AHanus reomeTpuyeckoro metoga chopmmpoBaHus
MOAYNbHOMN CTPYKTYPbl HEMPOHHbIX CeTen

H.¢p.-m.n. B.I'. Peowvko

AnHortanus. [IpencraBineH aHaIM3 «reOMETPUYECKOTO METOIa» (OPMUPOBAHUS CTPYKTYPHI
HEHPOHHOW ceTH. MeTol COCTOMT U3 CHELHAIBHOTO S3bIKa KOMaHJI-WHCTPYKIMH, Ha OCHOBE
KOTOPOTO CTPOSATCS MPOrPaMMbl Pa3BUTUSI CTPYKTYPbl M IapaMeTpoB HEHPOHHOH ceTH, U
9BOJIIOLIMOHHOTO criocoba onTUMM3anuK nporpamMmMsel. CII0)KHas! HEHPOHHAsSL CETh CTPOUTCS 110
MOZYJIBHOMY TNPHHIUITY, U COJACPKHUT MOJYJIH KaK HIDKHUX, TaK M BEPXHHX ypOBHEH
YIpaBIeHUs, IPH 3TOM HPOrpaMMbl (GOPMHUPOBAHMS MOAYJIEH Pa3HOTO YPOBHS HE3aBHCHMBI
JIpyr or apyra. Merox MoxeT ObITh IPUMEHEH K LIMPOKOMY KIAcCy CHCTEM aBTOHOMHOIO
a/IalITHBHOTO YIIPaBJICHHS.

1. O0mas cxemMa reoMeTpuYecKOro MeToaa

B xonume 1980 romoB psn ucciaepoBareneil Hadaau pabOThl 110 aBTOMAaTHYECKOMY
KOHCTPYHMPOBAaHMIO HEHPOHHBIX CETEel Ha OCHOBE 3BOJIIOLHOHHBIX anropuTMoB [1-5]. OxHako
NPEAJIOKCHHBIC B 3THX pa60Tax CPaBHUTCIBHO MNPOCTHIC MCTOJbI HMMECIIM OrpaHUYCHHOC
IpHMEHEHHE U He MOJXOIHIN JUIsl PelleHNs] HeTPUBHAIBHBIX 33/1a4, TPEOYIOINX HEHPOHHBIX
cereit 60sIBIIOrO pazMepa.

Jlns npeonoseHus yKa3aHHO# mpoOneMsl coTpyiHuKaMu AHuMaTt-nadoparopun (AnimatLab,
Ecole Normale Superieure, Paris, France), pyxoBoaumoii XKanom-Apkanuem Meitepom, Obit
HPEIJIOKEH I'eOMETPUYECKHil MeTox (HOPMHUPOBAHUS MOJYJIBHON CTPYKTYPBI HEHPOHHBIX
cereil [6-8]. DTOT MeTO/ [O3BOJISIET KOHCTPYUPOBATh HEHPOHHBIE CETH JOCTATOYHO CIIOKHOMN
CTPYKTYpbL. MeTo/1 OBl yCHEIIHO TPUMEHEH K (pOPMHUPOBAHHIO HEHPOHHOMN CETH TOABIIKHBIX
6-HOTUX POOOTOB.

B nHacrosimem cratbe MpEeACTaBJICHBI OITUCAHUE U aHAJIN3 JaHHOI'0O METOAA.

OO0mias cxemMa METoJa COCTOMT B ciexytomeM. HelipoHHas ceTh MCKYCCTBEHHOTO OpraHu3Ma
(aHuMaTa) GOpPMUPYETCS C MOMOLIBIO CHENUAIBHON MPOrpaMMbl, KOHTPOIUPYIOLIE Iporece
KOHCTPYMpPOBAaHHS CETH. DTa MporpaMMa MMUTHPYET MPOLECC Pa3BUTHs HEHPOHHOH ceTH B
Hpolecce UHIUBHAYATbHOTO B3pocieHns opranusMa. Cama IporpaMMa ONTHMU3HPYETCS C
MOMOIIBIO BONIOLMOHHOIO aNropuTMa. HefipoHHas ceTh QopMmupyercs B IBYMEpHOH
OrpaHHYeHHOH o6mactu. IIporpaMma COCTOMT W3 HMHCTPYKIHMH (KOMaHZ), KOTOpbIE
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OIPENEeNAIOT MPOLECCHl BO3HUKHOBEHHS HOBBIX HEHPOHOB (WM MCUE3HOBEHUS yxKe
HMEIONIUXCS HEHPOHOB) B 3TOW o0yacTH, (OPMHPOBAHME CBSA3CH MEXIy HEHpOHaAMH M
3aJlaHde  BECOB CHHANTHYECKHUX CBsA3ell Mex1y HeHpoHamu. HHCTpYKIMH IporpaMmbl
COCTaBIISIFOT T€HOM aHmMaTa. Pabora (opmupyromuxcs HEHPOHHBIX CETEH OLEHUBACTCS II0
MOBEJICHUIO aHMMaTa HEKOTOPOH €CTECTBEHHOH (YHKIHEH MPUCIOCOOIEHHOCTH, KOTOpas
omnpezensier 0Toop Hanbonee 3G HEKTUBHBIX TPOrPaMM, KOJUPYEMBIX TCHOMAMH aHUMATOB.

OO6m1as cxema MeTO/a IpeCTaBIeHa Ha puc. 1.

IIporpamma HeiipocereBas IMoBenenne
(bopmuposanus crcrema aHuMara

Heiiponnoil cern  [——®| ynpasieHus »
AHMMaTOM

OT160p aHUMATOB € BBICOKO# OlieHKa MMOBEICHUS,
MPHCTIOCOOICHHOCTBIO < pacyeT npUcrocoOIeHHOCTH
aHuMaTa

Puc.1. O6mas cxema reoMETpHIECKOTO MeTo/1a (POPMHUPOBAHUS CTPYKTYPBI
HEHPOHHOM CeTH.
Ota cxeMa WITIOCTPUpPYET Tpornece (GopMHUpPOBaHUS OTAETBHOTO MOJIYINS HEHPOHHOW CeTH.
AHanoru4HsIM 00pa3oM, K 3TOMY MOAYJIO MOTYT H00aBIATHCS HOBble Moxynu. Ilpuuem
cHauana (GOpMHPYIOTCS MOIYJIM HWKHUX YPOBHEH, ONpPENENSIONMe WHCTHHKTUBHOE,
pediekTopHOEe MOBEECHUE aHMMAaTa (HAlpuUMep, COINIACOBAHHOE JBHKEHHE O-TH HOT HpH
IPSIMOJIMHEHHOM IIepEMEICHUH aHUMaTa). A 3aTeM (OPMHPYIOTCS MOIYIU Oojiee BBICOKHX
YpOBHEH  (HampuMep, MOJyJb  YNPABISIONIMHA  OCTAaHOBKOW ¥ BO30OHOBIICHHEM
IIPSIMOJIMHEHHOTO JIBIKEHHMS ), YIIPaBIISIOMINE pabOTOIl MOy Il HIKHIX YPOBHEH.

2. [Iporpamma pa3BUTHS HelPOHHON ceTH

OmnuieM NpUHOMIB GOPMUPOBAHKSA HEHPOHHON CETH HAa OCHOBE MHCTPYKIHUH IPOrpaMMbl
paseutnsa.  Ilpomecc  ¢dopmMupoBaHHMS  ONpenenseTcss  Kak  JKCIEPUMEHTaTOpOM,
KOHCTPYHPYIOIIMM HEHPOHHYIO CEeTh, TaK M PabOTOH MporpamMM Pa3BUTHS M IBONIOLHOHHOM

ONTUMHU3AIMEH ITUX IPOTPaMM.

[lepBoHaYabHO ~ IKCIIEPUMEHTATOP  BBLAENSAET  JABYMEpHyI0  oOmacts  (Hampumep,
MIPSAMOYTOJbHUK). B 3TOl 001acTH OH 3aJaeT pPacIoJIOKEHHE TeX HEHpPOHOB, KOTOpbIE
3aBEJOMO HEOOXOIUMBI (CEHCOPHBIC M MOTOPHBIC HEHPOHBI). 3aTeM 3alaceTcs MHOXECTBO
3aTPaBOYHBIX HEHPOHOB, M3 KOTOPBIX OYAET pa3BUBAThCS HEHPOHHAS CETh.

ITpumep 06aacTH ¢ PacHoONOKEHHBIMH Ha HEHl CEHCOPHBIMH, MOTOPHBIMH M 3aTPaBOYHBIMH

HeHpoHaMHU NIOKa3aH Ha puc.2.
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0000 0000 0000

IIporpaMma pa3BUTHS HEHPOHHOMH CETH

O — CEHCOpPHbIC HEliPOHbI

O - MOTOHEﬁpOHLI TPEX pasHbIX THUIIOB, YIIPABJIAIOIINC
pa3HbIMH "MbIMIaMu" aHUMaTa

[ ] — 3aTpaBOYHBIC HEHPOHBI

Puc. 2. Cxema pacronoeHus H3HA4YaJlbHO 337aBa€MbIX HEHPOHOB B IIPAMOYTOJbHOM
JByMepHOit obnactu (1o pabote [6]). CHMMETpHs CXEMBI CBsI3aHa € TEM, YTO OHA
npenHasHadeHa st (OPMHPOBAaHHMS HEHPOHHOW CETH 6-HOTOro aHMUMAaTa.
Kax/plit U3 3aTpaBOYHBIX HEHPOHOB MMEET CBOIO CHCTEMY KOOPIMHAT, KOTOPYIO
OH 3aTeM HCHOJNB3YeT IpH (HOPMHUPOBAHUH JOUYEPHHUX HEPBHBIX KJICTOK U CBSI3CH C
JIpYTMMH HEeHpoHaMH.

OKCIIepUMEHTAaTOp TakKe 3aJaeT WHCTPYKIMH, M3 KOTOPBIX OyayT (opMHpPOBATHCS
IIPOTPaMMBbl Pa3BUTHs HeHpoceTel, 1 HEKOTOpPbIE CHHTAKCHYECKHE OrPaHWYEHMS Ha TO, KaK
13 3THX HHCTPYKIHH MOXHO (JOPMHUPOBATH ITPOrPAMMBEL.

B paborax ArmmMar-maboparopuu ObUIa HCIOIB30BaHA MOJIETb HHTETPHPYIOLIEro HEHpOHa,
COTJTaCHO KOTOPOH AMHAMHKa MEMOPaHHOTO NMOTEHIMANa i-i HEPBHOHW KIETKH OMMCHIBACTCS
YpaBHEHHEM:

Ti dm,-/dt:—m[Zw[,-x,-vLL-, (1)
— -1 . Lo

rae x; = {1+exp [~ (m; + B;)]}” — yacrora MMIIy/IbCOB HEHpoHa, B; — cilyuyaiiHblii mopor
HellpoHa cO CPEeJIHMM 3HAYEHUEM b; , 7; — IOCTOSHHAs BPEMEHU PeNlaKCalluH i -ro HepoHa, /;

— BHEUIHUI BXOA i -TO HeﬁpOHa OT OIIPEACJICHHOI0O CCHCOpa, wW; — CHHANTUYECKUN BEC,

XapaKTePU3YIOIIHI CBS3b j -TO OT K [ -My HEHpOHY.
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HpCI/IMyIIICCTBO JIAaHHOH  MoJjeu HeﬁpOHa COCTOUT B TOM, 4YTO OHa IIO3BOJIACT
AIIPOKCUMUPOBATH TPACKTOPUIO 000 IIIaJIKOW JTUHAMUYECKOW CUCTEMBI.

ITpuMeps! HHCTPYKIIHMIL, ONPEAENIONMX IPOrPaMMBI HEHPOHOB, IpeicTaBieHs! B Tabnume 1.

DIVIDE (a, r) Co3pnaTth HOBBIH HEHpPOH

GROW (a, , w) Co3pmaTth coelMHEHUE K APYTOMY HEHpOHY

DRAW (a, r, w) Co3n1aTh COeIMHEHNUE OT APYroro HelpoHa

SETBIAS (b) W3meHuTH TOpOr HelipoHa

SETTAU (7) V3MeHNTh NOCTOsIHHYIO BpEMEHH peJlakcalliy HeiipoHa
DIE Y nanuth HellpoH

Tabnuna 1. MHCTpyKIMK — KOMaH/IbI IPOrPaMMBbl Pa3BUTHS HEHPOHHOI ceTn

WHcTpyKumM XapakTepusyloTcsl IapaMeTpamMM, KOTOpbIE ONpPENENAIOT, Kak MMEHHO Oyner
pa3BuBaThcs HelipoHHast ceTb. Huoke Oyznet paccMOTpeH npuMmep, CBS3aHHBII ¢ puc. 3.

IIporpamma pa3BUTHS COCTOMT U3 MoAmporpamM. KakmpoMy 3aTpaBOYHOMY HEHPOHY
COOTBETCTBYET CBOS MOANPOrpaMMa.

WHCTpyKIny KaXXI0#H M3 MOANPOTpaMM CKOMITOHOBAHBI B Tpad), UMEIONIMII KOPHEBOH y3el,
KOMaHJa-MHCTPYKIMA ~KOTOPOTO TpPUMEHsAeTCss K 3aTpaBOYHOMY HeipoHy. Pabora
MOANPOrpaMMbl HAa4YMHAETCS € TOrO, YTO «3aTpaBOYHas» HEPBHAs KJETKA HCHONHACT
HHCTPYKIIMIO KOPHEBOTO Y31 IOIIPOrPaMMBI.

Onna u3 unctpykuuit (DVIDE) cooTBeTcTByeT HeNEHMIO KJIETKH HAa MATEePHHCKYIO U
nouepHiot0. opMupoBaHKEe JOYEpHEH HEPBHOW KIICTKH COOTBETCTBYET BETBIICHUIO rpada
HOATPOrPAMMBEI; IIPU 3TOM HOCIE JICJICHHS KICTKH (M COOTBETCTBYIOLIETO BETBICHHS rpada)
MHCTPYKIIMS JIEBOTO y3J1a OTHOCHTCS K MATEPHHCKOIT HEPBHOIT KIIETKE, a HHCTPYKIIHS ITPAaBOTO
y3nma — K jouepHeil kinerke. Wrak, unctpykiusa DIVIDE coorBercTByeT y3ily BETBICHMS
rpaga Ha JBe BEeTBH. Bce ocranbHble MHCTPYKLIMM HE HPHUBOJAT K BETBICHHIO Tpada
MOATPOTPAMMBEL.

Hexoropele W3 KOMaHA-WHCTPYKIMH TepMUHAIBHBIE, MOCIE 3THX HHCTPYKIHMI mporecc
pa3BUTHUS TOH HEPBHOU KJIETKH, K KOTOPOH OHH MPUMEHSIOTCS, OCTAaHABINBACTCSL.

B mpomecce 3BoNOIMHM  MPOTPAMMBI  WCTBITHIBAIOT ~ MYyTalliMd M PEKOMOWHAIMH.
PexomOuHanuu mpeactaBistoT coboif 0OMeH moarpadaMu MOAMPOrpaMM — aHAJOTHYHO
TOMY, KaK 9TO OCYIIECTBIISICTCS B TeHETHYECKOM NporpaMmmuposanuu [9,10].

IpumMep mpuMeHeHNs HHCTPYKIM OKa3aH Ha puc. 3.
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. — pa3BUBArOLIAsACA HEPBHAs KJIETKa O — JOYEPHSS KIIETKa

© - apyroii neiipon

DIVIDE (a,r)

GROW (,s,w) GROW (3,4,v)

Puc. 3. Ilpumep pa3Butusi HEHUpOHHOH ceTH. Pa3BUTHE NPOUCXOAMUT MOJ
YIIPaBJICHUEM ITIPOTPAMMBI, TIPEACTABICHHON BHN3Y pHCyHKa. [IporpamMma
COIEpP)KUT KOMaHIy JeNIeHHsl pa3BHBartomeiics HepsHoi kietku DIVIDE
(a,r) 1 xoMaHB! popMupoBanus cBsa3eil o MarepuHckoir GROW (f,s,w)
u pouepneii GROW (y,t,v) ximerok. IlepBele nBa mapamerpa B 3THX
KOMaHJIaX ONpPEACIISIOT YIIIbl U PACCTOSIHHSA, B COOTBETCTBHU C KOTOPBIMH
ornpenernsieTcs: mojoxeHue novepHeil kietku (st komaunsl DIVIDE) u
HanpaBJeHHEe W UIMHA CHHANTHYeCKOH cBs3u (s komaHael GROW).
Tperuit  mapamerp komanasl GROW  ompenmenser — BeIMYMHY
CHHANTHYECKOH CBSA3H.

Kak Bumgso mo pucynky 3(A), caauana no komauae DIVIDE (o,7) dopmupyetcs: qouepHsis
KJIeTKa Ha PACCTOSIHUHM 7 OT MaTepHHCKOH ¢ "azumyToMm" o. [louepHss KiIeTKa HaciexyeT
JIOKaJIbHYIO CHCTEMY KOOPJMHAT MaTepHHCKOH kieTku. 3areM (puc. 3(B)) xak matepuHCKas
(mo xomanne GROW (f,s,w)), tak u pouepuss (mo xomanne GROW (y,4v)) kietku
(hOpPMHPYIOT OTPOCTKH JUIMHHOIA § U ¢, ¥ 1I0A yriioM 8 1 y cooTBeTcTBeHHO. [anee (puc. 3(C))
KOHIIBI 3THX OTPOCTKOB IOICOCAUHSIOTCS K Oaudicauuieni u3 Kiemok W 3aIaloTCs Beca
COOTBETCTBYIOIIMX CHHANTHYECKHX cBsa3edl. Ha 3ToM ykasaHHBI OJIOK IpOrpaMmsl

Imojiara€TcCs BBIIIOJTHEHHBIM.

Wtak, reHOM aHMMaTa NPEICTABIACT COOOH ONpPEAENeHHYIO IPOrpaMMy, OJHO3HAYHO
OIPEIEINAIONLYIO TIpoliece GOPMUPOBAHMS CTPYKTYPBI H BeCOB HeipoHHO# cetu. [Iporpamma
COCTOMT W3 HMHCTPYKIUH, KOTOpBIE 3aJaf0T MpaBHia PAacCTAHOBKH HEHPOHOB B 3aJaHHOI

reOMEeTPUYECKOH 00J1acTH U (POPMUPOBAHUS CHHANITUYECKHUX CBSI3€il MEX Ly HeHpOHAMHU.
3. BOJIIOLUOHHBIH AJITOPHTM

OBOIONMOHHBIH alIrOPUTM COCTOMT B ciefmyiomeM. IloBeneHne aHuMara OLEHMBAETCS B
COOTBETCTBMH C IBPUCTUYECKM 3aJjaBaeMON (pyHKLHEH MPUCIIOCOOIEHHOCTH, IPOU3BOIHTCS
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0oTOOp aHMMATOB C OOJBLIMMU IPUCIIOCOOIEHHOCTIMH, M HamOoiee IPUCIOCOOICHHbBIE
aHMMATHI TAI0T MOTOMKOB. KOHKpeTHast cxeMa oTOopa MoXeT ObITh pa3nuuHoid. B padote [6]
UCHOb3yeTCsl HECKOJBKO 3allyTaHHbIA BBIOOp JIydinei mapbl oco0eil M3 HEKOTOpOro
MHOXecTBa, HOPMUPOBAHHE MTOTOMKA ITOIl MAphl U 3aMEIICHHE TOTOMKOM Xy/ILIei 0co0H n3
JIBYX CIIy4ailHO BEIOPAQHHBIX aHUMATOB.

Ipu hopmMupoBaHUN TTIOTOMKOB ITPUMEHSAETCS TPU TEHETHUYECKHX oreparopa: 1) coBMecTuMast
pexoMOuHaIust moArpadoB MporpaMM BBHIOPAHHBIX poAuTeNei, 2) (opMHpoBaHHE HOBBIX
CllydalHBIX, HO JOIYCTHMBIX MOArpad)oB BMECTO CTapbiX, 3) U Ciyd4aifHble MyTaluu
apaMeTPOB, BXOISIINX B KOMaH/bI-HHCTPYKLIHUH.

B menom cxema 3BOJOLUKM THUIIMYHA JJIS TEHETUYECKOTO aJiropuT™Ma, OJHAaKoO, HCOGXOI[HMO
HAJIO)KEHUC OINPEACIICHHBIX yCJ'lOBl/Iﬁ Ha TO, 4TOOBI IpOorpaMmMsbl IIOTOMKOB HE BBIXOJWJIM 3a

paMKH OrpaHUYEHMH, HAK/IaIbIBAEMbIX Ha 3TH IPOrPaMMBI.

4. IlpuHuun moayabHocTH. IIpuMepsl HCNOJIL30BAHUS T€OMETPHYECKOTO
Meroaa

IIpyHIMI MOAYJIBPHOCTH IOAPA3yMEBAET, 4TO MOJIYJIM HEHPOHHOH certH (opMupyroTCs
HOCJIe/I0BATENBHO — CHavajga OfMH MOAYJb, 3aTeM cienytomuid. Hanpumep, B pabore [6]
cHayajma OBUI DBOMIOUMOHHO c(OpMHpPOBaH |-ii MOIyNb, ONPENEISIONIMK COTIacOBaHHOE
JIBIDKEHHE 6-TH HOT IIPH MPSMOIMHEIHOM |-MEpHOM NepeMeleHNH aHMMaTa, a 3aTeM 2-if

MOJyb, YIPABISIONIMHA OCTAHOBKOH M BO30OHOBICHUEM IPSIMOJIMHEHHOTO ABHKEHHS.

B pabore [7] Ob1a copmupoBaHa HeffpoHHast CEThb, YIPABIAIONIAs 2-MEPHBIM ABIXEHUEM 6-
Hororo anuMara. Ilpu 3ToM HelipoHHas ceThb coOCTOsIa M3 Tpex Momyneit: 1-if momyns
YIpPaBISUT JIBIXKCHHEM aHUMaTa, 2- MOJJIb KOHTPOJMPOBAI paboTy HEpPBOrO MOIYNs H
ofecreunBal IepeMEICHHE aHMMaTa K 3aJaHHOM Lend, a 3-H Momynb obecreduBal
HepeMEIIeHHe B Cpeie C MPEIATCTBUSAMH, M ObUI IpPEAHA3HAYCH I MUHHMU3ALUU
CTOJIKHOBEHHI aHMMATa C MPEIATCTBUAMH.

CxemMa MOIyJIBbHOH CTPYKTYphl 3TOrO aHMMara IIpeJcTaBieHa Ha puc.d. Moaynu
dopmupoBanuick ToOcnenoBaTeNbHO (CHavama 1-i, moTom 2-H, 3arem 3-i1). Ilpm
¢dopmupoBanuu 1-ro MOIyJisl MPHCIIOCOOJIEHHOCTh aHMMaTa OLIEHUBAJIACH 110 CKOPOCTH €T0
JBIOKEHHST (4eM OOJIbllle CKOPOCTH IMEepeMELIEHUs, TeM Bbllle NpucnocodiaeHHocTs). [pu
dopmupoBannn  2-ro ¥ 3-ro MoAyned 1-i  MOAyJap OCTaBajCs HEW3MEHHBIM, a
(hOpMHUPOBANICH TOIBKO CBSI3U OT HEHPOHOB HOBBIX MOJYyJIeH K HEHpOHAM MEPBOr0 MOIYJIA.
ITpucnoco6aeHHOCTh MPOrpamMM 2-ro MOJyJs OLEHHMBAagach IO CIOCOOHOCTH aHMMAaTa
HAXOJMTh MCTOYHHMK 3amaxa. IIpucnocoOneHHocTs nporpaMm 3-ro Moy OLEHUBANIACh MO
CIIOCOOHOCTH aHMMaTa M30eraTh NpPEensTCTBHUA, ClIydaiHO pa3OpocaHHble B 00JacTH €ro
nemxenus. [IporpamMel GpopMHpoBaHHMs KaXI0ro M3 MoAyJeil ObliM pasinuyHBIMH, Oonee
TOT0, HECKOJILKO Da3jIMyalics CHUHTAKCUC HMHCTPYKUMH M TrpadoB, Ha OCHOBE KOTODBIX
(hopMUPOBANHCH TPOTPAMMBI.

CoopmupoBanneiii  1-ii  Momyns coxmepxan 38  uHTEpHEHpOHOB  (c(HOPMHPOBAHHBIX
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HEWPOHOB, 00ECICYNBAIOIINX CBA3H MEKIY CCHCOPHBIMH HEHPOHAMH M MOTOHEHPOHAMU) U
100 MeXHEWPOHHBIX COCIMHEHHH. 2-H MOAYNb colepkan 6 HHTCPHEHPOHOB W 22
MEXHEHPOHHBIX COCIMHEHHS. 3-H MOMYJIb COAEpKall 2 MHTePHEHpPOHA M 6 MEKHEHPOHHBIX
COETUHEHNH.

Monyns 3 Moayis 2 Monyns 1

o o [e]elele} [e]ele]e] o000

3 DR e A A
o S 00044 d

o o ooo00 ooeo0 oceoo0
Tporpamma IIporpamma TIporpamma
pasButHs 3-ro pasBUTHA 2-TO passutus 1-ro
MOy MOJJIst MOJyJIst
O — CeHCOPHBIE HEIPOHBI

@ — MOTOHEHPOHBI TPEX Pa3HBIX TUIOB, YIIPABJISAIOIINE Pa3HBIMU "MbIIIIIaMHU"
aHuMaTa

® — 3aTPABOYHbIC HEHPOHBI

Puc.4. Cxema GopMHpOBaHMS MOJIYJIBHOW CTPYKTYphl HEHpPOHHOH ceTH,
YIpaBIsIOMEeH ABWKEHHEM 6-HOororo aHmMara (mo pabore [7]). 1-it
MOIyJNb  HpeAHa3HaueH st (OPMHPOBAHHS  YCTOHYMBOTO
nepeMelleHls aHuMara II0 JBYMEpPHOH IUIOCKOCTU. 2-H MOXyJb
YIpaBisieT MABWKCHUEM, HANpaBICHHBIM Ha JOCTIDKCHHE IIeNeiH
(ckakeM, [IBIKEHME K WCTOYHHMKY 3amaxa MHUIM), 3-H  MOIyns
MHUHUMH3HPYET CTOJIKHOBEHHUS C IPEMATCTBUIMHU.

B paGotax [6,7] reomerpuyeckuii MeTos (pOPMHUPOBAHHS CTPYKTYPhl HEHPOHHON ceTH ObLI
OpUMEHEH K 3ajade (OPMHUPOBAHMS CHCTEMbI YIPABJICHHS aHMMAaTaMH, MOJCIUPYCMBIMH
KOMITBIOTEPHOH MpPOrpaMMOM, T.e. aHUMAThl "KWin" TONBKO B KoMIbioTepe. B padote [8]
3TOT MeToJ OBLI IPUMEHEH K peaibHOMy 6-Horomy poborty SECT, kotopsli 6bul 00yueH
HIepEeMEAThCS [0 JIBYMEPHOI! INIOCKOCTH U M30eraTh CTOIKHOBEHUS C MPENATCTBUSAMU. bblto
IIPOJAEMOHCTPUPOBAHO, YTO UMHUTAIMS ITOBEACHUS PoOOTa B KOMIBIOTEPHBIX IPOTpaMMax,
pa3paboTaHHBIX B AHUMAT-1a00paTOPHH, COTIIACYeTCs C TTOBEICHUEM PEalIbHOTO poboTa.

5. 3akioueHne

AHann3 reoMeTpUYECKOro MeTosia (POPMHUPOBAHUS CTPYKTYPhl HEHPOHHOH CETH MOKa3bIBaeT,
9TO 3TOT METOJ AOCTATOYHO YHHBEPCAJIECH M MOXKET OBITh NMPHMEHEH K IIMPOKOMY Kiaccy
CHCTEM aBTOHOMHOTO aJanTHBHOrO ympasieHHs. OCHOBHbIC MHPHHIMIBI 3TOr0 METOJa

CBOJIATCS K CIEYIOLIEMY.
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1. Coznaercs cnenuanbHbli 361K KOMaH/I-UHCTPYKIUH, HA OCHOBE KOTOPOTO CTPOSITCS
MPOrpaMMBI pa3BUTHS (OHTOTE€HE3a) CTPYKTYPHI M ITapaMeTPOB HEHPOHHOM ceTH.

2. IIporpaMMbl ONTUMU3UPYIOTCS ABOIIOLUOHHBIM ITyTeM. (CXema 5BONIOIMOHHON
ONTHUMH3aLUHK OJIM3Ka K TAKOBOH B FéHETUYECKOM IPOrPaMMUPOBAHUH.

3. CnokHast HEHpOHHAss CETh CTPOUTCS II0 MOJYJIBPHOMY IIPHHIMITY: CHadana
(OpMHUPYIOTCSI MOZYJIH HH)KHUX YPOBHEH! YIPABIICHHS, @ 3aTeM MOJLYJIH BEPXHHUX YPOBHEH
uepapxuu ynpasieHus. IlporpamMmbl  (GopMHpOBaHMS MOXYJICiHl pa3sHOro YpOBHs
HE3aBUCUMBI IpYyT OT JIpyTa.

JlaHHBIIT METOJ TpOIIEN CEPhE3HYI ampoOaIuio MPU CO3JAHHM HETPUBHAIBHBIX CHCTEM
YTpaBJIeHNs peaTbHBIMHA POOOTaMH.

Heo0x0amMMo OTMETHTh, YTO HCIOJB30BAHME 3TOTO METOAA IIOJPa3syMEBAET JOCTATOYHO
CEepbEe3HYI0 HHKCHEPHYIO pabOTy IO KOHCTPYHPOBAHUIO S3bIKa KOMAaHA-MHCTPYKLMI u
KOHKPETHOH CX€Mbl JBOJIOIMOHHOW ONTHUMHU3ALMU TPOTpaMM "OHTOreHes3a" HEHpPOHHBIX

ceTei.
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