, 4To0bl rapaHTHPOBATh NpsMoe
COOTHOLIEHHE MeXy 3HaYeHHeM LesieBoil (PYHKIMH U TIPUCTIOCOOIEHHOCTBIO pe-
menus. Brnocnencteuu [A paGoTaeT HMEHHO € MOAH(UIMPOBAHHOH I€J€BOM
¢yukuued p(s). Takum o6pasom, Kaxa0e BO3MOXKHOE pelleHHe s, HMeloLee Co-
OTBETCTBYIOLLYIO MPUCIOCOGNEHHOCTD 1i(s), mpeacTtaBasier peieHue . OGbIYHO
nepexoj U3 IIPOCTPaHCTBA NapamMeTpoB [ B XeMMMHIOBO IIPOCTPAHCTBO OMHAp-
HBIX CTPOK OCYLIeCTBJSeTCs KOAUPOBaHHEeM [epeMeHHbIX Z1,Z2,...,LN B JBO-
WUHble LeJIOUHCIeHHBIE CTPOKH. [I/IMHA CTPOK omnpezessiercs TpebyeMod TOYHO-
cTblo peleHus. [Ipy aTOM MPOCTPaHCTBO MapaMeTpoB NOJKHO OBITh AUCKPETH-
3UPOBAHO TaKUM 00pa3oM, 4TOObl PaCcCTOSIHHE MEXAY y3JaMH IUCKpPeTH3alllH
COOTBETCTBOBaJNO TpedyeMoH TouHOCTH. [IpennosnoxuM, 1o yC/IOBHIO 3ajayd C
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(yHKUMeH OT ABYX MepeMeHHBIX x1 U Xy, ONpe/eJeHHOH Ha MPSMOYTOJIbHOH
obnactu D = {0 < 21 < 1; 0 < 9 < 1}, Tpebyercs JIOKaNH30BaTh pelleHHe
2* ¢ TOYHOCTBIO MO KakaoMy u3 mapameTpoB 1076, Jlns mocTuxkenus Takoi
TOYHOCTHU I[IPOCTPAHCTBO [apaMeTPOB AMUCKDETH3yeTCs paBHOMEpPHOH CeTKoH ¢
(b; — a;)/(107%) ~ 10° ysnamu no kaxuoii KoopauHarte. 3aKOAHPOBATH TaKOe
KOJIMUECTBO y3JI0B MOXHO [ = 20 OuTamu, ruae ! onpenessieTcss U3 yCJOBHUS
10% < 2! + 1. [Tonyyaercs, 4To 0611ask ANMHA GMHAPHOE CTPOKM KOAMPOBKH /IS
JIBYMepHOH 3agauyu coctaBUT 2 x 20 = 40 6ur. Ilpu takom crocobe Koaupo-
BaHUS 3HAYeHHS BapbHUpyeMbIX IapaMeTpPOB pelleHUH OyayT pacnosaratbcsi Mo
y3JiaM pelieTKH, Auckpertusymoueld D. CoOOTBETCTBEHHO, €CIH KOTUPOBKH ABYX
pelleHUH OyAyT coBManaTh, To 6yAyT COBMAAATh U 3HAYEHUs MapaMeTpoB 060UX
peLeHuH.

Bo MHorux cayvasix Takas Mofesb MOXeT oKa3aTbcs HeadekTuBHOH. Kpo-
Me TOro, YTO OHa JOCTATOUHO TpoMo3aKa (KakMM OyHeT XeMMHHTOBO NPOCTpaH-
CTBO TOMCKA JJIfl 3a[a4X ¢ cOTHed mapamerpoB?!). [IpakTuka mokasbiBaeT, uTo
IJIMHHAs1 KOJUPOBKA MOBBILIAET BEPOSTHOCTD «IPEKAEBPEMEHHON» CXOIUMOCTH.
K Tomy e mpuMeHeHHe IJHMHHBIX KOAHPOBOK BOBCE He rapaHTUPYeT, YTO HaH-
JIeHHOe pelleHue OyzaeT obJafatb TpeGyeMOH TOUHOCTBIO, MOCKOJBKY 3TOro, B
npuHLHKIe, He rapaHtupyer cam ['A. CorsiacHo 3TOMy, I/ TOTO, YTOOBI IMpPH-
MeHATb ['A K 3ajmave, cHadasa BEIOMpaeTCs METOL KOAHPOBAHUSI peIleHHH B
Bune cTpokd. PukcupoBanHas anuHa (I-OUT) NBOMUYHON KOAHMPOBKH O3HAYAET,
yTo M06as U3 2! BO3MOXKHBIX GMHAPHBIX CTPOK MPENCTABJASAET BO3MOXKHOE pellle-
Hue 3anaud. [lo cyuiecTBy, Takash KOIMPOBKA COOTBETCTBYET pa3OHeHHIO Ipo-
CTPaHCTBA NapaMeTPOB Ha THIEPKYObl, KOTOPbIM COOTBETCTBYIOT YHHKaJbHblE
KOMOHMHaLWK GUTOB B cTpoke-xpomocoMme. Mpes TA coctout B TOM, uTOGHI, Ma-
HUIYJUPYS UMEIOLIelcsl COBOKYTTHOCThIO OMHAPHBIX MPEACTaBJIEHHH, C TIOMOLILBIO
psifia TeHeTUYeCKHX ONepaTopoB MOJydaTh HOBblE CTPOKH, T.e. IlepeMellaThCs B
HOBble THNepKyOHUKH. [losyyuB GMHapHYI0 KOMOWHALMIO [JIS HOBOTO peLIeHHS,
(opmMupyeTcsi BeKTOp (Omepalus AeKOOWPOBaHMs) CO 3HAUEHUSIMH U3 COOTBET-
cTBylolLero runepky6a. TakuM 06pa3oM, KaxKoe pellleHHe IeHeTHYeCKOro ajro-
puTMa OyIeT UMeTh CJENYIONIYIO CTPYKTYPY (TOUKa B MPOCTPAHCTBE TapaMeTPOB
(heHOTHT):

= (z1,29,...,25) € D C RV,

DunapHasi cTpoka s (PUKCHUPOBAHHOH JJIMHBI, ONHO3HAYHO HAEHTH(HIH-
pyrooias runepky6 pasOHeHHsi MPOCTPAHCTBA MapaMeTpoB (TeHOTHN) § =
(61, P2,...,3) npuHagnexxut S, rae S — MPOCTPAHCTBO MPEACTaBIEHHH OU-
HapHBIX CTPOK JAJIHHBI /.

CxaJisipHast BeJIMUKMHA L, COOTBETCTBYIOLLASI 3HAYEHHIO LIe1eBOH (PYHKLHH B
Touke x (mpurogHocth): = f(z).
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B TepmuHosiorun, npuuatoil B Teopuu A, Takyw CTPYKTypy NPHHATO Ha-
3bIBaTh 0COOBIO.

Boo6uie MoryT cyliecTBoBaTb 0COOHM, oOsajaiollve pasiHYHbBIMU (PEHOTH-
MMYECKUMH NPH3HAKAMH, HO MMEIOLIVe OJMHAKOBble T€HOTHIIB! (TaKoe SIBJIEHHE
BCTpeuYaeTcst B [IPUPOJe, HANPUMep, Y ONHOSHLOBBIX GJHM3HELOB). DTO M03BOJIS-
eT HCIO0JIb30BaTh OoJsiee KPyNnHOe pa3bHeHHe MPOCTPAHCTBA NapaMeTpoB, CyxKas
MPOCTPAHCTBO OMHApHBIX CTPOK S W JeJjas MPU 3TOM MJHHY XPOMOCOMHOrO
Habopa Kopoue. MHoroo6pasue Touek, pacrpesessieMblX B HeOOJbIIUX THIIEp-
KyOHKax, [103BOJISIeT JOCTUIaThb BBICOKOH TOUHOCTH.

5.3. l'eomeTpuueckas MHTepNpeTalyisi CAMBOJbHOU MOAEJH

B npeneinyiiem pasgese OblJI0 pacCMOTpPeHO, KakKUM oOpasom OymeTr ocy-
LLIECTBJATHCS NIePeX0] U3 eBKJIHA0BA IPOCTPAHCTBA TapaMeTPOB B IPOCTPAHCTBO
TpeAcTaBJIeHHH (GMHAPHEIX CTPOK). PaccMOTPHUM 3Ty Mpolenypy Ha KOHKPETHOM
npuMepe mpocToit ogHoMepHo# (yHKuKK f(z) = 10 4 x sinx, onpeneneHHOH Ha
orpeske [0, 10]. [Tycts KopupoBaHUe OymeT OCYIIECTBAATHCS OHHAPHBIME CTPO-
Kamu aadHbl 3 (cM. puc. 16), To ectb orpesok [0, 10] HyxHO pa3buTb Ha
2% = 8 monbIHTEPBAJIOB, KaXXIOMYy M3 KOTOPbIX OyleT COOTBETCTBOBaTb yHH-
KaJbHas [IBOMYHAs KOMOWHALMs, Nojydyaemas [epeBOLOM HOMepa MOJbIHTEep-
Bajla, CUMTasi cjeBa HaNpaBo, B ABOMYHYIO cucTeMy. Jl/iMHA KaxKAOro Takoro
uHTepBana 6yger h = 10: 8 = 1,25.

BPIHaprIE KOoOE HHTEREANCE

AN

oooo 0ol 0100 011 100 101 110 W11

125  250% 3795 500 &35 750 875

Puc. 16. IlocTpoeHue cHMBO/MBHOH MOJEJH LJISI ONHOMEPHOH 3ajauH
C HCIO0Jb30BaHHEM TPeXOUTOBOIO NpeNCTaBJ/IEHHUS
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[TpocTpaHCTBOM MOMCKA, TAKHM 06Pa3oM, CTAHOBHTCS MHOXKECTBO BCeX OH-
HapHBIX CTPOK MJMHBI 3. DTO MPOCTPAHCTBO MOXKHO MPEACTABUTb B BHIE TPEX-
MepHOro Ky6a, BeplInHaM KOTOPOrO COOTBETCTBYIOT KONOBblE KOMOHHALIMH, pac-
CTaBJIEHHBIE TaK, YTO X9MMHHIOBO PACCTOSIHHE MEXKAY CMEXHBLIMH BEpIIHHAMH
pasto 1 (cm. puc. 17).

111

011 110

001 100

oon

Puc. 17. IlpocTpaHCcTBO NMOMCKA AJIS1 TPEXOUTOBOTO NpPEeACTABJEHHS

3agaya aaropuTMa IOUCKA 3aKJ0UaeTcs B TOM, UTOOBI, CJenys HEKOTOPOMY
npaBuJy, MepeMellaTbCsl B HOBble BepLIMHBI 3TOr0 Kyba, 4To OyHeT COOTBeT-
CTBOBATh HCCJIEIOBAHMIO HOBBIX IOAUHTEPBAJIOB B NIPOCTPaHCTBe D.

5.4. Illuma

Xors BHelIHe Kaxercsi, 4To ['A o6pabaTeiBaeT CTPOKH, HA CaMOM jiesie TIpH
3TOM HESIBHO MPOHCXOOUT 00pa0OTKa IIMM, KOTOpPbIE MPENCTABJSAIOT LIAGJOHBI
nopobusi Mexay cTpokamu. [A mpakTHYeCKH He MOXKET 3aHUMATbCsi TOJHBIM
nepe6opoM BCeX IMpelcTaBJeHHH B NpocTpaHCTBe norcka. OnHAKO OH MOXKeET
TIPOU3BOJUTb BHIOOPKY 3HAYMTEJNBHOTO YHC/A TUIMEPIIOCKOCTENH B 06J1aCTAX T10-
HCKa C BBICOKOH mpHcrocobneHHOCTblo. Kaxknas takasi rUnepniockocTb COOT-
BETCTBYET MHOXKECTBY MOXOKHX CTPOK C BBICOKOH MPHCIOCOONEHHOCTBIO.

Hluma (schema) — 310 cTpoka a/uHbl [ (4TO U AJHHA 060N CTPOKH TOMY-
JISILKMK), cocTosilast U3 3HakoB andasura {0; 1;*}, rme {*} — HeompemeseHHbIH
cumMBoJl. Kaxknas 1mumMa ompesiesisieT MHOKECTBO BCeX OMHApPHBIX CTPOK IJIHMHBI
l, MMeIKUX B COOTBETCTBYIOIIMX Mo3uuusax jau6o 0, mubo 1, B 3aBUCUMOCTH
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OT TOro, KakoH OUT HaXOOUTCS B COOTBETCTBYIOLLEH MO3ULIMM CAMOH LIMMBL.
[Iuma, He copepxkalllas HY OHOT'O HeEOIpe/ie/IeHHOI0 CHMBOJA, SIBJISAETCS HEKO-
Topo# crtpoko#. IlIluMa ¢ OTHHUM HeompeleseHHBIM CHMBOJIOM OMHCHIBAET /B
OuHapHble CTPOKH, a C AByMS — 4deTblpe CTpoKH. Hanpumep, muma, 10 * *1,
ompezeJsieT cOG0H MHOXKECTBO M3 yeThipex maTHOMTOBBIX cTpok {10001; 10011,
10101; 10111}. HetpyaHo 3aMeTHTh, 4TO IIKMMa C 7-HEOTPeAeJeHHBIMH CHMBOJIA-
MU onuceiBaeT 2" GMHapHBIX CTPoK. C APYroidl CTOPOHBI, KaXKAas CTOKA IJHMHBI
m onuceiBaetcs: 2™ muMaMu. CjlefoBaTe/IbHO, B NONYISIHUN U3 1 TAKUX CTPOK
YHUCJIO BO3MOXKHBIX UM MOXeT nocTturath n2™! [Ipu sTom GoJbliiasi 4acTh UM
BepOATHO Oy/eT MeHee MPHCIOCOO/IEHHOH® OCTaNbHBIX, YTO MOXKET MPHBECTH K
snuctasdy. [losToMy pekomeHayeTcsl cofaBaTb HayasbHYIO MOMYJALUI0 H3 LIUM
C BBICOKOH MPHUCNOCOGJIEHHOCTBIO.

Bce muMbl pasauuHbl Mexay co00#. OCHOBHBIMH XapaKTepUCTHKAMU LIHH
SIBJISTIOTCST TIOPSIZIOK U JUJIMHA.

Topsdox wumost o(S) (order) — ato uucao GpukcHpoBaHHbIX GUTOB (0 MK
1) B mume S.

Onpedeasiouias dauna §(S) (defining length) — ato paccrosiHue mex-
Iy TepBbIM M MOCJAeIHUM (PUKCHPOBAaHHBIMM OWTaMH B wwuMe S. JlJMHA IIU-
MBI ONpefiesisieT KOHIeHTpauuio uHdopMauud B wuMe. CudTaeTcs, YTO LIMMa
C OMHOH (PMKCHPOBAHHOW MO3WLMEH HMMeeT HyJeByI AJuHYy. Hanmpumep, mmuna
S = (x % %001 * 110) umeer nopsinok o(S) = 6 u pauny 6(S) = 10 — 4 = 6.

[Topsimok ¥ AJMHA LWIHMM HCIOJB3YIOTCS AJISI ONpefeseHre BEPOSTHOCTH My-
TallUd U KPOCCHHT'OBEPA COOTBETCTBEHHO.

B cBsasu ¢ teM, 4To Gosiee npucrnocobeHHBle 0CO6H (XPOMOCOMBI) ONHCEIBA-
IOTCST LIMMOH ¢ 60JIBIIeH TIPUCIIOCOOEHHOCTBIO, CMBICT paboTsl ['A 3akJouaercs
B MOMCKe JBOWYHOH CTPOKH OINpENEeJIEHHOrO BHAA U3 BCErO MHOXeCTBa OHHAp-
HBIX CTPOK AJHHBl m. Torga NpoCcTPaHCTBO MOHMCKA cocTaBjseT 2™ CTPoOk, a
€ro paaMepHocTb paBHa m. llluMa COOTBETCTBYET HEKOTOPOH THIIEPINOCKOCTH B
3TOM NpocTpaHcTBe. JlaHHOe yTBepKIeHHe MOXKHO MPOUJIITIOCTPUPOBATE Caely-
IoIUM 06pasoM. [lycTh paspsaHOCTb XPOMOCOMBI paBHA 3, TOTJA BCETO MOXKHO
sakonupoBath 23 = 8 crpok. IIpencraBum KyG B TPEXMEPHOM MPOCTPAHCTBE.
O603HaurM BepILHHbI 3TOr0 Kyba Tpexpa3psiaHbIMU OUHAPHBIMU CTPOKAMU TaK,
4yTOObl METKHM COCEIHHX BEpLIMH OTJIMYAJHUCh POBHO HA OOMH paspsi, NpUyeM
BepirHa ¢ MeTko# "000" Haxomu/ach Obl B Hayaje KoOpAMHAT (cM. puc. 18).

Ecnu B3sTh mwuMy Buaa "x x 0", To OHa OMHUILIET JIeByl0 TpaHb Kyba, a uMa
"%x10" — BepxHee pebpo 3Toi rpann. OUeBHUAHO, UTO MIHMA "+ * %" COOTBETCTBY-
€T BCeMY MpPOCTpaHCTBY. Ec/iu B3ATb NBOWYHBIE CTPOKH AJNHHOH 4 paspsna, TO

8TTon npHCMOCO6IEHHOCTDIO MHMBI TOHHMAIOT CPEJIHION TPUCTIOCOBIEHHOCTb CTPOK MOMYJAIHH,
KOTOpble €l COOTBETCTBYIOT.
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pasbueHHe MPOCTPAHCTBA LIMMAMH MOXKHO H300pa3uTb Ha NPUMEpPEe YeThbipex-
MepHOro Kyfa ¢ NOMMEHOBaHHBIMU BeplunHamu (cM. puc. 19).

110

111

010 011

100 10

ooo 001

Puc. 18. TpexmepHbIit Ky6

3rech muMe "x1 % x" COOTBETCTBYET I'MIIEPIJIOCKOCTb, BKJIOYAOILAsS 3afHHUe
TpaHM BHEIHEro W BHYTPeHHero kKy6a, a wmuMe " * 10" — THUIEPHIOCKOCTb
C BEpPXHHMH pebpaMu JeBbIX IpaHedl o6oux Ky6oB. Takum o6pa3oM TepMHUHBI
«THIIEPIIOCKOCTb» U «LIMMa» B3aHMO3aMeHSEMBI.

Pas6ueHue npocTpaHCTBa MOUCKA MOXKHO NPEACTaBUTh U Mo Apyromy. Ilpen-
CTaBHM KOOPAMHATHYIO MJOCKOCTb, B KOTOPOH MO OAHOH OCHU Mbl OyieM OTKJa-
IbIBaTh 3HaYeHHsI JIBOMYHBIX CTPOK, a 110 IPyroil — 3HaueHUe LeaeBOl QPyHKIUN
(cm. puc. 20).

Y4yacTKU NMPOCTPAHCTBA, 3aLITPUXOBAHHBIE PA3HBIM CTHJIEM, COOTBETCTBYIOT
pasHbIM WwKMMaM. Uucsao K B MpaBod YacTH OPU3OHTAJNbHOH OCH COOTBETCTBY-
eT MakCcHMaJbHOMY 3HauyeHHWI0 GWHapHOH cTpokd — "111...111". U3 pucynka
BUAHO, 4TO wWHMa "0 * * % ---*" [OKPBIBAET BCIO JIEBYIO MOJIOBUHY OTpe3Ka,
mumMa "k % 1 % ---%" — 4 yyacTKa LIMPHUHOH B ONHY BOCbMYIO UacTb, a LIMMa
"0 %10 % ---+" — JieBBle MOJIOBUHBI YYACTKOB, KOTOPble HAXONSITCA Ha mepeceye-
HHH NEePBBIX ABYX WHM. TakuM 06pa3oM B 3TOM cjydyae NIPOUCXOAUT pa3bUeHHUe
TIPOCTPaHCTBA.
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5.5. CtpourenbHbie 0JOKH

CrpouTtesnbHbBle 6JJ0KH — 3TO LIMMBI, 00/1aaoIIKe:
® BLICOKOH NMPUTOAHOCTHIO;

® HH3KHM MOPSAKOM;

® KOPOTKOH oInpejeseHHOH IJHHOH.

[IpurogHoCTb LIMMBI OMNpeNeNsieTcs KaK CpedHee MPUTOAHOCTEH CTPOK-
ocobeil, KoTopble ee comepxat. [locne mpouenypel oT6Opa OCTAKTCSA TOJNBKO
CTPOKHU ¢ 6oJiee BBICOKOH MpUrofHOCTbI0. CJlenoBaTe/IbHO, CTPOKH, KOTOPLIE §IB-
JSIOTCS NPUMepaMHy LIMM C BBICOKOH MPUTOAHOCTbIO, BbIOHpatoTcs valle. Kpoc-
CHHTOBep peke paspyllaeT UMbl ¢ 6osiee KOPOTKOH ONpeneseHHON INJIMHOH, a
MyTalusl pexe pas3pyliaeT MIMMbl ¢ HU3KHUM mopsiikoMm. [lostomy, Takue miu-
MBI UMeIOT GOJIbllle IIAHCOB MEePEXONUTh U3 TOKOJEHHS B MOKOJeHHe. XOJIaH[
mokasas, 4To B TO Bpemsi, kKak ['A sBHbIM 06pasoM 0O6pabaThiBaeT 1 CTPOK
Ha KaX[0M TOKOJIEHHH, HesBHO 00pabaThiBaloTCs MOpsAAKa n° TaKMX KOPOTKHUX
KM HHU3KOTO TOPSiiKa U C BBICOKOH MPUCMOCOGJEHHOCTbIO (MONE3HBIX UM —
useful schemata (cu. [8]) ). On Ha3bIBaJs 3TO siB/I€HHE HESIBHBIM TaPaJlIeH3MOM
(implicit parallelism). I pelneHus peasbHBIX 3ajiad, NPUCYTCTBHE HESIBHOTO
napaJjesusMa O3HauaeT, uTo OoJbllasi MONYJsLUs UMeeT OOoJblie BO3MOXKHO-
CTel JIOKAJM30BaTb pelleHHe 3KCIOHEHLHAJbHO ObICTpee MOMYJsSLUH C MeHb-
ILIKM YUCJIOM OCOOed.

5.6. Teopema mum

Teopema wum (The schema theorem) nokaseiBaer, kakum 06pa3oM MPOCTOH
['A 3KCMOHEHLHaNbHO YBEJIHUMBAET YHCJIO IPUMEPOB MOJIE3HBIX LIUM HJH CTPO-
MTEJbHBIX OJIOKOB, YTO MPHBOAUT K HAXOXKAEHHIO PELIEeHHs HCXOMHOH 3a1auH.

[lycts m(H,t) — 4nc/0 npuMepoB [WKUMbl H B ¢-0M MOKoJeHHH. Buiuncaum
OXKH2eMOe 4KcJo MpuMepoB H B caenyiolneMm nokoseHud uau m(H,t + 1) B
tepmuHax m(H,t). [Ipoctoit A ka0l cTpoke Npu 0TGOPe CTABHT B COOTBET-
CTBHE BEPOSITHOCTb €€ «BbIXKHBaHHS» NPOMNOPLHOHAJBHO €€ PUCIOCOONEHHOCTH
(HampuMep, Kak B Mertone pynerku). Oxupaercs, 4to wuma H MoxXeT ObITb
Bei6pana m(H,t)(f(H)/fep) pas, rae fo, — CPemHss NPUTOLHOCTD MOMYJIALUH,
a f(H) — cpenHsis NPUTOLHOCTb TeX CTPOK B MOMYJISILIKH, KOTOPbIE SIBJSIOTCS
npumepamu H.

BeposiTHOCTB TOr0O, YTO OJHOTOUEUHBIH KPOCCHHTOBED Pa3pyLIHT LIHMY paB-
Ha BEPOATHOCTH TOTO, YTO TOUKA Pa3pbiBa MOMNALET MeXKLY ONpeleseHHbIMU OU-
Tamu. BeposTHOCTE e Toro, uto H «IepexuBaeT» KPOCCHHTOBED He MeHblle
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1—p(6(H)/l—1), rie p. — BepPOATHOCTb KPOCCHHIOBepa. JTa BepPOSITHOCTb —
HEPaBEHCTBO, MOCKOJIBKY 1IHMa CMOXKET BBIXKHTb, €C/IH B KDOCCHHIOBEPE TAKIKe
y4acTBOBaJ MpUMep MOA0OHON LIUMBI.

BeposTHoCTb Toro, uto H mepexuser Toueunyio Mytauuio — (1 — py)°U0),
Tle Pm — BEPOSTHOCTb MYyTaLUH. DTO BblpaxKeHHe MOXKHO aNMpOKCHMHPOBAaTh
KaK (1 — o(H)) nas manbix pm 4 o H). [IporsBeneHre 0KHAaeMOro UKCJIO OT-
GOpOB M BEPOSATHOCTEH BBIXKHBAHHUSA HU3BECTHO KaK mMeopema wium:

(m(H,t+1)) > m(H,t) — v _1

[ ()

Teopema 1IMM TOKa3bIBAE€T, YTO CTPOUTEJbHBEIE OJIOKH PACTYT MO SKCIOHEH-
Te, B TO BpeMsl LIMMBI C TIPUCIIOCOONEHHOCTbIO HUXKe CPefHel pacrnafainTcs ¢
TOH Ke cKopocThio. ['os6epr B CBOUX MCC/IeN0BAHUSAX TEOPEMbI LIMM BbIABHIaeT
TUIOTE3Y CTPOUTEJBHBIX OJIOKOB, KOTOPAs COCTOMT B TOM, UTO «CTPOUTEJbHbIE
6JI0KH 00benHHSI0TCs, YTOOB COpPMHUpPOBAThH JydliHe cTpoku» (cM. [6]). To
€CTb PeKOMOWHALMS U SKCIIOHEHUUANBHbBIH POCT CTPOUTEJBHBEIX GJIOKOB BeIeT K
(hOpPMHUPOBAHHUIO JYYLIUX CTPOUTEJbHBIX OJOKOB.

B 1o BpeMs Kak Teopema LIMM IpeACKa3blBaeT POCT MPHMEPOB XOPOLIUX
MM, caMa TeopeMa BecbMa YMpOlIeHHO omuckiBaeT moBeneHue [A. [lpexne
Bcero, f(H) ¥ fe, HE OCTAIOTCSA MOCTOSHHBIMU OT MOKOJIEHHS K TOKOJIeHHI0. Bo-
BTOPBIX, TEOpEMa UM OObSICHSIET TIOTEPH LIUM, HO He TosiBeHHe HOBbIX. HoBble
IIMMbl 4aCTO CO3JAIOTCS KPOCCHHTOBepoM W MyTauueil. Kpome Toro, B pesyib-
TaTe 3BOJIOLMH YJEHbl MOMYJALUH CTAHOBATCS Bce Gosiee U Gosiee MOXOKHUMH
Ipyr Ha Jpyra Tak, UTO pa3pylleHHble MHUMbl OYAYyT CPasdy >Ke BOCCTaHOBJe-
Hbl. HakoHell, 10Ka3aTe/ibCTBO TEOPEMBI LIMM MOCTPOEHO Ha 3JieMeHTaX TeOpPUH
BEPOSATHOCTH H, CJIELOBATEJIbHO, He YUYHUTBHIBAeT pasdpoc 3HaueHHWH. Bo mHOrumx
3ajauax pa3dbpoc 3HaYeHUH NPUTOTHOCTH LIKUMbl MOXKET ObITh LOCTATOUHO BeJHK,
neJsiasi Ipoliecc (POPMHUPOBAHUSA LIMM OYEHb CJIOXKHBIM.

CyuiecTBeHHasl pasHHULA NPUTOAHOCTH LIMMbl MOXeET MPUBECTH K CXOAH-
MOCTH K HEONTHMaJbHOMY pelleHHI0. HecMoTpss Ha mpocToTy, Teopema LIUM
OTHCHIBAeT HECKOJIbKO BaXKHBIX acrnekToB noBeneHust [A. Myrauuu ¢ GoJibluei
BEPOSATHOCTBIO Pa3pyLIAIOT LIMMBI BBICOKOTO MOPSiAKA, B TO BpeMs Kak Kpoc-
CHHIOBep ¢ 60JblIed BEPOSTHOCTb paspylLlaeT WHMBI ¢ 60JblIed onpefeeHHOH
n/auHo#. Korma nporncxomut ot6op, MOMyJsLUs CXOAUTCS MPOMNOPLUOHAJIBHO OT-
HOILIEHH0 MPHUCMOCOOJIEHHOCTH Jyulle#l 0cCOOU, K CpelHel MPUCIOCO6IeHHOCTH B
MOMYJISIMK: 3TO OTHOLIEHHe — mepa dasrenus ombopa («selection pressures).
YBesIMUeHHE UJH P, UIH P, UIH YMeHblIEHHe 1aBJeHHs 0TOOpA BELET K YBEJIH-
YEeHHOMY OCYILECTBJEHHIO BBIOOPKH HJIM HUCCJENOBAHMIO NPOCTPAHCTBA MOUCKA,
HO He II03BOJISIeT HCII0Jb30BaTh BCE XOPOLIHe LIMMBI, KOTOPBIMH pacroJaraer

f(Hvt) |:1 - 5(H):| (1 —pm)O(H)~
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['A. YmeHblueHHe WUJH P., UIH P, UIH yBeJUdYeHHe NaBJeHHs BbIGOpa BefeT K
YJYULIEHHUIO UCII0Jb30BAHUS HAHIEHHBIX LIHM, HO TOPMO3UT HCCJEl0BaHHE IPO-
CTPAHCTBA B MOMCKaX HOBBEIX XOpoLIMX mHMM. Mozesnnposanue ['A mpennosaraer
coxpaHeHHe paBHOBecHsl [A MexXy TeM M APyrHM, UTO OOGBIUHO M3BECTHO KaK
npo6sema «6ajaHca UCCNEN0BAHNS U UCIIOIb30BAHUSI».

HekoTopbsle HccenoBaTe i KPUTHKYIOT OOBIUHO GBICTPYIO CXOMUMOCTh [A,
3asiBJIsSISl, YTO MUCIbITAHME OTPOMHBIX KOJHUYECTB IMEPEKPBIBAIOLIMXCS LIMM Tpe-
OyeT GoJsbliel BEIOOPKU M OoJiee MeJJIeHHOH, OoJsiee YIPaBJseMOH CXOIUMOCTH.
Mertopomnorust ynpasJieHust CXOIUMOCTb Tpoctoro I'A o cux mop He
BeIpaboTaHa.

HenocratkaMu TeopeMmbl LIKM SIBJSETCS TO, YTO OHA:

NPUMEHEHSAETCA TOJbKO K KaHOHHYECKOMY FA,

He YYUTBIBAe€T TO OOCTOATENbCTBO, YTO KPOCCHHIOBEpP U MYTallUsl MOTYT
He TOJIbKO paspyliaTh LIMMY, HO CO3[aBaTh ee W3 Apyrux mwuM. [lostomy
B TeopeMe LIUM MPUCYTCTBYET 3HAK HEPaBEHCTBA,;

M03BOJIIeT PACCUUTATh AOJIO LIMM B MOMYJSALUH TOJbKO AJs CJAeYIOIEro
TIOKOJIEHHSI, TO €CThb TIPH TOMNbITKe MOACUUTATb YHUCJIO CTPOK, COOTBETCTBY-
IOUIMX NaHHOH IIKMMe, 4Yepe3 HECKOJbKO MOKOJEHWH C HCIHOJIb30BaHHEM
TeopeMbl MMM K yCIexy He NpHUBeleT. Tak mosydyaeTcsi, B 4aCTHOCTH, H3-
3a MpONOPLUOHANBHON CTpaTeruu oTéopa.

6. IlpeumymectrBa u Hegoctatku I'A

['eHeTHYeckUe alrOpUTMbI 06/1aa10T PSIAOM NIPEUMYIIECTB, HallpUMep, TaKH-
MU KaK:

['A He TpebyroT HHUKAKOH HH(OPMAIIMK O MOBEAEHUH (DYHKUHH (HampuUMep,
1 depeHINPYeMOCTH U HENPephIBHOCTH);

paspbIBHl, CYLIECTBYIOLIMe Ha MOBEPXHOCTH OTBeTa, UMEIOT He3HAuMTeJb-
HBIH 3(p(PeKT Ha NOJHYI0 3(h(PEeKTUBHOCTb ONTUMH3ALHH;

['A oTHOCHTE/NBHO CTOMKH K MONaJaHHIO B JIOKaJbHbIE ONTHMYMbI;
['A npuropHsl s pelleHHs] KPYyITHOMACIITAOHEIX TPOGJIEM ONTHMH3ALNH;
['A MoryT GBITH MCIIO/Ib30BaHBI [JIs1 LIMPOKOTO KJacca 3ajau;

['A mpocThl B peanusauuy,
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A MOTYT OBbITh HCII0JIb30BaHbl B 3aJadyaX C U3MeHSIOIIeHCs cpeﬂoﬁ.

B To e BpeMms CyIIeCTByeT DSl TPYAHOCTEH B MPAaKTHYECKOM HCIIOJb30Ba-
Huu ['A, a UMeHHO:

¢ nomotibio ['A npobseMaTHYHO HAKTH TOYHBIH T10OANBHBIE ONTUMYM;

['A HespPeKTUBHO MPUMEHSTb B CJyuyae ONTHMHM3AUMK (DYHKIHH, Tpeby-
follled 60JbIIOr0 BpEMEeHH Ha BBIYUCJEHHE,;

T'A HEMNPOCTO CMOIACJHUPOBATDH AJA HAXOXKIEHHS BCEX peIHeHI/IIL/'I 3ajayu,
He [Jis BCeX 3aa4 yoaeTcs HaHTH ONTUMAaJbHO KOOHPOBaHHE NTapaMeTpPOB;

B MHOTO3KCTpeMaJibHbIX 3afauax ['A cTajkuUBaeTcsi ¢ MHOXKECTBOM aTTpPaK-
TOpOB: Ha rpacduke GyHKUUU PacTpuruHa oT oqHod nmepeMeHHOH (puc. 21)
BHUJHO, UTO UCTUHHBIM MHHUMYM JOCTHUTaeTcs npu x = 0;

404

30

Puc. 21. ®ynxuusa Pactpuruna

e ['A TpynHO MPUMEHHUTD [JIsi H30JUPOBAHHBIX (QyHKUHKE. M301upoBaHHOCTD

(«MOMCK WrOJIKK B CTOTE CeHa») — mpobjema [Js Jio60ro MeToaa OMNTH-
MU3alKH, OCKOJIbKY (DYHKLHS He MPefoCTaB/seT HUKaKOH HH(OpPMaIHH,
MOJCKAa3bIBaIOLIEH, B KaKOH 06/acTH UCKaTh MakCUMyM (puc. 22). Jluub
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caydaifiHoe mnonajaHue 0cobH B rVI00aJbHBIH IKCTPEMYM MOXKET PELIHThb
3apauy (puc. 22);

Puc. 22. U3onuposannas GpyHKIHSA

e JIOMOJIHUTENbHBIH [IyM (noise) pa3bpachiBaeT 3HAUYEHHSI MPUCIIOCOOJIEH-
HOCTH IIMM, TO3TOMY YacTO fAa)ke XOPOLIHe LIMMbl MaJoro Mopsiika He
MPOXOAST OTOOP, UTO 3aMeasieT mouck petuerus [A (puc. 23).

Puc. 23. 3amwymienHasi pyHKIHS

e /Il HEKOTOPBIX (DYHKUMH LIMMBbl MaJjoro MOpsSiAKa yBOAAT MOMYJSALUIO K
JIOKAJIbHOMY ONTUMYMY. Takyioo XapakTepUCTHKY (PYHKIHH Ha3bIBAIOT 00-
mMaHuuBocThiO (deception). Hanpumep, nyets cTpoka coctout U3 10 yeThl-
PexXOUTHBIX NOACTPOK. IIyCTb w; paBHO KOJHMYECTBY €QMHHIl B §-OH MOA-
cTpoke. 3ananum GyHKUHIO g(u) caenyrouied TabauLed:

u 0 1 2 3 4
g(u) 3 2 1 0 4

U IycThb (YHKIUS NPUCTIOCOOJEHHOCTH paBHA cyMMe g¢(u;) MO BCeM
1 =1...10:

10
[= Z g(uq).

JIoKa/IbHBIH MAaKCUMYM JOCTHraeTcsi Mpu Bcex 6utax, paBHbiX 0, riobasb-
HbI# — npu Bcex 1. B GosiblinHCTBe c/yyaeB Mpu A00aBJIEHUH €IHHHLBI
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B ITOJACTPOKY MPHUCIIOCOOJEHHOCTb 0COOM OyIeT Manarth (3a HCKIOUEHH-
eM cJjlyyasl, Koraa Bce OCTaJbHble OWTHI NMOACTPOKH yxke paBHbl 1). Ilpu
3aMete 1 Ha O oHa Oyzet pactu. [ToaTomy ¢ 60J1bLION BEPOSATHOCTBIO TIOMY-
JISIINSL COMETCS K PeIIeHUI0, IPH KOTOPOM GOJIBIIMHCTBO MOACTPOK OyAYT
COCTOSITb M3 BCeX HyJeH, W JHUIIb HEKOTOpble U3 Bcex efuHuI. OgHAKO
3TO He OyzeT rjoOajbHBIM MakKCHMyMOM. K3 3TOro pelieHus mnomnactb B
rio6asbHBIl MAKCUMYM, TO €CTb 3aMEHHUTb BCe HYJH eflMHHLAMHU s [A
OymeT Cl0KHO. PaccMOTpeHHBIH TpUMep CXOXKAEHHUS K JIOXKHOMY ONTHMY-
My JIEeMOHCTPHPYET SIBJEHHE SMHCTa3a.

Ha naHHBEI# MOMEHT BeLyTCSl NMOHUCKH TeHETHUECKHWX CTpaTerui, cmocob-
HBIX YCTPaHHTb 3TH HENOCTATKH. YCTPaHEHHWE HEraTHBHOIO BJHSHHS 3MHCTa-
3a U yCcTpaHeHHe JIOXKHOI0 ONTHMYyMa C NpHMeHeHHeM DasHOro poia MyTalui,
TM03BOJISIIOIIMX BEIOMTh MOMYJSLUIO U3 TyNHKa, OblIO pacCCMOTPeHO Bbllle. B cTa-
TbsiX A. McaeBa roBOpHUTCSI 0 BO3MOXKHOCTH TIOMCKA Bcex perieHu#. OH muler:
«...CyllecTByeT, o KpalHel Mepe, TpU KJjacca 3afad, KOTOpble MOTYT ObITb
pelleHBl NPeACTaB/AeHHBIM aJITOPUTMOM:

e 3anaua OBICTPOH JIOKANU3AIMH OHOTO ONTHMAJBLHOIO 3HAUEHHS,
e 3aj1aua OrpenesieHUs] HECKOJIbKUX (MK BCeX) TI00AJbHBIX SKCTPEMYMOB,

e 33/1a4a OMHCAHHUA JaHAWAapTa UccaefyeMol (PYHKLHH, KOTOpas MOXeT CO-
MPOBOXKAATHCS BbIIEJEHUEM He TOJIBKO [MI0OaNbHbIX, HO H JIOKAJbHBIX MaK-
cuMymoB» (cm. [17]).

[TpocTpaHCTBO MOMCKA pellleHHs] BTOPOH 3aiauyd AOCTHUTaeTcs 3a CYeT HeKo-
TOPOro coyeTaHHs MapaMeTpPoB M AOCTAaTOYHO OOJBIIOH YUC/JAEHHOCTH MOMYJsi-
uud. [lpu stom T'A cMOXeT BHIIENUTb HECKOJbKO (WM JHaxke Bce) Tiobasb-
HBle 3KCTpeMyMBbl. JIs1 BeIIe/NeHUsT HECKOJBKHUX TI00aJbHEIX MAaKCHMYMOB, Kak
MUIIYT HCCJefoBaTeNH, OOJblle BCEr0 MOAXOOUT HCIONb30BAHHE TaKHX Mapa-
METpPOB, KakK, ayTOPUAUHI B COUETAHHUU C HHOPUIMHIOM, WJIM SJUTHBIH OTOOP
HJIM OTOOp C BHITECHeHHeM (mocjenHu#l Gosiee HaleXKHBIH) O/ oTOopa ocobeit
B HOBYI0 nonyssuuio. MakcumanbHas 3QpQeKTHBHOCTb aJrOpUTMa NOCTHUIAETCH
B COYETaHWH ayTOPUAMHIa B Hayase MOWCKA JJIsi MOJY4YeHHs MaKCHMAaJbHOTO
[IMPOKOT0 «HUCCJIEI0BAHNSI» U MHOPUAMHTA B 3aBEPIIEHUH TTIONCKA B LEJSIX YTOU-
HeHHsl pellieHHs] B JIOKaJbHBIX I'PyTnax.
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7. 3akaouyenue

Ha ocHoBaHHH MpOBEIEHHOTO aHAaJMM3a MOXKHO CHEJaTh BBIBOIBI O TOM, UTO B
HacTosillee BpeMsi TeHeTHUECKHE aTOPUTMBI SIBJSIOTCS MOLIHBIM BBHIYHUCJINATEb-
HBIM CPEACTBOM B pa3HOOOpPA3HbIX ONTHMH3ALMOHHBIX 3agadax. [A pasnudaioT-
cs1 ¢ GOMBILIMHCTBOM OOBIKHOBEHHBIX ONTHMH3aLHOHHBIX U MOWCKOBBIX METONOB
B 4 myHKTax:

e ['A onepupyer 3aKOINPOBAHHBIM MHOXKECTBOM [aPaMETPOB, a HE C CAMUMHU
napameTpaMH;

e ['A HaxomWT MOMyJISLHUIO TOYEK, a He OTHOEJbHYIO TOUKY;

e ['A ucrosb3yet 3HaueHHe 00ObEKTHOH (1esieBoH) QYHKIIMH, a He ee MPOU3-
BOAHYIO UJIM IPYTHe BCIIOMOraTesbHble 3HAUEHHUS;

e B ['A mpumMeHsieTCsi BepOSITHOCTHOe MpPABHJIO [epexona, a He HeTepMHHH-
CTUYECKOE.

Jnst npumenenust [A He0GX0MUMO NPeEXKIE BCEro BLIOPATh PYHKIIUIO TPUTOL-
HoctH (uenu) amekBaTHYIO 3anade. [Ipudem ueseBasi PYyHKLUHUsS DOJ/KHA HMETh
pasHoobpa3Hblil pesibed, TaK KaK eC/1d Ha MOBEPXHOCTH (PYHKLUH eCTb 60JblINe
MJI0CKKe y4acTkH, To [A HeahekTHBEH. DTO CBA3AHO C TEM, UTO MHOTHE 0COGH
B TMOMYJISILUY TIPU Pa3jW4YUM B T€HOTHIE He OyAyT OTAHYATbCS (PEHOTHIIOM, TO
€CTb HECMOTPSl Ha TO, UTO 0COOM pa3/jW4HbI, OHH UMEIOT ONMHAKOBYIO MPHUTOf-
HOCTb, & 3HAYUT aJTOPUTM HE UMEET BOBMOXKHOCTH BEIOPATH Jydllee pelleHHe U
HarpasJieHHe NaJbHeHIlIero pa3BUTHA. DTa npobJjeMa H3BeCcTHA Kak «rpobjema
noJisi AJs ToJib(as, Tae BCe MPOCTPAHCTBO a0COMIOTHO OIMHAKOBO, 32 HCKJIIO-
YeHHEM JHLIb OJHON TOUKH, KOTOpas W SIBJSETCS ONTHMAJbHBIM pelleHHeM —
B 3TOM caydae ['A mpocTo ocTaHOBUTCS WM OyneT O/yKaaTh aGCOMIOTHO CJIy-
ya#iHo. [pyroe TpeGoBaHMe K (DyHKLHH MPUTOLHOCTH, COCTOUT B TpeOGOBaHUU
MHUHUMYyMa BBIUMCJUTEJNbHBIX PECYPCOB IIPH €e OLEeHKe, TaK KakK 3TO BJHsET Ha
CKOPOCTB a/IFOPUTMa.

B HacTosiiee BpeMsi [A ucnosib3yoTes 15 pellieHus TaKHUX 3ajau, Kak:

® IOMCK IJ100a/bHOr0 9KCTPeMyMa MHOrOIapaMeTpUuecKod (PyHKLUH;
e anmnpokcuMauus (QyHKUUH;

® 33Ja4yM O KpaTyaHlleM MYTH;

® 3a/1aud pasMelleHus;

® HaCTpPOKKa UCKYCCTBEHHOH HEHPOHHOH CeTy;
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® HI'DOBbI€ CTPATETUH;

e o0yyeHHe MaUIMH.

A. Ilpunoxenue

A.l. Teopus apBuHa

Teopusi JlapBrHa GHOJIOTMYECKOH BOJIIOLIMK Oblia H3J0XKeHa B 1859 r. B pa-
6ote «IIpoucxoxneHue BunoB». OHa paccMaTpUBaeT HM3MeHeHHe MOMYJSUHUU B
OTIpefiesIeHHON CTAaTHYHOH WJM JAMHAMUYHOH BHellHed cpene. [lox momynsinumeit
MOHUMAaeTCs1 6OJIbIIOEe KOJMUYECTBO 0COOEH ONHOTO BHA, CIOCOOHBIX NABaTh IJI0-
NIOBUTOE MOTOMCTBO. Bce usieHBl nony/asiiuy XxapakTepusyoTcss UHIWBUYaNbHbI-
MU BHeLIHHMH napamerpamu (deHortunom). HekoTopbie W3 mapameTpoB OKasbi-
BAIOTCS MOJIE3HBIMU [J151 BDKHBAHUS U Pa3MHOXKEHHUS, ApPYrUe CKopee BpeNsT.
Bce BHelHUe naHHble ocobu konupyroTes ee uenbto JJHK (renotunom). Otnesns-
Hble YYacTKH 3TOH Lenu (TeHbl) ONpelessiioT Pa3jnyHble apaMeTphbl 0COOH.

B ocHoBe Momenu sBosrouuu JlapBuHa Jiexar ciaydadHble H3MEHEHHS OT-
IeJbHBIX MaTephasbHBIX 3JeMEHTOB »KUBOI'O OpraHM3Ma MNpU Mepexoie OT IIo-
KOJIeHHs K rokosieHH1o. Llenecoo6pa3Hble M3MeHeHHs], KOTOpPble 00JIer4aroT Bbl-
’KMBaHHEe U TIPOU3BOJACTBO TOTOMKOB B NAHHOH KOHKPETHOH BHeIHeH cpele,
COXpaHsIITCA W NepenaloTcs MoToMcTBY (T.e. Hacaenpyiotes). Ocobu, He HMe-
IOIllHe COOTBETCTBYIOIIMX XapaKTEPUCTHK, TOTUOAIOT, He OCTAaBHB IMOTOMCTBA
MJIH OCTaBHB €T0 MeHbIlle, YeM MPUCIOCOOeHHbIE (CUMTAETCS, YTO KOJHUECTBO
MIOTOMCTBA MPOMOPIIMOHANBHO CTEMEeHH MPUCIOCOBIEHHOCTH).

EcrecTBeHHBIH 0TOOP MPOHUCXOAUT B YCJOBHAX KOHKYPEHLHH 0COOed Momy-
JISILMH, @ UHOT/IA U Pa3JIMuHBIX BHIOB, IPYT C APYTOM 3a pas3/iMuHBIE PECYPCHI,
Takue, HaNpUMep, KaK Muiia uau Bona. Kpome Toro, 4jeHsl MOMyJasLHAH OJHOTO
BHJA YaCTO KOHKYPHUPYIOT B MpPHUBJeYeHUU OpauHoro naptHepa. Te oco6u, KOTO-
pble HanboJiee MPUCIIOCOOJMEHBl K OKPYXKAIOILKUM YCJAOBUSAM, MPOXKHUBYT AOJbllie
¥ co3nanyT 6oJiee MHOTOUHCJEHHOE MOTOMCTBO, UYeM HMX coOpaTbsi. DTO 03Ha-
YaeT, UTO TeHbl OT BBICOKO aJaNlTHPOBAHHBIX HJM MPHUCIOCOOJEHHBIX 0COOeH
OyoyT pacrpoCTPaHsTbCS B YBEJHUMBAIOIIEMCS KOJHUECTBE MOTOMKOB Ha KaXx-
IIOM TIOCJeAYIOIleM MOKOJNeHHH. HekoTopele MOTOMKH COBMeCTAT B cebe uyacTh
uenu JHK, oTBeuatouiue 3a HauboJsee ynauHble KauecTBa poAUTeNeH, U, TAKUM
06pa3oM, OKaxyTcsl ellle GoJiee mpucnocobseHHBIMH. B uTore renorun cmiabo
npucrnoco6seHHbIX 0co6el ¢ GOJbIIOH BepOSTHOCTBIO HCUe3HET W3 IeHOPOoHAA
MOMYJISILIMH.

M3penka mpoUCXOAWUT MyTalLMsi: HEKOTOPHIH CJAy4YaHHBIH HYKJEOTHI LeNu
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JHK ocobu moxer naMmeHuTbcs Ha Apyrodl. Ecau mnosaydyeHHas uenb Oynet
UCIOJb30BaTbCSA AJISl CO3/IaHUS [IOTOMCTBA, TO BO3MOXKHO MOSIBJEHHE Y MOTOM-
KOB COBepILIeHHO HOBHIX KauecTB. [Io3ToMy B pesy/ibTaTe ecTeCTBEHHOr0 0T60pa
BO3HHUKAET MOMYJSALHUS U3 HanboJee MPUCIIOCOOIEHHBIX 0CO0EH, KOTOpash MOXKeT
CTaTb OCHOBOH HOBOT'O BHJA.

EcrecTBeHHBI# 0TOOp, CKpeliBaHue (KPOCCHHIOBEP) U MyTallusi 00ecrneuu-
BAIOT pasBUTHe Momynasuuu. Kaxnoe HOBoe MOKOJeHHe B cpeqHeM GoJsiee NpH-
Croco0seHo, 4eM IMpelblayliee, T.e. OHO Jydylle YAOBJeTBOpsieT TPeGOBaHHUAM
BHelllHel cpefibl. Takoll mpolecc Ha3blBaeTCsl 3BOJIOLUEN.

[eHeTHUECKHE AJTOPUTMBI MOZEJHUPYIOT MPOLIECC IBOJIOLUUY B mpupone. Tem
CaMbIM [/ pellleHHs 3alaud ONTHMHU3aLUUK MHOronapaMeTpuieckoil (GyHKIUMH U
npuMmeHsieTcs teopus [lapBuHa.

A.2. HCKOTOPI)IC NMOHATHUA U3 TCOPUU ONITUMHU3ALIUUN

Teopust onTUMU3aLKsS 3aHUMAETCST HCCIEOBAHMEM METOMOB PEILieHUs Onmu-
MUBAYUOHHBLX 3a0aH.

Onmumusayuonnsle 3ad0auy — 3TO 3agadd, B KOTOPHIX TpebyeTcss HalTH
HaWsyulllee pelleHHe; MPH 3TOM, KaK MPaBUJIO, CYLIECTBYIOT pas3JH4Hble Orpa-
HUYEHHs] Ha 00J1acTh U3MEHEHHUs YIIPaBJISIONIMX ePeMEHHBIX, UTO He MO3BOJISeT
BOCIIOJIb30BAThCsl METONAMH KJIACCHYECKOr0 MaTeMaTHYeCKoro aHaJjusa, a Tpe-
OyeT mpHUMeHeHUsI PAa3HOOOPAa3HBIX BHIYUCIUTEIbHBIX METOMIOB.

Memodb. onmumusayuu — TOUCK KCTpeMyMa (PYHKIMH (B MPaKTHUECKHX
3agayax — KpPUTepHH ONTHMaJbHOCTH) NpPH HANWUUUK OTpPaHUYEHHH WU Ge3
OrpaHHYeHHH. DTO MpeKae BCEro ONTHMaJsbHOe MPOeKTHpoBaHHe (BEIGOP Hawu-
JIYYIIHX HOMMHAJbHBIX TEXHOJOTMYECKHX PEXKHUMOB, 3JIEMEHTOB KOHCTPYKIIH,
CTPYKTYPBI TEXHOJOTMYECKUX LIEMOYEK, YCJIOBUE IKOHOMHUECKOH AesITebHOCTH,
MOBBIILIEHHE HOXOAHOCTH Y T.H.), ONTHMAJbHOE YIpaBJeHHE, MOCTPOEHHE HeJlH-
HeHHBIX MaTeMaTHYeCKUX Mofesell 06beKTOB YIpaBAeHUs U T.A.

[Ipu paccMoTpeHHH JI0GOH ONTHMHU3ALHOHHON 3alaul ONpeneJsiioT:

1) yesesyro (o6vekmuyro) PYHKYLUIO;

2) ynpasaaroujue napamempo.

Janum onpenesieH|st THUM MOHSTHSIM.

Lenesoti ¢pynryueti nasbiBaetcs: ¢pyHkuus suaa f(r) — max, f(z) — min
TIPU HAJOXKEHHBIX YCJIOBUSX — OTpaHHUYEHHH.

Ynpasasrowue napamemps, — napaMeTpbl, H3MeHeHHe KOTOPBIX BJeyeT H3-
MeHeHUe 3HaueHHsl 1eseBOH (DYHKIHH.

Ecnu ueneBast (DyHKLUHSI 3aBUCHT TOJIbKO OT OJHOTO YIPAaBJISIIOLIErO Mapa-
MeTpa, TO Takasi ONTHMH3aLHOHHAs 3a1aya Ha3blBAeTCs 0OHOMEpPHOL, HHaue —
MHO20MEPHOU.
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OFpaHI/I‘{EHI/IH B ONTHUMH3ALMOHHOHU 3amaue MOTYT OBITh:

e OOLIMMH, €C/M OHM HaKJ/a[IblBAIOTCS HAa MHOXKECTBO AOMYCTHMBIX 3Haue-
HHH YOpaB/sOLIMX NapaMeTpoB, Hanpumep, x = 0, rie & = (X1,...,2Ty);

® CreUMasJbHBIMH, €CJH OHM HaKJaAblBalOTCA Ha 3HaueHHs KaKOH-iu00
(bYyHKUHMH, 3aBHUCALIEH OT 3HAYeHHH YNpaB/AKOLIMX MapaMeTpoB, HaIlpH-

mep, gi(x) <0, rne x = (x1,...,%y), 1 =1--;

e THNa HepaBeHCTB (COGCTBEHHO orpaHuyeHwust), Hampumep, f;(x) > 0, rae
x=(x1,...,2,),t=1--+ u f — uesneBast GyHKIHS;

e Tuna paBeHCTB (cBsizu), Hanpumep, fi(x) = 0, tme = (21,...,Zn),

i=1--- u f — uenenass QyHKUUS,;

® aKTHBHBIMH, HAMPHUMED, T;min < T < Timax. AKTHBHBIMHM Ha3bIBaOTCS
TaKHe OrpPaHHUEHHs, Ha IPaHUIE KOTOPBIX HAXOMUTCS pelleHue (Hampu-
Mep, OrpaHUYeHUsl THIAa PABEHCTB);

® ABTOHOMHBLIMHU.

DyHKUKH, 3ahaI0L1e OTPaHHYEHUS, MOTYT (hOPMHUPOBATb donycmumyro 06-
aacmoe (donycmumoe MHOINCECMB0) ¢ pa3IUUHBIMH CBOHCTBAMH: MOHOTOHHBIMH,
Kosie6aTeqbHBIMH, ¢ GOMbIIEH ¥ MaJoi KPUBU3HOH U T.[I.

Pelienuie donycmumori onTUMU3ALMOHHON 3a1adll COCTOUT B BBIOOpe onmu-
MAAbHOCO peuleHusn U3 00NYycmumozso MHOXCECMaa.

Touka z = (x1,...,x,), YIOBJIETBOPsIOLLAs OrPaHUYEHHsIM, Ha3blBaeTCsl 0O-
nYcmumblm peuieruem ONTHMHU3aLHOHHON 3afaun (B nanpHeiimem O3).

MHoxecTBO Bcex nomycTHMbix pemeHnii O3 HaseiBaeTcsi donycmumoim
MHOJCECMB0M ITON 3a7auH.

Ecan O3 umeer xoTsi Obl OAHO HOMYCTHMOE pelleHHe (T.e. ee NOMyCTHMOe
MHOXKECTBO He MYyCTO), OHa HasbiBaeTcsi donycmumoil, ecit O3 He MMeeT HU
OJLHOTO NIOMYCTUMOTO pelleHUs], TO OHAa HasblBaeTcs Hedonycmumol.

Touka 2" HaswiBaetcs onmumanvhvim pewenuem O3, ecan:

® OHa ABJIAETCA NONYCTUMBIM pEIICHHEM 3TOH 03,

e Ha 9TOH TOYKe IeseBas (PyHKLUHS JOCTHUraeT IJI00aJbHOrO MaKCHMyMa
(MM MMHHUMYyMa) Cpelld BCeX TOUEK, YAOBJIETBOPSIOIIMX OrPaHUUYEHHSIM.

[Ipy MozmenMpOBaHMH ONTHMH3ALHOHHOH 3aladyll MOMKHO T10Jb30BATHCS CJle-
AYIOIUMH yCJIOBHUSMH OKOHUAHMS TOUCKA ONTHMAJBLHOIO pelleHHUs:

® MaJIOCTb USMEHEHUA KPUTEPUA ONITUMAJBbHOCTH 3a 1 LUK,
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® HEBO3MOXKHOCTb YJIYUIlIEHHs] KPUTEPHUsI ONTHMAaJbHOCTH HHU IO ONHOH Me-
peMeHHOH;

,U..HH OILHOMepHOIjI ONTHUMH3ALMU: BeJHYHMHA OTpe3Ka, coaepzKallero OITH-
MYM, MEHbIle 3a/laHHOU IOTPEUIHOCTH.

A.3. KogupoBanue I'pes

Kak u3BecTHO B LIHU(POBOH BBIUMCAMTEIbHON TeXHUKE OCHOBHOE MEeCTO 3a-
HHMMaeT ABOWYHAs CHCTeMa CUHCJeHHs (MO3ULHOHHAS CHCTEMa C MOCTOSHHBIM
OCHOBaHMEM, PaBHBEIM 2) U ee TpsiMble POHU3BOAHbIe (BOCBMepHYHasl U IeCTHa-
IATepuyHas cucTeMbl). Hapsiny ¢ 3THMH MO3HIUOHHBIMH CHCTEMaMH CUHCIIe-
HUSI UCTIOJb3YIOTCS U HEMO3HIHOHHble. Camasi pacnpocTpaHeHHa U3 HUX — KOI
['pesi, u3BeCTHBIH TakkKe Kak pe(IeKCHbIE (OTPaXKEHHBIE) ABOMYHBIA KOL. DTOT
KOJL CTPOMTCSl U3 ABOMYHBIX LHU(P TaKUM 006pa3oM, YTO COCELHHE B HeM yHucaa
OTJIMYAIOTCS BCEra TOJNBKO B OfHOM pa3psiie. Komos ¢ Takoil e xapakTepu-
CTUKOH MHOT0, HO JJIsl Koja ['pest ©MeeTcsl MPOCTOH ajlrOpUTM MepeBoja 4ncel
B JIBOMUHBIA MO3ULMOHHBIA KOJ U 0OpaTHO.

A.3.1. Crpoenue koga I'pes

Kon I'pest — Hemo3MUHMOHHBIA KOA ¢ OfHUM HaGopom cumBojioB (O u 1) mns
KaXKJI0T0 paspsina. Takum o6pa3oM, B OTJIHUHE OT PUMCKOH CHCTEMbl CUHUCJIEHHS
yucso B Koue [pest He siBsieTcss cyMMOH Lngp. YToOw MoKasaTh COOTBETCTBHE
MOC/IeIOBATENbHOCTH Unces Kony [pesi MOXKHO BOCMOJIb30BaThCS TAOJUIEH, HO
€CTh M HaIJIsiIHOE MPaBUJIO TTIOCTPOEHHUS] ITOU MOCJEe0BATEbHOCTH.

Munanimuil paspsj B MOCJIEI0BATEJNbHOCTH UMCesN B Koie ['pes mpuHHMaeT
3nadyeHusi O W 1, 3aTreM cJenyOIMN CTaplIMi pa3psi] CTAHOBUTCS €IUHUYHBIM
¥ MJaIIIU# paspsil MpUHUMaeT CBOM 3HaueHWs yxke B oOpaTHoMm mnopsiake (1,
0). D1uM H 0OBsICHsIETCS Ha3BaHUe KoJa — OTpakeHHbIH. COOTBETCTBEHHO, Ba
MJAAKUX paspsiga npuHuMaroT 3HadeHus 00, 01, 11, 10, a 3aTem, npu enu-
HUUHOM CJIEYIOIEM CTapllieM paspsijie, Te Ke 3HaueHUs B 00paTHOM MOpsiIKe
(10, 11, 01, 00). Huxe nana tabauiia, nokasbiBawoiiasi epBbie BOCEMb UHCEJ B
JIBOUYHOM KoJle U B Koze ['pes.

A.3.2. Aaroputmbl npeoOpa3oBaHus Koxa I'pes

Kak ckasaHo Bblllle, aJrOpUTM NepeBoja Yuces B Kofie I'pest B MO3UIIMOHHBIN
KOJ TMPOCT: KaXKABIH paspsil B TO3ULHOHHOM KOIe PaBeH CyMMe [0 MOAYJIO 2
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Ta6auua 8
Yucaa B Koxe I'pes

yucao | dsouunsili kKod | koo I'pes
0 000 000
1 001 001
2 010 o1
3 011 010
4 100 110
5 101 111
6 110 101
7 111 100

3TOro W Bcex GoJiee CTaplIMX paspsioB B Koxe I'pes. Crapiuue paspsabl, cOOT-
BETCTBEHHO, COBIAJAIOT.

[lepeBon 13 MO3UIHOHHOrO KONA B KO I'pest elle mpole: KaXKIblH paspsia B
Kozie I'pest paBeH cymMe 110 MOLYJIO 2 3TOrO U CJENYIOLIero CTapliero paspsua
B NO3ULHOHHOM KOIe.

A.4. NP-nosnbie (yHMBepCaJbHbIE) 3aJa4uu

[TosiB/ieHMe BBIYMCAUTENbHON TEXHHUKH IPUBEJO K TOMY, YTO BCe pexke MpH-
XOIMTCA pellaTh OTAeNbHYI0 KOHKDEeTHYIO 3ajady, a Bce OoJblle MUCaTbh MPO-
rpaMMbl, paCCUMTAHHBIE Ha LIeJIbIH KJace 3a/ay, MoNyJyaloluXcs OfHa U3 1PYroH
3aMeHOH psfla UCXOAHBIX JaHHBEIX. [I03TOMYy HMeeT CMEBICJ FOBOPUTb O CJIOXKHO-
CTH He 1l OfHOH MHAMBHMAYyasbHOH 3amauu I, a mjs MaccoBo# 3ajaud, WM
npo6Jemsl P, cooTBeTCTBYyIOIIEH MHOXKECTBY MHAMBUIYaAJbHBIX 3ajau.

®dopma/ibHO MaccoBas 3afada P ompenensieTcss oOlMM CIHUCKOM BceX napa-
MeTPOB 3a1auH (CBOOOAHBIX TApaMeTPOB 3HAUEHHST KOTOPBEIX He 3afaHbl), (opMy-
JINPOBKOH CBOHCTB, KOTOPBIM JOJUKEH YIOBJIETBOPSATb OTBET (pellleHHe 3a1auH).
WupuBunyaneHas 3agava I monyuaercs us P, ecau BceM napameTpaM NPHUCBOUTD
KOHKpeTHble 3HaueHusi. [Ipumepom MaccoBo# 3afauu siB/aserTcs 3afaua Kopobei-
HUKa: HAaUTH MUHHUMaJsbHbIH MapuipyT o6Xxoja rpymibl FOPOLOB C BO3BPAaTOM B
HavaJslbHYIO TOUKY. B 3To# 3ajjaue BXOAHBIMU NapaMeTpaMu OyAyT YHUCJ/I0 FOPOLOB
m ¥ Habop pPacCTOSHUH MeXKIy HUMH, a TPeOOBAHHEM K pelIeHHI0 — MHUHHUMYM
CYMMapHOr0 PacCTOSIHUSI, MOJYYEeHHOro MmyTeM 06X0fa FOpPofOB B KaKOM-TO IO-
psanke. T'oBopAT, uTo anropuT™ A peliaeT MaccoBylo 3afady P, ecau ans no6oi
HHAMBHUOyasnpHOH 3anauu I € P anroputm A npumenuMm k I (T.e. ocTaHaBsuBa-
eTcsl 32 KOHeYHoe uucJo maroB) U I € P anroputm A naer pemrenue 3apaun 1.
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Hanpumep, n1s P kopoGefiHrKa cyllecTBYeT alropuTM, KOTOPHEIH pellaeT ee Ha
OCHOBe Nepebopa BceX MapLIPyTOB.

BosbIIMHCTBO AMCKPETHBIX U KOMOWHATOPHBIX 3a[ad AONYyCKaeT pelieHue C
MOMOLLBIO HEKOTOPOTO IIpoliecca Mepebopa BCceX BapUAHTOB, OJHAKO YMCJIO BO3-
MOXKHBIX BapHaHTOB pacTeT 3KCIOHEHLHaJbHO B 3aBUCHMOCTH OT pPa3MepoB 3a-
nauu (Tak, B 3agaye kopobeinuka m! mapiipytos). [TosTomy nepeGopHbie aro-
PUTMBI pellleHHs] MACCOBBIX 3aay CYMTAIOTCS HeI(P(PEKTUBHEIMU (MOTYT pellaTh
JIULIb HeGOMbIIHe HHAUBUIYAJbHbEIE 3a1a4n). B oTiuuue oT HUX 3P(HEKTHBHBI-
MM HasblBAIOTCS [1OJMHOMUAJ/bHbIE AJITOPUTMBI pellleHUs] MacCOBOH 3ajayl, TO
eCTb TaKHe, KOTOpble pellalT Mpou3BodbHY0 I € P 3a Bpewms, orpannyeHHoe
TIOJIMHOMOM OT «pasMmepa» 1. 3agaun P 1715 KOTOPBIX CylLlecTByeT MOJTHHOMHAJb-
Hble aJrOPUTMbl pelleHHs] Ha3blBalOTCsl MOJMHOMHAIbHBIMU. [IpyruM npuMepoM
MacCoBBbIX 3ajiay SBJSIOTCS 3aJa4d Paclio3HaBaHHUsS CBOKHCTB, MpeAroJaraloliye
OTBET «Ja» WJIH «HeT» B KauecTBe pelleHHs. Takue 3agadu o6pasyloT MIKpPO-
KMH Kjacc 3afgad. Tak, AJs Ja060# 3aiadd OUCKPETHOH ONTHMM3ALHUH MOXKHO
yKasaTb aHa/JoruyHyio P pacrnosHaBaHMs CBOHCTB. B 4acTHocTH, ecsiu BBeCTH
B P 3anaue xopobeliHuKa ellle onuH napameTp B — nsauHy mapuipyra, TO BO-
npoc OyeT CTOATb CAeAYIOUIUM 00pa3oM: CYLIecTByeT JIM MapLIpyT AJUHBI, He
npeBblmanmUid B? ITta 3amaua u3BecTHa B MaTeMaTHKe Moji HazBaHueM KM
(xommuBosikepa). Ecout nuist 3ajaunt P He cyliecTByeT NOJMHOMHAIBHOTO AJIro-
pUTMa, TO OHA Ha3bIBaeTCs HeNeTEPMUHUPOBAHO mosuHoMuanbHoi: P € NP. B
PasJIMUHBIX 06/1aCTAX AUCKPETHOW MaTeMaTHKH, KOMOMHATOPUKH, JIOTHKH U T.I.,
M3BECTHO MHOXKECTBO 3ajay, NpUHanaexauux K kiaaccy NP-3apau. bosee toro,
ecau Obl yHanoch OTBICKAaTh 3((EKTHBHBIA a/JTOPUTM pelleHHst XOTs Obl Of-
HOH M3 3THX 3a/ad, TO M3 3TOr0 CJeJOBaJo Obl CyllecTBOBaHHE 3(P(PEeKTUBHBIX
aJTOPUTMOB [J/151 BCEX OCTaJbHBIX 3aiady JaHHOTO KJaacca. Ha atom ocHoBaHO
OOILENPUHATOE MHEHHE, YTO TaKHUX aJrOPUTMOB He CYyILleCTBYeT.

A.5. TectoBble (hyHKIUMN

dddektuBHocTb ['A 3aBHCHT OT BBIOOpPa CIOCOGOB KPOCCHHTOBEpa, MyTa-
LUH, BEIOOpPA POLUTENBCKOH Maphl, (POPMHUPOBAHUS HOBOH MOMYJISALHUH, a TaKXKe
OT TaKHX MapaMeTPOB Kak pasmep MOMYJsLHH, AdrHa xpoMocoMbl. Ouenutb ['A
MOXKHO C TMOMOIIbI0 Pa3HOOOPA3HBIX TECTOBBIX (PYHKUHWH, Hampumep, GyHKUHN
e Honra. Bece TecToBble (DyHKLHMH MOTYT MMeTb Pa3JH4HOE YHCJ/IO 1apaMeTpPoB
(n). TlosToMy HMeeT CMBbIC/ 3aIyCTHTb AJTOPUTM /IS ONTHMH3aLHUH HEKOTO-
poél (yHKUMH cHavyasia ¢ HeGosbluM n (Hampumep, 10 uau 20), a 3aTem ¢
n = 50,100,200, ... dTo KacT BO3MOXKHOCTb IPOBEPHUTH «MaCIITAOHPYEMOCTb»
ajaroput™a. Tak Kak reHeTH4ecKHe aJrOPUTMbI UCIOMNb3YIOT CTOXaCTHYHOCTD, TO
LJIsT TOrO, 4TOObl ONpeNesHTb, HAaCKOJIbKO 3hdekTHBeH A, HYKHO 3amyCcTHThb
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€ro Ha OOHOH W TOH e TecTOBOH (DYHKLHH HECKOJBKO pas, a MOTOM B3fiTb
cpenHu# pesyabrar. Huxke npusonsitcss HauboJiee pacrnpocTpaHeHHblE mecmo-

soie pynkyuu (r = (x1,22,...,,)) [?].

1. Coepuueckas ¢pynxuus, uau ¢ynxkuus e Hounra 1 (Sphere model, De
Jong’s function I):

fl@)=>"a?  ze(-512512).

JIoKanbHBIX MHUHHUMYMOB HET.

2. TunepasunconnHasi GyHKUHS C TapaseSbHEIMH ocaMu (Axis parallel
hyper-ellipsoid function) noxoxa Ha (yHkuuo e HMonra 1. ITo npyromy
ee Ha3bIBAIOT OTATOLIEHHOH cepuueckoil GpyHkuued. CaenoBaTesbHO, OHA
BBIYKJA U YHUMOAAJbHA:

flo)=> iz},  —5I12<x; <5,12.

f(z) = 0; x; = 0; i=1:n.

3. IoBepuyrasi runepasnuncounnas ¢yukuus (Rotated hyper-ellipsoid
function). Jlannas (yHKUHsS TOJyueHA MOBOPOTOM THIIEPIJJIUICOUTHOMN
(PYHKLMH, IO3TOMY OHA BBHIIYKJA U YHUMOAAJbHA.

fla)y=>"> a3, 65,536 < ; < 65,536

i=1 j=1

[no6anbHBI MUHUMYM:
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4. Crynenuaras ¢yukuus e Honra (Step function (De Jong)):

[:]], x € (—5,12;5,12),

~
—
&
[
¢

rie |[x;]| — Mony/ib LeJ10H YacTH.

5. Cenno Posenbpoka, unu dynkuus e HMonra 2 (Rosenbrock’s saddle
(valley), De Jong’s function 2) npencrasJsieT co60# KaacCHYeCKYIO ONTH-
MU3aLHOHHYI0 (QYHKIIHIO (OHA ellle H3BECTHA KaK «6aHaHOBasi (PYHKIIMSI»).
[106anbHBIE ONTHMYM HaXONHUTCS BHYTPH Napabo/nyecKOd CHUJIBbHO BbITSH-
HyTO#H moBepxHOCcTH. OmnpenesieHre GopMbl TOBEPXHOCTH TPUBHANbHO, Ofi-
HaKO CXOAHUMOCTD K JIOKaJbHOMY MHUHUMYMY CTAHOBHUTCSl TPYIHOH 3amadeld
U CJIeIOBATENBHO 1Jis1 JAHHOH (DYHKUMH MPUXOAUTCS TTIOBTOPHO MPOBOAUTH
OLIEHKY C MOMOLIbIO APYTHX ONTHUMH3ALUOHHBIX A/JTOPHTMOB!

n—1

fa) =Y (100 (i1 — 22) + (2i — 1)2), € (—2,048;2,048) .
i=1

[no6anbHBIl MUHUMYM:

f(z) =0; x; =1, i=1:n.

6. @yukuus e HMonra c rayccoBbiM pacrpeseseHHeM Cly4YalHbIX BEJUUHH
(Gaussian quartic, De Jong):

n

flx) = Z (.Z‘:l + gauss(0, 1)) , x € (—1,28;1,28),

i=1

rie gauss(0, 1) — QpyHKUHS, BO3BpALLAOLIas CYIaHHYIO0 BEJTHUUHY C HOP-
MaJIbHbIM paclpefiesieHneM, ¢ MaTeMaTHyeckuM oxkunanueM B O u gucrep-
cuell paBHOH .

7. ®yukuus Pacrpuruna (Rastrigin’s function) siBasieTcss GyHKUHeH OmHOM
nepeMeHHo#. Hamune KocHHyca BjieueT CyLeCTBOBaHHE MHOXKECTBA JIO-
KaJbHbIX MUHHUMYMOB:

f(z) =10n+ Z (27 — 10cos(2ma;)) , x € (—5,12;5,12).
i=1
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10.

[no6anbHBIl MUHUMYM:

f(z) =0; z; = 0; i=1:n.

Oyukuus leedens (Schwefel’s (Sine root) function) vmeeT JIOXKHBIN
rj06anbHbll MUHUMYM. [109TOMYy MOMCKOBBIE a/JTOPUTMBI [OTEHLHANBHO
CKJIOHSIFOTCSI K CXOIMMOCTH B HEBEDHOM HalpaBJ/IeHHH:

f(x) = 418,9820n + (fxi sin m|) . @ e (=500;50).

=1

[Mo6anbHBI MUHUMYM:

flx)=0;  x;=420,9829, i=1:n.

. ®yukuns [paiiBenka (Griewangk’s function) moxoxa Ha dyHkuuoo Pac-

TpurnHa. OHa TakKe MMeeT MHOXKECTBO PaclpOCTPaHeHHBIX MUHHUMYMOB.
OpnHako 3TH JIOKaJbHble MHHUMYMBI PETYJISPHO pacnpeleseHsl:

T

nog2 O .
fl@)y=14> == —]cos (3),356(—600;600).
24000 L1\ Vi

[1o6a/bHBI MUHHMYM:

f(z) = 0; x; = 0; i=1:n.

f@)=20+e—20exp | —0,2
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11.

12.

13.

CymMa pasnuuHbix crenenedt (Sum of different power) — yacto ucnosib-
3yemast TeCcToBasi (PYHKIIMS:

n

fl@)=>lal™, 1<z <L
i=1

['no6anbHEIl MUHUMYM:

f(x) =0; z; =0 i=1:n.

Oyukuns Muxanesuua (Michalewicz’s function) — 3T0 MyJbTHMOIAJb-
Hasi TecToBasi (PyHKUUSA ¢ n! JoKaJbHBIMU 3KcTpeMyMamu. [lapamerp m
ompenensieT «KPyTU3HY» (steepness) oBparoB uau xpe6ToB. BoJblioe m
JesaeT MOUCK TpynHee. [lisi odeHb OGOJBbIIMX m MOBeleHHe (DYHKLIHUU
(DYHKLUHH B NAHHOH TOUKe JAeT HUUTOXKHYI HH(OPMALHIO O JOKaJbHBIX
U ro6asbHBIX 3KCTpeMyMax), TakK Kak penabed (DYHKLUHU MPeiCTaBJseT
co6oi oOLINpPHBIE MIOCKHE YUacTKH (OBpard M MJaTo):

n .
)
flz)=— Z (sin (z;) - sin®® (ﬂ_x?)),o <z <.
i=1
['no6anbHEIl MUHUMYM:

f(z) = —4,687 (n =5);
flz)=—9,66  (n=10).

®yukuus bpanuHca (Branins’s rcos function). laHHasg (QyHKUHS OBYX
nepeMeHHbIX UMeeT ri00aJ/ibHbIH MHUHHUMYM B TpexX TOYKax:

flz1,22) = |z —£x2+§x —6 2—|—1O 1—i cos(z1) + 10
1,42) — 2 47721 7_‘_1 87T 1 9

-5 <z < 10, 0 < 22 < 15.
[Mo6anbHBI MUHUMYM:

F(a1, 1) = 0,307887,
(x1,21) = {(—m,12,275); (7, 2,275); (9,42478; 2,475)} .
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14.

15.

16.

Oyuxuus Hsoma (Easom’s function). ¥ naHHOH yHUMOZAJbHOH TeCTO-
BOM (DYHKUHHU TJ100aJbHBIE MHHUMYM HaXOAUTCS B MaJieHbKOH 00sacTh
OTHOCHTEJIbHO BCEro MOHWCKOBOTO mNpocTpaHcTBa. DyHKuMs Oblia HHBEP-
THPOBaHA [J/151 MUHUMM3ALUH:

f(z1,22) = — cos(z1) cos(zz) exp (—(z1 — m)° + (22 — 7)?),
100 < ; <100,  i=1:2.

['no6anbHEIl MUHUMYM:

flxy,me) = —1; (x1,22) = (—m,m).

Oyukuus Foanacreitna (Goldstein—Price function):

f(x1,20) = [14+ (1421 +22)% - (19— 1421 + 322 — 1das + 62129 +323)] X
x [30 4 (221 — 329)?(18 — 3211 + 1227 4 48xy — 361129 + 2723)];
—2<r; <2, i=1:2

[o6anbHBI MUHUMYM:

flz1,22) = 3; (z1,22) = (0,-1).

lecturopbasi ¢pyukuust (Six—hump camel back function) umeer rio-
6a/bHBIE MUHUMYM B OBYX TodyKaX. [lo rpanuue obmactu comepxkaiieit
rj06a/bHble MUHHUMYMbl HaXOAHUTCS LIECTb JIOKAJbHbBIX MHUHHMYMOB:

4
oy

fzy,z0) = (4 —2,12% + 3

-3 <71 <3, —2 < 9 < 2.

) xf + x120 + (—4 — 4x§) ;

[no6anbHBIl MUHUMYM:

f(xhx?) = —1,0316;
(1, 22) = {(—0,0898; 0,7126); (0,0898, —0,7126)}.
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B. I'enetnueckue aaroputrvmsl B MATLAB 7.0.1

B.1. O0umue cBeneuud

Onnum u3 HoBuectB MATLAB 7.0.1 sBasietcs tyn6oke Genetic Algorithm
and Direct Search Toolbox, KOTOpbIH TIpeHa3HaueH NJi PaCIIHUpPEHUs (PYHK-
MOHAJbHBIX BO3MOXKHOCTeH mnaketa, B 4yactHoctH Optimization Toolbox, re-
HEeTUYeCKHUMH alropuTMaMu. TakHe aJrOPHUTMbI Yallle BCEro HCIOJB3YIOTCS B
cJayuyae, KOTa HCKoMasl LiesieBasi QYHKIIMs SIBJISETCS Pa3pbIBHOM, CYIIECTBEHHO
HeJIMHEHHOH, CTOXaCTHUECKOH U He MMeeT TIPOM3BONHBIX MJIH 3TH MPOHU3BOIHbIE
SIBJISIIOTCS HEOCTATOYHO ONpefie/ieHHBIMH. PaboTaTh ¢ reHeTUUECKUMH aJIrOPUT-
MaMH Telepb MOXKHO B IBYX TY/J60KCaX.

CoO6CTBEHHO TeHeTHYeCKHe aJrOPUTMbl OTHOCSTC K pasneny Genetic
Algorithm W BBI3BIBAIOTCS W3 KOMaHIHOH CPOKHU C TOMOLIbI0 gatool uiu ga.

[eHeTHUeCKHEe aJITOPUTMbl U X KOMOWHALMHU C IPYTHMH ONTHMH3ALHOHHbBI-
MM MeTOJaMH MOXKHO HallTH B paspene Direct Search Toolbox. Ins sToro B
KOMaH[IHOH CTpoKe HeoOXonuMo HabpaTb psearchtool (ot poll search tool —
CpPeICTBO MOUCKA YIIOPSIOUEHHBIM OIIPOCOM).

PaccMotpum nepBbiii BapuaHT padoThl ¢ [A. CyluecTByioT 4 0CHOBHBIE (DYHK-
UK AJ51 PaGoThl C aJTOPUTMOM:

ga — QYHKUHUS IJIsl HAXO0XKIEHHUS MHHUMYMa LieJIeBOH (PYyHKIHH;

gaoptimget — BO3BpalllaeT MapaMeTpbl HCIOMb3yEMOr0 reHETHYECKOr0 aJiro-
pUTMa;

gaoptimset — yCTaHaBJIMBaeT NMapaMeTpbl TeHeTHYECKOTO alrOpUTMa;

gatool — otkpbiBaeT okHO Genetic Algorithm Tool.

Jast Toro, uToGel MpuMeHUTb ['A K mOCTaBJeHHOH (DYHKUMH LeaH, HeoOXOo-
IVMO B NEPBYIO ouepenb 3amucath eé B M-file u coxpaHuTb B Tekylleil namnke.

B.2. ®dynkuusa ga

DyHKUHSA ga BbI3bIBAETCH B KOMAHIHOH CTPOKE COIJIACHO HUXKeNpUBeIeHHO-
MY CUHTAKCHUCY:

[x fval] = ga(@fitnessfun, nvars, options)
371eCh

fitnessfun — umsa M-file, conepxkaiiero nocraB/eHHy0 LeJNeByIO0 QYHK-
LU0

nvars — YHUCJO He3aBUCHMBIX MlepeMeHHbIX B Le/eBOH (DYHKLIUH;

options — CTPyKTypa, comepxkaiias napametpsl ucnoab3yemoro [A. Eciu
napaMeTpbl He U3MEHSATb, TO UX 3HAUEHUS BO3bMYTCA [0 YMOJIYAHUIO,
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PesysbTaThl BHIYMCIEHUH COXPAHATCH B MepeMEHHBIX:

fval — okoHYaTesbHOE 3HAUEHHE LieJeBOH (PYHKLUH;

X — TOYKa, B KOTOPOH JOCTUIHYTO ONTUMAJ/bHOE 3HayeHHe.
CyIIecTBYIOT U ApPYyTHe BapHaHTH BbI30Ba (DYHKIHH ga:

X ga(fitnessfun, nvars)
x = ga(fitnessfun, nvars, options)

X = ga(problem)

[x, fval] = ga(...)

[x, fval, reason] = ga(...)

[x, fval, reason, output] = ga(...)

[x, fval, reason, output, population] = ga(...)

[x, fval, reason, output, population, scores] = ga(...)

Onucanue x = ga(fitnessfun, nvars) npuMeHseTCs AJSI pelIeHHs
ONTHMHU3AUUOHHOU 3amauu, fitnessfun — MUHHMHU3UpYyeMas LeseBas (QyHK-
U4sl U nvars — [IJHMHA BeKTOpa pPelleHUH X, COOTBeTCTBYIOLIEro Haujy4dlleH
ocobu.

x = ga(fitnessfun, nvars, options) npumensercs [Js pelleHHs
ONTHMU3ALUOHHOH 3a/lauH, UCMOJb3ysl MapaMeTphl (options) anropurma.

X = ga(problem) HaxOAUT MMUHMMYM 3aJaud, CTPyKTypa KOTOPOH OMNHU-
CbIBaeTCs TPeMs IMOJISIMHU:

fitnessfcn — ueneBas ¢pyHKUHUS,;

nvars — YHUCJO He3aBUCHUMBIX IepeMeHHbIX LeaeBOH (hYHKLUH;

options — napaMeTphl cTpyKTyphl ['A, 3anaBaemble hyHKUHKeH gaoptimset.

[x, fval] = ga(...) BosBpamaetr fval, 3HaueHHe Le]e€BOH (PYHKLHUH
o X.

[x, fval, reason] = ga(...) BO3BpallaeT reason — CTPOKY, CO-
JlepKallyo napaMeTpbl OCTAaHOBKH a/JrOPUTMA.

[x, fval, reason, output] = ga(...) Bo3ppamaer output —
COBOKYITHOCTb CBeI€HHH O KaXX[OM MOKOJEHHH U APYrod MH(OpPMALUU O pe-
anuzauud anroputrma. Ctpykrypa output COCTOUT M3 CJIEAYIOLIMX MOJEH:
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Randstate uiu (randnstate) — HauaJbHOE COCTOSIHHE MOMYJSILIUH CTe-
HepUpPOBaHHOe CcaydyalHbIMK yucaaMd. (Pasninune QyHKUHE COCTOMT B Pa3HBIX
BLIBOZIAX.);

generations — KOJWUYECTBO BBIUUC/SIEMbIX MTOKOJEHHH;

funccount — KO/IMYECTBO BBIUMCJIEHUH (PYHKLHHU

message — MapaMeTpbl OCTAHOBKH ajrOPUTMa. DTO COOOlIeHHe BBIBOAWUT
HEeCKOJIbKO apryMeHTOB 3aBepllleHHsl alropuTMa.

[x, fval, reason, output, population] = ga(...) BoO3Bpa-
[[1aeT MaTpPHUIly TMOMYJSILHH, CTPOKH KOTOPOH COOTBETCTBYIOT 0COOM KOHEYHOH
NOMYJSLUHUH.

[x, fval, reason, output, population, scores] = ga(...)

BO3BpalllaeT pacyeTsl (PUHANBHOH MOMYJISALHH.

3ameuaHue: [/ BCeX ONTHMHU3AlMOHHBIX 3ajau MOMYJSLUHs H0JKHA ObITh
NpelcTaBjdeHa B BHIE BelleCTBeHHbIX uuces. DYHKUUS ga He paboTaeT M
(DYHKUHH ¢ KOMIJIEKCHBIMH TNepeMeHHBbIMH. [l pelleHHs 3a1ad BKJIOYAIOLIUX
ONTHMH3aLUOHHBIE YUC/Ia HYKHO 3aMUCcaTh LeseBy0 QYHKLHIO B BUE LOMYCTH-
MOT0O BelleCTBEHHOI'0 BEKTOPA, OTAEJHB BeleCTBeHHble U KOMILJIEKCHbIE YACTH.

IIpumep

[x fval, reason] = ga(@rastriginsFcn, 10)

Columns 1 through 7

0.9977 0.9598 0.0085 0.0097 -0.0274 -0.0173 0.9650
Columns 8 through 10

-0.0021 -0.0210 0.0065

fval =

3.7456

reason =

generations
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B.3. ®yukuusa gaoptimset

ﬂ.HH HaCTpOIL/'IKI/I F€HEeTHUYEeCKOTro  aJroputMa HCIOJIb3yeTCsd qI)YHKIlI/IH
gaoptimset. OHa mo3BoJsieT MOCTPOUTb ['A KOMOWHHpYS, omepaTopsl 10 Ke-
JIaHWI0 ToJb3oBaTtesss. CHHTaKcHC ,ELaHHOfI (bYHKHHH BBITVIAAUT CJeAYIOIIHUM
o6pasom.

Cunmaxcuc

options = gaoptimset

gaoptimset
options = gaoptimset(’paraml’,valuel,’param2’,value2,...)
options = gaoptimset(oldopts,’paraml’,valuel,...)
options = gaoptimset(oldopts, newopts)
Onucanue

options = gaoptimset (31ecb aprymMeHThl He BBOASTCSI) C MOMOIIbIO HaH-
HOHM KOHCTPYKIUHH 3amaerTcs cTpykTypa ['A, otnuuHas oT ctpykTypel [A mo
YMOJIYAHHUIO.

gaoptimset He TpeGyeT BBOIA WJIM BbIBOJA apryMeHTOB. B pesynbrate ccop-
MHUpyeT CIHUCOK NMapaMeTPOB U UX AeHCTBUTENbHBIX 3HAYEHHH.

options = gaoptimset(’paraml’,valuel,’param2’,value2,...)
TeHepupyeT CTPYKTypy C MHOXKECTBOM MapaMeTpoB WX 3HadueHH#. [ns
HEeCKOJIbKUX HeclelMaNbHbIX NapaMeTpPOB MOXKHO HCIO/b30BaTh 3HAUEHUS IO
YMOJIUQHHUIO.

options = gaoptimset(oldopts,’paraml’,valuel,...) co3na-
eT Komuio oldopts, MOAM(HUIMPOBAHHYIO BbIOPAHHBIMHM CIELMAJbHEIMU
napaMeTpaMd ¥ UX 3HAYEHUSIMH.

options = gaoptimset(oldopts, newopts) KOMOWHHPYeT NapaMeTphl
CylLleCTBYIOILleH CTPYKTypbl oldopts, ¢ mnapaMeTpaMM HOBBIX CTPYKTYp
newopts. HekoToprle mapameTprl ¢ HeHYJIEBBIMU 3HAUEHUSIMM B newopts Mo-
TYT 3aMEHUTb WJIK OBITb NPHCBOEHBI CTApPbIM MapameTpam B oldopts.

Onuuu
B crenpyrowe#t Tabaulie NpuBeleH CIHCOK INapaMeTpoB A5 (PYyHKLUH
gaoptimset. B ¢urypubix ckobkax {} GepyTcsi 3HaUEHHUs 10 YMOJIUYAHHUIO.
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Cnucok napametrpoB (pyHKIMH

Ta6auua 9

gaoptimset

Onuun

Onucanue

3HaueHus

CreationFcn

I/ICI'IOJ'Ib?:yeTCﬂ IJisl COo3aHusd
HayaJjbHOU MOy

{@gacreationuniform}

CrossoverFraction | BeposiTHocTb kpoccuHroBepa, | [lonokuTesbHble — 4ncaa
He BKJIOYaeT 3JuTHHIX motoM- | {0.8}
KOB, MOJIYUEHHBIX TPH KPOC-
CHHTrOBepe
CrossoverFen Bun xpoccrnrosepa @crossoverheuristic  (caty-
Ya#HBIH KPOCCHHTOBED)
{@crossoverscattered}
@crossoverintermediate
@crossoversinglepoint
(omHOTOUEUHBIl  KPOCCHHIO-
Bep)
@crossovertwopoint
(mBYyTOUEUHBIH KPOCCHHTOBED)
EliteCount [MosoxurenpHoe wenoe uduc- | [osmoxkutesnpHoe uenoe | {2}
JIo, OMpejesiollee KoJnye-
CTBO 0COOeH TeKylleH mnomy-
JISILLAH, KOTOPbIe GYIYT CKOIH-
POBaHBl B HOBOE TOKOJIEHHE
FitnessLimit Yucsno. Ecin dyukumst npu- | Yneso | {-Inf}

FOIHOCTH JOCTUTHEeT 3Haue-
uus FitnessLimit, To aJro-
PUTM OCTAHOBHTCS

FitnessScalingFen

YcraHaBnUBaeTCs, ec/d 3Ha-
YEeHUAMH (YHKIHUH MPUTOLHO-
CTH SIBJIAIOTCA UHC/Ia

@fitscalinggoldberg
{@fitscalingrank}
@fitscalingprop
@fitscalingtop

Generations

[osoxkHTeNIBHOE UKCHIO, Onpe-
nessiolee MaKCHMaJIbHOe
YHCJI0 I/ITepaIJ,I/Iﬁ aJropuTma

[Tosoxurenbroe uesoe |{100}
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Onuun

Onucanue

Suauenus

PoplInitRange

Marpuna niamu BekTop, ompe-
neJsiiolde ocodd B Haualb-
HOU TOMyJALHN

Marpuua niu Bekrop | [0;1]

PopulationType CrpokoBoe BblpaxkeHue, omu- | ’bitstring’” | ’custom’ |
chiBaolilee THI AaHHbIX B o- | {'doubleVector’}
yJISIIAN

HybridFen YeranaBiuBaeT pagbHefimylo | YcraHoBouHas QyHkuus | {[]}

ONTHMH3ALMIO I10 3aBepluie-
HHIO PaboTHl ga

InitialPopulation

HavasnbHas NomyJisils

[TonoxurensHble uncaa | {[]}

InitialScores

HauanbHble TOukH

Bexrop-croater | {[]}

MigrationDirection

Hanpasnenue murpanun

‘both’ | {"forward’}

MigrationFraction

Uucao mexay O u 1, coor-
BETCTBYIOLLEE [0JU MUTPHPY-
IOUIMX 0COo0el A5 KaxKaou
MOATONYJSALMH

Yucio | {0.2}

Migrationlnterval

[TonoxxuTebHOE 1€JI0€  CO-
OTBETCTBYOLIEE KOJHUYECTBY
MOKOJIEeHUH MeXIYy MHUrpaiu-
SAMH

[TosnoxurenbHoe uesoe | {20}

MutationFcn

YcraHaBaMBaeTcs B Cjaydae
MYyTalH{H TIOTOMKOB

@mutationuniform
{@mutationgaussian}

OutputFens Maccus, conepxamuii gpynk- | maccus | {[]}
MK, KoTopbie ['A  BbI3bIBaJ
KaXXIyio UTepaIuio
OutputInterval [TosoxutenbHoe wenoe uuc- | [losoxurensroe wesoe | {1}

JIO TIOKOJIEHWH MeKIy IIo-
cJle[l0BaTeNbHBIMH BbI30BAMU
(hyHKUHH BBIBOOA
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1e BbIYMC/IEHHH anroputma. B
JaJibHeHIIeM HCIO0Jb3yeTCs 1S
NIOCTPOEHHUs Tpauka

Onuuu Onucanue 3HaueHus
PlotFcns Maccue nas coxpanenus pe- | @gaplotbestf
3yJIbTATOB, MOJYyYeHHbIX B X0- | @gaplotbestgenome

@gaplotdistance
@gaplotexpectation
@gaplotgeneology
(@gaplotselection
@gaplotrange
@gaplotscorediversity
@gaplotscores
@gaplotstopping | {[]}

PlotInterval

[TosioKUTENbHOE LEJI0€ YHCIIO
MOKOJIEHHH MeX[y MOCJef0Ba-
TeJIbHBIMHU BbI30BaMH q}yHKL[I/II/I
plot

[TonoxurensHoe uesoe | {1}

PopulationSize

Pasmep nonysnsuuu

[TosoxurensHoe uesoe | {20}

SelectionFen

YcranaBauBaeT (pyHKUHIO 0TOO-
pa poauTesed /s KPOCCHHIO-
Bepa U MyTallMH NOTOMKOB

@selectiongoldberg
@selectionrandom
{@selectionstochunif}
@selectionroulette
@selectiontournament

StallGenLimit

[TonoxurenbHoe wesoe. Auro-
PUTM OCTAQHOBHTCS, €CJH 3a
StallGenLimit nocsenoBatesb-
HBIX HTepaldid He MNpPOMU30HAET
yaydileHHe QyHKOUH HeJH

[TonoxurensHoe nesoe | {50}

StallTimeLimit

[MonoxxuresnbHoe wesoe. Asro-
DHTM OCTAHOBHTCS, €CJIH 3a
StallTimeLimit cekynn He mpo-
U30MJeT yaydlleHHe (GYHKLUH
nesu

[TonioxurensHoe uesoe | {20}

TimeLimit [TosoxurensHoe uyncqo. As- | [MosoxurenbrHoe uucio | {30}
FOPUTM  OCTAHOBHUTCS  MOCJe
TimeLimit cekynnm ¢ momeHnTa
HayaJja paboThl
Vectorized Crpoka, onpeneJsiomas Bekro- | ‘on’ | {’off’}
pr3aurio PyHKIUH LesH
Hanpumep:

1. dyHkuusa gaoptimget

®yHKuKS gaoptimget o6safaeT CAeAYOIIHM CHHTAKCHCOM:
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val = gaoptimget(options, ’name’);
2. ®yukuus gatool.

3. Hpyro# Hanbosee HarasaHblH crnocob paboTel ¢ A 3akmaouaercs B BbI30-
B€ OKHa C MOMOILbI0 (PYHKUHH gatool.

OxkHo Tys60Kca MpeacTaBJeHo Ha puc. 24.

Kak BMIHO M3 PUCYHKa, OKHO COIPOBOXKIEHO CIPAaBKOH IO BCEM KOMIIO-
HeHTaM, M paboTa Mo/ib30BaTess 3aK/KyaeTcsd B BHAE YCTAHOBKH Napa-
MEeTPOB M Ha)KaTMH KHONKH «starts. Pesynbrar Oymer Tem ke, 4To U B
c/lydyae MocJieoBaTeJbHOro IpUMeHeHHss PyHKUUH gaoptimset u ga. B
pasiesie plots MOXKHO BbIOpaTh MepeMeHHble, U3MeHeHHe KOTOpbIX OyeT
oToOpaXkaTbCs rpaUUecKH.

B.4. Bekropusauus uejeBoil pyHKIUU

B tyn6okce T'A npemycmoTpeHa BeKTOpH3alUsi (GYHKIHE, Garomapst yemy
BBIUMCJIEHUS] TIPOUCXOAAT 3aMeTHO ObicTpee. CMBIC] NAHHOrO MEeTola 3aKJ/iua-
eTcs B TOM, YTO B KauyecTBe NapaMeTpPoB (DYHKLHH BBICTYNAIOT BEKTOpa, TOraa
IJIST TEKYIIeH MONy/siiuuy LeseBasi PyHKUHS OyeT BbI3bIBATHCS JIHUILb OIUH a3,
BBIYMCJISIST IPUTOTHOCTH Beex ocobedl. Hanpumep, pacecmoTpum QyHKLIHIO

flzy,x0) = xf — 2x139 + 621 + x% — 6xa.

anuwem njs Heé M-file, ucnonb3ys caenyrommil Kox:

z =x(:,1).\ 2 - 2*x(:,1).*x(:,2) + 6*x(:,1) +x(:,2).\ 2
-6*x(:,2);

3neck x(:, 1) mpencrapasieT coboél BeKTop, a .\ U .* — omepauuu
MO3JIEMEHTHOTO COOTBETCTBEHHO BO3BENEHHA B CTEIEHb U YMHOXKEHHS.

B okHe Tysn00Kca B cnucke Vectorize option cienyeTr yCTaHOBHTb 3Ha-
yeHue On.

Y6enutbcs B 3((eKTUBHOCTH BEKTOPU3aLUKM MOXKHO Ha NpHMepe (YHKLHU
PacTpuruna. B koMaHIHOH CTpoKe BBeleM cielylollee BblpakeHHe:

tic;ga(@rastriginsfcn,20);toc

B pesysbraTe MOXKHO y3HaTh BpeMsi, 3aTpayeHHOe Ha BBIUHCJEHUS:

elapsed_time =
4.3660
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[Tpomenaem Toxe camoe, HO MCIOJb3Ys BeKTOpHU3aLMio PyHKUUH PacTpuru-
Ha:

options=gaoptimset(’Vectorize’,’on’);
tic;ga(@rastriginsfcn, 20, options);toc \

Y3HaeM BpeMsi 3aTpaueHHOE Ha BEKTOPH3ALHUIO:
elapsed_time = 0.581

Kak BHIHO MeTon BeKkTOpHU3alUMH paboTaeT Ha MHOro OwicTpee!

B.5. JlaGopatopHasi pab6orta

[lepen BrIMOIHEHHEM a6OPATOPHBIX PabOT BHUMATEJNbHO IPOUYTHUTE pelleHHe
nabopaTtopHoi paboTsl Ne 1!

B.5.1. JIaGoparopHas pab6ora Ne 1

3adanue Ne 1
MuHUMHU3HUPOBaTh (PYHKIUIO OTHOH NepeMeHHON

f(z) =8z —16 — 12/ (z + 4)2.

Pewenue
Hanumem M-file nns naHHOM QyHKUMM U COXpAaHUM €ro B TeKYIleH mamnke
[oJ UMeHeM ex2.m.

function y = ex2(x)
y=-12*(x+4)\ (2/3)+8*x-16;

BbizoBeM 0KHO TY/160KCa ¢ NOMOLLbIO gatool.

B none fitness function BBeneM nMs LeseBod (pyHKuuH @ex2

YcTaHOBUM 3HaueHHs napameTpoB ['A: KoJH4ecTBO 0COGed B MOMYJALHH
= 10, kosnuecTBo nokoseHuil = 100 (B OKHe KPUTEPHS OCTAHOBKH aJTOpPHT-
Ma), HadasbHbIE 0Tpe3ok = [—4;1]. B pasmene plots ycraHOBUM (yiaxkKH AJst
best fitness, best individual, distance. lllenkHeM 1o KHoOmKe start.

B pesysbraTe 3aBeplueHHs mpolecca B OKHe final point mosiBUTCS 3HauUeHHe
repeMeHHOH X, COOTBETCTBYIOllee MUHUMYMY (DYHKLHH, a B OKHe status and
result MOXKHO YBHUIETb HalJeHHOE MUHUMaJbHOE 3HAauUeHHe LeeBON (DYyHKIHH.

Jlns maHHOH 3agadd pe3ysnbTaThl NMOJNYUYHINCh CJedYIoliie MUHUMYM (DyHK-
LMY JOCTHraeTcs B Touke x = —2.9972 u f(—2.9972) = —51.99998959105959
(puc. 25).
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[TepBbiii puCyHOK O0TOOpaXkaeT U3MeHeHHe 3HaueHHe 1eJ1eBoi GyHKIMH. Bua-
HO, uTO, HauuHas ¢ 80 MomyJsAIKU, aNrOPUTM Collescsl K pellieHHio. Ha Bropom
pucyHKe H3o0pakeHa Hausy4yluasi ocoOb. TpeTH#l PUCYHOK COOTBETCTBYET H3-
MEHEHHIO PACCTOSIHUS MEXIY 0COOsiMU B moKoJeHusiX. Oco0u CTAHOBSITCS OIH-
HaKOBBIMH (XeMMHHTOBO paccrosinve = 0) B mocnennux 18 noxosenusx. [A
HY>KHO 3aMyCTHTb HECKOJbKO pa3, a MOTOM BbIGpPaTh ONTHMAJIbHOE pelleHHe.
IT0 CBSI3aHO ¢ TeM, UTO HauaJjbHas MOMyJsLUs GOPMUPYETCs C UCMONb30BAHU-
eM reHepaTopa CJAy4alHbIX YHCEJ.

Y6ennTbcs B NPaBUJIBHOCTH PELIEHHS] MOXKHO, MOCTPOUB rpaduk (PyHKIHH

(puc. 26).

301 ;

3517
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Puc. 26. I'paduk ¢yHKIMH

To ke camoe MOxKHO OblJIO OBl MOJYYUTh, UCMOJIB3YS (DYHKLUUU gaoptimset
u ga. Urober mocmorperb M-File BeiGepere B Mmenio «Files okna «Genetic
Algoritm Tool» xomauny «Generate M-file», coxpanure ¢aia nox 1pyrum ume-
HeM U IpOCMOTpHTe Kof. JlJIs1 TaHHON 3afau MOJyUIHIIH:

function [X,FVAL,REASON,OUTPUT, POPULATION, SCORES] = ex2q

% This is an auto generated M file to do optimization
% with the Genetic Algorithm and
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o° o°

GA options structure.

oe

Fitness function
fitnessFunction = Qex2;

% Number of Variables

nvars = 1 ;

% Start with default options
options = gaoptimset;

o

% Modify some parameters

options

Direct Search Toolbox. Use GAOPTIMSET

for default

gaoptimset (options, ' PopInitRange’,[-4 ; -1 1);

options = gaoptimset (options,’PopulationSize’,10);

options = gaoptimset(options,’MutationFcn’,

{@mutationgaussian 1 1});

options = gaoptimset(options,’Display’,’off’);

options

% Run GA

[X, FVAL, REASON, OUTPUT, POPULATION, SCORES]
ga(fitnessFunction,nvars,options);
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3adanue Ne 2
MakcuMH3HpOBaTh (PYHKIHIO ABYX MepeMeHHbIX:

z(z,y) = exp(—a® — y°) +sin(z + ).

Pewenue

Tynboke mo T'A pewaer TOJMbKO 3afaud MHUHHMH3AUMH, I/ HaXOXKAEHUS
MakcuMyMa (QyHKuud f(x) caenyeT MUHHUMH3HpoBaTh (QyHKUUIO —f(z). DTO
0OBSCHSETCSA TeM, UTO TOYKa MHUHHMyMa — f(x) sIBJsieTCs HEKOTOPOH TOYKOH
f(x), B KOTOpO# mOCTHUraeTCss MaKCUMYM.

Hanuwewm M-file nast dpynkunu z(x) = —f(x) 4 coXpaHHM ero B TeKylleH
namnke IO MMeHeM ex13.m:

function z = ex13(x)

=-(exp(-x(1)\ 2-x(2)\ 2)+sin(x(1)+x(2)));

BblzoBeM 0KHO TY/160KCa ¢ MOMOLLBIO gatool.

B nosie fitness function BBemem uMs lLieseBodl QyHKUMH @ex13.

YcTaHOBUM 3HaueHUsi mapameTpoB ['A: KolHuecTBO TMepeMeHHBIX = 2, KO-
JauuecTBO ocobeil B monyasiuud = 10, kosnyectBo mokoseHuit = 100 (B oxHe
KPUTEPHSI OCTAaHOBKM aJrOPUTMa), HauajbHbIH oTpe3ok = [-1; 3]. Has moctpo-
eHust rpaduKoB B pasmene plots yctaHOBUM (aaxKku musi best fitness, best
individual, distance. lllenkHeM no KHOIKe start.

B pesysbrate 3aBeplueHus npolecca B OkHe final point NosSBUTCS 3HaYeHHe
nepeMeHHOH X, COOTBETCTBYIOIlee MUHUMYyMY (DYHKLHH, a B OKHe status and
result MOXKHO yBHUIETb HalIeHHOE MHHHMMaJsbHOE 3HaueHHe LeJeBOH (QYHKLHH

Jlns naHHOH 3ama4u pe3ysnbTaThl NONYUYUNUCH CJeayIoLIMe: MaKCHMYM (PyHK-
uuu gocturaercsi B Touke x = 0.46419, y = 0.42406 u f(0.46419;0.42406) =
1.449.

[ToBepxHOCTb (DYHKLHMH MpeACTaBJIeHA Ha pUc. 27.

B.5.2. JlaboparopHas paGora Ne 2

3adanue N |

Haiitn makcumym pyHkuud y(z) = 3/ (z +4)%2 — 22 — 8.
3adanue Ne 2

Haiitu Munumym dynxuuu z(z,y) = (y — 3) exp(—2? — y?).
3adanue Ne 3

[TocTpouTb TECTOBYHO (YHKLHIO DKKJIH A5 ABYX ME€PEMEHHBIX.
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Puc. 27. INosepxHocTs dyHKnuu. JIP1
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B.5.3. JlaGopaTopHas pa6ora Ne 3

3adanue Ne 1
3 T— 2
Haiitn makcumym QyHKUMH y(z) = ﬁ(xim,

3adanue Ne 2

Haiitu MunuMyM U MakcumyM GyHkuud z(z,y) = zexp(—z? — y?).
3adanue Ne 3

[loctpouts TecToByto (yHKUMIO Muxanesnya ijist IBYX NepeMeHHbIX.

B.6. OTBeThI

JlaGopartopHasi paGota Ne 2

3adanue Ne 1

x = —3.99927, y(z) = 0.999 (puc. 28).
M-File:

function y = exl(x)
y=-(3*(x+4)\ (2/3)-2*x-8);

['paduk n3obpakeH Ha pucyHke 29.

-

2 \
Puc. 28. I'padpuk ¢yukuuu. JIP2
3adanue Ne 2

x = 0.01224,y = —0.16747, z(x,y) = —3.0794 (puc. 29).
M-File:
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function z = exl4(x)

z=(x(2)-3)*exp(-x(1)\ 2-x(2)\ 2);

Jlast cxopuMocTH anropuTMa Beibepute 150 moxosneHHH.

Puc. 29. IlosepxHocTb (yHKIMU. JIP2

3adanue Ne 3

Pucynoxk 30.

JlaboparopHasi padora Ne 3
3adanue Ne |

x = 4.97881,y(z) = 1.31 (puc. 31).
M-File:

function y = ex3(x)

y=-6*(6*(x-3))\ (2/3)/(8+(x-1)\ 2);
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objedive value

wariable 2 2 2 wariahle 1

Puc. 30. IToBepxHOCTb (PYHKUHH DKKJIH

s

0.6 \

04

n2

Puc. 31. I'paduk dynxkuuu. JIP3
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3adanue Ne 2
Munnmym =z = —0.7428,y = —0.01912, z(z,y) = —0.4276.
M-File:

function z = ex12(x)
z=x(1)*exp(-x(1)\ 2-x(2)\ 2);

Makcumym x = 0.7442,y = —0.07576, z(x, y) = 0.425275 (puc. 32).
M-File:

function z = ex122(x)

z=-x(1)*exp(-x(1)\ 2-x(2)\ 2);

Puc. 32. [ToBepxHocTb. JIP3

3adanue Ne 3
[ToBepxHOCTb — Ha pUCYHKe 33.

84



objedive value

varishle 2 oo variakle 1

Puc. 33. [ToBepxHocTh (pyHKUMH MuxaneBuua

Tak:xe BBl MOXKeTe CKOHCTpyHpoBaTh npyrue ['A, Momennpys onepaTopsl (Bbl-
60p pPOOUTENbCKUX Map, KPOCCHHTOBEp, MyTallUsi, MUTpauus, oT6op ocobell B
HOBYIO MOMYJISILMIO, KPUTEPUH 3aBepLICHHs] aITOPUTMA) U MapaMeTpbl ajJrOpuT-
ma. JanbHelilllee U3yueHHe ONTHMHU3ALHUN C TTOMOLIbIO [A MOXHO MPOIOJIKHTB,
paccmatpuBasi Direct Search Toolbox. Jlnsi BbI30Ba OKHa MOXKHO B KOMaHIHOH
CTPOKe IIPOCTO Mponucarb psearchtool.
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