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Tema 12
Equation Section 12

MemoObI 2nobanbHOU onmumu3ayuu

Kax yxe Obuto ckazaHo panee, (yHKimoHan ommOku D, (g) B GonbIIMHCTBE CiydacB
UMEET MHOTO JIOKAJHHBIX MHHUMYMOB, YTO CTaBUT IOJ COMHEHHE ONTHMAJIBHOCTh PEIICHHUS
HaWJIEHHOTO TPaJUEHTHBIM METOJIOM. B CBsI3U ¢ 3TUM, IIpH CTPEMJICHHH HAWTH 0OJiee TOYHOE
pelieHrne, HeoOXOAMMO TTPUMEHUTh HEKOTOPYIO TPOIEAYPY, MPH TIOMOIIH KOTOPBIA MBI MOKEM
HaWTH TJI00aJbHBIE MUHUMYM HWJIHM XOTA Obl HpuUONM3UTHCS K HeMy. CyIecTBYeT HECKOJIBKO
MOJIXO0JIOB K TaKOMY IJI00aTbHOMY MOUCKY. OHAKO BCE OHM, TaK WM WHAYe, UCTIOJIB3YIOT, KaK
OJINH W3 CBOMWX 3TalloOB, KAKOW JIMOO TPaJMECHTHBIA WM CTOXAaCTUYCCKHA METOJ JIOKAIBHOTO
noucka. OOmieil maeed IUIsi TaKUX METOJOB SIBISIETCS JIMOO TIOCIIENOBATENFHOE MOBTOPEHHE
nporiecca 00y4deHus, MO0 mapayieibHOe 00yIeHHE KAaKOT0-TO YHCIia KOMUH HEHPOHHBIX ceTei
C 0TOOPOM WIYUIIUX» M3 HUX HA OUEPEHOM JTalle.

PaCCMOTpI/IM HCKOTOPBIC U3 TAKUX MCTOOB.

Memood pecmapmoe
MCTO)I PECTAPTOB UCHOJB3YCT OAWH U3 JIOKAJIbHBIX I'PAAUCHTHBIX UJIM CTOXaCTHYCCKUX

AITOPUTMOB.

1. BriObupaem HauajgbHbIE 3HAYCHUS HACTPAUBAEMBIX I1APAMETPOB CETH B COOTBETCTBUU C
BBIOpAaHHBIM JIOKAJIbHBIM aJITOPUTMOM.

2. HeiiponHas cetb 00y4aeTcs JTOKaJIbHBIM aJTOPUTMOM ONTHMH3AINHN J0 YCIOBHS
ocTaHoBa (TAKOBBIM MOJKET OBITh JIFOOOH M3 PACCMOTPEHHBIX paHee KPUTEPHUEB OCTAHOBA
AIrOPUTMA).

3. Ecmu TpeOyemas BeMYMHA OMTUOKU HE TOCTHTHYTA, TOTAa (PUKCHpyeM KOHEYHOE
3HaYEHUE HACTPaUBAEMbIX IIAPAMETPOB M COOTBETCTBYIOIIEE 3HAaUeHHE (DYHKI[MOHATIA
OIIHOKH.

4. TloBTopsieM myHKT 1, BbIOMpas ApYyroil BEKTOp HaualIbHBIX MAPAMETPOB U, BO3MOXKHO,
ApYyrue mapaMeTpsl AropuTMa (BeJIMYHHY I1ara).

5. TloBTOpsieM MyHKT 2, 700aBJIss B KQUECTBE YCIOBHS OCTaHOBA OJIM30CTH K JJOCTUTHYTHIM
B MIPEABLAYIINX CTAPTaX 3HAYCHUSIM.

6. IloBTOpsieM myHKT 3, GUKCUPYS TOIBKO OJHY TOUKY U3 OJIM3KHX B CMBICIIE TTYHKTA 5
TOYEK.

7. TloBTOpsieM MyHKTHI 4-6 10 NOCTIDKEHHS TPEOYEeMOU BETMUUHBI OIIMOKH, HCTEUCHUS
BpEMEHH pacy€TOB WIH pealn3allii 3aJaHHOTO YKCIia PECTapTOB.

B sToM BapuaHTe anropurMa paccMaTpUBAeTCs IMOCJEeN0BaTelIbHAs JWHAMUKa IOMCKa
pemenus. OmHAKO MOXXHO MOIU(PHUIMPOBATH AITOPUTM TaK, 4YTO MYHKTH 4-5-6 Oymyt

BBIIIOJIHATBHCA MapalJICJIbHO IJId HECKOJIBKUX OJHOBPEMCHHO O6y11aCMBIX CETeH.
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3e80JIIOUUOHHbIE aJieopummbli

OBOJIIOLIMOHHBIE  AITOPUTMBl HCIOJB3YIOT TaKHE IIOHATHS KaK 2eH, Xpomocomad,
mymayus, nokonenue. ITH TEPMUHBI MPUILIA B TEOPUIO ONTUMU3ALMU U3 OMOJIOTUH BMECTE C
paboramu [Ix. Xommanma, B Hadane 1970-x romor [3]. B ocHOBe onTHMHU3alMU HEKOTOPOM
CUCTEMbI ATUMH QJITOPUTMAMHM JIEKUT UMHUTALKS SBOJIOIHMOHHBIX POLIECCOB MPOUCXOASIIUX B
MOMYJISIIUSAX KUBBIX OpraHU3MOB. Pe3yabTaToM Takoro 3BOJIFOLIMOHHOTO MOJAETUPOBAHUS MOKET
ObITh  ONpEJeNieHue pelIeHus 3ajJauyd  ONTUMH3AlMU. BO3MOXHOCTH  HCHOJIB30BaHUS
TCHETHYECKUX AJITOPUTMOB JUIS PEIICHUS 3a]1a4 OITUMH3AIINY [0 JpOOHO OMUCaHBI B [4].

OmnpenenuM ocHOBHbIE MOHATUA. IlycTh HEOOXoAMMO MON00paTh ONTUMANbHBIN HAOOp
napamerpoB W HEKOTOpOH HEHPOHHOW ceTu. DTUMHU MapaMeTpaMd MOTYT ObITh U MAaTPHIIbI
BECOB CBf3€M MEXAYy CIOSIMH M OMHApHas MaTpulla CBSA3€M CeTH M BEKTOopa MapaMeTpoB
GbyHKIMM akTUBaLUUU. [{s ynpoieHus usnoxxenus Oynem cuutarh uro W - 310 MaTrpuia BecoB
CBsI3€M, HO pe3yabTaThl CIIPaBEUIMBBI U JUIs Oojee oOuiero ciaydas. Ty MaTpUIly Mbl MOXKEM
MIPEJICTaBUTh JTMHEWHBIM BEKTOPOM Kak

W= (W, W ey Wayy Whgy Wo sy Wy W ) = (W, W, W, ) (12.1)

Kaxaplif U3 2eMEeHTOB 3TOT0 BeKTOpa OyneM HasblBaTh 2ceHoM, a cam Bekrop W -
xpomocomoti. B ciydae eciu Takux XpOMOCOM JUTS KaXJI0¥M CETH HECKOJIBKO (MaTpuIia CBS3CH,
MaTpHila BECOB, BEKTOp IMMapaMeTPOB AaKTUBAIMOHHBIX (YHKIIHIA), TO BCE OHHU SBJSIFOTCS
COCTaBJISIIOLIUMHU OTAEIBHOU ocobu. B Hamem ciydae, €AMHCTBEHHAs XpOMOCOMA IOJHOCTBIO
omnpejenseT BUJ HEHMPOHHOM CETH, TO €CThb OJHAa XpOMOCOMa COOTBETCTBYET OJIHON OCOOH.
Kaxmoii 0coOM MOKHO COMOCTAaBUTh TaK Ha3bIBAEMYIO ¢hyukyuro npucnocobnennocmu (fitness
function), koTopas, o CyTH, SIBISICTCS MHBEPTHPOBAHHOM LIeJIeBON (YHKIUEH ITO HEHPOHHON

cetu: F(W)=-D(W). Uem Bbiie (GyHKIUS HOPUCTOCOOICHHOCTH — TeM OOJbIIC IIAHCOB
BBUKMBaHMA 5Toli ocobu. Hekotopoe wmuoxkectBo {W'}Y,  Takux ocobeifi HasbiBaeTcs

nonynayuei. Ilonynsauus ¥ ecTh TOT COCTaBHOM OOBEKT, HaJl KOTOPHIM B IIPOLIECCE MCIOJHEHUS
QIrOpUTMa TMPOBOJATCS HEKOTOPBIC OIEpaIui, MPUBOJAIINE K MaKCUMH3AIUU (YHKITUU
MIPUCIIOCOOJIEHHOCTH 0COOCH.

OrnuieM OCHOBHBIE OTIEPATOPBI HAaJl OCOOSIMH U MO YJISIIUCH B IIEJIOM.

Myranusa. Myranuss onpenensercss Kak HW3MEHEHUWE 3HA4eHUHM XpPOMOCOMBI B
COOTBETCTBUU C HEKOTOPHIM CITY9alHBIM 3aKOHOM:

MW)aWw:'. (12.2)

Hampumep, B ciiydae XpOMOCOMBI COCTOSIIEH M3 OUTOBBIX 3HAYCHUH, MYTAIlUs MOMKET

BBITJISICTh KaK 3aMEHa CIy4yailHO BRIOPAHHOTO I€Ha Ha MPOTHUBOIIOJIOXKHOE 3HaYeHHE. B cimydae

NeMCTBUTENbHBIX 3HAYCHUI I'€HOB, MOKET ObITh BBIOpaH 0oJiee CI0KHbBIN 3aKOH U3MEHEHHUS.
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CkpemmuBanue. CkpeliuBaHie ONpeeisieTcs Kak omepanus Haja aByms (uim OoJiee)
OJIHOTUITHBIMH XPOMOCOMAaMH pa3HbIX 0CO0€W, B pe3yiabTaTe KOTOPOH MOSBISETCS HOBas

XpOMOCOMa 110 CICAYIOIIEMY 3aKOHY.

C(W',W?) aW?,

. (12.3)
W2 = (W W W W, W10 W)
rre 1<k<N - Hekotopoe ciydailHO BbIOpaHHOEe umucio. HekoTopeie 3aTpyqHEHUS

MIpeJICTaBIsIeT crnoco0 BbIOOpa JBYX CKpeluBaeMbIX XpoMocoM. Kak mpaBumiio, BbIOMparoTcs

HanOoJiee MPUCTIOCOOIICHHBIE XPOMOCOMBI, XOTS B BBIOOpPE MOYKET MPUCYTCTBOBATH U (HaKTOP
ciygaitnoctr. Hampumep, ecin F(W') - GyHKIMS IPHCIIOCOGNEHHOCTH i-if 0co6H, TO ycIoBHE
BBIOOPA ATOM 0COOM MIJIsi CKPEITUBAHUSI MOXKET OTPEICIISITHCS 3aKOHOM

M
1 rand(0,)3 FW')/Q FW!),

=1

i
I
P() = | 5
¥o, rand(0,1) < F(W')/§ F(W").

j=1

(12.4)

rae rand(0,1) - HekoTopoe ciaydaitHoe yucio u3 auanasona [0,1]. Moryt npumeHsaThes u 6oee
CIIO’KHBIE 3aKOHBI 0TOOPA ISl CKPEIIMBAHUSI.

Cenexkuusi. Cenexuusi — omnepanus HaJ BCEMH OCOOSMH TMOMYJSALHMH, B PE3yIbTaTe
KOTOPOH TOSIBIISIETCS HOBasl TMOMYISIUS 0cOOed, OoJiee MPHUCIIOCOOICHHAs, YeM IPEabLIyiasi.
Hanpumep, B mpocreiiiieM ciaydae, Mbl MOKE€M BbIOpaTh U3 momymsiuuu M<M ocobeil ¢
HauOOJIBIIMMH 3HAYCHHUSIMH (YHKIIUH TPHUCIIOCOOJCHHOCTH M 3aMEHHTh HMH OCTaBIIHECS
(M - m) ocobeii. B 6osiee CI0KHOM Ciy4ae HCIOJB3YETCS BEPOATHOCTHBIM 3aKOH IEpexoja
0co0u B clieAyrolee MoKoJeHue:

S{W'}) a{W'}. (12.5)

B o6mem cinyyae MOryr NpUMEHSTBCS W JApPyrue OIEepaTopbl Haja OCOO0SAMHU JUIs
YIYYIIEHUS] CKOPOCTH CXOJTUMOCTH WJIH YBEITHUEHHSI TOYHOCTH TTOJIyYEHHOTO PE3yJIbTaTa.

Tunu4HbIN 3BOIOLUMOHHBIN aITOPUTM BBITJIAIUT CIEIYIOIIUM 00pa3oM.

1. Muunmanusaiys MOMyJIsSIud 0cO0el B COOTBETCTBUHU C HEKOTOPBIM 3aKOHOM (HArpuMep

CIy4ailHbIM 00pa3oMm).

C HEKOTOPOI1 BEPOATHOCTBIO Py BBINOJIHAETCS ONEPATOP CENECKIUH.
C HEKOTOPOI BEPOATHOCTBIO P,  BBINOJIHAETCS ONEPATOP CKPELIUBAHUS.

C HEKOTOPOI1 BEPOSATHOCTHIO P, BBINOJIHAETCS ONEPATOP MyTALUU.

o » w D

PerynupoBanue 4MCIEHHOCTH HOMYJSALMK UL yI10OBJIETBOpeHHs HepaBeHcTBa M <M

(ymaneHnue caMbIX HEITPHCITOCOOIECHHBIX 0CO0EH).
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6. Ecmu HC c nyumedt QyHKIMeld TpUCTIOCOOICHHOCTH HE YIOBIETBOPSET KPHUTEPHIO
octaHoBa (HampuMmep, HEJOCTATOYHO Mayio 3HayeHue omuoOku 3ot HC Ha oOyuaromieit

BBIOOPKE), TO MEPEX0/1 Ha IIar 2, HHa4Ye — KOHEIl.

3ameuanne. Ecnu y kaxaoit ocodu N; momyssiin Heckosibko xpomocoM Wij (HECKOJIBKO
TUIIOB XPOMOCOM), TO KaKJas M3 ONEpalii MPUMEHSETCS KO BCEM XpOMOCOMaM OCOOM Ha
KaXXJIOM I1are aaropurMa. [Ipu 3TomM BepOSITHOCTH IPUMEHEHHUS OTlepaliii MOTyT pa3HUTCS AJIs
Pa3HbIX TUIIOB XPOMOCOM.

Xopomme pe3ynbTaTbl OOyueHUs NPUHOCUT OObEIUHEHHE AITOPUTMOB TIJI00ATBHON
ONTUMM3ALMK C TPaJUeHTHbIMU aiaroputMamu. Hampumep, Ha mnepBoMm »dTane OOy4deHHS
MIPUMEHSIETCS] BBIOpAHHBIA aJITOPUTM IJ100aJIbHOM ONTHUMU3AIMH, a MOCe JOCTUKEHUS LEIeBOM
(GyHKIMEH ONpeNeIeHHOTO YPOBHS BKJIKOYAETCS TIpaJUeHTHAs ONTUMH3alus JIydlled u3
HelpoceTell B monynasuuu. Jlpyrum BapHaHTOM NPUMEHEHHUS TIPaJUEHTHBIX METOJIOB B
rJ100aJTbHOM TOHMCKE SIBJISIeTCSl 100aBJIEHHME B aJITOPUTM €Ille OJHOTO Oolleparopa — oreparopa

I'PaJMEHTHOTIO CIIyCKa JUll HEKOTOPOI 0COOH.

Memod uMumauyuu onnKuea Mmemairsisia
Emte omne crmoco0 mo0aBUTE «TI00aJBHOCTE» B TOT MJIM MHOW METOJ OITHUMHU3AILNU —

IIPUMEHEHHE Memooda omoicu2a Ha HEKOTOpOM dTarne ontuMusanuu. CaM TEpMUH 3aMMCTBOBAH
13 CTATMYECKOM MEXAaHHMKH U OTPAXaeT NMOBEIACHUE METAIMYECKOTO Tea IPU OTBEPACBAHUHU B
IIPOLECCe OXJIAKICHHUS TEMIIEpaTypsl OO Hynd. B mpomecce MEMIEHHOIO YIPaBIIEMOIO
OXJIQXK/ICHMSI, Ha3bIBAEMOI0 OTKMIOM, KPHUCTAJUIM3ALUs Tela COIPOBOXKAACTCS YMEHBIICHUEM
€ro SHepruu. DHEprus Teja MOXKET ObITh MHTEpIPETHpPOBaHA KaK OJUH U3 IapaMeTpoB B
AITOPUTME ONITHUMH3ALINN.

OmnuiieM aaropuT™M UMUTAIUK oTxura [1].

1. 3anmycTuTh Mpolecc U3 HayaibHOU Touku W Ipu 3aaHHOM HavyalbHOU Temmneparype
T=T,. t=0.

2. VBennuuM HoMep ureparuu: t =t+1. [loka T >T . mnoBropurs L pa3 ciepyromue
NEUCTBHUA:

a. BbIOpaTh HOBOE perienre W' u3 okpectHoctu W(t - 1) ;
b. paccuurare nusmenenue nenesoi pynkuuun D=DW)- DW');

c. ecmu DE£O, npunste W(t) =W'; B npoTuBHOM cityyae npuHsaTth, yro W(t) =W'

e Do
C BCpOfITHOCTBIO eng- ?_
%)
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3. VYmenpmiuth  Temmoeparypy (T ® T) ¢ wucnosnb3oBanueM  Ko3huimeHTa
ymenbineHus Il [0,1] u BepHyTbCS K MyHKTY 2.
4. [Mocne cHMKEHHUST TEMIIEPATYPhI 10 HYJISI IPOBECTH 00YYCHUE OJHUM U3 MPAJAUCHTHBIX

METOOOB.

W3 ommcanus ajJropyrMa BUJHO, 4YTO 0OJIBIIIOE 3HAYCHHUS Ha CKOPOCTb CXOOUMOCTHU U
TOYHOCTb PCIICHHA IMOJYUYCHHOI'O 3TUM aJII'OPUTMOM BJIMACT BBI60p HadYaJIbHBIX IMapaMETpoOB,

Takux Kak I, T _, L. OTu napaMerpsl 10JKHBI ObITh OIpPENIEIeHbI IPEIBAPUTENLHO KaKUM JINOO

max !
OBPHUCTUYCCKUM MCTOAOM.

Brime Obul OomMcaH Tak Ha3bIBAEMBIM ITOCIIEIOBATEIBHBIN BapuWaHT, HO MNPHUMCHCHHC
HMHUTAllMX OTKWI'a BO3MOXXHO W IApaJUICIIBHO HJIW B3aMMO3aBUCUMO C APYIUMH METOJaMHU
OIITUMMH3AIHNH. HaHpI/IMCp, BBI60p HOBOI'O PCIICHUSA Ha Hiare 2.a MOXET OBITh OCYHICCTBJ'IéH
rpadluC€HTHBIM METOAOM.

W'=W(t - 1) +h (t) p(t) , (12.6)

rae P(t) - manpaBnenume nBwkenus, a h(t) - BemuumHa mara, KOTopas MOKET 3aBHUCETh OT
e Do :
3HAYCHUS eng T CJIEIYIOIIUM 00pa3oM:
1]

- hmax
"= exp(- DIT) (127

B oOmem ciyyae, A MHOTOSKCTPEMAJIBHOM CIIOKHOM 11€1eBOM (PYHKIIMU MPUMEHEHHE
QIrOpUTMa HMMHUTALMM OTXKUrAa B UYHUCTOM BHAE Manod(p(eKTUBHO. XOpolIHWe pPe3yabTaThl

MOJIY4aIOTCsl IPU €ro KOMOMHUPOBAHUU C IPYTUMH METOAAMHU.
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