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AHHOTANUA

OnTumH3anus HEAPOHHBIX CeTER OCTAETCS OMHON U3 KIIIOUEBBIX 3a-
Jia4y B MalIMHHOM 00yuYeHur. [IoMUMO KTaCCUYECKUX IPaiUEeHTHBIX
METO0B, aKTUBHO Pa3BUBAIOTCA aJIbTEPHATHUBHLIC MMOAXOAbI, OCHO-
BaHHBIE HA SBOJIIOLOHHBIX MPHHIUNAX. DBOMIOLIUOHHbIE aJITOPUT-
MBI TIO3BOJISIIOT 3(heKTUBHO MoAOUpaTh Beca HelfipoceTei 6e3 uc-
MOJIb30BaHUS IPOU3BOJHBIX, UTO JIEJAeT UX YCTOHUMBBIMM K IIIy-
MY U JIOKaJIbHBIM MUHUMYyMaM. B taHHO# paboTe npejcTaBieH 00-
30p COBPEMEHHBIX METOJOB HelposBomonuy, Takux kak NEAT,
HyperNEAT, DeepNEAT, CoDeepNEAT u CoEGAN. Paccmart-
PHMBAIOTCS UX TPHHIIMITH, APXUTEKTYPHBIE OCOOEHHOCTH U 00JIaCTH
MIPUMEHEHMSI.

BBenenne

OntuMu3alivst HeWPOHHBIX CETEH SIBJISETCS AKTUBHO PA3BUBAIOIIMMCS HANIPaB-
JICHHEM B 00JIaCTH MAIIMHHOIO OOYYEHHS: JOMOJHSIOTCS U COBEPIIEHCTBYIOTCS
CYIIECTBYIOIIUE METO/IBI, pa3padaThiBalOTCs HOBbIe. Harbosiee mMUpoKo MCIHOIb-
3YIOTCS KJIACCUYECKHE TPAJIUEHTHBIE METO/IBI, TAKHME KAK CTOXACTUUECKUH Ipajiu-
eHTHbI ciiyck (SGD), meTon ummysbcoB (momentum), metox Hecteposa, ontu-
mu3aropbl Adam, AdaGrad, AdaDelta u npyrue [1]. OnHako 3TH MOAXOAB 00JIa-
oanT pH}lOM OFpaHH‘{eHI/Iﬁ: ‘{yBCTBI/ITeJII)HOCTI)IO K U_IyMy, CKJIOHHOCTBIO K npe>K—
JeBPEMEHHON CXOIMMOCTH, a TaKKe BBICOKOI 3aBUCMOCTBIO OT HACTPOEK TUIIep-
nmapameTpoB. B kauecTBe aJibTepHATHBHI ObUTH TPEIJIOKEHBI SBOJIIOIMOHHBIE aJl-
FOPUTMbI, KOTOPBIE OCYIIECTBIISIOT ONTUMHU3AIMIO HEAPOHHBIX ceTeit 6e3 UCTIONb-
30BaHus rpaaueHTa. Takoi MOaXo] MeHee MOABEPXKEH JIOKATbHBIM MUHUMYMaM
1 00J1aaeT Oolbllell yCTORYMBOCTBIO K HECTaOMIbHBIM JaHHbIM. Hacrtosias pa-
60Ta MOCBsIIeHa 0030PHOMY aHAJIU3y METOIOB, OCHOBAHHBIX HA IBOJIIOIUOHHBIX
MPUHIIUIAX, U UX IPUMEHEHHIO B 33]]a4aX MOCTPOCHUS U 00yUYeHUsI HelpoceTeil.

HeiiposBostonus

Heiipoasomonus [2] npecTasisieT codoit MeTos 00ydYeHnsT HEHPOHHBIX CEeTe,
B OCHOBE KOTOPOT0 JIEKAaT HE KJIaCCHYECKHe METO/Ibl ONTUMU3ALINH, TAKUE KaK Ipa-
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JIVIEHTHBII CITyCK, a SBOJIOIIMOHHBIC aJITOPUTMBI. HelpOIBOIIOIMOHHbIE aITOPUT-
MBI MOJKHO YCJIOBHO Pa3/IeJIUTh Ha JIBE TPYIIIH: aJITOPUTMBI, ONTUMU3UPYIOIIHE 1
TOIMOJIOTUIO CETU U BECa, U AITOPUTMbI, KOTOpble pabOTAOT TOJIBKO C ONTHMH3a-
el BecoB. Hampumep, 6osee paHHNE BapHaliy HEHPOIBOIIOIMOHHBIX AT OPUT-
MOB ONTUMH3UPOBAJIM TOJIBKO BeCa, a TOMOJIOTHS CETH OCTaBaIach (PUKCHPOBAH-
Hoi. OIHaKo, CTPYKTypa CETH CUJIbHO BJIUSAET HA MPOU3BOJUTEIbHOCTD, TIOITOMY
MOSIBUJIACH TOTPEOHOCTh B METO/IaX, KOTOPHIE ONITUMHU3HPYIOT TOMOJIOTU. CTPyK-
Typa HEHpOHHOH CEeTH oIpeelisieT pa3Mep MPOoCTpaHCcTBa oucka. Eciu tomoso-
THSI CETU CIMIIKOM MPOCTa, eCTh PUCK HE HATH ONTHUMalibHOE pelreHne. MeTto-
b, ONTAMH3HUPYIOLIHE U TOTIOJIOTHIO M BECa IOy YHJIM Ha3BAHUE TOMOIOTHYECKHUE
1 BECOBbIE SBOJIOIMOHUPYIOIIME UCKYCCTBEHHbIE HEHpOHHbIE ceTu (topology and
weight evolving artificial neural network, TWEANN) [3].

NEAT

Heitpospomormonnsiii anmroputm NEAT (NeuroEvolution of Augmenting
Topologies) [2, 4, 5] 6b11 paspabdoran B 2002 rony Kennerom Ctannu u Pucrto
MukynaitneHoM. NEAT OoTHOCHTCS K TeM aJlrOPUTMaM, KOTOPbIE CIIOCOOHBI OIl-
TUMU3UPOBATh U TOIOJIOTUIO ¥ BECa HEUPOHHBIX ceTeld. MeTo[ 03BOJISIET pellaTh
Npo0JIeMbl, KOTOpPbIE BO3HUKAIOT U3-32 OCOOEHHOCTEH Hepo3BOIONUH: OJ1aroga-
pst ucropuueckuM Metkam NEAT oGecrieurBaeT KOPpeKTHYI0 pabOTy KpOCCHH-
roBepa HEMPOHHBIX CeTeil C pa3HOI TOMOJIOTHEH, a MEXaHU3M BHA000Pa30BaHU
MPETISTCTBYET MPEXAEBPEMEHHOMY BBIMUPAHUIO XOPOIIMX BapUAHTOB KOH(UTY-
pauwmii cereii. BaxHo Takxke orMeTTh, YTo NEAT HaumHaeT paboTaTh C MPOCTHI-
MM CETSIMH, TTOCTETIEHHO 100aBJIsisi HOBBIE Y3JIbl M CBSA3U. bosee moapoOHO cTouT
pa3o0path KakIyI0 13 OCOOEHHOCTE! aNropuTMa.

Hcropryeckass MapKUpOBKA MCHOJIB3YETCs AJIsl PEIICHHs MPOOIeMbl KOHKY-
PUPYIOIIMX KOHBEHIIWIA - OJHOM U3 Mpo0JieM HeiposBouolMu. Tak Kak CTPYKTY-
Pbl Pa3BUBAIOTCSI HE3ABUCHMO APYT OT JIpyra B Pa3HbIX CETsIX, CYILECTBYeT Ooliee
OIIHOTO crioco0a NpeJICTaBIeHNus HefpOHHBIX ceTeil. [oToMCTBO mociie CKpelu-
BaHUsI TAaKUX CETeH MOXET MOTepsTh (PyHKIMOHAIBHOCTh. Bo n3beskaHue Takoi
CUTYyallUM, CUCTEMa JOJKHA YMETh ONpeAessTh UAeHTUYHble CTPYKTyphl. NEAT
JeJaeT 3TO MPY TIOMOIIM UCTOPHUYECKMX METOK: KaXIOMy HOBOMY I'eHy, 100aB-
JIEHHOMY B T€HOM, IPUCBAaUBAETCA YHUKAJIBHOE NHHOBALIMOHHOE YUCIIO, KOTOPOE
YBEJMUYMBACTCS C KaXI0il HOBOI MyTarieil. MapKupOBKH 00J1er4aioT KPOCCHHIO-
Bep, UAECHTU(DHULUPY S TOMOJIOTUYHBIE YYACTKU MEXIY Pa3IU4HbIMU ceTAMU. V-
HOBAIIOHHOE YHCJIO KaXXJO0ro eHa HacledyeTcs MOTOMCTBOM, UTO JAeJaeT BO3-
MOKHBIM OTCJIC)KMBAHHE SBOJIOLUM CETH [5].

BunooGpa3zoBaHueM Ha3bIBaeTCs IPOLIECC, IIPH KOTOPOM MOXOXHE CETH IPpyTI-
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NHUPYIOTCsI BMECTE Y KOHKYPHUPYIOT TOJIBKO MEX/1y cO00id, a He CO BCeil MOMmyIIsiu-
eil. 9To JaeT BpeMs HOBBIM CETSIM ONTUMHU3UPOBATh BECA U YTy YLIUTh IIPOU3BOIU-
TEJBHOCTD, TIPEKIE YeM OHM OymyT cpaBHEHHI ¢ Ipyriumu cetssmu. B NEAT cetn
IPyHIUPYIOTCS MO BUAAM Ha OCHOBE CTPYKTYPBI MX coequHeHni. Tononorndyeckoe
CXOJCTBO OIpeJIENeTCs ¢ IOMOIIBIO BRIPABHUBAHUS TEHOMOB Ha OCHOBE UCTOPH-
YEeCKMX METOK M OITpe/ieIeHHsI COBNAJAIONIHX, HETIEPECEKAIOINXCS U U30BITOUHBIX
T€HOB Cpeay UHAUBUAYYMOB [5].

® COBHa}laIOH_[I/Ie I'€HBI - 9TO I'€HbI, KOTOPbIC OANHAKOBBIC Y IBYX ceTei.

® HenepecekalomHeCH TEHBI - 9TO I'€HbI, KOTOPBIC PA3IMYAIOTCA MEKAY ABYMS
CETAMU U paCHIOJIOKEHBI B CEPEAUHE I'€HOMA.

¢ /130LITOYHBIE TEHBI - 3TO TE€HbI, KOTOPBIC Pa3JIMYaAl0TCA MEKY ABYMS CETAMU
1 pacCrioJIOKEHbI B KOHIIC T€HOMA.

Tomonorumyeckoe CXOACTBO BBIYUCTACTCA € NTOMOIIBIO PACCTOAHUA COBMECTUMO-

ctu [5, 6]: 5 D
c c
0= 17 + QT +03W

rae E — 4uciio u30bITOUHBIX TeHOB, D — 4HKCII0 HetlepeceKalomuxcs reHoB, W
— CpejHsisl pa3HUIIa B BECE COBNAAAIOIIMX TeHOB, N — YHCIIO TeHOB B OOJIbILIEM
resome, a cl, c2, ¢c3 — k03 PUIMEHTBI, OIpeIesIolue BaXXHOCTh TpeX (pakTo-
poB. Ha npaktuke N npuHumMaercs paBHbIM 1.

Bonee mogpo6HO paccMoTpuM mporiecc dBomonun HefiporHo# cetu. NEAT
HAYMHAET NOCTENIEHHO HAPAIUBATh CIOXKHOCTb CETH, HAYMHAS C IIOJHOCTBIO CBA3-
HbIX ceTeil 6e3 CKPHITHIX y3710B. OIHAKO HEMPOHHAS CETh MOAUMPUIMPYETCS TOJb-
KO B TOM CJIyyae, eciid JI0OaBJeHHe HOBBIX Y3JIOB U CBSA3EW YBEJIMUUT MPOU3BO-
qutesibHOCTb ceTi. NEAT ncnosnb3yeT npsiMoe KoaupoBaHUe: Mex 1y (PeHOTUIIOM
Y TEHOTHIIOM CYIIECTBYET B3aMMHO-OIHO3HAYHOE COOTBETCTBHE. [eHoTHI cocTO-
UT U3 JIByX TUIIOB F'€HOB: OJHU UCIIOJb3YIOTCS IS KOAUPOBAHUSA Y3JIOB, APYTHUE -
JUIs KOIUPOBAHUSA CBA3EH. [€HBI y3710B MMEIOT OIS, YKA3hIBAIOLIAE HA TUII y3JIa:
BXOJIHOM, BHIXOJHOM, CKPBITHIA. [eHbI CBSI3U cofepkaT MH(OPMAIHIO 00 UICHTH-
(puxaTopax y3JIoB, MeXAYy KOTOPBIMH PaCIOIOXKeHa CBSA3b, O BECE COeIMHEHU, a
TaKxke O HOMepe MHHOBALMY, KOTOPbIHA MO3BOJISAET HAITH COOTBETCTBYIOIIUE T€HbI
BO BpeMsI CKpPEIUBAHUA.

HyperNEAT

HyperNEAT (Hypercube-based NeuroEvolution of Augmenting Topologies)
[3] - onHa u3 moaudukanuii knaccudeckoro anroputma NEAT, npeacraBieHHast
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Kennetom Cranimum B 2007 ropy. OcobenHoctbio Metosia HyperNEAT sBisiercs
NPOEKLMsT HEHPOHHOM CETH B IMIEPKYONYECKOe MPOCTPAHCTBO, B KOTOPOM Kaxk-
JOMY HEHpPOHY ITPUCBANBAIOTCS KOOPIMHATHL. DTH KOOPANHATHI TOAAIOTCS Ha BXOJ
B ¢pynkumio CPPN (Compositional Pattern Producing Networks). CPPN peamu3y-
€T KOCBEHHOE KOIMPOBaHKE, KOTOPOe He TpeOyeT THITMYHOW CTaAMH MOIIAar0BOrO
MOCTPOEHUs ceTH, B oTmuue oT Metoaa NEAT, B KOTOpOM HelpOHHas ceTh IMo-
CTETEHHO 3BOJIIOLIIOHUPYET.

I'nnepkyOuyeckoe HMPOCTPAaHCTBO - 3TO MHOTOMEpPHOE MPOCTPAHCTBO, IZe
KaxJas TOYKAa COOTBETCTBYET KOHKDETHON KOH(HUIypaluy HEHPOHHON CEeTH.
HyperNEAT xpanut 1m1abJoH CBs3eid, Tlie Kaxaas napa KOAUPYeT COeJUHEHHE
MEXIY ABYMS y3JIaMU M BBIYMCIISIET YeThipexMepHylo pynkimio S = F(x1, y1, x2,
y2),rae (x1, yl) - KoopauHATHI HICXOIHOTO Y3114, a (X2, y2) - KOOPAUHATHI LIeJIEBOro
y3na [6].

PaccrostHue Mexy y371aMu CeTH ONpeAessieTCsl ¢ OMOIIBIO JIMHEHHOI KOM-
OUHAIMK KOJIMYeCTBa N30bITOYHBIX reHOoB (1), Henepecekatomuxcs reHos (E), pas-
HULIBI B Bece coBnagaiommx reios W [5, 6]:

1 E
D:k1-§+k2~a+k3~w
Bbnaronapss HyperNEAT mnosiBuiach BO3MOXHOCTb KOMIIAKTHO KOAWPOBATh
OOoJIbIIie HEHPOHHBIE CETH MAJICHHKUME T€HOMaMH W U3MEHSTh pa3Mep SBOJIO-
[IMOHMPOBABIINX HEHPOHHBIX CEeTel Mocye 3aBepIlcHUsT 00y YCHUSI.

DeepNEAT u CoDeepNEAT

Mopnens NEAT Takoke Oblia paciuvpeHa Jyist paboThl ¢ OOJIBIIMME ITPOCTPaH-
CTBaMM [IOMCKa, TAKMMH KaK IIIyOOKHe HEHPOHHbIE CETH, TAKON paclIMPEHHBIH Me-
tog - DeepNEAT u ero ynyumennas sepcust - CoDeepNEAT [7, 8].

DeepNEAT - sto pacmupenue NEAT, koTopoe paccMaTpuBaeT LieJible CI0U
KaK I'€Hbl, a He OT/e/bHble HepoHbl. OCHOBHOE BHUMaHHE y/IesseTcs onpeeie-
HHIO COCTABOB CJIOEB, a He BBIOOPY HEHPOHOB. Takum 00pa30M, CTAHOBUTCS YI00-
Hee paboTaTh ¢ Oojiee KPYIMHBIMU U TITyOOKMMU CETSIMHU.

DeepNEAT paGoTaer o cTaHIapTHOMY TeHETUYECKOMY aJTOPUTMY: CO3[a-
eT HaYaJbHYIO TOMYJISALMI0 0co0eil, KaxJas U3 KOTOPBIX IpelcTaBieHa rpadom,
¥ Pa3BMBACT MX HA MPOTSKEHUHU MOKOJICHN. B TeyeHne 3THX MOKOJNICHNH WHIH-
BUIYYMbl MyTUPYIOT IIyTeM O0OaBJIeHUs WM YAAJIeHUs y3JI0B U pedep U3 CBO-
ux rpa¢oB, U3MEHEHUs (PUKCUPYIOTCSI ITPU TTOMOILM UCTOPUYECKOH MapKUPOBKH
(ananormuno NEAT). XpoMocoMbl cpaBHMBAIOTCS B KaXJOM IIOKOJICHUH METPH-
KO CXOZICTBA, 3aTeM KJIacCH(PHUIMPYIOTCS M0 CyONOmyIsamsM - Buaam. Kaxpiit
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BUJI OLIEHUBAETCSI 110 OOIIIE#! TPUCTIOCOOJICHHOCTH €ro 0co0ei, KOTopasi pacCUMThI-
BAETCsI IPU MOMOLIM (PYHKIMM pacrpe/lesieHust IPUCTIOCO0IeHHOCTH. BrrkuBInme
BUJIBI PA3BUBAIOTCS OTJEJIBHO JPYT OT APyra MOCPeCTBOM KPOCCHHIOBEpPa MEX Iy
0cOOsIMH OTHOTO BU/IA, TAKUM 0Opa3oM (hOpMHpYeTCs Cleyloliee TOKOIeHHUE.

B cuity TOro, 4to y3ibl Tenephb NpeICTaBjIeHbl CI0SIMU, a He HeHPOHAMU, HE00-
XOIUMO XPaHUTh JOMNOJHUTEIbHYI0O MH(OPMALUIO O CJI0sAX: TUI (CBEPTOYHBIH,
IUIOTHBIH, pEeKYPPEHTHBIIT), CBOACTBO (KOJIMYECTBO HEMPOHOB, pa3Mep Aapa, pas-
Mep 1mara, (hbyHKIMsI aKTUBALMN), TUIT COSAMHEHUs Y3JI0B. [IJ1s 9TOro ucromnb3y-
10T TaOJIMIy BO3MOXHBIX THIIEPIIapaMeTpOB (XPOMOCOMHYIO KapTy) AJIs KaXAOTO
y3Jla U elie OfHy TaOiuily - TaOIuIly IIOOAIbHBIX TapaMeTpoB, IPUMEHUMBIX KO
BCeil ceTr (CKOPOCTh OOYYEHHSI, AITOPUTM OOYUYEHHUs U MpeaBapuTesibHass oopa-
60TKa JaHHbIX) [7].

CoDeepNEAT pacmmpset meton DeepNEAT. O pa3nenser noctpoeHue To-
TIOJIOTHH Ha JiBa pa3HbIX ypoBHs: module chromosomes u blueprint chromosomes.

* Module Chromosomes Wi MOIYJIbHBIE XPOMOCOMEI - 3TO Ipadbl, KOTOpHIE
OIHMCHIBAIOT HEOOJIBIIYIO CTPYKTYPY CBSI3aHHBIX cJI0eB. Takue rpadsl Ha3bl-
BAIOT MOAYJISMU

* Blueprint Chromosomes Wi XpOMOCOMBI-UEPTEXH - 3TO Tpadbl, KOTOPHIE
OITMCHIBAIOT, KaK MOAY/M COEAMHSIOTCS Mexay codoil. Ha ocHoBe Takmx
rpacoB CTPOUTCS HEUPOCETh, TIe B KAUYECTBE Y3JIOB UCTIONB3YIOTCS STH MO-
JyJIA.

Taxum o6pazom, CoDeepNEAT padoTaet ¢ KaxIbIM BHIOM XPOMOCOM IO OT/IeTb-
HOCTH, a IOTOM KOMIIOHYET UX B CETH.

B CoDeepNEAT 3Bomonust OCyIIeCTBIISIETCS HE3aBUCUMO IS KaXIOH Io-
MYJISIMA XPOMOCOM U TpeOyeT MHAMBUIYaJIbHOIN OLIEHKH KadecTBa ocodeil. OT-
Jmure reHetudeckoro anroputma B CoDeepNEAT oT reHeTU4YeCKOro ajaroputma
DeepNEAT cocTtouT B TOM, 4TO OLIEHKa [TpUCBauBaeTcs U blueprint-xpomocomam
Y MOAYJISIM, KOTOPbIE B HUX MCHOJNB3YIOTCS. 3aTeM 3Ta OLUEHKAa paclpelesseTcs
MEX]ly COOTBETCTBYIOLIMMYU BUAaMU [7].

COEGAN

COEGAN sBnsercs aganraiueit anmroputMa DeepNEAT 1151 reHepaTuBHO-
cocts3aresibHOM ceTH (Generative adversarial network, GAN) [9]. B aToii mogeun
COYETAIOTCS HEMPOIBOIIOIMOHHbIE U KOIBOJIOIMOHHbIE MOAXO/IBI /IS 00y YEHHUSI.
Mopens cospiana st obecriedeHust 6onee cTabMIBHOIO METOa OOyUeHUS U aB-
TOMATHUYECKOTO MPOSKTUPOBAHKS APXUTEKTYP HEHPOHHBIX CETell.
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GAN aKkTHBHO IpUMEHsEeTCS B KOMIbIOTepHOM 3peHun. B cucteme GAN ofna
U3 ceTell reHepupyeT oOpasLpl (reHeparop), a Ipyras CTapaeTcs OTJIMYUTH Ipa-
BIJIbHBIE 0OPAa3Ibl OT HENPAaBUIBHBIX (AMCKPUMHUHATOD). JUCKPUMHUHATOD U reHe-
paTtop SIBJISIOTCS TIyOOKMMHU HEPOHHBIMHU CETSIMHU C 3apaHee OIpeJie/IeHHON ap-
XUTEKTYpO#: CTPYKTypa ceTell ¥ rMIeprapamMmeTpbl BHIOUPAIOTCS IKCIIEPUMEHTAIIb-
HO, MI03TOMY BpPEMEHHBIE 3aTpaThl yBeIMIMBaloTCs. [eHepaTUBHAsA CETh MBITACTCS
CO3/1aTh HOBBII 00pasel], CMelIaB HECKOJIBKO CXO/IHBIX 00pasioB. JucKkpumuHa-
THBHas ceTb 00ydJaeTcsl pa3invaTh HOJJIMHHBIE W TOJAeIbHble 00pasibl. Takum
00pa30M LIEJIBbI0 CeTH-TeHepaTopa sBJISICTCS MOBBILICHUE POLICHTa OIIMOOK CEeTH-
JMCKPUMMHATOPA, a LEJIbI0 CeTH-AUCKPUMUHATOPA SIBJISIETCS YIydllIeHHe TOYHO-
CTH pacrnio3HaBaHusA. CyIecTBYIOT MOAXOMAbI, KOTOPbIE MOT'YT aBTOMaTU3MPOBATh
MPOEKTUPOBAHUE APXUTEKTYpP TAKUX HEMPOHHBIX CETEM.

I'enom monermn COEGAN moxeT OBITh TPE/ICTaBIICH B BHEC MACCHBA I'CHOB,
I7ie TeH - OMHMCaHue cJosl HeilpoceTH. PaccmaTpWBaloTCsl TpU THMA CJIOEB: JIM-
HElHble, CBEPTOYHBIE M TPAHCIIOHUPOBAHHBIE CBEPTOUHBIE. Takast MocIe10BaTEb-
HOCTh T'€HOB IpeoOpa3yeTcs B apXUTEKTypy IyOOKod HelipoHHOi# ceru. Kaxk-
JIOM I'eHy COTIOCTAaBJISIETCSI CJTyYaiiHBIM 00pa30M BhIOpaHHAasI (DYyHKIVS aKTUBALIIH:
ReLU, LeakyReLU, ELU, Sigmoid u Tanh [9]. CityuaiinsiM napameTpoM JHHEH-
HOTO CJI0S1 SIBJISIETCS] KOJIMUECTBO BXOJHBIX IIAPAMETPOB, @ CBEPTOUYHOTO U TPaHC-
HOHUPOBAHHOTO CBEPTOYHOTO CJIOS - KOJIMYECTBO BBIXOAHBIX KaHAIOB. Takum 00-
pa3oM, TeHbl UMEIOT TOJIKO (DYHKIMIO aK TUBALIMK, BHIXOJHBIE IPU3HAKU U BBIXO[-
HbIe KaHAJIbI, TOABEPKEHHBIE MYy TaLIUH.

B COEGAN nonyssimust COCTOUT U3 ABYX cyOmnonyssuii reaepatopos Gi u
JucKkpuMuHaTopoB Di. BHyTpH Kaxmoii cyOnomynsiuy npuMeHsIeTCsl MEXaHu3M
BHI00Opa3oBaHus, ucnoib3yeMblil B NEAT, 4To6b! crtocoGCcTBOBaTh MHHOBALIMSIM
B Kaxpoii cyononyssuuu. B COEGAN onTUMU3UpYeTCsi TOJIBKO TOIOJIOTUS HEll-
POHHOI1 ceTH, a Beca ONTUMU3HUPYIOTCS IPU MOMOIIY I'PaJIMEHTHOrO CIycKa. DTO
00YCJIOBJICHO TEM, YTO KOJMYECTBO BHYTPEHHHX ITapaMeTPOB HEHPOHHOII ceTu (B
YaCTHOCTH, K HIM OTHOCSITCSI 1 BEC) I0CTATOYHO BEJIMKO M SBOJIONKS TaKOi ceTH
NPUBEET K CHIIBHOMY YBEJIMUECHHIO BBIYMCIIUTEIbHOM CI0)KHOCTH [9].

3akJiroueHne

B nmaHHOIT paboTe ObLIM UCCIIEeI0BAHbl HECKOIBKO METOIOB ONTHUMU3AIIUN HEH-
POHHBIX CeTeil, OCHOBAaHHBIX Ha IBOJIOIIMOHHBIX NpHUHIUIAX. Cpeid HUX METOJIbI
NEAT, HyperNEAT, DeepNEAT, CoDeepNEAT u meron COEGAN. OnHum u3
MEePBbIX IBOJIOLUOHHBIX MeTO/0B onTumu3aiuu Obu1 NEAT, onTtuMu3upyonuii
TOTOJIOTHIO U Beca HEHPOHHBIX CeTeil, Ha OCHOBE KOTOPOTO BIIOCIEICTBUU ObLIM
pa3paboTraHbl HeKOTOpble apyrue metoabl. K takum pacimupenussm NEAT oTHoO-
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curcs, Haripumep, HyperNEAT, criocoOHBIi paboTaTh ¢ OoJiee CIOKHBIMU CETsI-
MH W UCIIOJIB3YIONIMA BMECTO MPSIMOl SBOJIOIMM METO]] KOCBEHHOTO KOIMPOBA-
Hus. dpyrumu Bapuatsamu NEAT ctamu anroputmel DeepNEAT, CoDeepNEAT,
CHocoOHbIe paboTaTh C IIyOOKMMU HEHPOHHBIMU ceTsiMu. OTAEIbHO ObLI pACCMOT-
per Metox COEGAN, onTUMHU3UPYIOIIHI TeHepaTUBHO-COCTA3aTeNIbHbIE CETH, HC-
TNOJIb3Ysl COYETaHNE KOIBOMIOLMOHHBIX U HEHPOIBOJIOIIMOHHBIX ITOJXO/I0B.
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