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1. BBEOEHUE

CylIecTBYIOT MPaKTHYECKH BaKHBIC 3aladd, B
KOTOPBIX MIpUMEHEHUE METOJIOB
HelpouHpopMmatuk  TpeOyeT  UCIOJIb30BAHUC
Heriponnsix cereir (HC) comepxamux CcOTHH H
Oomee HEHPOHOB (BO3MOYKHO C CHIILHO Pa3peKEHHOM
CTPYKTYpOil ~MEXHEHpOHHBIX cBsA3eil). MHorma
UMEIONIHICS O00BEM IIaHHBIX HEJIOCTAaTOYCH IS
Ka4eCTBEHHOTO OOYYEeHHs CeTeil CYIIeCTBYIOMIMMU
METOJaMH. bEIBAET U Tak, YTO MPHU PEIICHUH 3a]1adu
o0a 3TH (QakTopa NPUCYTCTBYIOT OJHOBPEMEHHO.
HepnocrtaTok maHHBIX B COBOKYIMHOCTH C TpeOyemoi
CIIOKHOCTBIO CeTel MPUBOAWT K BBICOKOH OIIMOKE
0000menuss. To  ectb  OOydeHHBIE  CETH,
JEMOHCTPUPYIONINE MAallblii TPOICHT OMIMOOK Ha
o0ydJaromx TNpuUMepax, TOKa3bIBalOT BBICOKUI
MPOLICHT OIIMOOK Ha TeCTOBBIX mpumepax [3][4]. B
TOXKE BpeMs, TpeOOBaHUE K KOJIUYECTBY M KaYECTBY
JMaHHBIX CYIIECTBEHHO 3aBHCHT OT BBIOpAaHHOU
CXEeMBI CBsI3U MeXAy HelipoHamu. CTpPyKTypa CeTH
BBICTYIIACT B POJIM PETYJIAPU3UPYIONIETO (haKTOopa.

CyliecTByIOT HCCIENOBaHUS, B KOTOPBIX JUIS
CUHTE3a HC WCTIOTB3YIOTCS METOIBI
ABOIOIMOHHOTO moucka [6][2][5]. B wactHOCTH
SBOJIIOIMOHHO onTuMusupyercs crpykrypa HC c
[EeTBI0  MUHUMH3HPOBATH OIMHOKY  OOOOIICHHS
[2][5]- ITpu MIPUMEHEHUU 3BOJIIOI[MOHHBIX
QITOPUTMOB  BO3HUKAeT  mpoOiieMa  OOJBIIMX
BBIUHCIUTEIBHBIX ~ 3aTpaT. [loaToMy  ocraercs
aKTyalbHOW 3amada pa3paboTku  d(PPEKTUBHBIX
METO/IOB 3BOJFOIIMOHHOTO ITOMCKA M MX aJaNTalluy K
3amaue cuHTe3a uckycctBeHHblx HC. B uwactHOCTH

BHIIUTCS BeChbMa TIEPCIEKTUBHBEIM  pa3paboTKa
omnepanuii CKpEIIUBaHUs, MO3BOJISIOLIUX
3 PeKTHBHO OOBEHUHATH «OMBIT» NBYX HIH Oojee
HC. DOBosoniMOHHBIE aJITOPUTMBI YCJIOBHO MOXKHO
pa3enuTh ~ Ha  DBOJIOLMOHHBIE  CTpaTeruu,
reHernueckne anroput™mbl ('A) u TreHeTHdeckoe
nporpammupoBanne  (I'Tl). Jlng  onruMmzarim
ctpyktypel HC mpumenstores T'A u TTl. Ilpm
ucnonp3oBaHu ['A  HeoOXoAMMO TPEICTaBIATH
00BEKT ONITUMU3AINH B BUZE CTPOKH. | eHeTn4eckoe
npencraBienne HC Moker OBITH Kak MPSMBIM, B
BUJIC BEKTOpa aTpuOyTOB, TaK U C UCIOIH30BAHUEM
crienuanbHBIX rpamMmaTuk. I'A B mpouecce cBoeit
paboThl TPOM3BOAUT MYTAIlMI0O M CKpEIIUBAaHUE
ctpok. Ilpu ckpemmBaHUM CO3JAETCS  CTPOKa,
coCTaBJIeHHas U3 (ParMeHTOB IBYX IPYTHUX CTPOK.
B T'A npu ckpelivBaHUM B3aUMOCBSIZU MEXKITY
3JIeMEHTaMH CTPOK He aHanusupyrotcs. Hampumep,
B cimyvae ontumusammn HC He aHammsmpyrortcs
B3aUMOCBSI3M  MeXAy uX dneMeHtamu. [1I
HCHOJB3yeTCs JUTS CO3IaHMS porpamMm
MPEACTABICHHBIX B BHJAE JEpeBa BBIUMCICHUI
MPOCTHIX  (QYHKOHMHA. YacTo Takue MPOTrpamMMbl
KOAMPYIOTCA  HEKOTOPBIM  YIPOIIEHHBIM  Lisp-
notoOHbIM si3bIKOM. [Ipu koHCTpympoBanuu HC ¢
nomompto [Tl  oTmagaer HEOOXOIUMOCTH WX
mpeacTaBiieHus B Buae cTpok. CkpemnmuBanue B ['11
pearn30BaHO Kak OOMEH MOANEpEeBbAMH (YHKIHN
Mexny aByMms mporpammamu. Omnako B ['T1 mpm
CKpEIIMBaHUHU TPOTPAMM TaKKe HE aHAIU3HUPYIOTCS
B3aUMOCBSI3M ~ MEXIy WX  IOANPOTrpaMMaMHu.
Crpyktypa u Beca ontuMmansHoi HC, a Ttaxxke
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moboro ee (¢parmMeHra (TOICETH), 3aBUCAT OT
CBOMCTB BXOJHBIX U TpPeOyeMBbIX BBIXOJIHBIX
curHanoB. Kaxnas ycloBHO BbIAEJIE€HHAas MOJCETh
HC ontumusupyer cBouM CBOMCTBA € y4eTOM
XapaKTEPUCTHUK B3aUMOJACHUCTBYIOIIMUX C HEU APYTHX
MoJiceTe, TO €CTh B 3aBUCUMOCTH OT KOHTEKCTa.
[Ipu mpocrom obOmene yactamu Mexnay apyms HC
MOJIE3HbIE CBOMCTBA 3TUX YaCTeW MOTYT MOTEPATHCH,
TaK KaK MU3MEHsAeTCs KOHTeKCT. OTCyTCTBHE aHAIU3a
B3aMMOCBsI3el CHWXaeT 3¢ (eKTUBHOCTE Iepedopa
BapuanToB HC. PemenmeM mnpoOaeMbl MOXKET
CIIy’)KUTh BBEJCHHE METO/IOB COXPAHSIIOIINX «OIBIT»
o0benuHseMbIX ceTed. [IpruMepoM MOXKET CIy>KHTb
croco0 TeHepaliu YacTHBIX OIUCAaHWKA B METOJIe
rpymmoBoro ydera aprymerroB (MI'YA) [1].

MI'VA 1o cyTu cBOEH SIBIISIETCS 3BOJIIOLUOHHBIM
ANTOPUTMOM. 371ECh UMEIOTCS TOMYJISIUs (YaCTHBIE
OTHCaHMs), OIOXH (psAabl), CKPCIINBaHHE W
cenekius. M3pecturl npunoxkenns MI'YA k 3amaue
cuateza HC [7][8]. B »a3tux wuccnemoBaHusIX
HCHONB3YKOTC  CeTH € MOJIMHOMHAIBHBIMHU
(yHKIUSIME  akTHBaLMKM HeWpoHoB. Helponsr B
TaKUX CETSIX BBIYMCISAIOT MOJMHOM OT JBYX
nepeMeHHbIX. B maHHOW paboTe mpeanmararoTcs
METOAbI CUHTE3a HCKYCCTBEHHBIX HC
HCIIONIB3YIOIINEe HEHPOHBI ¢ CUTMOUTHON (PyHKITHEH
aKkTUBanMu. Takue CeTH WCIONB3YyIOTCs Ooree
APOKO. SIBHBIX OrpaHMYEHHN Ha KOJIUYECTBO
MIPUHUMAEMBIX HeHpoHOM CUTHAJIOB HE
HaKJa/bIBaeTcs.

2. CUHTE3 HEMPOHHbIX CETEW C
CUrMOMVOHOW ®YHKUMEW
AKTMBALIMW HEAPOHOB

B wmuoropsgaom (moporoBom) MI'VA [1] Ha
BXOJl TIOJMAETCSI HEKOTOPBIA BEKTOpP BXOJHBIX
MEPEeMEHHBIX  X=X[,Xp,...,X,. Ha TIepBOM psay
CeNeKIMH  00pa3yloTCsl  «4acTHBIE  OMHUCAHUMY,
O0BEIMHSIONINE BXOJIHBIC TIEPEMEHHBIE IO JBE:
yi=ti(x,x2), yo=fi2(X1,X3),. ., ys=Tis(Xn-1,Xn). U3 HEX
BEIOMpAIOTCS ~ OTPaHMYEHHBI  HA0Op  YaCTHBIX
ommucanuii  F;  Hambomee  yIOBIETBOPSIONIMX
BHEITHEMY KpHUTepHIo ceiekiuu. Ha BTOpoM psay
00pa3yloTcss 4YacTHBIE OITMCaHUS BTOPOTO psija:
2i=H1(y1,y2), 2o=500(y1,Y3),- -, Zp=Fop(Ys-1,ys). U3 HEX
BeIOMpaeTcs F, Hamiaydmwmx A WCIONB30BaHUS B
CIeNyIoleM, TPeTbeM psAny U T. I. [nda xaxmoro
psina HaxoguTcs Hawiydmas (M0  KPUTEPHIO
CEJIeKIINN ) MOJIENb. Pl cenexnum HapamuBaroTCs,
[OKa OIEHKa KPWUTEpHs yMEHbIIaeTcs. PazimdHbie
BapHMaHTBl MHOropsjgHoro moporooro MIYA
monpo6Ho omucanbl B [1]. Hekoropwie BapuaHTHI
MI'Y A uCHONB3YIOT pa3InIHBIC OMOPHEIE (yHKITHH.
[upokoe pacnpocTpaHEHHE MOIYYHIN AITOPUTMBI
C KOBapHaLMSIMH M C KBaJpaTHYHBIMH YaCTHBIMU

ONHMCAHUAMHU. B 3THX alropuTMax HCIOIB3YIOTCS
CJICTYIOIINE YaCTHEIE OMMCAHUS

F(xl,xz): a,+a,x, +a,x, +a3x12 + 0

a4x22 +asx,x,
F(xl,xz):ao +a,x, +a,x, +a;x,x, )

Xorts cymectBytoT MI'Y A ucnosbs3yroIiye onopHbie
¢yHkuun ~ Oojmee  4YeM  OBYX  apryMEHTOB
(0600mennasie MI'YA), TeM He MeHee, I CHHTE3a
HC (Ha3BIBaEMBIX MI'YA CETH TN
MOJMHOMHUANBHBIE CETH) HCHONB3YIOT OIMNOPHEIC
¢ynkuun nByx aprymentoB Buma (1) m (2) [7][8].
Bo3MOXHO, OrpaHHueHHe Ha 4YHCIO apryMEHTOB
OTpaBllaHO B CIIyYae HCIOIB30BAHUS TIOJMHOMOB,
TaK KaK CIIOKHBIE TOJIMHOMHUAIBHBIE MOJICIH, MPH
MOJCTPOMKE HX MapaMeTpoOB IIOJ OIMCHIBAEMbIC
JaHHBIE, BEIyT ce0sl HEyCTOWYIMBO.

OpnHa 13 0cOOEHHOCTEH MpeACcTaBIeHHON paboThI
B TOM, 4YTO B KauecTBE OIOPHOH (YHKIUH
ucnonp3yroTcss HC ¢ HelipoHamul, BBIYUCIISIOIITIME
curmouinyto ¢QyHknmo. CUrMOWAHOW (QYyHKIHUEH
Ha3biBaeTcsd (QyHKUUs, rpaduK KOTOpOH uMeeT S-
oOpasHyr0  ¢opMmy, gapmas NpUOIU3UTEITHHO
JIMHENHBIA OTKIIMK B CEpEAUHE BXOJHOTO Juana3oHa
1 3¢ EeKT HACHIEHNUs Ha €ro KOHIax. JTOT Kiacc
¢byHsKmiA 6onee TpamuioHeH B peammzanusix HC,
[I0 CPaBHEHHUIO C NOJIMHOMaMH. B uccinenoBaHumsx
UCTIOJIb30BANIaCh (DYHKIIHS

=y O

rjae X-BEKTOp BXOJHBIX CUTHAJIOB; A-BEKTOP BECOB
CHHAIICOB; ¢ — KOHCTaHTa, BhIOMpaeMasi U3 OTpe3Ka
[0.1,1]. Beibop dynkumu (3) onpeneneH mpoCTOTOH
ee peanmzaud W BeumcieHns. OgHEM U3
HEIOCTAaTKOB TIOJIMHOMOB SIBJISIETCSl TO, YTO OHH
OBICTPO YXOZT B 0ECKOHEYHOCTh BHE HHTEpBaNa, Ha
KOTOpPOM 3ajaHbl 3HaueHus. DyHkuus (3) numena
aToro Hejocrarka. OHa TNajaKas, HepepbIBHAS Ha
BCEM JAMamna3oHe IMEepeMEeHHBIX X W A, IuanazoH
3HaueHMH Bcerna orpanudeH. C poCTOM 3HAYCHHS

(X ,A) ¢ynkuust  (3) Oyoer acHMMIITOTHYECKH

CTPEMUTHCS K 1, C yMEHBIIEHUEM aCUMITOTHYECKH
cTpeMuThes K -1 (puc. 1).

Hpyroii  0COOEHHOCTBIO  PabOTBI  SIBJISETCA
YHUBEPCAIBHOCTh IIOJIy4EHHBIX pe3ynbTaToB. M3
MI'YA 3auMcCTByeTCS TOJBKO CIIOCOO TeHEepauuu
JacTHBIX omnucaHuil. IlomydeHHBlE pe3ynbTaThl
MOJKHO HCIIOJIb30BaTh B JPYTHX DBOJIIOIUOHHBIX
anroputMax  cozmanuss  HC,  ucmonb3yroniux
OIEpallUd  CKPELIUBaHUA HapsAy C JpyruMH
OTepaIysIMH.
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Puc. 1 — Ilpumep rpauka curMouaHoi pyHKIUM

3. SKCMNMEPUMEHTbI

JaHHBle A0S OKCIIEPUMEHTOB OBLIH B3SITHI W3
npoekta ELENA sBnsomerocst 0o1HUM U3 MPOEKTOB
ESPRIT B obmactu (byHIaMEHTATBLHBIX
uccnenoanuii (Basic Research ESPRIT project
Number 6891). TecTbl TPOBOANINCH HA CIEAYIOLINX
3a/avax: pacroszHaBaHue TumoB TekcTyp (Texture
database); knaccuukanus CHUMKOB CO CIIyTHHKA
Landsat (Satimage database); pacmo3HaBaHue
tdonem ¢paniysckoro s3pika (Phoneme database);
pacrio3HaBanue THNOB IBeTkoB wmpuca  (Iris
database); kmaccupukanms B choydae — JABYX
MEPEeKPHIBAIOIIUXCS  KJIacCOB  C  HEIMHEHHOI
rpanuiei, pasaenstomnieit kimaccel (Clouds database);
KJaccupUKaIms B cirydae IBYX HE
MEPEKPHIBAIOIINUXCSI W JUHEHHO HE pa3JIelIuMBbIX
knaccoB (Concentric database); kiaccudukamus B
cly4ae JBYX TMEPEKPBHIBAIOIINXCS  TayCCOBBIX
pacnpenencuuii (Gauss 3D databases). [lns cunTe3a
HC wucnonp3oBancs wHeiipoumuratop Neurogenesis
(POCITATEHT Ne2005611168). O mo3BossieT, ¢
MMOMOIILI0  JBOJIIOIMOHHOTO  Tomcka  [2][5],
ABTOMATUYECKH ONTUMHU3UPOBaTh CTPyKTYpy HC,
yMmeHpmasi ommbOku 00o0menns. Cuate3 HC
BBITIOJIHSIIICS [ OTKJIIOUEHHOH onuuen
ucnonb3oBanuss MI'VA. Ilpu cunteze HC, Hapsny c
JIPYTHMUA METOIaMH (xpome MI'YA),
HCIIOJI30BAIOCH OOBEIMHEHNE CeTel B KOJIJIEKTHBBI.
3agaun KJIacCU(pHUKALUU c yauTeneM
(hopMyIMpoBaNKHCh Kak 3a/a4d ammpOKCHMAIUU C
3a7aHHOM TOYHOCThIO. Hampumep, eciu 3aaHo Tpu
KJIacca, TO KjlaccaM MPHCBaUBAIUCh COOTBETCTBEHHO
Homepa 0, 1, 2. Ommbka onpenensiach Kak pa3HUIA
BBIXO/Ia CETH W HOMepa Kjacca. JTO He camas
s¢dhexTuBHAsT METOJMKA  peIIeHus  3aJadu
KJIACCU(UKAIIMKA C YYUTEJIEM, HO B JIAHHOM CIIy4ae
OHa TIpHeMJIeMa, TaK KakK IeJbl0 paOOThl SBISETCS
ornerka 3¢pdexra or mcmoms3oBanus MIYA. s
BCEX 3a/Jady pa3Mep MOMyJSIUH 3BOJIOLHUOHHOTO
anroput™a coctasisul 100 BapuantoB ctpykTtyp HC.

MI'VA OIIEHUBAJICS o pe3yJibTaram
TECTUPOBAHUSI YACTHBIX OIMUCAHUI BTOPOTO psla
cenekuuu. JIng  KaxmoW ~ TECTOBOM  3ajaudu

cuHre3upoBanuchk JnBe cetd N1 u N2. B cuny
UCTIoNIb30BaHus B Neurogenesis METOZOB CITy4YaiftHOM
ONTUMH3ALMHU, CETU UMENU PA3NUYHBIE CTPYKTYPY U
napameTpbl. 3aTeM KaXKIblii HpUMep JOMOIHSIICS
aByMs nossimu.  IlepBoe  mosie  3amonHsUIOCH
3HaueHHWEM BbIXofa ceTd N1 Ha JaHHOM IpuUMepe.
Bropoe nosne 3anofHsAI0Cch 3HAYEHUEM BBIXOAA CETH
N2 Ha manHom npumepe. Jlanee CHHTE3UPOBAIUCH
nBe cetd N3 u N4. Ha Bxox cetn N3 momaBajinch
ToNbKO curHanbl oT ceteir N1 u N2 (puc. 2). Ha
BX0J ceTd N4 MojaBajiuch BCE MOJS PACUIMPEHHBIX
npumepoB (puc. 3).
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Puc. 2 — CTpyKTypa 4acTHOr0 ONHCAHUS BTOPOIO
psilia ceJIeKIIMU MOJIeJIMPyeMoro ceTbio N3
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Puc. 3 — CTpyKTypa 4acTHOr0 ONMCAHUS BTOPOI0O
psia ceJeKIHH MOAeTUPYeMOro ceThbio N4

\.
/'

Cunre3 cereit N3 u N4 moxmenupyer coznaHue
YaCTHBIX OMHMCAHWIA BTOPOTO psia cenekmmun MIYA.
Cerb N3 wmogmenmupyer MI'VA, ucnonb3yroniumi
BXOJHBIE TICPEMEHHBIE TOJBKO Ha TIEPBOM pSIAy
cenekimu. Cerb N4 momemupyer MIVA,
WCIIOJIB3YIOIIMI BXOJHBIC MEPEeMEHHBIC Ha KaXKIOM
psany ceneknuu. Bce ceTH CHHTE3UPOBAINCH C
OJIMHAKOBBIMH HACTPOWKAMU aJTOPUTMA OOYUICHUS U
ONTUMH3AINN CTPYKTYpPHl. MICXOTHBIE TOCTaHOBKH
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TECTOBBIX 33/1a4 yCIOKHSUIACH (COKPAIIAIOCh YHCIIO
o0yYarmux mpuMepoB), Tak 4TtoOsl cetr N1 u N2
HE JOCTHTald BBICOKOW TOYHOCTH KIaCCH(HUKALUU.
B mpotuBHOM ciiydae He ymaiock OBl OIICHHTH
a¢dextr or MI'YA. [Mapamerpsl 3amau cunresa HC
npuBeneHsl B Tabnuie 1. B kojgoHke © ykazaHa
TpeOyemass TOUHOCTb BbIXOAa ceTeil. B komoHke S
yKazaHo KoiuuecTBo cuHarncoB B HC craproBoit
TIOTTYJISIIIHH.

Tab6auna 1 — [IapameTpsl 3a1a4 CUHTE32 HEHPOHHBIX

ceTer
3ajgaua Kon-Bo Kon-Bo c S

00yYaroIuXx | TECTOBBIX

IPHUMEPOB [IPUMEPOB
Texture 1000 4000 0.1 | 100
Satimage 1000 5000 0.49 | 100
Phoneme 1000 4000 049 | 50
Iris 100 50 0.1 | 10
Clouds 1000 4000 049 | 10
Concentric 50 2450 049 | 10
Gauss 3D 100 4900 0.49 | 10

Taxke B XO/J€ WCCIENOBAHWN BBICHIIOCH, Kak
BJIMSIET CTPYKTypa HeHWpoHHBIX ceTedl N3 u N4 Ha
omuOKy TectupoBanus. N3 u N4 CTpomnmuch Kak
CJIOUCTBIE CeTu [4]. Cnouctsie CeTH
XapaKTepPU3YIOTCS KOJIMYECTBOM CJIOE€B W YHCIOM
HEHpOHOB B KaxkaoM cioe. Xora Neurogenesis u
MO3BOJISIET aBTOMAaTHYECKH MoAOUpaTh Haumbolee
noaxoasmyro  crpykrypy  HC, B memsax
WCCIIEIOBaHNS OBUIM HAaJOXEHBl OTPaHWYCHHS Ha
IpocMaTpUBaeMble B XOJIe JBOJIOIUU BapHUaHTHI
CTpykTyp. B Tabmume 2 mpeacTaBieHBI
MIPOTECTHPOBAHHBIE BAapPHUAHTBI CTPYKTYP CIOMCTHIX
ceTen.

Tabauna 2 — BapuanTsl cTpyKTYp ceTeil
MO/IeJIMPYIOIINX YACTHbIC ONIMCAHUSA BTOPOI0 psaa

CeJICKIINHA
Ne Kon-Bo Kon-Bo
BapHuaHTa CJI0€B HEHPOHOB B
CTPYKTYpHI cioe
1 1 2
2 1 3
3 1 4
4 2 2
5 2 3
6 2 4
7 3 2
8 3 3
9 3 4

Pesynbrater TectupoBanus cereit N1 u N2 npuBeneHsI B
Tabnume 3.

Taéauna 3 — Pe3y1bTaThl TECTUPOBAHUSA HEHPOHHBIX
ceteii N1 u N2 MoaeupyoOIINX YACTHbIE ONMCAHUSA
NEepPBOro psija ceJleKNHH

3amaua ITpoIieHT BEepHO PEIIeHHBIX
TECTOBBIX IPUMEPOB
N1 N2
Texture 69.18% 77.60%
Satimage 33.94% 31.32%
Phoneme 77.18% 81.34%
Iris 78.00% 64.00%
Clouds 85.90% 84.60%
Concentric 95.96% 96.49%
Gauss 3D 71.24% 71.26%

PesynbraTel TectupoBanus cereit N3 u N4 c
PasTUIHON CTPYKTYPOU NMPHUBEACHBI B TAOIHWIAX C 4
mo 12.

Tabéauua 4 — Pe3y1bTaThl TECTHPOBAHUSA HEHPOHHBIX
ceTel co cTpykTypoi Ne 1

3amada [IporeHT BepHO pemeHHBIX
TECTOBBIX MPUMEPOB
N3 N4
Texture 78.12% 78.89 %
Satimage 34.32% 33.98%
Phoneme 81.57% 82.21%
Iris 79.00% 78.77%
Clouds 86.31% 86.52%
Concentric 97.72% 97.04%
Gauss 3D 72.27% 72.00%

Tab6umna S — Pe3y1bTaThl TECTHPOBAHNSA HEIPOHHBIX
ceTel cO CTPYKTYpoi Ne 2

3amada [IporeHT BepHO peleHHbIX
TECTOBBIX TPUMEPOB
N3 N4
Texture 78.49% 78.97 %
Satimage 35.09% 34.04%
Phoneme 82.07% 82.78%
Iris 79.65% 78.90%
Clouds 87.23% 87.12%
Concentric 97.75% 97.54%
Gauss 3D 72.17% 72.24%
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Tabauna 6 — PesynbTaThl TeCTUPOBAHMS HEHPOHHBIX
ceTeil co cTpyKTypoii Ne 3

3amaua [IporieHT BepHO pemeHHBIX
TECTOBBIX TPUMEPOB
N3 N4
Texture 78.13% 78.67 %
Satimage 34.49% 34.00%
Phoneme 81.57% 82.21%
Iris 79.33% 78.86%
Clouds 87.65% 87.05%
Concentric 97.20% 97.07%
Gauss 3D 73.78% 73.21%

Tabauna 7 — Pe3y1bTaThl TeCTUPOBAHMS HEHPOHHBIX
ceTeli co cTpyKTypoii Ne 4

3anaua IIponieHT BEepHO peLIEHHBIX
TECTOBBIX IPUMEPOB
N3 N4
Texture 78.20% 78.13 %
Satimage 35.62% 34.23%
Phoneme 81.67% 82.75%
Iris 79.61% 79.00%
Clouds 86.23% 86.37%
Concentric 98.04% 97.57%
Gauss 3D 73.23% 73.22%

Tabnauua 8 — Pe3ybTarhl TeCTUPOBAHMS HeliPOHHBIX
ceTell o CTpyKTypoii Ne §

3anaua [IporieHT BepHO pemeHHbIX
TECTOBBIX MPUMEPOB
N3 N4
Texture 78.02% 78.23 %
Satimage 35.54% 33.96%
Phoneme 81.68% 82.89%
Iris 79.46% 79.03%
Clouds 86.98% 86.35%
Concentric 98.03% 97.64%
Gauss 3D 73.08% 73.23%

Tabauna 9 — PesynbTaThl TeCTUPOBAHMS HEHPOHHBIX
ceTell o CTPYKTypoii Ne 6

3anava [IporieHT BepHO peleHHbBIX
TECTOBBIX TPUMEPOB
N3 N4
Texture 78.00% 78.03 %
Satimage 35.13% 33.36%
Phoneme 81.56% 82.43%
Iris 79.20% 79.13%
Clouds 86.97% 86.31%
Concentric 97.78% 97.56%
Gauss 3D 73.02% 72.45%

Tab6uuna 10 — Pe3yabTaThl TeCTUPOBAHNS HeliPOHHBIX
ceTel co CTPyKTYypoOii Ne 7

3amada [IporeHT BepHO pemeHHBIX
TECTOBBIX TPUMEPOB
N3 N4
Texture 81.14% 85.56%
Satimage 49.07% 34.23%
Phoneme 82.04% 81.21%
Iris 91.33% 77.69%
Clouds 87.40% 86.33%
Concentric 98.34% 98.02%
Gauss 3D 74.00% 74.32%

Tabauna 11 — Pe3yabTaThl TECTUPOBAHUS HEl{POHHBIX
ceTell co cTpyKTypoOii Ne 8

3anaua [IporieHT BepHO peLICHHBIX
TECTOBBIX IPUMEPOB
N3 N4
Texture 81.49% 85.90%
Satimage 49.14% 34.46%
Phoneme 82.77% 81.50%
Iris 91.33% 78.00%
Clouds 87.47% 86.57%
Concentric 99.22% 99.10%
Gauss 3D 75.22% 74.16%

Ta6auna 12 — Pe3yapTaThl TECTUPOBAHUS HEiiPOHHBIX
ceTel €O CTPyKTYypoii Ne 9

3amada [IporeHT BepHO pemeHHbIX
TECTOBBIX IPUMEPOB
N3 N4
Texture 81.03% 85.11%
Satimage 49.10% 34.32%
Phoneme 81.23% 81.51%
Iris 90.99% 77.89%
Clouds 87.30% 86.11%
Concentric 98.78% 98.81%
Gauss 3D 75.12% 74.05%

CpenHuii TpPOLEHT BEPHBIX OTBETOB IO BCEM
3agadaM A cetel N3 m N4 B 3aBUCHMOCTH OT
BBIOpPaHHOH CTPYKTYpHI IPUBEJICH Ha puc. 4 1 5.

85-
80
75- m m
70 m mE
65+ =1 m mE
60

Puc. 4 — 3aBHCHMOCTD CpeJJHEro NPOLEHTA NPABUIILHO
pelIeHHBIX TECTOBBIX IPUMEPOB B 3aBUCUMOCTH OT
BBIOpPaHHOM cTPYKTYpHI ceTu N3
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77,5+
771
76,5-
761
75,5-
75+

Puc. 5 — 3aBucuMoOcCTb cpeHero NPoLEHTa NPABHJILHO
PeLIeHHBIX TECTOBBIX NIPUMEPOB B 3aBHCUMOCTH OT
BbIOpaHHOI cTPYKTYpHI ceTH N4

AHaJ'II/I3 PE3YJIbTAaTOB TECTUPOBAHUA I1IOKA3bIBACT,
yTo  Hauboyiee  TPEANOYTHTEIBHONH  SBISIETCS
CTPYKTypa C TpeMs CIOSIMU U TpeMs HeHMpoHaMu B
KaXIOM CJIO€ Kak JId ceTH N3, Tak U I ceTu N4,
MIMEHHO 3Ty CTpYKTypy MOXKHO PEKOMEHIOBaTh B
KayecTBe HAYaJIbHOTO BapHaHTa OMOPHOW (DYHKITHH.
JanpHelias 3BOJIONMS  CTPYKTYp TMPUBEAET K
HanboJiee MOAXOMAIIEH CTPYKTYpe Il KOHKPETHOM
3a7a4H.

4. BbiBOAbI

[IpoBeneHHBIE  AKCIEPUMEHTHI  MOKAa3BIBAIOT
MOBBIIIEHUE TOYHOCTH HEUPOHHBIX CeTed TMpu
npumenenun MI'YA. B cpemnem, HanOombIuas
3¢ (heKTUBHOCTh HAONIOMACTCS TPH NPUMCHEHHUU
MI'VA wucnonb3yromero BXOAHBIE HEPEMEHHBIC
TOJIBKO Ha TIEPBOM PSIy CEICKIWH. TOJBKO IS
3aa4uu pacro3HaBaHus TEKCTYP (Texture)

HaOmoganack Oonpmas 3¢dexktuBHOcTh MIYA
HCTIONB3YIONIETO BXOJHBIC TIEPEMEHHBIC Ha KaXKIOM
psany cenmekinun. HecmoTps Ha TO, YTO TIpH
TCHEpali 4YacTHBIX ONHCAaHWH IEepBOTO psAa
cenmeknmn  (cetm N1 um N2) mnpumensiach
SBOJIIOIIMOHHAST ONTHMH3ALUS CTPYKTYpBI CeTed |
00beMHEHNE CETeH B KOJICKTHUBBI, TECTHPOBAHHE
YaCTHBIX OMHCAHWH BTOPOTO pPsjia CEJICKIHU (CeTH
N3 w N4) mnoka3slBaJio CYIIECTBEHHBIH pPOCT

TOYHOCTH MOJCIIMPOBaHUS. OTO TOBOPUT 00
ONPaBAAHHOCTH BBEICHUS METOIOB OOBEIWHEHUS
cerei mo MIYA B mpouedaypy CHUHTE3a

HeilpoceTeBbIX Mojenel. B kauecTBe HavalbHOTO
BapHaHTa OMOPHON (PYHKIIMU PEKOMEHAYETCS OpaTh
TPEXCIONHYIO CETh C TpPEeMA HEUPOHAMH B KaXKIOM
cloe.
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Abstract: The expediency of application of group method of data handling (GMDH) in synthesis supervised artificial
neural networks is considered. Comparison of efficiency of two variants GMDH is carried out. Methods using entrance
variables on everyone and only the first line of selection are considered. Efficiency of offered methods is estimated

experimentally on practical problems.
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1. INTRODUCTION

There are practically important problems in
which application of neurocomputing methods
demands use of networks containing hundreds or
more neurons. Sometimes the available the data
volume is insufficient for qualitative training
networks by existing methods. Sometimes both
factors are present simultaneously. It results in a
high mistake of generalization [3][4]. The
requirement to volume and data quality essentially
depends on the chosen of connection between
neurons. There are researches in which are used
evolutionary search methods for neural networks
synthesis [6][2][5]. Evolutionary algorithms demand
the big computing expenses. Therefore there is
actual a problem of effective evolutionary search
and it adaptation to a neural networks synthesis. It is
necessary to use crossing operations allowing
effectively uniting "experience" of two or more
neural networks. The group method of data handling
[1] is evolutionary algorithm. GMDH it was used for
synthesis of neural networks [7][8]. In these
researches were used networks with polynomial
functions of activation neurons (high order
perceptron). Neurons calculate a polynom from two
variables in such networks. In given article are
offered synthesis neural networks methods using
neurons with sigma-function. Restrictions are not
imposed on amount of input signals in neuron.

2. SYNTHESIS OF NEURAL NETWORKS
WITH SIGMA-FUNCTION OF
ACTIVATION NEURONS

Multi-line threshold GMDH [1] receives some
vector of entrance variables x=x;, X, ...,X, on an
input. «Individual descriptions» uniting entrance
variables are formed in pairs on the first line of

selection:  y;=f1;(x1,X2), y>=f12(X1,X3),...,Ys=f1s(Xn.
1,Xn). Limited set of individual descriptions F; get out
of the satisfying external criterion of selection from
them. Individual descriptions of the second lines are
formed on the second line: z=f(y1,y2),
2=00(Y1,y3),- . -, Zp=Top(Ys-1,ys). The best individual
descriptions get out F, from F; for use in the
following, the third line, etc. Best (by criterion of
selection) model gets out for each lines. Lines of
selection are increased, while the rating of criterion
decreases. Various variants multi-line threshold
GMDH are in detail described in [1]. Algorithms
with covariations and with square-law individual
descriptions are popular. The following individual
descriptions are used in these algorithms

F(xl,xz): a, +a,x; +a,x, +a3x12 + 0

2
a,x; +asx,x,
F(xl,xz):a0 +a,x, +a,x, +a,x,x, 2)

Though exist GMDH using basic functions more than
two arguments (generalized GMDH), nevertheless,
for synthesis of neural networks (named GMDH
networks or polynomial networks) use basic
functions of two arguments (1) and (2) [7][8].
Complex polynomial models behave unstably at
tuning their parameters under the data. It is offered
to use neural networks with neurons, calculating
sigma-function, as basic functions

F(X,A)=(X’%+(X,A]) G)

Where a X-vector of input signals; a A-vector of
weights synapses; ¢ - a constant chosen from a range
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[0.1,1]. One of lacks of polynoms is that they
quickly leave in infinity outside of an interval on
which values arguments are set. Function (3) is
deprived this lack. Function (3) aspire to 1 with
growth of value (X ,A), with reduction to aspire to

—1 (fig. 1).

Fig. 1 — Example of the sigma-functions

3. EXPERIMENTS

The data for experiments have been taken from
project ELENA being by one of projects ESPRIT in
the field of basic researches (Basic Research
ESPRIT project Number 6891). Texture database,
satimage database, phoneme database, iris database,
clouds database, concentric database and gauss 3D
databases were used for testing. Neurosimulator
“Neurogenesis” was used for synthesis of neural
networks. It allows, with the help of evolutionary
search [2][5], automatically to optimize structure of
a neural network. The mistake of generalization is
used as criterion of optimality. Synthesis of neural
networks was carried out with the switched - off
option of use GMDH. The size of a population of
evolutionary search made 100 variants of structures
of neural networks for all tasks.

GMDH was estimated by results of testing
individual descriptions of the second lines of
selection. Two networks NI and N2 were
synthesized for each test task. Further each example
was supplemented with two fields. The first field
was filled by value of an output of network N1 on
the given example. The second field was filled by
value of an output of network N2 on the given
example. Further two networks N3 and N4 were
synthesized. On an input of network N3 signals from
networks N1 and N2 moved only. On an input of
network N4 all fields of the expanded examples
moved. Synthesis of networks N3 and N4 models
creation of individual descriptions of the following
lines of selection GMDH. Network N3 models
GMDH, using input variables only on the first line
of selection. Network N4 models GMDH, using
input variables on each line of selection. All
networks were synthesized with identical algorithm

settings of training and structure optimization.
Parameters neural networks synthesis tasks are
shown in table 1. Required precision of an output of
networks is specified in column o. Amount of
synapses are specified in neural networks of a
starting population shown in column S. Results of
experiments are shown in table 2.

Table 1 — Parameters of neural networks synthesis

tasks
Tasks Amount of | Amountof | o S

training test

samples samples
Texture 1000 4000 0.1 | 100
Satimage 1000 5000 0.49 | 100
Phoneme 1000 4000 0.49 | 50
Iris 100 50 0.1 10
Clouds 1000 4000 049 | 10
Concentric 50 2450 049 | 10
Gauss 3D 100 4900 049 | 10

Table 2 — Results of neural networks testing

Tasks Percent of correct solved test examples
N1 N2 N3 N4

Texture 69.18% | 77.60% | 81.49% | 85.90%
Satimage | 33.94% | 31.32% | 49.14% | 34.46%
Phoneme | 77.18% | 81.34% | 82.77% | 81.50%
Iris 78.00% | 64.00% | 91.33% | 78.00%
Clouds 85.90% | 84.60% | 87.47% | 86.57%
Concentric | 95.96% | 96.49% | 99.22% | 99.10%
Gauss 3D | 71.24% | 71.26% | 75.22% | 74.16%

4. CONCLUSION

Experiments show increase of accuracy of neural
networks at application GMDH. On the mean, the
greatest efficiency is observed at application GMDH
using entrance variables only on the first line of
selection.
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