3anaTue Ned

I'eHeTHyeckuii aIrOPUTM pelieHUs] MHOTOKPUTEPUATbHBIX

MHOTronmapaMeTpu4eCKux HepeﬁoprIX OIITUMHU3AINMOHHBIX 3ada4

Teopernveckue cBeeHUS

B 0CHOBY reHEeTHYECKOTO aIropuT™Ma MOJIO0KEH €CTECTBEHHbIN OMOJIOrNYECKU METOA
otbopa.

[lenp OMONOrMYECKOW H3BOJIOLMU COCTOUT B HAWIyYIIEeM MPUCHOCOOJIEHUU K
KHU3HEHHBIM yciIoBUsAM. C TEeXHHYECKOW TOUYKU 3peHMs] Haunbojee MPHCIOCOOIEHHBIMU
OKa3bIBAIOTCS ONTUMAJIbHBIE TI0 HEKOTOPOMY KPUTEPHUIO CUCTEMBI.

JI71s1 OLIeHKM CHCTEM MCTIOJIB3YIOT:

® CTeNeHb NPUCIIOCOOIEHHOCTH (OMOJIOTHYECKUE CUCTEMBI);

® KpUTEpHUH KadyecTBa (TEXHUYECKHE CUCTEMBI).

I[aHHOe HAIpaBJICHUC, ITIOJTYYHMBIICC HA3BAHUC TCXHUYCCKAA TCHCTHKA SABJISACTCA

YCEUEHHBIM TIOHATHEM OHOJIOTHYCCKON TCHETUKH.
OCHOBHBIE ITOJIOKECHUA
1) I'enernueckass MOJEib — CIOCOO MPEACTABICHHS HHPOPMAIMH O CHUCTEME B

reHeTudeckon opme.

2) I'eHeTnyeckuii anropuT™M — TPOIECC MPHUCHOCOOIIEMOCTH, ONTHMHU3AIUH
CHUCTEMBI.
3) IlpaBwia OCTAaHOBKM -  MOMEHT, Ha KOTOPOM OCTAaHABJIHMBAETCS MPOIECC

ONTUMU3ALIMHA CUCTEMBI.

OCHOBOI TMOCTPOCHHS] TEHETUYECKOW MOJENU SBIAECTCS JIBOMYHOE KOJHPOBAHUE.
Hocurenem 3T0ro cBoiCTBa CUCTEMBI SIBISIETCS XPOMOCOMA.

CBOIMCTB, KOTOpPBIE OTPaXKAIOTCS B XPOMOCOME, MOXKET ObITh MHOTO. CyIIecTByeT
TaKO€ TOHATHE KaK KOJ TIPU3HAKA, T.€. KaXJ0€ CBOMCTBO pACIOJIATAETCA B
omnpeeIEHHOM MeCTE XpOMOCOMBI — B I-oM Jokyce (i =1...N).

Xpomocoma:

Nokyc 1 Nokyc N



B kaxxmoMm Jokyce pa3mernaercs OJuH reH. ['€H — 3TO KOHKPETHBIN JBOMYHBIN KOJ

NPU3HAKOB, BEIOPAHHBIX U3 MHOKECTBA ajuienel (ayenedopm).
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COBOKYIMHOCTh BCEX T€HOB 00pa3yeT reHo(oH 1 00beKTa.

Cy1miecTByIOT cleAyrolue cnoco0bl KOJUPOBAHUS HH(DOPMAIK B T'€HAX:

® JMCKpETHOE KOoIupoBaHUE (mepedop BO3MOXKHBIX pa3IMYHBIX BAPUAHTOB; B
COOTBETCTBUHU C IPU3HAKOM 3aJaEMTCS KON);

e HemnpepbIBHOE KOAUpOBaHHUE (Hampumep, napamerp umeert 3HaueHue ot 0 1o K c
UHTEPBAJIOM B €IAMHHUILY; OepETcsl ajuienb, KOTOPBI COOTBETCTBYET B JBOMYHOM

KOJI€ ONPeNEIEHHOMY YHCITY).

PaccmoTtpum npumep.

[TycTs 3aman rpad (puc. 4.1)
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Puc 4.1 HeopuentupoBaunslii npoctoit rpad G (X, V, W) nopsiaka n=12 (uudpamu

yKa3aHbl Beca W COOTBETCTBYIOLIUX pedep).

TpeOyeTtcst HATH ONTUMaIbHOE AUXOTOMUYEcKoe pa3ouenue rpada G A BHEIIHUX

napameTpoB n;=5 u n,=7, KOTOpoe obecreunBaeT MUHUMANIBHBINA Bec pazpe3a Q(Xy,Xy).



YucIto J0MyCTUMBIX peleHuid paBHo C;, = 792, Ba U3 KOTOPHIX MPUBEAEHBI B Tadiuie

4.1.

Taomuna 4.1
Jlommyctumbie penrenus i rpada G
Pasoucnue (X1,X5) XapaKTepUCTHKH

fi f F Q
X1 = (X1, X7, Xg, X10, X11); 11 18 29 7
X2 = (X2, X3, X4, X5, X5, Xo, X12)
X; = (X2, X3, X4, X5, Xe); 14 20 34 2
X5 = (X1, X7, Xg, Xg, X10, X11, X12)

Jluxoromuueckoe pazduenue (X, X,) ABISETCS ONTUMAIbHBIM pasoueHueM rpada,
MpUBEACHHOIO Ha puc. 4.1.

O06o00mast BBIIIIECKA3aHHOE, II€Th SBOJIONWK TIEPBOHAYAIBHO 3aJaHHOW TOIMYIISIUN
P°=(a’,..,a)) B TeueHHE KU3HEHHOTO IMKIa T, MOKHO CHOPMYIMPOBATE CIIEAYIOIIUM
o0Opazom.

OTHolIeHUsT MEXIYy OCOOSIMM M BHEIIHEW Cpelloil, mpuBOJsIIME K M30MpaTeIbHOU
anmuvuHanuu  (“rubenu’”)  MeHee  NMPUCIIOCOONCHHBIX W BBDKMBAHHIO — Oolee
MPUCTIOCOOTIEHHBIX 0CO0EH, JOMKHBI OBITh TOCTPOCHBI TAKUM 00pa30M, YTOOBI B TEUCHUE
CMEHBI MOKOJICHH B XPOMOCOMHOM Ha0ope MOIMYJSINN HAKaIUTMBAINCh TaKhue HOBBIC
KaueCTBEHHBIC TPHU3HAKK (TCHBI M TCHOTHUIIBI), KOTOpPBhIE OOECIICYMBAIOT YBEITMUCHUE

CpelHel CTeneHu MPUCIIOCOOIEHHOCTH 0CO0OEH M0 MOMYJISLIUU B LIEJIOM:
1 |4
MAX 1= (al)
PlviT
[Ipu 5TOM reHoTUI B 0cobeH aﬁ eP', t=0,1,2, ..., T, 3aaHHBIE C TIOMOIILI OMHAPHBIX

crpok  E(a;), B mporecce cBoero mpeoOpa3oBaHWs B pe3yibTaTe  (HaKTOpPOB

9BOJJIIOIMOHHOI'O PA3BUTHUS MOMYJIAINUA 110 I[apBI/IHy B KaXXJOM IIOKOJICHUM OOJIXKHBI

00J1a1aTh CASAYIOIIMMHU CBOMCTBAMU:



B

HACJIEACTBEHHOCTH, KOTOpas 3aKkperuisieT y “MOTOMKOB” JydllMe MpU3HAKH,
MOJIyYE€HHBIE OT “pOJIUTEINICH” B pe3yJIbTaTe UX PA3MHOKEHUS;

M3MEHYMBOCTH, KOTOPasl CIIy’KUT OCHOBOM 00pa30BaHMs HOBBIX ITPU3HAKOB 3a CUET
MU3MEHEHUS FTeHETHYECKOr0 COCTaBa MOMYJISIIIUKN B pe3yJIbTaTe MyTalluii;
COpPEBHOBATEIBHOCTH, KOTOpask  ONpelessieT HalpaBieHHE T'eHEeTHUYECKHX
W3MEHEHUN B TMOMYJSIIUM B PE3ylbTaTe€ €CTECTBEHHOTO OTOOpa MO CTENEHU
NPUCTIOCOOJIEHHOCTH 0CO0EH K YCIIOBUSM BHEIIHEH CPEJIbI.

z[aaneﬁmeM o ceHemuvyecKkum aneopummom 6YI[CM ITIOHHUMAThb

aHFOpI/ITMI/I‘IeCKI/Iﬁ noAxXod K PCHICHHUIO JKCTPCMAJIbHBIX 3aJddad OIHOKPHUTCPHAJIBHOI'O

BBI60pa, OCHOBaHHBIM Ha MOACINPOBAHNN OCHOBHBIX (1)aKTOpOB 3BOJIFOIMOHHOI'O

Pa3BUTHUA TOITYJISALNHA.

Bonpiyro poiap B pa3BUTHU TEHETHYECKHUX anropuTmoB ceirpanu . Holland, D.

Goldberg u L. Davis, koTopble 3aJ0XKWIHM M Pa3BUIM TEOPETUUYECKHE OCHOBBI

IFCHCTUYCCKOI'O IIOAXO0Aa K PCIICHUIO 3addad OIITHUMHU3AIHUH. He ocranaBnmBasich Ha

o030pe »THX paboT, mHpuBeAeM OOOOIIEHHYI0 CXEMYy T€HETHYECKOro alropuTMa,

CTPYKTYpa KOTOPOTO SIBIISIETCS TUIMUYHOW JJIS IIUPOKOTO Kpyra IMyOJMKAIMi M0 ATOMY

BOIIPOCY.

ba3oBas crpykrypa “I'eHeTHYecKOro ajropurma’:

1. dopmupoBanne HadansHOM momyisiuu P° u3 v ocobeii (2°,...,a°)

1.1.Tenepanusi XpoMOCOMHOro Habopa W3 Vv OuHapHbBIX CTpoK E(a,),

YAOBJICTBOPAIOIINX Tp€60BaHI/IHM, NpCaAbABIICMBIM K CHUMBOJILHOM MOACIN

HCXOJIHOM AKCTpEMaJIbHOM 3a/1auHu.

1.2. TIpeobpazoBanue GuHApHBIX CTPOK E(a, ) B COOTBETCTBYIOIIHE UM BEKTOPHI

YIIPABISEMBIX IIEPEMEHHBIX X € D ¥ BBHIYMCIEHHE CTENEHH TIPUCTIOCOOIEHHOCTH

u(a)) s kaxoi ocodn a’, obnanaromeii renotuom E(X').

1.3.0cobu a°,k =1, v 06pa3yioT HauaTbHYIO HONMyIsIHio P st mokomnenus t=0.

2. Bocnpou3BoJCTBO “NIOTOMKOB’ ¢ HACJIEJCTBEHHBIMH ITPHU3HAKAMHU

“ponutenein”:

2.1. BoIOOp KOHKPETHOH “pOauTeNbCcKON” mapsl (ay,a,) € P' st ydactust B

nporecce pa3MHOKEHHUS.

2.2. BeiOop cxembl pa3MHOKEHHUS.



2.3.Iloctpoerne 1m0  BBHIOpaHHOW  CXeM€ W3  TIEHOTUIOB  ‘“‘poauTeneil”
E(a,),E(@) rexmotunoB wux  “motomxoB”  E(b}),i>1,  coxpaHSOIIUX
HACJICJACTBEHHbBIC TPU3HAKHU “pOUTEIICH .

2.4.TIpeoOpa3zoBanue OuHApHBIX cTpOoK E(D)) B COOTBETCTBYIONIME BEKTOPBI

VIPaBIsEMbIX  MEPEMEHHBIX X' eD U BBIUMCJICHHE  CTENEHHU
IPUCIIOCOOIEHHOCTH “HOTOMKOB”, 00ajaromux reHotTunamu E( X').

2.5. Beiuucnenust moBTopsitoTcss ¢ mara 2.1. 1o Tex mop, moka He Oyxaer
BOCIIPOM3BE/ICHO 33JaHHOE YHCIIO “TIOTOMKOB”.

3. Myrarenes, NpuBOASsIINIA K TEHETUIECKUM U3MEHEHUSAM “pOJIUTENBCKUX TPU3HAKOB:

3.1. BeiGop Tuna myranuu.

3.2.TlocTpoenne mo reHotuny E(al) ommoii u3 ocobeii al eP' remotmma E(m')
0co0u-"MyTaHTa” M; C MOMOII[HIO KOHKPETHOTO THUITA MYTaIIUH.

3.3.IlpeobOpasoBanre OWHAapHOW CTpOKM E(M')B  COOTBETCTBYIOIIHIA BEKTOD
YIIPABISEMBIX TIEPEMEHHBIX X' € D M BEMUCIIEHUE CTENEHH TIPUCTIOCOOIEHHOCTH
ocobu-"MyranTa” m', o6namaromeii renorunom E(X').

3.4. Beruucnenusi moBTOpsItOTCS ¢ mara 3.1. g0 Tex mop, moka He OyaeT Co3aaHo
3aJaHHOE YHUCJIO ““MyTaHTOB”.

4. EcTecTBEeHHBIN OTOOP:

4.1. Onpenenenne cpeau “‘poauterneit”, “MOTOMKOB” U “MyTaHTOB” 0coOei,
o0Opa3yloumx penpoAyKTHUBHYIO Tpymmy, KOTopas NpHUMET YydacThe B
€CTECTBEHHOM OTOOpE.

4.2. Bb1OOp cXeMbl €CTECTBEHHOTO 0TOOpa.

4.3. DopmupoBaHue MO BHIOPAHHON CXeME XPOMOCOMHOrO Habopa MOMYJSILHU
crnenyromero mokonenus P =(a™,...,al") w3 ocobei, NpuHALIEKAIIMX
PEnpOayKIIMOHHOM TpyTIIE.

5. IlpoBepka yciaoBHil OKOHYaHHS MpOLECCa 3BOIOLNN NOMYISUH P.

Ecnu ycnoBusi OKOHYaHUS TIpOIEcca ABOJIIOIMM HE BBIIOJHEHBI, TO TPOUCXOIUT
CMeHa TIOKOJICHUH Y BCE BBIYMCICHUS JIUIS MTOMYJISAIUU ClIeyroniero (t+1) - To mokoJieHus
prt MOBTOPSIIOTC € 11ara 2.

B kauecTtBe yClOBHMI OKOHYAaHMSI TMpoIlecca HSBOJIOUMU MOMYJISUUU MOMKET

HCIOJIB30BATHCA OAHO U3 CICAYIOINX HCPABCHCTB!



t>T
158105
Dg(t)=0.

Bremonnenue HepaBeHcTBa {>T 03Ha9aeT, 4TO IBOJIONHMS TOIMYJSIIIUN 3aKOHUYEHA B
CBS3M C TEM, YTO OHA HCUEeprajia CBOW >XU3HCHHBIH ITUKJI; OKOHYAHWE DBOJIOIUU
MOMYJIALUN TIPH PABEHCTBE MOGHTOBOrO pa3HooOpasms Tekymiedl momymsiuu P' HYIo
03HAYAET, YTO BCE TCHOTHUITHI B XpPOMOCOMHOM Ha0Ope TOIMYJISIIIHH P! coBmamaror MEXTY
COOOM.

B 3akmioueHue mpuBEAEM OTIUYHS TEHETHUYECKHX aJTOPUTMOB OT ITOMCKOBBIX
METO/IOB ONTHMU3AIIHAH.

1. T'eHeTnuecknue anTOPUTMBI OCYIIECTBISIOT APSAMOE MAHUNYIUPOSAHUE OUHAPHBLIMU

cmpokamu E(X), ¢ TOMOIIBIO KOTOPHIX 3aKOJUPOBAaHBI B JBOMYHOM KOJIE

JOMyCTUMbIE pelieHuss X €D, a He caMMMHU BHYTPEHHHMH IMapaMeTpamMu X, ,i=1,n,

3a/laHHBIMH JI€HCTBUTEILHBIMU YUCIAMH.

2. T'enernueckue alropuTMbI B KaXJI0M t-OM TOKOJICHUU Onepupyom 0OHOBPEMEHHO CO
6cetl COBOKYNHOCMbIO U3 V OOnycmuMblx peutenuii X € D, 00pa3yoluX IOMyIISIIIO

P!, ¢ 1e/bIO MONTy4eHHsT XPOMOCOMHOI'0 HaGOpa MOMYJISIHHI CIIeAYIONIEro MOKOICHNS

P,

TakuM 00pa3oM TeHETHYECKHUE AJITOPUTMBI Ha Ka)XJIOW WTEpalMH, COBMAIAIONICH C
TEKYIIUM TOKOJICHUEM, NO380/IA10M ONpeoeisims V HOBbIX OONYCMUMbBIX peuleHull, B TO
BpeMs KaK KJIACCHMYECKME METOJAbl IIOMCKAa Ha KaXJOH UTEpAlUd ONPEIEISIIOT
€IMHCTBEHHOE HOBOE JIOMyCTUMOE pelieHue. Hamnpumep, TIpagueHTHBIA METO[
MUHUMU3ALNN PEATU3YETCS C TOMOLIBIO PEKYPPEHTHOTO BBIPAKEHHUS:

X =k - avQ(k*), k=0,1,2,...
rae X° - HavyaIbHOE MPUOIIMKEHNE;

VQ(k®) - rpagueHT MUHUMU3MPYEMOii QYHKINH;

A - 11ar BAOJIb FPaJUeHTA.

3. I'enernueckue anropuTMbl OCHOBAHBI Ha BEPOATHOCTHBIX CXeMaxX MpeoOpa3oBaHMs

GuHapHbIX CcTPoK E(X), COCTAaBIAIONMX XPOMOCOMHBIH HaGop momymsuud P,

KOTOPEIC Modeﬂupyiom OuoN0cUYECKUE MEXAHUIMBL nOnle}lL;LlOHHOIZ CEHEMUKU.



4. T'eHEeTHMYECKHE ANTOPUTMBI - 3TO MemoObl HY1e8020 NOps0Kd, CTPATErHs IMOUCKa, B
KOTOPBIX TIOCTPOEHA TOJILKO Ha BBIYMCICHUU 3HAYEHUN KPUTEPHUS ONTUMAIBLHOCTH Q
U He TpeOyeT 3HaHMS JIONMOJIHUTEIbHOW MH(OpPMAIMA O MPOU3BOJIHBIX, KOHCTAHTE
Jlunmwmna ¥ T.J., YTO XapakTepHO [UJIsl TPATUCHTHBIX U KBa3W-HBIOTOHOBCKHX
METOJIOB.

5. T'eHeTHyecKHe aNrOPUTMBI SIBISIOTCS pPOOACMHbIMU MEMOOAMU NO OMHOULEHUIO K
8UOY MUHUMUZUPYEeMOU GYHKYuu, T.K. TPU UX NPUMEHEHUU HE TpeOyeTcsi, YTOObI
KpUTEpUii ONTUMAJILHOCTH OBLIT HENPEPBIBHBIM, muddepeHIupyeMbIM,
YHUMOJIATBHBIM U T.Jl. OHU OCYIIECTBIISIOT MOUCK ONTUMAJIBLHOTO PEIIEHUS MO0 OTHOM

A TON Xe CTpAaTCru KakK IJId YHHUMOAAJIbHBIX, TaK H I MHOT'O3KCTPCMAJIbHBIX

GYHKIHA.



