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BBEJAEHHUE

B kauecTBe BBEACHUS KPAaTKO PACCMOTPUM HCTOPHUIO CO3JaHUS U PA3BUTHSA
HMCKYCCTBEHHBIX HEUPOHHBIX CETEM.

Bnepseie 0 Hux 3aroopwin B 1940-x romax. Cuumtaercs, 4TO TeOpus
HEWPOHHBIX CETEH, KaK HAy4YHOE HaMpaBjieHUE, Oblla 0003HAYEHA B KJIACCUUECKON
pabote Max Kamnnoxa v IHummca B 1943 1., B KOTOPOH YTBEPKIAIOCh, UTO, B
npuHIMNE, JHOOYyI0 apu(METHUSCKYI0 WA JIOTHYECKYIO (DYHKITHIO MOXKHO
peanru30BaTh ¢ MOMOIIBIO MPOCTOW HEUPOHHOM CETH.

Cpenu OCHOBOIOJAralonMx padoT CleayeT BBIACIUTbL Mojenb /[. Xa60a,
KoTopblid B 1949 r. npennoxun 3akoH 00y4YeHUA, SABUBIIUICSA CTAPTOBOW TOUKOH
JUISl QITOPUTMOB O0YUYEHHA MCKYCCTBEHHbBIX HEHPOHHBIX CETEH, a TaKkKe TEOPEMBbI
M. Munckoco W WCCIENOBaHUS WM PsAJa TUIOBBIX 3a7a4y, B TOM YHUCIE,
nonyJiapHo# 3aaaun «ckmouaromero « JIA» [6].

B 1958 r. @. Poszenbramm npennoxusl HEHUPOHHYIO CE€Th, HA3BAHHYIO
nepcenTpoHoM [7], #M mocTpows TEepBbIA  HeHWpokommbioTep  «Mapk-1».
[lepcenTpon ObuT TIpeAHA3HAYECH IS Kiaccuukaimu OOBEKTOB W TOydan Ha
sTane OO0YUYEHUsS] OT «YUUTeIsA» COOOIICHHE, K KAKOMY KJIacCy MPUHAIJIEKUT
npeabsaBaAeMbii  00bekT.  OOyueHHbIH  mepcenTpoH  ObLT  CcMocoOeH
Kiaccu(pummpoBaTh OOBEKTHI, B TOM UHCJE, HE WCIIOJB30BABIIHECS TPH
o0y4eHuH, feas Mpu ’TOM OUYE€Hb MaJIO OIITMOOK.

3atem, nocie paspadotok 1950-x u 1960-rr. HacTynwi mepuo 3aTUILIb,
auBimiicsa ¢ 1968 mo 1985 rr.

B 1985-1986 rr. Teopusi HEHPOHHBIX CETEH MOJIyUMJIa «TEXHOJOTHUCCKUN
HUMITYJIbCY», KOTOPBIM ObLT BBI3BAH BO3MOXXHOCTHIO MOJECIUPOBAHUS HEHPOHHBIX
ceTel Ha MOSABMBIIMXCS B TO BPEMs JOCTYIHBIX M BbICOKOMPOWU3BOIAUTEIBHBIX
MEPCOHAIBHBIX KOMMbIOTEPAX [3].

HactonpHO#l KHUTOW CHEnuajgucTa, MOJCIUPYIOMIEr0 U MNPUMEHSIONIETO
HEHWpOHHBIE ceTH, cTajna padota . Yoccepmena «HeHpoKOMIBIOTEpHAS TEXHUKA»
(M31aHa HA PyCCKOM si3bike B 1992 1)) [8].

B  HacTosiiee Bpems, 1O OLECHKAM  CHCHHMAIUCTOB,  O0XUAAETCSA
3HAUUTEJIbHBIA TEXHOJOTUYECKUI POCT B 00JACTU MPOEKTHUPOBAHUS HEHPOHHBIX
ceTel U HEHPOKOMIIBLIOTEPOB. 3a MOCJCIHUE TOAbl YK€ OTKPHITO HEMAJIO HOBBIX
BO3MOXKHOCTEH HEHpPOHHBIX ceTei, a padoThl B JAHHOW OOJACTH CTaHOBATCA
BOKHBIM BKJIQJIOM B MPOMBIILJICHHOCTh, HAYKY W TE€XHOJIOTHMH, UMEIOT OOJIbIIIOE
SKOHOMHUYECKOE 3HaueHue [9].

OnHako BCE TMOMBITKM TOHATH M MOJACIHUPOBATH OOBEKTHUBHBIC MPOILECCHI
06paboTkn WHGpOPMAIIMH MO3IOM 4YEJIOBEKAa ITOKa 0OCOOOro ycrexa He HMENH.
Hecmotpa Ha TO, uTO pa3pabOTKU MO HEHPOHHOMY MOJCIMPOBAHUIO BEIYTCS
HelipoOuosioramu yxke 0onee 50 jeT, HET HU OAHOM 00NacTH MO3ra, rie MpoIecc
obpaboTku uHpopManuu ObUT OB ICEH 10 KOHIA. Takke HU JJI1 OJHOTO HEHpOHa
B MO3r€ MOKa HEBO3MOXKHO OMNPEACIUTh KOJ, KOTOPbIA OH HWCHOIb3YEeT JJIs
nepeaaur nHoOpMaIu B BUIE TIOCIE0BATEIEHOCTH UMITYJTLCOB.



['psaayimumii B3pbIBHOW POCT B 00JACTH HEHUPOKOMMBIOTEPHBIX TEXHOJIOTUH
MO0 BCEH BEpOATHOCTUM OyAET CBA3aH C HOBBIMH OTKPBITHSIMU B 00JacTH
HEWPOHHOTO  MOJCJIMPOBAHMS — KAk TOJIbKO Mbl  pasrajaeM TaiHy
(hyHKITMOHWPOBAHUA XOTS OBl OJHOM O0JACTH MO3Ta, TakK Cpasy, MO-BHIAAMOMY,
MOJIYYUM TIPEJCTABIICHUE O PA00Te MHOTHUX APYTUX €ro 00JacTeH.

IIpennonaraercsi, YTO OTKPBHITHE OHOJIOTHYECKUX OCHOB 00padOTKH
uH(}OpPMAITMK BBI3OBET CYIICCTBEHHYIO aKTUBH3AIMIO paldoT B TMOCTPOSHUH
HMCKYCCTBEHHOTO MO3Ta M WHULHALMIO OECMpELEeICHTHOr0 MO CBOEMY pa3Maxy
HAy4YHOTO M TEXHOJIOTMYECKOro MpoekTa. [0 CcpaBHEHUIO ¢ HUM TIJI00AJbHbIE
MPOEKThI MPOIUIOr0 W HACTOAIETO, TAKUE KAK UCCIICIOBAHUE KOCMOCA, OTKPBITHS
anepHo (pU3WKHA, MOJICKYJIsApHAS OWOJIOTHS W TEeHHAasd WHXXCHEPUS TOKAXKYTCS
BeChMa CKPOMHBIMHU. OKHAETCS, YTO HOBBIHM MPOEKT OYAET CMIOCOOCH AJOCTAaTOUHO
OBICTPO N1aTh 3HAYUTEIHHBIM SKOHOMHUYECKHH Y(PPEKT W, HAKOHEI-TO, TOSBHUTCA
BO3MOXKHOCTh CUHTE3UPOBATh «YMHBIC» MAIIMHBI U CUCTEMBbI, CIIOCOOHBIE BMECTO
JIFOJIeH BBIMOJHATh MOHOTOHHBIC, CKyUHbIE U OMACHbIE 3aAaHus [§, 9].

CnpaBeyIMBOCTH paJll OTMETHM, UYTO JJiA JOCTHKCHHS HTUX LENEH, TaKxKe
BKHO PA3BUTHC W PsAfa IPYrux obnacTed mHOPMATHKH, MUKPOIICKTPOHUKHA U
UCKYCCTBEHHOTO MHTEJIEKTA.



1. OCHOBHBIE HAIIPABJIEHUA HPUMEHEHWA
HEHPOHHBIX CETEI U HEMPOKOMIIBIOTEPOB

1.1. TunoBsbIe pemaemMsblie 3a1a494

[ToTreHuMambHbIMA OOJACTAMM TMPUMEHEHUS HMCKYCCTBEHHBIX HEHPOHHBIX
CeTell SBISIFOTCA Te, TJAC UYENOBEUSCKHH WHTEIUIEKT ManodddexTuBeH, a
TPAJAMIIMOHHBIC BBIYMCICHUAA TPYJAOEMKH WM (PU3NUECKH HeaneKBaTHBI (T.€. HE
OTPaXKAIOT WX TJIOX0 OTPAXKAKOT PeaibHble (PU3HUECKHE IPOLECCH U OOBEKTHI).

JIeHCTBUTENBHO, AKTYaJbHOCTb TMPHMEHEHHSI HEHPOHHBIX ceTeil
MHOTOKPaTHO BO3pacTaeT TOrAa, KOraa mNoOsIBJsSIeTCS Heo0X0AUMOCTh
peLeHus n10X0 OPMAIU306aAHHBIX 3a1a4.

HelpoHHas

CeTb

Puc. 1.1. Tunosbie 3axa4u, pemaeMbie ¢ TOMOIIbIO
HEHPOHHBIX CeTeH U HEHPOKOMIILIOTEPOB
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Ta6auua 1.1. OcHoBHbIe 00J1aCTH IPUMEHEeHHUsI HelPOHHBIX ceTeH

IIpombimeHHOCTH

YpaBiacHUE TEXHOJOTHICCKUMH
TPOLIECCaMHU

OreHKa YKOIOTHIECKOM
00CTAHOBKH

OnTHManpHOC TIAHHPOBAHIC

Wnenrndpukanma Buaa
TOJTHMCPOB

O0Hapy>KCHHC TTOBPCKACHIH

ITpunoskeHHUs AaHATUTHICCKOH
XHMHAH

WnerTn(ukanus: XHMAIECKUX
KOMIIOHCHT

IIporuo3upoBaHuE CBOICTB
CHHTE3HPYEMBIX IOITHMEPOB

Paspaborka wedrn u raza

YrpaBiacHUE UEHAMH H
IPOU3BOACTBOM

OnTuMmu3anust 3aKyTOK ChIPbS

Anamms mpodneM (PyHKIHOHHPOBAHAS
32BOJOB H MATa3HHOB

Kontpons kauecTBa
APTE3HAHCKUX BOJ

YrpaBiacHUE BOIHBIMU
pecypcaMu

YupasncHue paboTolt mpecca

Onrummzanust padboTs
MOTOPOB

KonTposb kauecTBa u3aeaui

IIporuosuposBanue
TOTPEOICHHST SHEPTHHI

Bruicoxue TexHOJO0rHH

Oo6opona

IIpoexTHpoBaHue U
ONTHMH3AIHA CCTCH CBI3H

AHanm3 u ckatue H300paKeHUH

Pacno3HaBaHue MEYaTHBIX

H PYKOIIHCHBIX CHMBOJIOB
DarpCcH(UKALNA B THIICBOH |
nmap(QroMEpPHOH MPOM-CTH
OO0c1yXuBaHHE KPEAUTHBIX KapT

Wnenrndpukanma u
Bepu() KA TOBOPALICTO

Bunconabmoacuue

ABTOMATH3UPOBAHHOE PACIIO3HABAHHC
PECUCBBIX KOMAH

Pacnmo3HaBaHuE CITUTHON pe4H C
(1 6¢3) HACTPOHKH HA TOBOPSILCTO

PeucBoii BBOJ TEKCTA B KOMIIBEOTED

Ananm3 BU3yaIbHOH
A3pPOKOCMHUYECKON HH(OpMAIMH

Ot0op menci

O0HapyKCHHC HAPKOTHKOB H
B3PBIBYATHIX BCIICCTB
CrmucHue H300pakeHUH

¢ KPpUMHHATBHOH 04308 TaHHBIX

Ipeackaszanue nenecoodpas-
HOCTH YCJIOBHOTO OCBOOOX/ICH.

Hayka u Texnuka

3apaBooxpaHeHue

TTouck HencmpaBHOCTEH

B HAYYHBIX PHOOpPAx
JIMarHOCTHKA TICUATHBIX IUIAT
WaeHTHHKALHSA TPOIYKTOB
CHHTE3 HOBBIX BHIOB CTCKIIA

ABTOMATH3HPOBAHHOC
MPOCKTHPOBAHIC

OnruMu3anusa OHOIOTHYESCKHX
JKCICPHUMCHTOB

I'eodpm3uteckue u CCHCMOIOTH-
YECKHE HCCIICIOBAHHAS

Pacno3HaBaHHE HHTPEIUCHTOB

CrickTpa IbHbI AHATH3 H
HHTCPIPETALHS CIICKTPOB
HHTepnperanmst NOKa3aHUN CEHCOPOB
MoaempoBanue (PH3HUCCKIX CHCTEM
AHanmH3 JAaHHBIX B OOTAHHKS

[NnaHUpOBaHHE XUMHICCKHX
JKCTICPHMCHTOB

OT00p CCHCOPOB AT KOHTPOJIA
XUMHICCKUX MPOICCCOB

[TporHo3 TeMIepPaTypHOTo PexKuMa
TEXHOJOTHYCCKHX MPOLIECCOB

JluarHocTukKa COOCB CHTHATH3AIUH

WnenTnpukamma MakpoOoB
u OaxTepui

Jlnaraoctuka 3a001¢BaHIH
Wnrepmperamus KT
AHanmm3 KauecTsa IeKapcTB

O0paboTka u aHATH?3
MCAUITHHCKHUX TCCTOB

[TpOrHO3HPOBAHHE PE3YIBTATOB
MPUMCHCHAS METOAOB JICUCHHS

OnruMu3anys aTIeTHIECKOR
IOATOTOBKH

Juarsocruka ciayxa

buznec u punaHChI

Bo100p COBITOBOM MOTUTHKH

ITpunaTHe a IMUHHCTPATHBHBIX
pemeHui

IIpenckazanus HA POHAOBOH
ompxe

AnHanm3 (pHHAHCOBOTO PBHIHKA
Hccrenosanue (haxkropa crpoca
MogempoBanue
Om3HEC-CTpaTETHH
IIpenckazanue HACTYIIICHUA
(PMHAHCOBBIX KPH3HUCOB

[Tporxo3s npudsLm (Cash-flow)

IIpenckazanue u pacHIMBKA
«Y3KHX MECT»

[Iporuo3 3¢ppekTuBHOCTH
KPCAUTOBAHUS

ITporuo3upoBaHKE BAMIOTHOTO Kypca
[TporHo3upoBaHNE M aHATN3 IICH
IToctpoenue Makpo- u
MHKPOIKOHOMHYECKUX MOJCITCH
[peackazanne HCOOXOIMMBIX
TPYAOJHEH A peanu3alui MPOSKTa

IIporuo3upoBaHue MPOAAK

AHamm3 nenei MApKCTHHTOBOH
MOJTUTHKA

IIporuosuposBanue
HKOHOMHYECKHX HHIHKATOPOB
AHanmm3 cTpaxoBbIX HCKOB
OT100p NEPCTICKTUBHBIX KAIPOB
Crparteruu B 0071aCTH
FOPUCTIPYACHIHA

Or11eHKA ¥ IPOTHO3UPOBAHUC
CTOHMOCTH HEIBHKHMOCTH
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HelipoHHble ce€TM MPOAEMOHCTPUPOBAIM CBOK CIOCOOHOCTh PpeIlaTh
cioxHbie 3a1aun. OHA UMEIOT YHUKAIBHBIC TTOTCHIIMAIEHBIE BO3MOXHOCTH, XOTS
HE CBOOOMHBI OT OTPAaHWYCHWA W BOMPOCOB, HA KOTOPHIE JO CHX TIOp HE
CYILIECTBYET OTBETA. Takas CUTyalus HACTPAUBAET HA YMEPEHHBIN ONTUMU3M [§].

Tunosvie 3a0auu, pemiaeMbie C TIOMOIIBIO HEHPOHHBIX CETEH W
HEHPOKOMITHIOTEPOB ciieaytomue (puc. 1.1):

" aBTOMATH3AlMs Mpoliecca KiaccupuKaluy;

"  QBTOMATH3AIUs MPOTHO3WPOBAHMS,

" aBTOMAaTH3alMs MpoLecca NMPEACKA3aHUA,

" QBTOMATH3AIUS MPOIIeCcca MPUHATHS PEIICHHIA,
"  yIpaBJICHUE,

"  KOAMPOBAHWE U ACKOAMPOBAHWE WH(MOPMAITHH,
"  ANMPOKCHMAITUS 3aBHCUMOCTEH U Jp.

1.2. O0630p o01acTeii npuMeHeHus

[Ipumepsl NPUMEHECHUST HEUPOHHBIX CETEH W HEHPOKOMMBIOTEPOB
npeacTaBieHbl B Ta0. 1.1. be3ycnoBHO, JaHHBINA NEpeUYeHb HE MOJIOH, OJTHAKO OH
MO3BOJIACT  MOJYUYUTh MPEJCTABICHUE O  XapakTepe BOCTPEOOBAHHOCTHU
HENPOCETEBBIX U HEUPOKOMITBIOTEPHBIX TEXHOJIOTHH.

B kauwecTBe WUIIOCTpaUMM YCHEIIHOTO TPUMEHEHWS HEHPOHHBIX CETEH
pPaccMOTPHUM clieAyIoIue mpumMepsl [14].

1.2.1.  IIpoexkTHpoBaHUE ¥ ONTHUMU3ALUSA CeTell CBI3U

C noMmoIlbl0 HEHPOHHBIX CETEH YCMEIIHO PElIaeTcd BaXKHasd 3ajaya B
00J1aCTH TEICKOMMYHHUKAITI — HAX0XKICHUE ONTUMAILHOTO TyTH Tpaduka MEX Ty
y3JaMU. YUUTHIBAIOTCS JBE OCOOCHHOCTH. BO-TEPBbIX, PEUICHUE JOJIKHO OBITh
aJanTUBHBIM, T. €. YUYUTHIBATh TEKYIIEE COCTOSAHHE CETH CBSI3M WU HAJIU4YUE
COOMHBIX YUaCTKOB, a BO-BTOPBIX, ONTUMAJILHOE PEIICHUE HEOOXOAMMO HAXOJUTh
B PEAJIbHOM BPEMECHU.

Kpome ympapieHuss wmapHipyTu3alMed MOTOKOB, HEHWPOHHBIE CETH
UCTIONIB3YIOTCS  JUTd  monydeHuss  >(PEeKkTuBHBIX  pemieHnidi B 00JacTH
MIPOCKTUPOBAHUSA HOBBIX TEJICKOMMYHUKAIIMOHHBIX CETEH.

1.2.2. Pacno3HaBaHue peyu

PacriosnaBanme peun — ojaHAa U3 HambOoJiee TOMYyJSIPHBIX OOIacTel
NPUMEHEHUN HEUPOHHBIX CETEN.

JleMOHCTpaIrmoHHAsT CUCTEMA JUI  JUKTOPO-HE3aBUCHMOTO  PEUEBOTO
yTIpaBIIEeHU BCTPOCHHBIM KanbkyJisaTopoM Windows (Poccmiickas kommaHus
HetiponipoekT) cnocoOHa pacmo3HaBaTh 36 KOMaH]I, CKa3aHHBIX B CTaHIAPTHBIA
mukpodoH. Jlns  kmaccudukammu  CIOB  WCTOJB3YETCS  ABYXKacKaaHas
uepapxudeckas HEWpOHHAs CEeTh, TJI€ TEPBBIM KAacKaj COCTOMT W3 OJIHOTO
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nepcentpona (1000 BxomoB, 24 HEWpoHA B CKPBHITOM CJIo€, 6 BBIXOMIOB), a BTOPOH
Kackaja — u3 6 IepCcenTpPOHOB C PA3IMUHBIMU MAPAMETPAMH CIIOEB.

[Ipu 5TOM mTEpBBIH TEPCENTPOH OCYMIECTBISAET TpyOdOe pacro3HaBaHUE
CJIOBA, OTHOCA €ro K OJHOMY M3 0 KIIacCOB, pOJIb BTOPOTO Kackada — TOYHO
KIaccupuIMpoBaTh KOMaHAYy BHYTpM Kimacca. Jlns mocTpoeHus AaHHOH
HEHPOHHOW ceTH wucnojp3yercss Oumbmuoreka NeuroWindows, a Take
CHEUUAJIbHBIA  aJITOPUTM  HEpapxuueckoro oOyueHuda. B oOydeHum cetu
MPUHUMAJIA ydacTue 19 TuKkTopos.

1.2.3. VYmpasjeHue HeHAMU H MPOU3BOJICTBOM

YacTto HEIOONEHHUBAIOTCS IMOTEPH OT HEONTHMAIBHOTO TUIAHUPOBAHUS
TIPOM3BO/JICTBA.

B cBs3u ¢ TeM, 9TO COPOC M YCJIOBHS PEATH3ANUN TPOAYKIHHA 3aBHCAT OT
BPEMCHH, CE30HA, KypCOB BAIOT W MHOTHUX APYrux (akTopoB, TO U 00BEM
NPOW3BOJCTBA JOJDKEH THOKO BapbUPOBATBCA C  IIEIBIO  ONTHMAIBHOTO
MCTIOJIb30BAHMS PECYPCOB.

HeiipoceteBas  cucrema  (kommanuss ~ Neural — Innovation  Ltd.),
npeaHa3HAuYCHHAA [UTA IDIAHWPOBAHUS 3aTpaT MPH M3IAHUM ra3eT, OOHAPYKUBAET
CIIO)KHBIE 3aBHUCHMOCTH MEXAY 3aTparaMi Ha pekiamy, oObeMaMH MPOJaK,
[ICHOM, IICHAaMW KOHKYPEHTOB, JHEM HEICITH, CE30HOM W T.I. B pesymbprare
WCTIOJIb30BAHMSI CUCTEMBI OCYIIECTBIISAETCS BHIOOD ONTHMAIBHOW CTpPATErHu
U3JaTEIbCTBA C TOUKU 3PSHUS MAKCUMU3AIHKA 00beMa MTPOAAK WITH MPUOBLITH.

1.2.4. AHajgu3 NoTpedUTEILCKOI0 PhIHKA

OnuH #3 MOMYJAPHBIX MAPKETHHTOBBIX MEXaHU3MOB — PaCIpOCTPaHCHHE
KyTIOHOB, JMAIONIHAX MPABO TMOKYIIKHM OMPEACIICHHOTO TOBapa co CKUAKOH. Tak kak
3aTpaThl HA PACCHUIKY KYIIOHOB JIOBOJIGHO BEJIMKH, PEMIAONUM (haKTOpOM
ABIIACTCS 9Q)heKkmusHOCmb pacculixu, TO €CTh TIOBBIINICHUE O KIWEHTOB,
BOCTIONTB3YIOMUXCS  CKuAKOW. Jlns moBbimenns 3G @EKTUBHOCTH  KyTMOHHOMN
CHUCTEMBbI HEOOXOJMMO TPOBEICHHUE MPEABAPUTEIHLHON CETMEHTAIlMU PHIHKA, a
3aTeM ajpecarus KIMEHTaM KaKJI0TO CETMEHTa MMEHHO TeX KYMOHOB, KOTOPHIMH
OHH ¢ OOJIBLIEN BEPOSITHOCTHIO BOCIIOJIb3YIOTCS.

HetipocereBas cucrema (kommanmsi IBM Consulting), mporro3upyromias
CBOMCTBA TMOTPEOUTEIHCKOTO PBHIHKA THUINEBBIX MPOJYKTOB, PEIIaeT 3aaady
kiacmepuzayuu ¢ Tniomomeio cereii Koxonmena. Ha Bropom oartame s
NOTPEOUTENCH KAXKIO0T0 U3 KJIACTEPOB MOAOMPAIOTCA MOAXOAAIINE KOMMEPUYECKUE
MPEAIOKEHHS, a 3aTeM CTPOMUTCS MPOTHO3 00beMa MNpPOAAXK AJIA  KaKIO0ro
CErMEHTa.

Jlpyroii MOMyJSApHBIA MapKETUHTOBBIA MEXAHU3M — PaCIpPOCTPAHECHUE
MOOIIPHUTEITFHBIX TOBAPOB (KOT/MA, HAMpUMEpP, MPUCHUIAs 5 STUKETOK OT KOQde,
KIIMEHT  OecIlaTHO  TOJIy4aeT  KPYXKKY).  37eCh,  OOBIYHBIE  METOJbBI
MPOTHO3UPOBAHMS OTKJIUKA MOTPEOUTENEH MOTYT OBITh HEAOCTATOYHO TOYHBHI:
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WHOTa, CIPOC HA KPY)KKHM OKa3bIBACTCS CIIAIIKOM BEJIMK W MHOTHE TOKyHaTelTH
TOJaMH JKIYT TOJTYYCHHS TPH3a.

[Tpornosupyromas HeiipoceTeBas cuctema (kommanusa GoalAssist Corp.)
HCIIOIB3YET CETh C aJalTHBHOM apXuUTEKTypou Helpocumyisaropa NeuroShell
Classifier (kommanuu Ward Systems Group).

Ha Bxomsl manHO# HEHWPOHHOW CETH, MPUMEHAEMOW UTS KJIacCH(pUKAIAN
BO3MOJKHBIX OTKJTHKOB IMOTPEOUTENCH, MOAAI0TCS Pa3IMuHbIC TTapaMeTPhl TOBApOB
U PCKIAMHOMN TOJIMTHKW JUIS pa3zelieHUs BXOJMOB Ha 4 BUAA OTKIMKOB. Te ke
BXOJIbl BMECTE C OTBETOM IIEPBOM CETH MOJAIOTCS HA BXOJ CETH HEHPOCHMYJTIATOPA
NeuroShell Predictor (komnmanuun Ward Systems Group), npeaHa3HaueHHOW IS
PEIICHUS 33/1a4H KOJIMUECTBEHHOTO MTPOrHO3HPOBAHHS.

[Tpu sTom cpemusas ommobka mpeackazanuii dpdexra oT pacmpocTpaHEHUs
MOOIIPUTEIBHBIX TOBAPOB COCTaBIAET Bcero okojio 4,0 %.

1.2.5. HccaenoBanmue cripoca

Jlns  coxpaHeHuss OW3HEeca B YCIOBUAX KOHKYPEHIIMH KOMTAHWUH
MPUXOAUTCS  TONJAEPKUBATh TIOCTOSHHBIM KOHTaKT ¢ TMOTpeOHUTEIsIMUA  —
«oOpaTHyiO CBS3b». KpymHbie KOMIIAHWHM TIPOBOSAT OMPOCH TMOTpeOUTENEH,
MO3BOJISIFOIITNE BBIACHUTH, Kakue (PAKTOPHI ABIIAIOTCS JUIS HAX PEIMIAIONIMMH TIPH
MOKYMKE JAHHOTO TOBapa WM YCIyTH, TOYeMYy B HEKOTOPHIX CIIydasx
MPEAMOYTCHUE OTAACTCS KOHKYPEHTAM M KaKWe TOBaphl MOTPEOUTENH XOTET OBl
YBUJETh B OyayllleM. AHAJIU3 PE3ybTaTOB TAKOTO OMPoca — JOCTATOUHO CIIOXKHAs
3a/aya, TaK KaK CYMIECTBYET OONBIIOE KOJHYECTBO KOPPEITMPOBAHHBIX
napaMeTpoB.

HetipocereBas cucrema  (kommanmss Neural Technologies) mossossier
BEISIBJISITH CJIOXKHBIC 3aBUCUMOCTH MEXIy (pakTopamu cmpoca, TPOTHO3HPOBATH
MOBEACHUE MOTPEeOUTENECH TTPU M3MEHEHUH MapKETUHTOBOM TOJUTHKH, HAXOJIUTh
HanOoJiee 3HAUMMbIC (PAKTOPHI W ONTHMAJBHBIC CTPATETHHM PEKJIAMbI, a TaKKe
OUYepPUMBATh CETMEHT TMOTpeOuTeNeH, HanmboIee TEPCICKTUBHBIA I JAHHOTO
ToBapa. B wacTHOCTH, cHUCTeMa MPUMEHSETCS IS WCCIICOBAHUN TPEIMTOUTSHAN
Pa3TUYHBIX COPTOB MHWBA B 3aBHCHMOCTH OT BO3pacTa, J0X0/a, CEMEHHOTO
TIOJIOKECHUS TIOTPEOUTENA U IPYTHX TTAaPaMETPOB.

1.2.6. AHaju3 CTPaxoOBbIX HCKOB

HeiipoceteBas cuctema Claim Fraud Analyser (kommanms Neural
Innovation Ltd.) mnpemnasHaueHa I BBHIABICHUS B PEATbHOM BPEMEHH
MOTO3PUTENBHBIX CTPAXOBBIX WCKOB, TIOCTYMAIOIINX B CBA3U C TOBPEKICHUSIMH
asTomoOwmieit. Ha BXoabl CHCTEMBI TIOMAIOTCS TaKWE TMapaMeTphl, KaK BO3PacT u
OTIBIT BOJMTENISA, CTOMMOCTh aBTOMOOWIIA, HAJIMYME TOMOOHBIX MPOUCIICCTBUM B
MIPOIILIIOM | JIP.

B pesynbrare 006padoTku Takoi mHGOPMAIMA HEHPOHHAS CETh ONPEaACIIcT
BEPOSITHOCTH TOTO, YTO AAHHBIA MCK HE CBS3aH C MOIICHHWYECTBOM. CucTema
MO3BOJISIET HE TOJNIKO OOHapyxkwBaTh (dambcudukanmu, HO € YJIydIlIaTh
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OTHOILIEHHUS C KJIMEHTAaMU 3a cueT Oosiee OBICTPOrO  YAOBJIIETBOPCHHMS
CIIPABEJTUBBIX HCKOB.

1.2.7.  OOcay:kuBaHue KPeAUTHBIX KapT

HetipocereBas cucrema Falcon (kommanmsa HNC), pazpabGortannas mis
OTCJIC)KUBAHUS OTICPAlMA C KPAJCHBIMH KPEAUTHBIMU KapTaMu W TOAJCITbHBIMHA
YeKaMH, TIO3BOJIACT IO YACTOTE CHACIOK M XapaKTepy TMOKYIOK BHIACINATH
MOO3PUTENBHBIC CIAEIKA W CHUTHAIM3UPOBATH 00 ATOM B KOHTPOJUPYIOITHE
cayxObl. baarogaps maHHoOH cucTeMe, OTCieKUBarolie Oonee 260 MUIIHOHOB
c4eToB 16 KpYyMHEHIIHMX SMUTEHTOB KPEAWTHBIX KApT, MOTEPH OAHKOB OT TaKHUX
Onepanui 3aMETHO YMEHBIIUIIUCH.

Ananornunas cucrema (xkommanusi [TC), mcmonws3dyemas mist oOpaboTkh
onepaiii ¢ kpeauTHbIMU Kaptamu VISA, npenotspatmia B 1995 r. HeneranbHbie
caenku Ha cymmy Oojiee 100 MH 1071apoB.

1.2.8. MeanuuHCKash AMArHOCTUKA

Cucrema 00BEKTUBHOM NMArHOCTHKH ClyXa y TpyaHbIx neteit (Poccuiickas
kommanus Heiipollpoekt) oOpabaTeiBaeT 3aperuCTPUPOBAHHBIC ''BHI3BAHHBIC
MOTCHIHMAB"'  (OTKJIUKA MO3ra), TPOSABIAIONIAECS B BHAEC BCIUIECKOB Ha
ANEKTpOdHIIE(daTOrpaMMe, B OTBET HA 3BYKOBOU pa3ApaKUTENb, CAHTE3UPYEMBIi B
npoiecce 00CIe10BaHuS.

OObIUHO, I YBEPEHHOM JMArHOCTHKU ClyXa PEOEHKA OIMbITHOMY
AKCIEPTY-ayAUOJIOTY HeoOXoauMo mposectd okosio 2000 TecToB, 4TO 3aHUMAaET
okoimo uaca. CucTemMa Ha OCHOBE HEMPOHHOM CE€TH chocoOHAa € TOH ke
JIOCTOBEPHOCTBIO OMPEACTNTh ypoBeHb ciiyxa yxe 1o 200 HabmoaeHusM B
TEUCHUE BCETO HECKOJBKMX MHWHYT, MPUYEeM 0€3 ydacTus KBATH(PHUITUPOBAHHOTO
MEePCOHAJIA.

1.2.9. Oonapy:xenue paabcudukanuii

[Toncuntano, uto mnotepu Owmkera CIIA or MOIIEHHUYECTB U
dbampcudukanuii B 00acTH  3ApaBOOXPAHEHUS COCTABILIFOT OKojao 730 wmuH
JOJIApOB B T0A. TecTUpPOBaHWE CUCTEMBI OOHApPYXEHHS (CTOUMOCTh — 2,5 MJTH
nomnapos, kommanus [TC) mokazano, uYro HEHWPOHHAs CETh TMO3BOJISAET
oOHapyxuBath 38,0%  MOIICHHUYECKHX CJIydya€B, B TO BpeMs  Kak
CYyIIIECTBOBABIIIAs PaHee SKCIEPTHAA cucTeMa — Tojibko 14,0 %.

1.2.10. OueHka HeABUKUMOCTH

CtomMOCTh KBAPTHPHI WM JIOMa 3aBUCHT OT OOJBIIIOTO Ymclia (DaKTOpOB,
TaKUX Kak 0011as mioaas, yAAICHHOCTh OT LIEHTPA, SKOJOTHUECKas 00CTaHOBKA,
MPECTUIKHOCTh, TUM J0MA, U T.1. Tak KaK BUJ 3TUX 3aBUCUMOCTEH HEU3BECTEH, TO
CTaHAAPTHBIC METOABI aHanMM3a HeA(EKTUBHBI B 33/1a4U€ OIECHKU cTomMocTh. Kak
MPaBUJIO, 3Ta 33/lauya PEHIAETCA SKCIEPTaMU-OLICHIIMKAMH, padOTaloIUMU B
areHTCTBE MO HEABWXKUMOCTH. HemocrarkoM Takoro mnoaxoja SABIACTCS
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CYOBEKTMBHOCTh OLICHIIMKA, a TakKXXe BO3MOXKHBIE PA3HOTJIACHA MEXKIY
Pa3IMYHBIMA YKCIIEPTAMHU.

Cucrema Ha OCHOBE HeHpoHHOHN cetn (kommanms Attrasoft) cmocoOHa
3 (dEeKTHBHO pemaTh IMAPOKHA CIIEKTP 331a4 OOBCKTHBHOW OIICHKH CTOMMOCTH
HEIBM)KAMOCTH, B YaCTHOCTH, C ydeToM 13 ¢akTopoB NpH OIEHKE CTOMMOCTH
aomoB B T. bocton (CHIA).

['pynma uccnenosareneii u3 yausepcuteta r. [lopremyT (Benmkobpuranms)
B CHCTEME€ Ha OCHOBE HEWPOHHON CETH HCHOJb30BAJIAa JAHHBIE MO OLECHKE
HEIABM)KAMOCTH W3 0030pOB PHUAJIITEPOBCKHX (PHPM U CIIMCKOB ayKITMOHHBIX TICH.

Pesynbrarel ucclieqoBaHMA TOKAa3ajdHM, 4YTO CHUCTEMa JellaeT OLCHKH
CTOMMOCTH OJIM3KME K OIEHKAM JIyUYIIWX 3KCIEPTOB W CHELMAJIUCTOB JAHHOTO
npodwus.

1.3. Pacno3zHaBaHue CHMBOJIOB

Pacno3naBaHusi OykB U CUMBOJIOB, C OJTHOM CTOPOHBI — OJIHA W3 Haubosee
pa3pabOTaHHBIX U OCBEIICHHBIX B CHEIUAIBHON JIUTEpaType mpodseM, a ¢ Apyrou
— HE CMOTPS Ha KaXYIIYIOCS MPOCTOTY, YPE3BBIUAMHO TPYAHO peaju3yeMas Ha
MPaKTHKE 3a7a4a.

Paccmotpum  0COOCHHOCTH TIPUMEHCHHWS HEHPOHHOH ceTh (KOMITaHUA
AT&T Bell Laboratories) mpu coptupoBke nucem Ha moute B T. byddamno, CIIA.
3ajada COCTOUT B MPUMEHEHUH HEUPOCETEBBIX METOJOB MPHU Pa3padOTKE CUCTEMBbI
pacmo3HaBaHUA PYKOMHUCHBIX (P, KOTOPHIE OTIMPABUTETN MHUCEM YKa3bIBAJIH Ha
KOHBEpPTaxX B KauecTBe MHAEKca. MccienoBanuch IB€ CTPOYKHA UHACKCOB: MEPBbIC
— HaIMWCaHHbIe OBICTPO M, KaK MPaBWJIO, HEPA3OOPUMBO, U BTOPHIE — HANTMCAHHbBIC
0oJiee TIIATEIBHO NEYATHBIMU OYKBAMMU.

Pazpabotunkn HanojgHwiau 0a3y gaHHbix Oojiee 9000 cumBonamu,
MEPEBEICHHBIX C KOHBEPTOB, KOTOPbHIE MPOIUIM 4YEPE3 MOUTOBYHO CIIy KOy T.
byddano B 1988 r. Ha pumc. 1.2 mokazaHsl HEKOTOPHIC IOUTOBHIC HHICKCHI
(BBEPXY) W YK€ WM30JUPOBAHHBIE NMH(PPHI, TOATOTOBJCHHBIC JJIA PACIO3HABAHUS
(BHMBY).

BuaHo, 4To MHACKCHI MUIIIYTCSA KpaliHEe HEPA300pUMBO, TaK YTO COTPYAHUKHU
MOYThl CUMTAKOT, UTO HEKOTOPBIC OTHPABUTEIN B ACHCTBUTEIILHOCTUA HE MKEJIAIOT,
yTOObl UX MUCHbMA JOXOAWIM MO HA3HAUCHHIO. B CBA3M € 3THUM, K COXKAJICHUIO,
OOJIBIIMHCTBO MOAOOHBIX CHUCTEM paclo3HaBaHUA 00JagaloT TOYHOCTHIO 95,0%,
YTO SIBJISETCA €/1BA MPUEMJIEMBIM MOKA3aTEIIEM.

B nienom psae ciaydaes, HamOoliee TPy aHas mpodiemMa NpHu pacio3HaBaHUH
CUMBOJIOB — HE€ COOCTBEHHO pacno3HaBaHUE, a OOHAPYXEHUE CHUMBOJIOB U
BBIICHCHHUE WX MECTOMOJOXKEHUS, T.€. — BEPHAas WHTEpPOpeTalus WHIACKCA,
COCTOSIIIIETO U3 U3BECTHOT'O KOJMUYECTBA MO3UIMH, N30JIMPOBAHUE U MOJATOTOBKA K
pacno3HaBaHUIO OTACIBHBIX (P WHACKCA.

[TosToMy 1 mpocToThl  OyJeM Tmosiarath  Jajee, 4YTo  MpoIece
pacno3HaBaHWA HAUMHAETCS YKE TTOCIIC U30JTUPOBAHUS TIA(PHI.
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Puc. 1.2. PykonucHbie HHIEKCbI, 00padaTbiBaeMble MOYTOBOI ciayx0o0k r. Byddano
(BBEpXY) H B35IThbIE H3 HUX OTAEJbHbIE H30JHPOBAHHbIE LU(PPLI (BHU3Y)
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Jma  kaxmodt 1mmdpsl  pa3paboTUMKHA  CTPOWJIM  PEIIETKY  (CETKY)
pasmepHocThio 16 x 16 mukceneit. B xome wuccaemoBanuit B 1988 r. ObLio
BBISICHEHO, 4YTO TMPUMEHEHUE CTaHJAPTHOTO TMOJXO0Ja, OCHOBAaHHOTO Ha
MPUMEHEHUN OOYyUYCHHOW HEWpPOHHOU ceTh OOpaTHOro PacHpOCTPAHECHUS K
ChIPOMY MACCHUBY MUKCEJIEH U YUCEN, MPUEMIIEMOTO PE3yJIbTaTa HE JAET.

B 1988-1990 rr. ObuT IpeUIOKEH METOJ JIOKAIM3auH WH(POPMATHBHBIX
YYaCTKOB, BOKPYT KOTOPBIX CTPOWJIUCH PEIICTKU 5 X 5 W 7 X 7 MUKCENEH, Mociie
Yero Ha BXOJ HEHPOHHOM ceTw oOpaTHOro pacnpoctpaHenus nocrynan 180-
MEPHBIN BEKTOP.

Koneunas HelipoceTeBas cucTeMa pacrno3HABaHUA NPEACTaBIsAECT COOOU
anmnapaTtHbiii MOAyJb, peasn3oBaHHbli Ha 0a3e [IIJOC u coemmnenuwiii ¢ I1K.
OOyueHre HEUPOHHOW CETH CHUCTEMbl MPOBOAMTCA E€AWHOXKJIBI, OJHAKO
JIOCTATOYHO MEJIJIEHHO C UCToyb30BaHueM 167693 npeacTaBUTeIbCKUX BhIOOPOK.

Ommbka cUCcTeMBI B TIpoliecce pacmo3HaBanus cumBosioB — 0,14 % mnpu
NPEABABICHUA O0OydYaroled mnapsl W3 Hadopa MNPEACTABUTEIILCKUX BbIOOPOK,
UCIOIb30BaHHOW mipu o0yuenun, u 5,0 % nmpu pacrno3HaBaHUM «HOBBIX»
cuMBOJIOB. Takum 00pa3om, pa3pabOTUMKU W TOJb30BATENN MPUHAIA PELICHUE O
MPUEMJIEMOCTH PE3YJIbTATOB W HEOOXOJMMOCTH HCIMOJIb30BAHUS CHUCTEMbI IS
MPEABAPUTETBLHON COPTUPOBKU KOHBEPTOB.

1.4. UcKycCTBEHHBIH HOC

1.4.1. IlpuHiun aeiicTBUsI HCKYCCTBEHHOT0 HOCA

Cpenu nsaTu 4yBCTB, UyBCTBO 3aaxa HauboJiee 3arajouHoe.

UenoBedeckuili HOC cTaJl OOBEKTOM MCCIIEAOBAHUSA YUCHBIX U WHKEHEPOB,
CNEHUATTM3UPYIOIINXCA B 00JIACTH BBICOKUX TEXHOJIOTHHA W MBITAOIIUXCS TOHSTH,
KaK HOC (DyHKITHOHHPYET. TaKol MOBHIICHABIH HHTEPEC K OOOHSITEIILHON CUCTEME
YEJIOBEKAa BO3HUK B CBSI3M C TOCJICAHMMH JOCTHXKEHHUSIMU B  00JacTu
MPOCKTHPOBAHUS IEKTPOHHOTO (MCKYCCTBEHHOTO) HOCA.

B kiaccuueckoM TMOHMMAaHWU 3JEKTPOHHBIN HOC MPEACTaBiIseT co0oit
MYJIBTHCEHCOPHOE LM(POBOE YCTPOMCTBO, MpPEAHA3HAYEHHOE JJs aHajau3a
COJICP’KUMOTO BO3AYIIHON cpenbl myTeM Kiaccudukanum 3amnaxoB. Hecmorps Ha
TO, YTO DSJEKTPOHHBIA HOC CEroAHs HE CHOCOOEH 3aMEHHMTh YEJIOBEUYECKYIO
OOOHATENBHYIO CcHCTEMY, cepa TPUMEHEHHS AAaHHOW TEXHOJOTHH JOCTATOYHO
HIAPOKA.

B mnpou3BOACTBEHHBIX MENAX BO3MOXKHOCTH OOOHATEIBHONH CHUCTEMBI
YEJIOBEKA IHUPOKO MCMOJIb3YETCA BO MHOTMX CTPAaHAaX, HaOpUMEp, IS NPOBEPKH
Pa3IMYHBIX MPOJOBOJIBCTBEHHBIX MPOAYKTOB. TPEHUPOBAHHBIA YETOBEUCCKUMN
HOC, JCTAJIbHO W3Y4YHMB 3allaxyd MPOJOBOJIBCTBEHHBIX NPOAYKTOB, TaKHX,
HalpuMep, Kak 3€pHO, ChbIp, BUHO, BOJKA, Pbida, CNOCOOEH B MOCJEACTBUU
OMpeNeyiATh WX KA4eCTBO M CBEXKECTb. AHAJIOTMYHBIM 00pa30oM  «HIOXAum»
OIICHUBAIOT TEPCICKTUBHOCTh TOTO WM WHOTO MapOMEPHOTO 3araxa,
oOHapykuBaloT  (ambcupumpoBaHHbie TyXd ©  JAC30J0pPaHTHI.  3amaxu
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YUHUTHIBAIOTCA TAKXKE M JIOKTOPaMHU TPH BBISBICHUM OOIIMX 3a00JICBAaHUMN: TaKue
00e3Hr, KaK TMTHEBMOHUS WM AUA0ET, BBHI3BIBAIONINAE CICIM(PUICCKOE TBIXaHHUE
WIN JKUJKUE BBIJACICHUS C XapPaKTEPHBIMHM 3amaxamu, MOTYT ObITh 3aMEUCHbI
KBATH(PUITMPOBAHHBIMHU BPAUaMH.

Ecnau uCKyCCTBEHHBIM MHTEUIEKT 3JICKTPOHHOTO HOCA OKAXKETCA CIOCOOEH
KJaccu(pummpoBaTh 3amaxu mo00HBIM 00pPa3oM, TO TOT/IA JEKTPOHHBIH HOC CMOT
OBl CIIPaBUTCS ¢ TOM ke padOTOM, MPUUEM TOpa3Io JyUIIuM 00pa3oM.

[Tpobsiema B TOM, UTO 4YeJiOBEUECKass OOOHATEIbHAA CUCTEMA YPE3BbIYANHO
CyObEKTHBHAS: 3a4aCTyIO, Pa3HbIE JIIOJU MO-PA3HOMY PEarupyroT Ha OJHU U T€ KE
3amaxu. OJEKTPOHHBIM HOC pelaer 3Ty MpoOJieMy, HAaBEPHSIKA YCTAaHABIIMBAs
«CTaHAAPT» YIS KaXA0ro TpeOyeMoro 3amaxa, HampuMmep CTPOro omnpeaesss
3anax UCIOPUYEHHOTO 3€pHA.

B HacTtodiiee BpeMs pa3iauyHbIe MPOTOTHUIIBI 3JIEKTPOHHOTO HOCA YXKe
IIUPOKO HCIMOIb3YIOTCS B MPOMBIIIJIEHHOCTH. B 4acTHOCTH, B arpoKOMILIEKCE
[IIBenMu >AE€KTPOHHBIA HOC MPUMEHSIETCA Il HE3aBUCUMOTO KOHTPOJIA KAueCTBa
3epHA MyTEM aBTOMATHYECKOH Kiaccupukanuu nmpod 3epHa HA KOHIAWIIMOHHOE U
ucnopueHHoe (moctoBepHOCTh — 90,0 %).

Jlpyrue npoOieMHO-OPUEHTUPOBAHHBIE PA3HOBUHOCTU  SJIEKTPOHHOIO
HOCAa TIO3BOJIAIOT KOHTPOJIMPOBATh HWCMAPECHHMS BPEAHBIX Il 3/10POBbSA
XUMUYECKUX, B T.4. AJJICPTUYECKUX, BEILIECTB.

[TpuBneKaTeNbHOCTh HMCIOJIB30BAHKS AJICKTPOHHOTO HOCA B 3THUX LEIAX
3aKJIH0UYACTCS B CIEAYIONIEM:

" OOHApYXEHUE TEX WM HUHbIX KOMIOHEHT HOCUT OOBCKTUBHBIA, a HE
CyOBbEKTUBHBIN XapaKTep;

" COOCTBEHHO Mpouecc 0OHAPYKEHUSI TOKCHUUHBIX BEIIECTB MYTEM BIbIXAHUA
BO3/yXa uepe3 HOC MOKET ObITh BPEJICH,

" HEKOTOPbIE XWMHUECKUE BEIIECTBA W KOMOWHAIMK BEIIECTB, KOTOPHIC
JIETKO  OOHApPYXUBAKOTCS  BJICKTPOHHBIM ~ HOCOM, B  TPAJAUIMOHHOM
MOHUMAHUU MOTYT HE UMETh 3a1axa;

" 3JIEKTPOHHBIA HOC CMOCOOEH (PYyHKIIMOHWUPOBATH B MECTaX, TJI€ HE MOXKET
(hyHKITMOHMPOBATH YEJIOBEUCCKUH, HAPUMED, B YCIOBHUAX KpaiiHE BHICOKHAX
W HHM3KUX TEeMIepaTyp, BHYTpPU Tejla 4YEJOBEKAa, B MAC/SHbIX WIH
OCH3UHOBBIX pe3epByapax, B CTOUHBIX TPyOaX, HA KOCMHUECKUX CITyTHUKAaX
U T
JIJist MOHUMaHUS MPUHLKMNA JEHCTBUS 3JIEKTPOHHOTO HOCA, YTOUHUM, KaKUM

00pa30M BO3HUKAET 3amax: MHOTAA €ro CO3/1aeT KaKoe-Tu00 OAHO XUMHUYECKOE
BCIIIECTBO, HO 4Yallle — KOMOMHAIMA MHOXECTBA PA3JUUYHBIX  XUMHUYECKHUX
KOMITIOHEHT. Tak, Hampumep, 3amax Kkode (GOPMUPYIOT COTHH Pa3THIHBIX
MOJIEKYJl. OJEKTPOHHBI HOC JIOMKEH pearupoBath Ha  OMNPEACICHHYIO
KOHIICHTPALIMIO TPEOYEMbIX MOJICKYJT U UX KOMOWHALIMM,

CyuiecTByloT JBa MNPUHIMOWAIBHO PA3HbIX MOAXOAAa K Ppean3aluu
AJIEKTPOHHOTO HOCA:!
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" C HWCMONB30BAHUEM METOJIOB Tra3oBOW xpomarorpadum ©  macc-

CIICKTPOMETPHH,

" ¢ WCHOJIb30BAHUEM HEUPOCETEBBIX METOAOB U AJITOPUTMOB.

Onnako, TPUMEHEHUE METOIOB XpoMaTorpaui U MacC-CIIEKTPOMETPHH, B
OTJIMYME OT HEUPOCETEBBIX METOJOB, HE MO3BOJSACT PETUCTPUPOBATH 3alaxu, a
JIMIIb TPUCYTCTBHE TEX WIM HWHBIX OTIACIbHBIX XUMHUYECKAX KOMITOHECHT.
[Tostomy, xpomarorpadpl ¥  MacC-CIIEKTPOMETPHI ~ MOTYT  Ha3bIBAThCSA
3JIEKTPOHHBIM HOCOM JIWIIb YCIIOBHO.

Jlocmouncmea ACONIB30BAHUSA HEMPOCETEBOTO MTOAX01A CIICAYIOIIHUE:

1. TlpumeHeHuWe HEHPOCETEBBIX METOJOB IO3BOJIACT OTKa3aThCA OT

WCMOJIB30BAHUS PEIKUX W AOPOrOCTOSAIIMUX CEHCOpoB. Hcmosb3yercs,
KaK TPaBWJIO, MYJIBTHCCHCOPHAS KOMOWHAIMsA («TOJOBKA» WM
Marpuia), cocrosmas w3 Habopa (oT 5 mo 15) cmabocenmeKTHBHBIX
JOCTYTIHBIX MO [EHE XUMHUYECKUX CEHCOPOB.

2. HelipoHHble ceTH CHOCOOHBI OOHAPYKUBATh OOJBIIEE KOIUYECTBO
XAMHAYECKAX KOMIIOHEHT, YE€M KOJIMYECTBO CEHCOPOB HEWPOCETEBOU
CHUCTEMBI.

3. IlpomomKuTenbHOCTh M3MEPEHWH CYIIECTBEHHO Kopoue. Crnemyer
OTMETUTh, YTO BPEMCHHBIC 3aTpaThl MEHbBIIE KaK Ha COOCTBEHHO
PErUCTPALMIO, TaK U HA ATarbl NOATOTOBKUA U 00Pa0OTKH N3MEPEHUH.

['oBopst 0 Hedocmamkax WCTOAL30BAHUS HEHPOCETEBOTO MOAX0/AA, MOYKHO
YIOMSIHYTh O HEOOXOJAMMOCTH MPEIBAPUTEILHON HACTPOUKH 3JIEKTPOHHOTO HOCA
Ha TpeOyembie 3amaxu (MOATOTOBKHA 0as3bl JAHHBIX «CTAHAAPTOBY» 3aIlaxoB),
BBIPAXKAIOIIEHCS, B YACTHOCTH, B TPEABAPUTEILHOM 00YUYEHUN HEHPOHHOM CETH.

Hanee, 1(V)i 3JIEKTPOHHBIM HOCOM Ooynem MOPa3yMeBATh
WHTEIUICKTYaJIbHbIE CHCTEMBI, PEAJTM30BAHHBIC HA OCHOBE HEUPOCETEBBIX METOHOB.

1.4.2. AnmapaTtypa HCKYCCTBEHHOT0 HOCA

ONEKTPOHHBIH HOC COCTOMT M3 JBYX OCHOBHBIX (DYHKIIMOHAIBHBIX YACTEH
(puc. 1.3); MyJIBTHCEHCOPHOTO H3MEPUTEIHHOTO MOIYJS M HHTEUICKTYaJIbHOTO
udposoro 6J0Ka.

ConepxaHue KHUCJIOPOJA B  BO3AYLIHOM Ccpele U3MEHSAETCS H3-3a
MPUCYTCTBUS B HEW OMNpEeNeieHHbIX XuMuueckux Bemect. CoaepkaHue
KHUCJIOPO/Ia, B CBOKO OUEPE/h, U3MEHSET BBIXOJIHOE HAMPSIKEHUE CEHCOPA, KOTOPOE
U3MEPACTCS KaK Pa3HOCTh MEXAY TEKYITUM 3HAUCHHEM W HOPMAIBHBIM (WU
CTaHAAPTHBIM) YPOBHEM. AHAJIOTOBBIM CHTHAN 3aTeM npeodpazoBeiBacTes ALl B
madpoBoli  KOJA, TOTOBBIM Ui JalbHedmeidn  mud)poBoit  oOpabOTKH.
H3mepuTenbHbIii MOIYIb COACPIKUAT AHAIOTOBBIM WM ITU(POBOH IpEmporeccop
arperupyromun, a TakKkKe YCWIMBAKOIIMKA UW3MEPUTENbHBIA  CHUTHAN I
YMEHBIIICHHS IIIyMa U «MTOBBIIICHU» UYBCTBUTEIBHOCTH CEHCOPA.

Wurennexryansabiii  mudpoBoit 610k (B wactHocth [IK) peructpupyer
CUTHAJTBI, TIOCTYTIMBIIAE OT BCEX CEHCOPOB, U (POPMUPYET ucciedyemulii 8eKmMop.
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Ta6auua 1.3. Pe3yibTaThl TECTHPOBAHHS HCKYCCTBEHHOI0 HOCA

(1)

Koamaecr BepositHocTh HaenTHpHUKanHH, Yo
Konuue
BO IIpeassiBasiemoe
CTBO Aaroputm
o0y4arou BeLIeCTBO Heuerkasn
TECTOB o0parHoro
X map ART-cetb
pacnpocTpaHeHHsI

1 67 28 | Her 96,4 96,4
2 75 22 | Aueron 100,0 100,0
3 64 14 | Ammuax 100,0 100,0
4 93 28 | Uzonponanon 92.9 100,0
5 5 3 | AMMHaK U U30MPOIAHON 0,0 66,7
6 106 25 | bemprit «anTpux» 100,0 96,0
7 74 27 | Amvuak u OSIBIH «IITPUX) 100,0 92.6
8 66 21 | Ykeye 81,0 95,2
9 68 26 | AMMHaK H yKCyC 92.3 76,9
10 1 2 | M3omponaHon u YKCYC 0,0 0,0
619 196 | B uenom 92,9 93,4

Cnenyer  OTMETUTh, UTO  OBICTPOASHCTBHE  BJIEKTPOHHOTO  HOCA
OTPAaHUYMBACTCS TMPAKTUUYECKH JIMIb BPEMEHEM OTKIIMKA XHUMHUYECKUX CEHCOPOB,
YTO COOTBETCTBYET €IMHULIAM CEKYH/I.

JIist HACTpPOWKM M TECTHUPOBAHUS MPOTOTHIA 3JICKTPOHHOTO HOCA ObLIH
WCIOIb30BaHbl MPOOBI MATH U3 BHIIENEPEUNCICHHBIX BEIIECTB: all€TOH, aMMHaK,
M30MpPONaHo, Oenbiil «Tpux» U ykeyc. Takxke nobasneHa kareropus «Her» ms
0003HAUYEHUsI CUTyallud, KOTJa OTCYTCTBYIOT BCE TMEPEUUCIICHHbIE 3araxu.
[TapameTpsl, KMcnoab3yeMbie AJjid OOYUYEHUS U TECTUPOBAHMS HEUPOHHOU CETH ¢
arOpuTMOM OOpPATHOIO pacnpocTpaHeHus U HeueTko ART-ceTu, mpeacTaBieHbl
B Tabm. 1.2.

OO0e HelpoHHBIE ceTH ObUTM OOyYE€HBI C HMCIOJIB30BAHUEM MPOU3BOJILHO
BHIOPAHHBIX MPEACTABUTEIBCKUX BBIOOpPOK. Cleayer OTMETHThb, UTO TMpHU
00y4eHHMU BO MHOTHX CJIydasX HE CTaBUTCA 3aJauda, 4ToObl MOJArOTaBJIMBaEcMast
HEHWpPOHHAsA CETh OMPENENAIAa YPOBHU KOHUEHTPALMKW TOTO WM MHOTO BEIIECTBA.
HaoGopor, mnpu 0OyueHMH HEHMPOHHOM CETH MOTYyT IIOCJIEA0BATEIHHO
NPEABABIATECS OJHM M T€ K€ BEIIECTBA, HO B PA3IUYHON KOHIIEHTPAIWU.
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bnarogapsa sTomy HelipoHHas CE€Th CTAHOBHUTCA CHOCOOHON OJWHAKOBO YCIIEITHO
OTIPENENATh KaK «TYCTBIC» 3allaxH, TaK W €JI¢ Oy TUMBIC.

TectupoBanue mMmokaszajao MPUOIMZUTEIBHO OJAMHAKOBBIE PE3YJIbTATHI IS
MPUMEHEHHBIX BHJIOB HEMPOHHBIX ceTel. [Ipn 3TOM MOCTOBEPHOCTH OOHAPYKEHUS
3amaxoB (ommOka uACHTU(UKAIMK) BapbHpoBaiach Ha uHTEpBaJie oT 89,7 % mo
98,2 % B 3aBUCMMOCTH OT WUCIHOJB3YEMBIX TMPOO, KOTOPHIE BbIOUPATUCH
MPOU3BOJIbHBIM 00pa3zoM. B Tabn. 1.3 mpuBeneHbl KOJIMUECTBEHHBIE PE3YJIbTAThI
TECTUPOBAHMSI P OOHAPYKCHUH PA3TUIHBIX COCTABOB.

[Tokazanust  CEHCOPOB M pe3yJbTarhl  OOHAPYXKEHUA  3aIaxoB,
OCYIICCTBIICHHBIX WHTEUICKTYaIbHBIM TH(ppoBeiM Ojokom (puc. 1.6 u 1.7),
WUTIOCTPUPYIOT TOT (PaKT, 4YTO KAuecTBEHHO OOy4YeHHAass HEHPOHHas CeTh
crocoOHa  MPaBWIBHO  KJIAcCU(UIIMPOBATh  MPEABSBIAEMbIE  3aMaxud  C
MIPUEMJIEMBIM ypOBHEM focToBepHOCTH (BEITIEe 90,0 %).

[loka3zaHusi CEHCOPOB CBUAECTENHCTBYIOT (pUC. 1.6), UTO MO OTHOLIEHHUIO K
Kaccu(pummpyemMpIM  3amaxaM OHW  HE  SABIIAIOTCS MOHOCEIICKTHBHBIMH M
pearupyoT C Pa3HOW CTETECHBIO WHTCHCUBHOCTH HA BCE TPEIBABISEMBIE UM
3anaxu. OOHapy>KeHHE OTIEIBHOTO 3amaxa MpHu MPeabsABICHUH HEHPOHHOW ceTh
cocTaBa W3 JIBYX WM HECKOJIbKHAX 3alaxoB, B TMPWHIIUAIE, MOXET BBI3BAThH
HEKOTOPbIE 3aTPYIHEHUS 3IEKTPOHHOTO HOCA, OJHAKO, U3 puc. 1.7 ¢, d, e BuaHO,
4yTO ommMOKa W 3TON MACHTH(PUKAIINN TAaK:KE HEBEITHUKA.

1.4.4. UckyccTBEHHBIH HOC /ISl KOHTPOJIsSI OKPY>KAKOLIEeil cpeabl

B cBmBu ¢ O0OBEKTHBHOW TEHICHIWEH PACTIPOCTPAHEHUS BBICOKHX
TEXHOJIOTHH M BBICOKOTEXHOJIOTHUYECCKUX TPOW3BOJICTB, CYIIECTBEHHO BO3PACTET
CIpoC HA T€ WJIM WHBIE MPOTOTHIBI AJIEKTPOHHOTO HOca. OKMmaercs, 4uTro B
ommkaiieM OyaylneM 3JIEKTPOHHBIA HOC OyJeT BOoCcTpeOOBaH IS peau3aiiuu
KPYIHBIX 3KOJIOTHYECKUX MPOTPaMM, HAIMPABJICHHBIX HA 3aIUTy OKPYXKAromeH
BO3YLIHOW ¥ BOJHOM CPEbI.

['mrantckue 00BEMBI OTTaCHBIX (SIICPHBIX, XUMHUYECKUX |
KOMOMHHMPOBAHHBIX) OTXOJOB HAKOIUIEHBI 3a Oosee uem 40 jeT mpou3BOACTBA
opyxus B CIIIA. [To nopyueHuto OTAeNa SHEPTETUUECCKOTO OpYkusi MUHOOOPOHBI
CIIA Cesepo-3anaaHas aTJIaHTHUECKasd HAIMOHAJIbHAA JIabOpaTOpUs U3Yy4aeT
TEXHOJIOTHHU TI0 BOCCO3JAHMIO OKPYKAIOMICH CPE/Ibl M PEHTAOCIBHON YTHIIN3aIiN
OTMACHBIX OTXO0JIOB. /laHHAs mporpaMma MmoaApa3yMeBacT, B TOM YHUCIE, pa3paboTKy
MOPTAaTUBHBIX, HEIOPOTHX CHUCTEM, TaKWX KaK AJICKTPOHHBIA HOC, CTIOCOOHBIX B
pealbHOM MacmTade BPEMEHW HWISHTU(DUIIMPOBATH OMACHBIC 3aTrPA3HSIONINE
BCIECTBA B BO3YIIHBIX U KUIAKAX CPEIaX.

[TpoToTHMHI 3JIEKTPOHHOTO HOCA MOTYT OBITh IIIMPOKO MUCTIOB30BAHbBI TAKKE
Py KOHTPOJE W HACHTU(HUKAIMH TOKCHUYHBIX BBIOPOCOB B aTMmocdepy; MpH
aHaM3¢ TOIUITMBHBIX CMECEH;, Tpu OOHAPYKCHWH BHIOPOCOB MACIISTHBIX CMECEH;
MIPU HMCCIICIOBAaHWM KAadeCTBA, B TOM YHCJIC W 3araxa, apTEe3MaHCKWUX BOM;, JUISA
KOHTPOJIS KadecTBa BO3AyXa B TIOMEIICHHUAX, OOHAPYXEHUS HAPKOTUKOB |
B3PBIBYATHIX BEIIECTB H JIP.
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MokasaHKA

CeHCOpOB
[a] "Her"

1224 B 7 2819

[c] AMMMAK

1 23 4 5 67 8 9
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1224 L 67 29

Howep ceHcopa

0
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11

11

11

BelxoAHOW cNOW HEMPOHHOHW CETH

Cers ODpaTHOro
pacnpocTpaHeH A

1 2 2 46 6

Kareropuu KknaccHpMKauMn (HoMep 3anaxa)
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Puc. 1.6. IToxa3aHusi CCHCOPOB U Pe3yJbTATbl ABTOMATHYECKOH
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Puc. 1.7. Iloka3aHusi CCHCOPOB H Pe3yJbTATbhl ABTOMATHYECKOH
KJIaCCI/I(l)I/IKaHI/II/I 3anaxa npu npeaAbaBJCHUHA COCTaBa U3 IBYX 3a1aX0B
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1.4.5. UckyccTBeHHBIH HOC B MeTUIIMHE

[TpuMeHeHUE 3JIEKTPOHHOTO HOCA B KAUE€CTBE JAMArHOCTHUYECKOTO Mpudopa
00YCJIOBJICHO TEM, UTO 3aMax MHUPOKO UCIOJIb3YETCS MEUKAMU MPU AUATHOCTUKE
ueaoro psaaa Oosie3Hel. (DYyHKIMOHAJbHBIE BO3MOXKHOCTH 3JEKTPOHHOTO HOCA
MO3BOJIAIOT AUArHOCTUPOBATh T€ WJIM WHBIC OTKJIOHCHHWS OpraHu3Ma IMpu
WCCJICIOBAHUM JIBIXAHUWsA, 3alaxa paH, Pa3IudHbIX (PU3HOOTHYECKUX W JPYTHX
JKAJIKOCTEH U T.I1.

Tak, 3amaxu MNpu JAbIXaHUM MOTYT CBHUJETEIBCTBOBATh O JKEIYIOYHO-
KHIIEYHBIX OO0JIC3HAX, auadeTe, OOJIC3HAX TEUCHW W HEKOTOPBIX MH(EKITMOHHBIX
3a00JIEBAHUSAX.

Nudexmmonasie panbl W TKAaHW TAKXE BBIICIAIOT OTUCTIMBBIC 3aTaxw,
XapaKTep KOTOPBIX MOXKET aHAJIM3UPOBATHCS ¢ MPUMEHEHUEM 3JIEKTPOHHOTO HOCA.
B nacrosiee BpeMs OpOTOTHI TaKOro 3JEKTPOHHOTO HOCA HUCHOIb3YyEeTCA IS
UCCIIeOBaHN WH(QEKITMOHHBIX pPaH B YHUBEPCUTETCKOW OOIBHUIE FOKHOTO
paiiona r. Manuectep (BenmkoOpuranus).

AHaJii3 3amaxoB KUAKOCTEH Tejia, MOXKET ObITh MCIOJIb30BAH TAKXKE IS
JUArHOCTUKH 3a00JICBaHUHN TEUEHU U JIPYTUX OPTaHOB.

CoTpyTHUKH MEAYUPEKACHUN NPU BOSHUKHOBEHUH MOJO3PEHUN C yCIEXOM
UCTIONB3YIOT  BJEKTPOHHBIM  HOC  JyIi  OOHApyXKEHUsA  MPOCPOUYEHHBIX,
HE0OPOKAYECTBEHHBIX WK (DaTbCH(PHITMPOBAHHBIX JICKAPCTB | MPEMapaToB.

Oxupaercda, 4ro B OyAylIEM SJEKTPOHHBIA HOC OyneT BOCTpeOOBaH B
JUCTAHIIMOHHOW xupypruu. B HacTosmiee BpemMa B 3THUX LEIAX I[IHPOKO
pacrpocTpaHeHa Mepeiadya BU3YyalbHbIX, 3BYKOBbIX U MEXAHWYECKUX CHUTHAJIOB, B
TO BpPEMS Kak 3HAU€HUE 3amnaxa urHopupyercs. [[oTeHInanibHO, 3JIEKTPOHHBIA HOC
croco0eH HUACHTU(UIIUPOBATh ONEPANMOHHBIE 3alaxv W MPEIOCTABIIATH IS
nepeaayn OOOHATEIbHBIE CHUTHAJIBI, CO3/AaBas Uil JIUCTAHIIMOHHOW XWUPYpPruu
MOJIHOTY CPEABl TAK HA3IBAEMOU BUPTYAJIbHON PEATIBHOCTH.

1.4.6. UckyccTBeHHBIH HOC B MUIEBOI MPOMBIILIEHHOCTH

B Hacrosmee BpemMs HauOOJNBINMI PBIHOK JUIS  AJIEKTPOHHOTO HOCA
MPEIOCTABJISAETCS B arpOITPOMBITTUICHHOM KOMIIJIEKCE.

[TpoTOTHMBI AMEKTPOHHOTO HOCA MPUMEHSIOTCS KaK JJIA OICHKHA KadecTBa
MPOYKTOB MUTAHUSA, TaK ¥ KOHTPOJIA KQ4eCTBA MPUTOTOBJICHHS TTHIIIH.

[Ipeanpuartus  arpoKOMIIeKCa  PacCHIUPSIIOT  TPUMECHEHHE  JAHHBIX
TEXHOJIOTHUH, B YAaCTHOCTH, I KOHTPOJISI CBEXKECTH PHIOBI HA MPOMBICIIAX W
OTITOBBIX CKJIAAaX; KOHTPOJS MPOLECcCOB OpOXKeHUs; 00CIeA0BaHNA KOHTEHHEPOB,
pe3epByapoB M 3JIEBATOPOB; MPOBEPKHA HATYPAJIbHOCTH arelbCHHOBOTO COKa;
MPOBEPKH  TPOTOPKJIIOCTH  MaloHe3a, OTrpaHWdYeHHs JIYKOBOTO  3araxa;
YCTAaHOBJICHUS  COPTHOCTH  (BBIACPKAHHOCTH)  BHUCKH W KOHBSIKOB,
aBTOMATHUYECKOTO YIIPABJICHAS BKYCOM H T.JI.

Bakneiiimee  HampaBiieHWE ~ NPUMEHEHHWS  JJCKTPOHHOTO  HOca  —
oOHapy>K€HWUs Ha ONTOBBIX CKJIaaX W B TOProejie (aabCuUIMPOBAHHBIX
MPOIYKTOB MUTAHUS, HAIMUTKOB (B YaCTHOCTH, BOJKW) M TIUIIECBHIX TO0ABOK.
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B psane ciaydasx pesyabTaThl padOThl 3JEKTPOHHOIO HOCA MOTYT OBITh
WCIOJIb30BAHBl B KAUECTBE JIOMOJIHATEILHOW aHAIUTHUESCKOW WH(pOpMAyu s
AKCIIEPTOB — CICNHAIMCTOB B 00NacTh 3amaxoB. B apyrux  ciydasx,
HCIIOIb30BAHUE AJICKTPOHHOTO HOCA MPU XMMHUYECKOM aHAIN3€ B arpOKOMILIEKCE
MIPEATMOYTHTEITEHEES pUOOpPETCHUS AHATMTHYECKON anmaparyphl,
XapaKTEPU3YIOLICHCs ~ OOJbIICH  CTOMMOCTBIO M MPOAOJIKUTEIBHOCTHIO
SKCIEPUMEHTOB. IJTO OCOOCHHO 3aMETHO, Korja TpeOyeTcs IIOIyuyeHHE He
KOJIMYCCTBCHHBIX, a KAUYECTBCHHBIX PE3YJIbTATOB THIIA «CBEXKEE — HE CBEXKEEY,
«HaTypaJbHOE — HE HATypaJbHOE», «KAYECTBEHHOE — HE KAYCCTBECHHOESY,
«HacTtogiee — panbCU(PUITMPOBAHHOS» U T. .

1.5. IIporuo3upoBanue

[Iporno3upoBanue — BAKHEUIIMH DJIEMEHT COBPEMEHHBIX
WH()OPMAITMOHHBIX TEXHOJIOTHH IPUHSITHS PEIICHUN B YIIPABJICHUH.

D¢ heKTUBHOCTD TOTO WA WHOTO YIPABICHUCCKOTO PEIICHUS OIICHUBACTCS
Mo COOBITHAM, BO3HUKAIOIIUM YK€ Mocje ero mnpuHatus. [losTomy nporHos
HEYTNPABJISIEMbIX ACMIEKTOB TaKUX COOBITUH Mepe]l MPUHATUEM PEIIEHUA MO3BOJISAET
clenaTh HaWIydlluid BHIOOP, KOTOPBIN, 0€3 MPOTHO3MPOBAHHUS MOT Obl ObITh HE
TaKUM yJauHbIM.

[Tporuo3upoBaHue — OJHA U3 CaMbIX BOCTPEOOBAHHBIX, HO MPHU 3TOM OJIHA
U3 CaMbIX CJIOXKHBIX 337a4 HHTEIJICKTYaJbHOTO aHaju3a AaHHbIX. [IpoOiembl
MMPOTHO3UPOBAHUS CBSI3aHbl € HEJOCTATOUHBIM KAYECTBOM U  KOJIMYECTBOM
UCXOJIHBIX JIaHHBIX, W3MEHEHUAMHU CpEAbl, B KOTOPOM MPOTEKAET MPOLECC,
BO3/ICHCTBAEM CYOBEKTUBHBIX (hakTopoB. [IporHo3 Bcerma OCYIIECTBISETCS C
HEKOTOPOH MOTrPEITHOCTBI0, KOTOPAsk 3aBUCUT OT UCHOJIB3YEMON MOIENTU MTPOrHO3a
¥ TIOJTHOTHI MCXOAHBIX AAHHBIX. [Ipy yBenmmueHun WHOOPMAITMOHHBIX PECYPCOB,
UCIOIb3YEMBIX B MOJEIN, YBEJIUUMBACTCA TOYHOCTh NPOTHO3a, a YOBITKH,
CBA3aHHBIE C HEOTPEEIEHHOCThIO MPU MPUHATHH PEIICHUH, YMEHbBIIIAIOTCA.

XapakTep 3aTpar, CBSI3aHHBIX C MPOTHO3UPOBAHMEM, TAKOB, 4YTO 3a
OMPECIICHHBIM MPEAECTIOM JOMOJHUTEIIbHBIEC 3aTPaThl HE MPUBEAYT K CHUKCHHIO
MOTEPh. ITO CBA3AHO C TEM, YTO OOBEKTUBHO HEBO3MOKHO CHU3HUTh MOTPEIIHOCTh
MIPOTHO3UPOBAHUS HUXKE OMPEJCICHHOIO YPOBHS, BHE 3aBUCUMOCTH OT TOTO
HACKOJIBKO  XOpOIl  MPUMEHECHHBIH  METOJ  MpOTrHO3upoBaHusA.  llostomy
OMpENENICHHE MOTPEIHOCTH NPOrHO3a, Hapsay € CaMHUM IMPOTHO30M, MO3BOJISET
3HAQUUTEJIBHO CHU3UTh PUCK MPU MPUHATHU PEILICHUM.

H3BeCTHBI ¥ IUPOKO MPUMEHSIOTCA PA3IUUYHbIE METOAbl TPOTHO3UPOBAHUS
QITOPUTMbl  SKCTPAMOJIALMKA  AKCICPUMEHTAIBHBIX JAHHBIX B  HECIOMHBIX
WHKEHEPHBIX pacueTax U MPOrpaMMHBIX MPOAYKTaX, a Takxke 00Jiee TPOMO3JIKUE
CTATUCTUYECKUE METObI, UCTIOJB3YIOIINE MAPAMETPUUECCKUE MOIEITH.

B nocnennue pecaTuneTus Jisi TPOTHO3MPOBAHMS IIUPOKO MPUMEHSIOTCS
JIPYrue€ MOJAXOJbl, U B YaCTHOCTH, HEHPOHHBIE CETH. PaccMOTpuM OCOOEHHOCTH
MPUMEHECHUSI HEUPOHHBIX CETEH, KOTOPBIE MOKA3BIBAOT UX MpeUMyUyecmed 1o
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CPaBHEHHUIO C JPYTMMH CYLIECTBYIOIUMHU METOAAMU TP BbIOOpE MOJECIH
nmporHo3a (oepanudenuss U HeOOCMamky TPUMCHCHHS HEUPOHHBIX CETCH MpH
MIPOTHO3UPOBAHKH CM. B 11. 1.5.4).

1. PezynvmamusHocms npu peuienuu HeGOPMAIU08AHHBIX UIU  NI0XO
Gopmanuzosanueix 3a0ay. V13 oOIMEN3BECTHBIX MPEUMYIIIECTB METOIOB HA
OCHOBE  HEHMpPOHHBIX  CETeH  ClAeAyeT  BBIACIUTH  OJHO  CaMoeE
MPUBJICKATEIBHOE  —  OTCYTCTBHUE  HEOOXOJMMOCTH B CTPOroi
MaTeMaTHIecKkol crherupuKanui MOJEIN, YTO OCOOCHHO IIEHHO TIPH
MPOTHO3UPOBAHUK TUIOXO (pOpMATU3yeMBIX TMpoIeccoB. I3BecTHO, UTO
OONBIMMHCTBO (DMHAHCOBBIX, OW3HEC W APYTrUX MOAOOHBIX 3a7ad IJIOXO
dbopmanmzyeTcs.

2. Vcemoiuusocmv Kk wacmeim usmeneHusiM cpedwvl. JIOCTOMHCTBA HEHPOHHBIX
CeTel CTAHOBATCS 3aMETHBIMM, KOTJIa YAaCTO U3MEHSIOTCA «IIPaBUJIA UTPHIY:
cpeda, B KOTOpPOH CYIIECTBYET MNPOTHO3UPYEMBIM TPOLIECC, a TaKKe
XapakTep BozaeucTBHs Bimstomux (daktopos. [losToMy, HEWipoHHBIE ceTH
HaWJydlMM o0Opa3oM TOAXOAAT Ui PEIIeHWH TakuxX 3a7ad, Kak
MPOTHO3UPOBAHUE TCHACHIMN (DOHIOBOTO PHIHKA, XapaKTEPU3YIOIMIUXCS
BJIMSTHUEM TIEJI0TO HAbOpa MOCTOSTHHO H3MEHSIOMMXCS (DAaKTOPOB.

3. Pezynemamuenocms npu pabome ¢ O01bUUM 00BEMOM NPOMUBOPEHUBOT
ungpopmayuu. Heliporasle cetn OyayT TPEeANOUYTHTENIEHEE TaM, Te
UMEETCS OYEHb MHOTO AHAJM3UPYEMbIX JAHHBIX, B KOTOPBIX CKPbITHI
3aKOHOMEPHOCTH. B 3TOM cljiyuae aBTOMATUYECKH YUWTBHIBAIOTCS TaKXKE
Pa3TUYHBIC HETMHEHHBIC B3aMMOICHCTBUSA MEXKTy BIHSIONTUME (DakTOpamu.
DTO 0COOCHHO BAXKHO, B YACTHOCTH, Il MPEABAPUTENIBHOTO aHAIN3A WIIH
oTOOpa WCXOMHBIX JAHHBIX, BBISBJICHUS «BBIMAMAONTNX (DAKTOB» WJIH
rpyOBIX OMIMOOK MPU NPUHATHU PEILICHUH.

4. PezynvbmamusHocms  npu  pabome ¢  HENOAHOU  uHpopmayueil.
IlenecooOpa3Ho HMCIOIL30BAaHUE HEHMPOHHBIX CETEH B 3a7auax C HEMOJHOM
un "3amyMiieHHoN" mH(pOpManMe, a Takke B 3aJauax, IS KOTOPBIX
XapaKTEPHbl UHTYUTHUBHBIC PELICHHUS.

1.5.1. ITocTaHoBKa 3aJa4H NPOrHO3UPOBAHUS

3agaya MPOrHO3UPOBAHUS B OOIIEM ClTydae CBOJMTCS K MOJYUSHHUIO OLICHKH
OyAylIuX 3HAUEHWH YHOPSAAOYEHHBIX BO BPEMEHHM JAHHBIX HA OCHOBE aHAJINM3a
y)K€ HUMEIOUIMXCSA, a Takke (Ipu HEOOXOOUMOCTH) TEHIACHIMH W3MEHEHUS
Biausonmx  (GakropoB. lIporHosupyemoil BENWYMHOW ABIAIOTCA 3HAYCHUS
BpeMEeHHOro psaa Ha uHTepBajie [1(n+l), T(ntf)], rae 7(n)— Texymmii MOMEHT
BPEMEHH, a f — MHTEPBAI NPOTHO3MpoBaHuA. HOTa BO3HMKAaET HEOOXOIUMOCTh
HE B MTPOTHO3€ 3HAUECHUH BPEMEHHOTO Ps/ia Ha 33/IaHHOM MHTEPBAJIe, a B IPOTHO3E
BEPOSATHOCTU TOrO, YTO OHM OyAyT BECTH Ce€0S TeM WM HHBIM 00pa3om
(Bo3pacTarb, yObIBaTh, HAXOAUTHCSA B HEKOTOPBIX Mpeaeax u T.1.).

PaccMoTpum THMOBO# alrOpUTM MPOTHO3UPOBAHUS, OCYIIECTBIISIEMOTO C
UCTIOJIb30BAaHMEM HEWPOHHBIX ceTel (puc. 1.8).
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Puc. 1.8. Tunosoii aaropuT™M NporHO3MpPOBAHHS,
OCYIIeCTBJISIEMOr0 ¢ HCMOJIb30BAHHEM HEeHPOHHLIX ceTel

Omobop  s3Hauawux  ¢gaxmopos. Ha mepBoM 9Tame  BBIACTAETCA
MaKCUMaJIbHOE YHUCJIO0 W3 3HAUAIUX, BIMSIONIMX HA MPOorHo3, (akTopos. Takue
JOTIOTHUTENIbHBIE  (DAKTOPBI, BIMSIONINE HA TMOBEJACHHE MPOTHO3UPYEMO
BCJTMUMHBI, HA3bIBAIOT SK30TCHHBIMY (BHEITHAMH ) MJTH apTedakTamu.

3nmech e BBHIOMpAETCS WHTEpBaN HAOMIOACHUS (OKHO CKOJIBXKCHHS), T. €.
BBISICHAETCSA, MO KAKOMY KOJIMUECTBY NPEALICCTBYIOIINX 3HAUCHUU BPEMEHHOTO
psAla OCYIIECTBIISIETCS MPOTHO3.

IIpedobpabomka  OanHbIX. Ha  Bropom  »3rame  ycTpaHSAIOTCA
HECYIIECTBEHHbIC, IO MHEHUIO 3KCIEPTA, U HE BIUAIOIIME HA MPOTHO3, JAHHBIE.
[Ipn HEOOXOMMMOCTH, TakKe, BOCCTAHABIMBACTCS TMPOMYyIEHHAs WH(pOpMAIUA,
YCTPAHSIOTCS AHOMAJIbHbIE BBIOPOCHI, YOHUPAIOTCS BbICOKOYACTOTHBIE IITYMBI.
YMeno npoBeaeHHas mpenoopadoTka JaHHBIX MO3BOISET 3HAYUTEIIBHO YIYUIITHTh
KaueCTBO MPOTrHO3a.

Ilocmpoenue mooeau. Ha cnenyroiiem 3Tamne Ajid JaHHOTO aHAJTU3UPYEMOro
mporecca BbIOMpaeTcs HamOosiee TMOAXOMsINas MmapagurMa M CTPYKTypa
HEUPOHHOU CETH, a TAKXKE AJITOPUTM U MTapaMeETPhl €€ OOyUCHMUS.
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CoOCTBEHHO npocHO3Uposanue (noaydyenue pe3yavmama). IKCIEPUMEHTHI
OCYIIECTBIIAIOTCA II0 CXEME, AHAJIOTMYHOM TOH, NMPU KOTOPOU MNPOU3BOAMIIOCH
oOyueHHe.

PaccmoTpyM Tak Ha3bIBaEMbIil METOM CKOJB3AIIMX OKOH. OH mpeanonaraet
WCIIOJIb30BaHNE ABYX OKOH Wi m Wo ¢ (dukcupoBaHHBIMU pa3MepamMu n U m
COOTBETCTBEHHO. JTHU OKHA MEPEMEIAOTCA C HEKOTOPHIM IIArOM CKOJIbKECHHUS S
M0 BPEMEHHOM MOCJIEAOBATEIBHOCTH HMEKOIIMXCSA JAHHBIX, HAUWHASA C MEPBOTO
anemenTa. [lpu stom mepBoe okHO Wi mnmuHOW n (POpMUPYET BXOMHOH BEKTOP
HEWUPOHHOM CETH, a BTOPOE — /0 — BBIXOJTHOW BEKTOP PA3MEPHOCTHIO 771.

[TocnemoBaTenbHOCTH OOYUAOIIMX BEIOOPOK (0OYJArOINX Tap)

Wi— Wo

dbopmupyet T.H. 010K 00yJarOIIUX HIIH MPEICTAaBUTEIIBCKHX BEIOOPOK.

IIpumep 1.1. IIpocTeiimas Moae/ b NPOrHO3UPOBAHHS MPOAAK
¢ MOMOIIBLI0 HEHPOHHOH CeTH

amno:

Nudopmarus 06 exxeHeneabHBIX TpoJaxkax KoOMIboTepoB (Tadm. 1.4.) 3a
YyeThIpe Mecsana (ancio Heaens k = 16).

Ta6anua 1.4. /laHHbIe 0 e;keHeAeJIbHBIX TPOJAKaAX KOMIILIOTEPOB

100 94| 90 96| Ol | 94 95| 99| 95| 98| 100| 97| 99| 98| 96| 98

Hoyuurs:
MHoromaroBsli 1 OJTHOIIATOBBIA MPOTrHO3 MPOAAXK.

IIpumep pemenus:

B nmanHOW BpEeMEHHON NOCHENOBATEIBHOCTH MPEANONIATAaeTCA HATAYHEC
CKPBITBIX HEJIMHEHWHBIX 3aBUCUMOCTEH. [losToMy 111 mOCTpoeHWA MOJeIu
MMPOTHO3a MPUMEHUM HEUPOHHYIO CETh:

1. CuHTe3upyeM HEHPOHHYIO CETh CO CJICAYIOIIMMHU MapaMeTpaMu:

"  YUCJIO HEMPOHOB BXOAHOTO €0 (IIMPUHA OKHA) 11 = 4;
"  YKUCJIO HEUPOHOB BBIXOJIHOTO CJost m = 1;
" CIBUT (CKOMbKEHUsA) s = 1.
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2. C mnomMoupl0 METoAa CKOJIB3AIIMX OKOH JUIi HEUPOHHOH ceTH
dhopmupyeTcs 6710k 00ydaromHX (MPEACTAaBUTENHCKIX ) BEIOOPOK (Tadi. 1.5).

Ouepennas oOydaromias BeIOOpKa IMOJIy4YaeTCs B PE3yJbTare CABHra OKOH
Wiwn Wo BnpaBo Ha oauH 3meMenT (s = 1). Helipornas cets oOyuaercs Ha JTaHHBIX
BBHIOOpKax, HacTpamBas CBOWM Kod(pduruentsl, u (OPMHPYET B KAYECTBE
pesynbrara Tpedyemyto (PyHKITHIO TPOrHo3a P,

CoOCTBEHHO MPOIIECC MPOTHO3UPOBAHUS OCYIIECTBIIAETCA MOCIe 00yUeHUS
HEHPOHHOW CETH, MPOBOJAMMOTO TO TOMY € TMPUHIWIY, YTO W TIPOIECC
dhopmMupoBaHusa 00yUaromieii BEIOOPKH.

Tab6aunua 1.5. Byiok o0yuaomux BIOOPOK HelPpOHHOI ceTH,
NPHMEHsIEeMOH 1JIA 1eJiell MPOrHO3HMPOBAHHS NMPOJAK

Ne Bxoanoii
00y4arouX cJ10i BoixoaHoii
BBIGOPOK cJI0i
1 2 3 4
1 100 94 90 96 91
2 94 90 96 91 94
3 90 96 91 94 95
4 96 91 94 95 99
5 91 94 95 99 95
AT.O.

Heitponnas cetb gomkHa OOYyYMTCA HAa BPEMEHHOHM MOCIIEAOBATEILHOCTH,
B3ATOM U3 Tadj. 1.4 ¢ ucnonp3oBaHueM 0Ji0Ka 0OyJaromux BeIOOPOK U3 Tadu. 1.5.
3aTeM, MpHU MOJaue Ha BXOJ HEMPOHHOM CETH TMOCJIEIHEH M3 M3BECTHBIX BHIOOPOK
99, 98, 96, 98 (cm. xomem Tabn. 1.4), mporHozupyetrcs (k+1)-ii snmemeHT
MOCJIeA0BATENBHOCTH, HAPUMEP, 95.

Ha nmanHOoM mipocTeiiiieM mpuMepe pacCMOTPUM  JICUCTBUS  TIPH
MHO20ULA2080M T OOHOULA2OBOM TIPOTHO3UPOBAHUH.

Oonouwaeosoe npoenosuposanue. lIpuMeHseTCs JUIS  KPaTKOCPOYHBIX
NMPOTHO30B Ha OJWH Iar Brepen. Ha odepeaHOM TEKyIIeM Iare B KadecTBE
UCXOMHON  WH(pOpPMAIMH  WCIOJB3YIOTCS  TOJBKO  OOBCKTHBHBIC  JaHHBIC
(pe3ynmbTaThl  MPOTHO30B,  MOJIyYEHHBIX HA  NPEIBIAYIIAX  IIarax, He
UCITOJTB3YIOTCS).
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Ecmm wa mare (k+1)-m Ut BpeMEHHOUW TOCIICIOBATEIBHOCTH, B3STOW W3
tabn. 1.4, mporHosupyerca 95, a Ha camom pene mpoaaercs He 95, a 96
KOMIBIOTEPOB, TO Ha mare (k+2)-M B KadecTBE BXOJHOTO BeKTopa Oyner
KCMoJib30BaHa BeIOOpKa 98, 96, 98, 96.

Mmnocowazcoeoe npoenozuposanue. llpuMeHsieTcst s OCYIIECTBICHUS
JIOJITOCPOYHOTO MPOTHO3a U MPETHAZHAUEHO IS OMPEACIICHUsS OCHOBHOTO TPEHA
W TJIaBHBIX TOUYEK M3MEHCHMs TPEHIA JJIsi HEKOTOPOTo WHTEpBajia BpemeHu. [Ipu
ATOM TPOTHOZUPYIOIIAs CHCTEMAa WMCTOB3YET Pe3y/IbTaThl MPOTHO3a (BBIXOIHBIE
JAHHBIC), TIOJYYEHHBIC JUISI MOMCHTOB BpeMeHW k+1, k+2 m T.1. B KauecTme
BXOJIHBIX JTAHHBIX JJISI MPOTHO3WPOBAHUSA HA MOMEHTHI BpeMeHH k+2, k+3, k+4 n
T.J.

MHoroImmaroBoe mporHo3upoBanve Ha (k+2)-M Imare MpoaoInKaeTcs Mpr
Mojilaue Ha BXOJ HEHPOHHOM ceTH BbIOOPKHU 98, 96, 98, 95, B koTOpO# mocHeHMH
AJIEMEHT SIBJISIETCS Pe3y/IbTaTOM MPOTHO3a Ha MpeAblaymeM mare. M tak mnanee.

1.5.2. IIporuo3upoBanue B cepe 6m3Heca u GUHAHCOB

[Tonasmsirorniee  OONBIMAHCTBO — 3a7a4  TPOTHO3MPOBAHWS HA  OCHOBE
HEWPOHHBIX CETCH TaK MJIM MHAYE CBSA3aHBI cO cepoii On3Heca u (UHAHCOB. DTO —
KPaTKOCPOYHBIE W JIOJITOCPOYHBIE  TPOTHO3BI  TCHACHIMH  CIICIYFOTINX
(hMHAHCOBBIX PHIHKOB:

" PBIHKOB KYMOHHBIX M O€CKYTTOHHBIX OOIUTaInid,
* (hOHAOBBIX PHIHKOB (PHIHKOB AKITHH ),
"  BAJIFOTHBIX PHIHKOB.
Croa sxe€ MOXHO OTHECTH MPOTHO3HI:
"  TUIATEKECMOCOOHOTO CIPOCa;
" TPOJAX W BHIPYUKH,
" PHCKOB KPEJAWTOBAHWS,
* (UHAHCHPOBAHUSA YKOHOMHUYECKHX W MHHOBAIIMOHHBIX MTPOCKTOB;
" (BIOYEPCHBIX KOHTPAKTOB U PS APYTHX.

[To omerkam 3KcnIEpPTOB, OYM BOKPYT CHCTEM HUCKYCCTBEHHOTO WHTEIUICKTA B
(mHaHCOBOM WMHIYCTpUU mpuiiencs Ha nepuoa 1984 - 1989 rr. B ocHOBHOM OH
3atpoHys CIIA u BenukoOpuTaHHIO, TAE CO3JaTeIX CIO0XHBIX CHCTEM JIJiA
BOCHHBIX (TAaKMX KakK MporpamMma «3BE3/IHbIC BOWHBD)) PEIIMIIN TOMBITATh CYACThS
Ha Y OJI-CTPHT.

®onnosas Oupxka B Hero-Mopke B 1987 Tony Hauama HCIOH30BATH
MPOTPaMMHBINH MPOAYKT mporaosupoBanus Stockwatch Alert Terminal (SWAT) 11
W BeJa MEPETOBOPHl O €ro BHEApPeHWH ¢ psiaoM Owmpk EBpomsl u permona HOro-
BOCTOUHOUW A3uu. B 3TOT mepmoa BpeMeHN Ha PHIHKE MOABIIAIOTCS MPOTPAMMHBIE
MPOIYKTH MOJCITMPOBAHUS M MPOTHO3UPOBAHUS OAHKPOTCTBA, aHAIM3a MOPTQhEs
IIEHHBIX OyMar, ONTUMAIBHON TOPTOBIIA aKITUSAMH, & TAaK)Ke MTPeAHA3HAYCHHBIC TS
OTIPEICIICHAS] BEPOSTHOCTHA PUCKa TPH Bbigade kpeamta. [loapazaenenne Mellon
Bank B ITuttcOypre (CILIA) mpumenuno mporpammuyio cuctemy Neural-Works
Professional 1I/Plus 5,0 xommanum Neural-Ware (ITurrcOypr, CIUA) ansa
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pactpeaencHus (JOHIO0B B CIEIHUABHON CEICKIINH aKIIMK, Tak KaK B X0J1¢ pabOThI
ObUT0 OOHAPYKEHO, YTO MEXIy BIUSIOMWMH (HaKTOPaMH W TPOTHOZHPYEMBIMH
napaMmeTpaMy CyIIECTBYIOT HEJIMHEHHbBIC CBA3U, HE MOAAAIOIIUECS TOUHOMY YUETY
C IOMOIIIbIO CTAHJIAPTHBIX CTATUCTUUECKUX METOJIOB.

JlenapTaMe€HT  TOProBJAM WU TPOMBIILICHHOCTA  MNPABUTEIbCTBA
BenukoOpurannn (uHAHCHpPYET ABE TPOTPAMMBI, HAMpaBJCHHBIC HA PA3BUTHE
HEHUPOHHBIX BBIYMCIICHU I B (brHAHCOBOM cepe. [lepBas —
«Heipormporno3upoBanuey, HHUIUMUPOBAHHAs JIOHJOHCKOW IIKOJIONW Ou3Heca
COBMECTHO ¢ YyHuBepcurerckuMm komemkeMm Jlongona (UCL). Bropas —
«Hetiponnbie cetn mius ¢uHaHCOBBIX yoimyr» co3mgana TBS Bank Technology
copmectHo ¢ UCL u llentpom mporno3upoBanus Henley. Cpenn ¢uHaHCOBBIX
WHCTUTYTOB, HCIIOIB3YIOMIMX TEXHOJOTHIO HeWpOoHHBIX ceTeli — Chemical Bank,
Citibank, JP Morgan u ap.

Cnemmanuctel  nporpammbl  «HeliponporHo3upoBanue»  paspadotaiu
MOJEITb I BHIPAOOTKH TaKTUKH pacrpeneneHns (PoHa0B Ha T00aTbHBIX PHIHKAX
obmuranmii.  Mogens  OXBaTBIBA€T  CeMb  TeOrpauuecKuX  PETHOHOB:
BenukoOpuranuto, ®pannuto, ['epmanuto, Anonuto, CIIIA, Kanany, ApcTpanuto,
KQXJIBIA U3 KOTOPBIX MOJEIUPYETCA C MOMOLIBIO HEUPOHHBIX CETEN C PA3JIMYHOM
CTPYKTYpoi. JIJisi moJiydeHuss KPaTKOCPOUHBIX MPOTHO30B OOYUYEHUE HEHPOHHOM
CEeTH TPOU3BOAWIOCH C HWCIOJIB30BAHUEM CTATUCTHUECKOW wH(OpMaImw,
XapaKTEPU3YIOIICH CHUTyallul0 Ha 3TOM pbIHKE 3a Kakabld wmecsi. Jlanee,
MOJIYYEHHBIE JIOKAJIbHBIE TPOTHO3bI OOBECAMHSIOTCS B LIEHTPE YMOPaBJICHUSA
equabsIM TopTdenem neHabx Oymar. C Hosa0ps 1992 roma mannHas mporpaMMHas
cucTeMa HCnojib3oBajiack (CeBepoaMepPUKAHCKOW CTPaxoBOW KommaHue# (T.
bocron, CIIIA). B pe3ynbraTe MCTONB30BAHMS KANTUTAI KOMITAHAH YBETUUHJICS C
25,0 mo 50,0 My moutapoB, a mMOPTQENb IEHHBIX OyMar MOBBICHI JOXOTHOCTh Ha
25,0 % B mepBbIi O] BHEAPEHUS CUCTEMBI.

B kadecTBe MHCTpyMEHTA /AJi1 ONTUMU3ALMU NTAPAMETPOB HEUPOHHBIX CETel
YacTO WMCTOJIB3YIOTCSA TEHETHYECKUE aaropuTMbl. B wactHocTH, kommanmer Hill
Samuel Investment Management pa3paboTraHa mnporpamMMHas CHCTEMa I
MIPOTHO3UPOBAHUS PE3YJIBTATOB KOHTPAKTOB MO JIOJITOCPOUHBIM IIEHHBIM Oymaram
MOBBIIIEHHON HaACKHOCTU. [Ipu MOAETMPOBAHUM HECKOJIBKUX CTPATETHil TOPros
B 33/lau€ MPOTHO3UPOBAHUS HAMNpPAaBJICHUN MBUKEHUSA PbIHKA OHA JOCTUTJA
toudoctH 57,0 %.

B crpaxoBoii kommammm TSB General Insurance (r. Heromopt, CIIIA)
UCIIONb3YETCA CXOAHAsA METOJAMKA JUIsl TPOTHO3a YPOBHS PUCKA MPU CTPAXOBAHUU
YACTHBIX KPEIWUTOB. JTa HEHPOHHAA CE€Th CaMo00yuyaeTcs Ha CTAaTUCTUUYECKHUX
JAHHBIX O COCTOSIHMM O€3pabOTHIIBI B CTPAHE.

IIporaozupoBaHusi KPATKOCPOYHBIX M A0JITOCPOYHBIX TEHIACHIMH
(pHAHCOBBIX PHIHKOB

3ajauei aBTOMAaTHU3UPOBAHHOMN CUCTEMBI ITPOTHO3UPOBAHUSA
KPaTKOCPOUYHBIX M JOJTOCPOYHBIX TEHACHUWH (DPUHAHCOBBIX PBHIHKOB SBISAETCS
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aHaJM3 HEKOTOPOTO Habopa BIMSAIONMX (PAKTOPOB C MOCISAYIOMAM BBIBOJOM O
JTATBHEHUIIIEM KPATKOCPOYHOM WJIH JIOJITOCPOYHOM TOBEACHUH IMPOTHO3UPYEMOH
BCJTUUHHBI.

BO3MOXHBIMH TPOTHO3MPYEMBIMH BEITUUMHAMH 1T TIOJOOHBIX CHCTEM
ABJIAFOTCS JOXOJHOCTh M TICHOBBIC TMOKA3aTeNIA. CPEAHEB3BEIICHHAS TICHA, IICHBI
3aKPHITHS W OTKPBITHS, MaKCUMajbHasd ¥ MWHWUMajbHas TIeHBl. [Ipruem
MPOTHO3UPOBATHCS MOTYT KaK IOKa3aTeNid, OMPEACICHHBIC IS TICJIONH TPYIIITHI
WHCTPYMEHTOB WJIM HEKOTOPOTO PBIHKA B IIE€JIOM, TaK ® TIOKa3aTely,
OTIPENIENICHHBIC TOJIBKO JUTSl OJTHOTO MHCTPYMEHTa (PMHAHCOBOTO phiHKA. Kak s
COBOKYITHOCTH HWHCTPYMEHTOB, TaK H IS KaXJAOTO WHAMBUAYATHHO MOXKET
OTIPEACTATHCSA JAOXOAHOCTh, IICHOBBIE TMOKA3ATENM ONPEIACISAIOTC Ul KaKI0To
KOHKpPETHOTO MHCTpyMeHTa. Llemsamu mporHo3a (IpOrHO3UPYEMOW BETMUHWHOW) B
obOnacTh (PMHAHCOBBIX PHIHKOB MOTYT SIBJSATHCSA, HAMPUMEP, CPETHEB3BEIICHHASA
JOXOMHOCTh  OECKYMOHHBIX  obOjuramuii (s TPpynmsl  WHCTPYMEHTOB),
cpeaHen3BenieHHas neHa akinuu PAO «EDC Poccum», Kypc aMepHKaHCKOTO
JoJU1apa K pyostio 1 Jp.

B kadecTBe WCXOAHBIX MAAHHBIX (BAMAOIUX (PAKTOPOB) AN TaKOTO
MPOTHO3a MOTYT WCTOJIb30BATHCA PA3IMUHBIC MAKpO- U MHKPOIKOHOMHUYECKHE
nmokasarenii, WH(opMaIus ¢ TOPTOBHIX ILIOMAMOK, AAHHBIC, MPEAOCTaBIIICMbIE
WH(OPMAITMOHHO-TOPTOBBIMU ar€HTCTBAMH, SKCIIEPTHHIE OIEHKH CTCIIHAIICTOB.
KonuuecTBo Bausomux Ha MPOTHO3 (DaKTOPOB 3aBHUCHUT OT PAcCMaTPUBAEMOTO
PBIHOYHOTO WHCTPYMEHTAa W KOHKPETHOW PBIHOYHOW CHTyarnuu (BPEMEHHOTO
MomeHTa). To ecTh ogHM (haKTOPHI OKA3BIBAIOT BIHMSHHUE HA BCE (PMHAHCOBBIE
PBIHKH, APYTHAE — TOJBKO Ha ompeneiaeHubsie. Kpome Toro, pmusane (GpakTopoB Ha
PBIHKH MOXET MEHAThCS C TEUCHHUEM BPEMEHH (MEHSIOTCS PBIHOUYHBIE
TeHJeHIMN). Tak Kak B ONPEICICHHBIC MOMEHTHI BPEMEHHU MMPOCIEKUBACTCS
sABHAS B3aWMOCBSA3b MEXKIy (DMHAHCOBHIMHU PHIHKAMHU W WHCTPYMEHTAMH PHIHKOB,
1eecoo0pa3Ho B KaueCTBE WMCXOMHBIX JAHHBIX I MPOTHO3UPOBAHMS OJTHOTO
pPBIHKA WJIM €ro WHCTPYMEHTOB WCIOJb30BaTh HWH(POPMANAIO O TECHACHIIASIX
JIPYTHX PHIHKOB. Hampumep, mpu MpOTHO3MPOBAHUHU TIEHBI OTKPBITHS «CETOTHSD)
JUTSL JTFOOBIX MHCTPYMEHTOB BCEX (DMHAHCOBBIX PBIHKOB, 3TOT TPOTHO3 CHIIBHO
3aBUCHUT OT IICHBI 3aKPHITHS «BUEpa» W 00€ ITH BEIMYHUHBI MOTYT BBICTYINATh KaK
MTPOTHO3UPYEMBIE.

[IpornosupoBanrie  KPaTKOCPOYHBIX H  JIOJTOCPOYHBIX  TCHICHIIAN
(pMHAHCOBBIX PHIHKOB BKJTFOUAET CJACAYIONINAEC TATTHI.

1. Coop m xpaHEeHHME CTAaTMCTHYECKHUX JAHHBIX — BO3MOKHOW MCXOJHOM

uHopMaIu a1 nporHo3a (J1ub0 B KaUeCTBE UCXOAHBIX JAHHBIX, JIHOO
B KQUeCTBE MPOTHO3UPYEMOM BEJTMUHHBI, JIMOO KaK M TO U APYTOE);

2. OnpeneneHue s pacCMaTpUBAEMOro pbhIHKA WM HWHCTPYMEHTA
MPOTHO3UPYEMOI BETMYMHBI M HAaOOpa BIHSIONMX (DaKTOPOB (MPHUUEM
HE BCeraa MOTYT OBITh WCIIONB30BAHBI JaHHBIC, HEMOCPEICTBEHHO
XpaHdmuecs B 0a3e JaHHBIX, 3a4acTyl0 TpeOyeTcs MPOU3BECTH
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HEKOTOphIe TpPeoOpa3oBaHWA MAHHBIX. HANPHUMEP, YacTO B KA4YECTBE
Takux ()aKTOPOB MCTIOIB3YIOTCS OTHOCUTEIHHBIC N3MEHEHHS BEJTUUHH ),

3. BoiABreHrWe 3aBUCHMOCTH MEXKIY TMPOTHO3MPYEMOW BENMUMHON U
HAa0OpPOM BIHSAIONTHX (PAKTOPOB B BUJIE HEKOTOPOH (DYHKITHH,

4. Boluucnenne  WHTEPECYIONIEH  BEWYMHBI B COOTBETCTBHUH  C
OTIpENICNICHHON (DYHKIMEH, 3HAUCHUSMH BIHSIONMX (PaKTOpOB Ha
MPOTHO3UPYEMBIT MOMEHT W BHJJIOM MPOTHO3a (KPaTKOCPOYHBIH WIIH
JOJTOCPOYHBIH ).

[Ipouieaypa BBHIMOMHEHUA KPATKOCPOUHOTO TMPOTHO3a OTJIMYAETCS OT
OpOLEAYPbl TOJTOCPOYHOTO Ha TMEPBOM M YETBEPTOM HJTamax. B ciyuae
KPaTKOCPOYHOTO TPOTHO3a CUMTACTCS, UYTO BCE yYACTBYIONIME B HEM 3HAUUMBIE
BAUSIONMME (HAKTOPHI HA MPOTHO3UPYEMYIO AAaTy M3BECTHHI M XpaHATCS B 0Oasze
JMaHHBIX. [ OpU30HT KPaTKOCPOYHOTO MPOTHO3a HE mpeBbimaeT 3—4 aasa. B cioydae
JOJTOCPOYHOTO TPOTHO3a CYMTAETCSA, YTO 3HAUMMBbIE BIUAIOUIME (DAKTOpHI Ha
MPOTHO3UPYEMYIO JaTy HEW3BECTHBI W JOHKHBI OBITh YKa3aHbl 0XKHIaCMbIE
3HaUEHWA ® TOrpemHocTH. COOTBETCTBEHHO TOTPEITHOCTh — OMPEACICHUS
MPOTHO3UPYEMON  BEIMUMHBI  CYIICCTBEHHO YBEIWUMBACTCS (WUeM  JaJTbIe
TOPU30HT TPOTHO3a, TeM OONbIle TMOTPEUTHOCTh OMPEAEICHHUS BIUAIOLUINX
(hakTOPOB W BEPOATHOCTh OIMMOKK aHAJWTHKA). [ OPU3OHT JOITOCPOUYHOTO
MPOTHO3a, KaK MPaBujIo, MpeBbiaeT 3—4 mHs.

KpeautoBanue
XapakTepHbId MNPUMEP YCHOEHIHOTO NPUMECHEHHS HEWPOHHBIX CETEH B
(¢uHaHCOBOM cdepe — ympaBleHHE KPSAWTHBIMH pHCKaMmHu. llepen BbIgaueit

KpeauTa Jjid OLICHKH BEPOATHOCTH COOCTBEHHBIX YOBITKOB OT HECBOCBPEMEHHOTO
BO3BpaTa (PpMHAHCOBBIX CPEACTB KPYIHBIC OaHKH, KaK MPABHIIO, MPEIMPHHAMAIOT
CJIIOJKHBI€ CTAaTHCTHUCCKHE PAcCyeThl IO ONPEACIICHUIO (PMHAHCOBON HAICKHOCTH
3aemiuka. Takue pacueTsl OOBIUHO 0A3UPYIOTCA HA OLEHKE KPEAUTHON MCTOPUH,
JUHAMHMKA Pa3BUTHS KOMIIAHMH, CTa0MIBHOCTH €¢ OCHOBHBIX (DHHAHCOBBIX
nokasareyied u mMHormx Apyrux ¢akropoB. Tak, Bank of New York, CIIIA
onpoOOBaB METOJ HEHUPOHHBIX BBHIUMCIICHHUH W MPUMEHHB €ro ja oneHkud 100
TBIC. OaHKOBCKHMX cueTOB, BBIABHI cBbime 90,0 % mOTCHIMATBHBIX
HETUTATENBIITUKOB.

IIporuo3upoBanue TeHaeHMii (OHAOBOr0 pbIHKA (PHIHKA AKIIMIA)

Baxxnas obmacte mpumeHeHWs HEHpOHHBIX ceTell B cdepe (uHAHCOB —
MPOTHO3UPOBAHKWE CUTyanmnu Ha (OHAOBOM phIHKE. CTaHAAPTHBIM TOAXOM K
PEIICHUIO ATOW 3ajaur (HE WCTOJIB3YIONINI HEHPOHHBIE CeTH) Oa3upyeTcs Ha
KECTKO (PUKCUPOBAHHOM HAOOpPE «IIPABWII MTPHD», KOTOPBHIH CO BPEMEHEM TEPSET
CBOIO aKTyaJIbHOCTh HW3-32 W3MCHEHHS YCIIOBHWA TOProB Ha (HOHIAOBOW OHMpKeE.
[TomumO TOTO, CUCTEMBI, IOCTPOSHHBIE HA OCHOBE TAKOTO CTAaHAAPTHOTO TOAX0/1a,
OKa3bIBAIOTCSA CJIMITKOM MEJICHHBIMHU JUIsl CHUTyalui, TpeOyrommx OT Tpenaepa
(Y4aCTHHKA TOPTOB) MTHOBEHHOTO MIPUHATHS PEIICHUH.
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PaccmoTrpum, HEKOTOpPBIE OCOOCHHOCTH ACHCTBHM HAa (DOHIOBOM PHIHKE.

Tpeiigep, NPUHUMAKOIIMKA PEIICHUS O KYIUIE-TPOJAXKE aKUWHA, HMEET
JOCTYI K OAHOMY WJIM HECKOJIBKUM 53JIEKTPOHHBIM HMCTOYHWUKAM WH(OpMaIn
(Reuters, Dow Jones Telerate, Bloomberg, Tenfore). On nabmomaer Tekyrue
3HaUEHWA W TpaduKW WHTEPECYIOMMUX €ro WHIACKCOB Ha MHPOBBIX (DOHIOBBIX
OMp:Kax, OCHOBHBIE KPOCC-KYypCHl BAIOT W JAPYTMe€ MOKa3aTeld BaJIOTHOIO,
(hOoHAOBOTO W KPEIWTHOTO PHIHKOB B MHOTOOKOHHOW Cpele C pPa3udHON
CTEIMEHBIO JETANN3ALINH,

Ha npunsTre ero peiieHus 0 Kyrie—npoaake aKiui, €CTECTBEHHO, BIUSIOT
MaKPOSKOHOMHUYECKUE W OOIIECTBEHHO-MOJUTUUECKUE COOBITHS, COOOIIEHUS O
KOTOPBIX depe3 Kakpie 5—10 MUHYT MOSBIAIOTCS B TEKCTOBOM OKHE MOHHUTOpPA M
COMPOBOXKIAIOTCS KOMMEHTApPUAMM SKCHEPTOB, O3BYUMBAIOIIUX PA3HOOOpPA3HbIE
CIIyXd W TPOTHO3BI. Tpeimepy Takke MOCTYIHA TOTIOJHUTENbHAS WH(MOpMAIHs,
Takas kKak cooOueHus u3 llenTpanbHoro 6anka Poccun WM OT Ipyrux 3Hadamiux
HUCTOYHWUKOB 00 OCHOBHBIX TTOKA3ATEIIAX PHIHKOB.

O06s13aTeTbHO YUATHIBASTCS TICUXOJIOTHS KOHKYPUPYIOIIAX TPEHACPOB, IS
KOTOPBIX BOXKHYIO POJIb UTPAIOT OXHIAHMS PsAAa BaUstomux coobrtrii. Hampumep,
B 16:00 MHOrue MOCKOBCKHE TpEHAECpbl BHYTPEHHE TOTOBbI K HW3MEHEHUIM
TeH/CHIMN noBeaeHus uHiekca Jloy-JxoHca Ha Hero-Hopkckoii (hoHmoBOM
OWpike, KOTOpas ¢ y4eTOM CJIBUra MO YacCOBBIM MOSCaM OTKPBIBAETCSA JIUIIb B
17:30 Mo MOCKOBCKOMY BPEMEHH.

®OHIOBBIN PHIHOK XapPaKTEPU3YETCS TAKXKE CICTYIONMUMEA 0COOCHHOCAMU:

" PpBIHOYHBIC TMPOIECCHl BEChbMA HEOTHOPOIAHBI BO BPEMEHHU. HaAINpPUMED,

COCTOSIHUE PBbIHKA OCEHBIO CYIIECTBEHHO OTJIMYAECTCS OT €ro COCTOSHUA

JIETOM TOTO € TO0J/ia, TOITOMY HE BCErJga WMEET CMBICT (HOpPMHUPOBATH

o0yuJarorue BbIOOPKH OOJIBIIIOT0 00BHEMA;

" (BarpsA3HCHUSAMN) AHHBIX U UX HEOJHOPOIHOCTHIO,
" HAIMYHEM MAJOWH()OPMATHUBHBIX TMOKA3aTENICH TPH OTHOCHUTEIIEHO MajiOM
00bEME CTATUCTUKH.

B nenom, 3agada KpaTkOCpPOYHOTO MPOTHO3a KOTHUPOBOK AKIMH MYCTh U C
UCIOIb30BAHUEM HEHUPOHHBIX CETeH TPEACTABIAETCA JOCTATOYHO CJIOKHOM,
0COOEHHO HA CTPEMUTENHHO N3MEHSIOMEMCS POCCUIUCKOM (DOHAOBOM PBHIHKE.

[IpumepoM TPOTHOZMPOBAHUSA TEHACHIWNA (POHIOBOTO PHIHKA MOMKET
CykuTh HelpoceTeBas cuctema (kommanusa Alela Corp.), npeaHazHaueHHas Ui
MPOTHO3a M3MEHEHUs1 OWpkeBbIx WHAeKCOB Dow Jones, S&P500 u Merval. Ha
caliTe KOMMaHUU MOXHO O€CIUIATHO BOCIMOJIb30BAThCS MPOTHO30M W3MEHCHHS
JAHHBIX WHIAEKCOB W, WCTIOB3YsSl €r0 B KaueCTBE MOMOJHUTENBHONW WH(pOpPMAITUH,
yOeIUTHCS, UYTO A0JIS BEPHBIX MPOTrHO30B cocTapsieT He MmeHee 80,0 %.

SnoHCKHME KOMTIAHWH, ONEPUPYIONINE HAa PHIHKE IEHHBIX Oymar, Takke
IMMUPOKO TIPUMEHSIOT HeWpoHHBIE ceTh (kommanus Mitsubishi). Jlma Bxona
HEHPOHHOW CETH WCIMOJb30BaJlachk WHGOpPMAIMsd O JEJIOBOW aKTUBHOCTH
HECKOJIbKMX OpraHu3aivii, mojaydeHHas 3a 33 roja, BKJIIOYas Takxke oOOpoT,
MIPEABIAYIYI0 CTOMMOCTh aKIWid, YPOBHH 10XoAa W T.1. JlaHHas HEHpOHHAs CeTh
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camooOyyajach Ha peajibHbIX TMPUMEpPaX U TOKa3ajda BBICOKYKD TOUYHOCTh
MPOTHO3UPOBAHUA, a Takke ObicTpoaeicTBue. OOmas pe3yabTaTUBHOCTD
MPOTHO3a MO CPaBHCHHIO C CHCTEMaMH, HCIHOIb3YIOIIUMHA CTAHAAPTHHIE
CTATUCTUYECKKUE MOAX0AbI, yiyuiuiack Ha 19,0 %.

OnTumasibHOE pacnpeaeieHe CBOOOHBIX CPEeICTB 0aHKAa MeKIY
Pa3IMYHBIMHA (UHAHCOBBIMU PHIHKAMH

VYcnenHoe NPOTHO3MPOBAHUE TOBEACHUS KaK (PUHAHCOBBIX PBHIHKOB B
IIEJIOM, TaK W WX OTIACIBHBIX MHCTPYMEHTOB TMO3BONSET OaHKy »(dexTuBHEES
YTPABIIATH UMEIOIIUMHUCS B €70 PACTIOPSHKEHUN CPEICTBAMM.

3amaua  ONTUMAIBHOTO PACTPEACIICHUS CBOOOJHBIX CPEACTB MEXITY
pa3TUYHBIMA (DUHAHCOBBIMH PHIHKAMH W WX WHCTPYMEHTAMH BCTAeT TIEPEe.
OaHKOM exemaHeBHO. J[1000# 0aHK MMEET B CBOEM PACIOPSKECHUH «ITOPTHETH),
KyJa MOTYT BXOJWTHh pa3IMYHbIC IICHHBIE OyMarn W Bamorta. [lpuHIMn
dbopmupoBanusa mopTdens - MoaydeHHe MPUOBLIM ¢ BIOKECHHOTO B (hpMHAHCOBEIC
WHCTPYMEHTHI KanuTajla HEe HIDKE HEKOTOPOTO (PMKCHPOBAHHOTO YPOBHSA TMPH
MWHWAMAJIFHOM JIJTS STOTO YPOBHS PHCKE.

ExenHeBHO MOTYT TPOWCXOAWTH CIEAYIONTHE B3aWMOUCKITIOUAIOTHE
MPOIIECCHI: TIOCTYIUICHUE JCHEKHBIX CPENICTB MJIsi WX BJIOKCHHUA B (PMHAHCOBBIE
WHCTPYMEHTHI U OTTOK JICHEIKHBIX CPEJICTB IS BBITIOJIHEHUS 00A3aTENIbCTB OAHKA.
To ecTh CyImecTBYIOT ClIeIYIOITNE TPUYHHBI 711 U3MEHEHHS COCTaBa MOPTQEIS:

" C TCUCHWEM BPEMEHHU OTHCIbHBIC (DPMHAHCOBBIC MHCTPYMEHTH HAUMHAIOT
TEPATH CBOIO MPHUBJIEKATSILHOCTh U HEOOXOIMMO BBHITIOJTHUTH ONTHMATBHOE
(TOXOMHOCTh HE HMXKE (PUKCUPOBAHHOTO YPOBHS, PUCK - MUHWUMAJTHHBIN)
MEPEPACTIPESICIICHAE CPEICTB  MEXay (DUHAHCOBBIMH HWHCTPYMEHTAMH
BHYTpHU TIOpTders;

" (0aHKy HEOOXOJHMMO BBIMOJHUTh HEKHWE TPEeOOBAHUS, ISl YETO peau3yerca
HEKOTOPOE KOJMYECTBO (DUHAHCOBBIX WHCTPYMEHTOB, BXOJAIAX B
noptdenb, Ha OMPEACNIEHHYI0 CyMMY, €CTECTBEHHO, YTO (PHHAHCOBBIE
WHCTPYMEHTHl  JOJKHBI  ObITh  BBIOpaHBl TakuM 0Opa3oM, UTOOBI
XapaKTePUCTUKH MOPTQENS TI0 BOSMOKHOCTH HE YXYAIIUIUCH;

" y 0aHKa yBEIIHUUJIICS 00bEM CBOOOJHBIX AECHEKHBIX CPEACTB MU HEOOXOIUMO
MPOM3BECTH WX ONTUMAJIBHOE PACTPEACICHHE MEKIY PpPa3HuHbIMHU
(hMHAHCOBBIMU MHCTPYMEHTAMH.

HezaBucumo OT mpuumHB M MEXaHW3Ma W3MEHEHHWS cocTaBa TopTdens
pacdeT BBITOAHOCTH STHX W3MEHEHWH MPOW3BOAWUTCA Ha (DUKCHUPOBAHHYIO ATy,
HA3bIBACMYIO TOPU30HTOM MOPTQEIS.

HexomupiMu  MaHHBIMA  JUIS  337a9d  ONTHUMAIBHOTO  PaCIpeaeTCHUs
CBOOOJHBIX CPEICTB MEXKIY Pa3IUYHBIMA (PUHAHCOBHIMH DPBHIHKAMH H WX
WHCTPYMEHTAMH ABJIAIOTCS MO0 PE3yJIbTaThl JOJATOCPOYHOTO TMPOTHO3A JAJIA BCEX
paccMaTpPUBAEMBIX HMHCTPYMEHTOB, JIHOO BEPOATHOCTHBIA aHAIA3 TOBEACHUS
paccMaTPUBAEMBIX HHCTPYMEHTOB B CXOJAHBIX PHIHOYHBIX CUTYAITHAX.
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Bribop ¢mHAHCOBOTO HWHCTPyMEHTa € MAKCUMAJIbHOW TPEAroIaracMon
JOXOJHOCTBIO HE COCTaBJISAET OOJBIIOrO0 TPYJAa, HO 3a4aya yYCIOXKHIETCH
HEOOXOJUMOCTBIO  YUMTBHIBATH  PUCK  MPEANOJIaracéMbiX  BJIOKEHHH, T.€.
BO3MOKHOCTh MHCTPYMEHTA HE PEATM30BaTh 3Ty AOXOAHOCTh. Kak mpasuio, yem
BBIIIIC JOXOJHOCTb, TEM BBIIIE PHUCK, U CHH)KCHUE PHUCKA BEIET K CHUKCHUIO
noxoaHocTu. [lo3TOMy Tmpu MJIAHUPOBAHMM PACHPEACIICHUS CPEACTB OaHKa
paccMaTpUBarOTCA JBE 3a1AYH:

" BJIOKCHUE CPEJICTB C MUHUMAJIBHBIM PUCKOM;
" BJIOKEHHUE CPEACTB C JOXOAHOCTHIO HE HIDKE (PUKCHPOBAHHOTO YPOBHA H

MHHUMAJIBHBIM JJI1 3TOTO YPOBHS PUCKOM.

Kiaccnmueckum nprMepoM CHIDKCHHSI prucka MOPTQENs B IEIOM SBIISETCS
COUETAaHWE B HEM HMHCTPYMEHTOB C OTPHUIATEIBHBIM  KOIPPHUITUEHTOM
KOPPEJSALUN.

[locTynieHWe OaHHBIX B CHCTEMY. B nOporpaMMHOM  MPOIYKTE,
npumensemom B [IpomcTpoiibaHke, peajii30BaH aBTOMATU3MPOBAHHBIN BBOJA B
HEHPOHHYIO CETh HOBOW MH(OPMAITHH U3 CICAYIOMNX HCTOUHHKOB!

* uHpOpMaNMOHHO-TOProBeie nannbie areaTcTBa REUTERS;
" TOproBeie AaHHbIE ¢ iomanok MMBB u PTC;
" [pPOYME JAHHBIE C UCMOJB30BAHUEM PYYHOTO BBOAA.

BriOOp M MOATrOTOBKA JMAHHBIX JUIS VYACTHA B MPOTHO3€. 3adadya AAHHOTO
JTama MPOTHO3MPOBaHMSA — BBEIOOp u3 Oomee yem 200 BHaAOB MH(POPMAIMOHHO-
TOProOBBIX JAaHHBIX HamOOJee 3HAYMMBIX BIUAIONHMX (PAKTOPOB ISl HPOrHO3a
WHTEPECYIOMIEH CTOMMOCTHOM BEJIIMYHMHBI HEKOTOPOro (PMHAHCOBOI'O MHCTPYMEHTA
WIH Tpynnbl (UHAHCOBBIX MHCTPYMEHTOB. IlepBHUHBIN BHIOOP BIHMSIOIMIHNX
(haKTOPOB OCYIIECTBIIACTCS CIICITHATMCTOM M 3aBHCHT OT €r0 ONbITa U WHTYHIIHH,
B BHIY TOI'0, UTO aBTOMAaTH3alldsg ATOr0 Ipollecca, KaK MpaBmiIo, HeddPeKTHBHA.
B nomorps crienuaanucty mpeaoCcTaBISIOTCS HHCTPYMEHThl TEXHUUECKOTO aHaIn3a
B BHJC T'PaUKOB, aHATU3HPYS KOTOPHIE MOJKHO YJIOBHTH CKPHITBIC B3aHMMOCBSI3H.
CrnenuanmcT TakKe MOXXET HMCMOJIb30BaTh JOCTYMHBIE €My MaTPHIIbl KOPPEIaiun
Y KOBapHaIluK JJI1 YKa3aHHOM BRIOOPKH BIIHMSIOMUX (PAKTOPOB M MPOTHOZUPYEMOM
BEJIMUMHBI, OJHAKO, C MOMOIIBIO MATPHUIl KOPPENALMM U KOBApUAIIMK HE yAAeTCA
YJIOBUTh HENMHEHHYIO, PEAKO BO3HHUKAIOIIYI0 3aBHCHUMOCTBH, KOTOpas, TEM HeE
MEHEE, MOJKET OKa3aTh CYIECTBEHHOE BIMSHHUE HA MPOTHO3UPYEMYIO BEIMUUHY.

[Tocne  ocyumiecTBAEHUS  MPOrHO3a  AHAIUTHUK  MOXKET  ONPEACIUThH
3HAQUMMOCTh YyYaCTBOBABIIIUX B HEM BIUAIONMX (DAKTOPOB 110 H3MEHCHHIO
(byHKIIMM OIICHKW W BBIXOJHBIX CHTHAJIOB CHCTEMBI C IICJBIO OKOHYATEIHHOM
KOPPEKIMH YYaCTBYIOIUX B IPOTHO3€E BIMAIOMNX (DAKTOPOB.

JlocTaTouHO YacTO BO3HMKAET CHUTYyallUs, KOrja B KauyeCTBE BIIMSAIOIIETO
(hakTOpa  WIM  NPOTHO3HUPYEMOM  BEIWYHHBI  IIOJIC3HO  KMCIOJIB30BaTh
MH(POPMAIMOHHO-TOPTOBBIC JAaHHBIC B MPEOOPA30BAHHOM C IMOMOIIBIO HEKOTOPOH
¢bysaxknum BHae. Hampumep, B KadecTBe 3HAUMMOTrO BIUSIONIETO (akTopa IpH
MPOTHO3€ IIEHBl YaCTO HCIOJB3YETCSA Ta K€ camasd IieHa, HO C OJHOJHECBHBIM
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caeuroMm.  IlosTromy s mpeoOpa3oBaHHMs — BIMSIOMUX — (PAKTOpOB |
MIPOTHO3UPYEMBIX BEIWYMH ObLT OMNPENCICH PAa ONepaluii, KOTOPblE MOKHO
NPUMEHATH B JII00OM mocnenoBarenbHocTH. Kpome TOro, ¢ MNOMOIIBIO
COOTBETCTBYIOIIMX TMOCJICAOBATESIbBHOCTEH AaHHBIX OMNEpalUi peain3yroTCa BCE
HauOoJsiee MOMYJISAPHbIE MHCTPYMEHTBI TEXHUUECKOTO aHAJIN3A.

[Tpomiecc ompenencHus BEIWYWH, YYacCTBYIOIIMX B TIPOTHO3€, KaK B
KAueCTBE 3HAUMMBIX BIUSIONMUX (DAaKTOPOB, TaK U B KAYECTBE MPOTHO3ZUPYEMOI
BEJIMUUHBI, SABIACTCS HanOojee CyObEKTUBHBIM U TPYAOEMKUM. M, €CTECTBEHHO,
HET HEOOXOJUMOCTH TMOBTOPATh €ro KaXAbld JEHb Uil BCEX HMHTEPECYIOIINX
aHaNMMTHKA (PUHAHCOBBIX MHCTPYMEHTOB. CyIECTBYET BO3MOKHOCTh COXPAHCHUS
MEPeUHs BBHIOPAHHBIX BIHSIOMMX (DAKTOPOB, YYACTBYIOIMUX B TMPOTHO3E, H
BHITIOJTHEHHBIX C HHAMH TpPeoOpa3oBaHWd I  HEKOTOPOro (DMHAHCOBOTO
WHCTPYMEHTA WJIN TPYMIbl HHCTPYMEHTOB.

1.5.3. IlpuMeHeHue HEHPOHHBIX ceTell AJ1sl MPOrHO3UPOBAHNS KYPCOB
BAJIIOT

Ipumep npocHoO3UposaHUs 8ATIIOMHBIX KYPCO8 WEEHYAPCKO20 (PPAHKA K
00J1apy U WBETIYAPCKO20 PPAHKA K HeMeyKol MapKe

Takoe MOAENMPOBAaHHWE C HMCHOJIB30BAHUEM HEHWPOHHBIX CETEH W TEXHU-
yeckoit 6a3pr Sun SPARCstation LX mposenu crienmanucTsl komnanuu Logica mo
3akazy Oanka Chemical Bank. BeiGop MMEHHO STHX BaIiOT B TO BPEeMs OOBsIC-
HAJICA BBICOKMM YPOBHEM TNOJBUXHOCTH TIEPBOTO COOTHOILICHHUS W MaJIbIM —
BTOpOro (0 kpwm3uca B 1993 roxay). /lanHeie 0 NWHAMHKE KPOCC-KYPCOB ATHX
BAMOT cobupauch ¢ 1 oktadpa 1992 roaga mo 1 oxtadpsa 1993 roma, mpu 3ToM
LICHOBBIE TPOTHO3bl XAPAKTEPU30BAJIMCHh MATHIO KATErOpUsIMU: OOJIBIIONW POCT,
MaJlbli pocT, 0€3 M3MEHEHM, MaJlbli craj, OONbIION craja. B utore mpuMensemas
HEWpPOHHAA CE€Th TMO3BOJWJIA CHUHTE3UPOBATh MPOTHO3 34 BHIIICYNOMSIHYTHIN
nepuoAa 55,0 % naHHBIX, COBMABIIMX C PEAJbHBIMU, MO MEPBOMY COOTHOILICHHIO
BamoT 1 23,0 % — 1o BTOpOoMYy.

IIpumep npocno3uposanus Kypca yKpauHcko2o kapbosanya k 0oiapy

Crnenyromuid npuMep WUTIOCTPUPYET Pe3yJIbTaThl MPOTHO3UPOBAHUS Kypca
AMEPUKAHCKOTO JIo/UIapa MO OTHONIIEHUID K YKPAaWHCKOMY KapOOBaHILy
(UKB/USD).

Hccnenoannsi mpPOBOAWIMCH HA OCHOBE MOJCIH CETH C OOpaTHBIM
pacripocTpaHeHueM. llenpt0 AKCHEpPUMEHTOB ObLJIO MPOTHO3UPOBAHUE Kypca
UKB/USD. Jlng mocTwKeHWS MaHHOW Iemd OBUIO TPOBEACHO HWCCICIOBAHUE
BJIMAHUS TPEACTABICHUA UCTOPUUYECKUX U TIPOTHO3UPYEMBIX JAHHBIX HA OIIMOKY
mporuo3upoBanus. Takxke ObLJIM PAacCMOTPEHbI BOMPOCHI BJIMSHUA CTPYKTYPbI
HEWPOHHOU CETH HA CKOPOCTh 00YUYEHHUA U OIIMOKY nporHo3upoBanus. [Ipu s3tom
CTaBWJINCH CIICAYIOIINE 3a0a4K:

" TIOWCK 3HAYMUMBIX BIUSIOMUX (PaKTOPOB;
" [IOMCK ONTHUMAJIbHOTO MPEACTABICHUS CTAaTUCTHUECKUX TAHHBIX O KYpCe;
" [IOMCK ONTUMAJIbHOTO MPEACTABICHUA PE3YJIbTaTa MPOrHO3UPOBAHUS,
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" [OMCK ONTHUMAJIBHOTO Pa3Mepa OKHA «CKOJIbKEHUS,
" [IOMCK ONTHUMAJIbHOW CTPYKTYPHI CETH.

[TporaozupoBanue kypca UKB/USD npoBoamiiock Ha OCHOBE BPEMECHHOM
MOCJIEAOBATENIBHOCTH  €XKEJHEBHBIX JaHHBIX O Kypce. Takod moaxon K
MPOTHO3UPOBAHUID OCHOBAH HA HJIE€ AMEPUKAHCKUX SKOHOMMCTOB, 4TO i
MIPOTHO3UPOBAHUS HEKOTOPBIX SKOHOMUYECKHUX MOKA3aTEIEH BIIOJIHE HOCTATOYHO
UCCIICTIOBAHUSI WCTOPUM KX W3MEHECHMS. YCHOEIIHOE MPUMEHEHUE JAHHOTO
MOIX0/1a IPYTUMHU HCCIISAOBATEIAMA JIjIsl TporHO3upoBanus KypcoB DM/USD wu
SUR/USD no3Bonser HaneaTbes Ha ycnex nporaosuposanns UKB/USD.

HcxoaHbIMU TAaHHBIMU [1J19 SKCIIEPUMEHTOB CIYKWJIU €XKETHEBHBIC U3ME-
penus kypca UKB/USD ¢ 15.06.93 mo 26.06.95 Bcero 842 m3mepenuii (1anHbie
B3ATH W3 apxmBoB OaHka Porto-Franco). IlporHosmpoBanock cpenanee 3HaueHHE
Kypca 3a JeHb (cpemHee apudMETHUeCKOe HEBHBIX KypCOB TOKYIKA W
IPOAAXKH).

Kaxapiit u3 3KCOEPUMEHTOB COCTOST U3 HECKOJIBKO 3TAMOB;

1. ®opmupoBanue oOyuaroniel BeiOOpku. Ha 3ToM 3Tarne onpenesnsics BUa
MPEJACTABJCHUS  UCTOPUYECKUX W MPOTHO3UPYEMbIX  JAHHBIX,
OCYIIECTBIIAIOCH dhopmupoBaHue 0JioKa MPEJCTABUTEIIbCKUX
(oOyuaromux) BHIOOPOK. BONBITUHCTBO TPOBENCHHBIX JKCIEPHUMEHTOB
OBLIO HAMPAaBJIEHO HA MPOTHO3 HE (DPAaKTHUECKOTO Kypca BATIOT, a €T0
OTHOCHUTEJIbHOTO U3MEHEHUA:

GKt:(Kt+]'Kt)/Kt . (11)

2. OOyueHre HEWPOHHOW CETH C MCIOJIb30BaHWEM C(OPMUPOBAHHOTO Ha
nepBoM stane Onoka oOydaronmx BblOOpok. KauectBo oOyueHus
XapaKTEpU30BAJIOCh  OMIMOKOW  OOyueHMs, OmpeAcsisieMod  Kak
CyMMapHO€ KBAQJPaTUYHOE OTKJIOHEHWE 3HAUCHUH HaA  BBIXOJAX
HEWpPOHHOU ceTu B oOydaromiedl BBIOOPKE OT peajbHbIX 3HAUYCHUH,
MOJYYCHHBIX HA BBIXOAAX HEWpPOHHOW cetu. Kpurepuwii npekpaineHus
o0yuenus — 1500 urepauumii v yMEHbIIEHUE OITMOKHA HA BBIXOJAX CETH
Ha JIBa MOPsAJKA, MO CPABHCHUIO C MEPBUUYHON ommOkol. B Tom ciyuae,
€CIIM TMpU ONHCAHWUU OMNbITA HE YKA3aHO, YTO NPOU3OIILIO CHHUKCHHE
OomMOKM Ha JBa MOpAJIKa, OOYYEHHWE OCTAHABJIMBACTCS MO TEPBOMY
KPUTEPHUIO.

3. Tperuii 3Tan — TecTUpOBAHKE HEHPOHHOMU ceTu. Onpenensercs KauecTBo
MpOrHo3upoBaHuss npu noxade Ha Bxox 4,0-5,0 % wnHabopoB u3
oOyyJaromed BbIOOPKH. OKCIEPUMEHT ABJISIETCA YCMCIIHBIM, €CJIU
OTHOCHUTEJIbHAsA 10cTOBepHOCTHh HE MeHee 80,0 %.

4. Ha yerBepTOoM 3Tame OCYIIECTBIAETCA MpoOHOE MporHo3upoBanue. Ha
BXOJIC HEUPOHHON CeTM — HAOOpbI, KOTOPhIE HE ObUIA BHECCHBI B
00y4aroryro BEIOOPKY, HO PE3yJIbTAT MO0 KOTOPHIM (TIPOTHO3) U3BECTEH.
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1.5.4. Orpannyenusi ¥ HeA0CTATKH, CBSI3AHHBIE C HUCTOJIb30BAHHEM
HEHPOHHBIX CeTed AJIs1 MPOrHO3UPOBAHUSA

1. JIna »ddexTuBHOrO TPOTHO3MPOBAHWA, KaK TPABWIIO, HEOOXOIUM
HEKOTOPHI MUHUMYM HaOmoAcHUM (0ojiee MATHUACCATH W JaXKe CTa).
OnHako  CyIIECTBYET MHOIO 3a7a4, KOrJa Tako€ KOJIUYECTBO
CTATUCTUYECKUX JIAHHBIX HEAOCTYNMHO. Hampumep, mpu MNpoU3BOJICTBE
CE30HHOTO0 TOBApa, CTATUCTUKHU MPEIbIAYIIUX CE30HOB HEAOCTATOYHO
JUISi TTPOTHO3a HA TEKYIIMA CE30H M3-3a U3MEHCHHS CTHIS MPOJYKTa,
MOJINTUKY MPOAAX WU T.1. Jake mpu mporHo3upoOBaHUM MOTPEOHOCTEN B
JOCTaTOYHO CTaOWJIBHOM TOBape Ha OCHOBE WHOpPMAIMU O
€KEMECIUHBIX MPOJAXKAX HEBO3MOXKHO HAKOMUTH CTATUCTUKY 32 MEPUOJT
ot 50 mo 100 mecanes. /g CE30HHBIX MPOIECCOB ATa MpodiiemMa eIe
Oornee BBIPAKCHA. KaXAbIH CE€30H (DaKTHUECKH TIPE/CTaBISET COOOH
oaHo HaomoaeHue. CraeayeT OTMETHTh, 4YTO YIOBJIECTBOPUTEIIbHAA
MOJIEIb MPOTHO3a C UCIOJIb30BAHUEM HEHPOHHON CETHU BCE KE MONKET
ObITh MOCTPOEHA JAXKE B YCIOBUAX HEXBATKHU JAHHbBIX. [I[pu 3TOM Moaenb
OyJIeT YTOUHATHCSA MPU MOCTYIUICHUHN B HEEC CBEXKUX JIAHHBIX.

2. JlpyruM HEZ0CTaTKOM MOJENEH Ha OCHOBE HEWPOHHBIX CETEH ABJISIIOTCA
3HAUUTEIIbHbBIC BPEMECHHBIC 3aTpaThbl ISt JOCTHKCHUS
YIOBJIETBOPUTEIIBHOTO  pe3yibTaTa. JTa  mpodieMa HE  CTOJb
CYIIIECTBEHHA, €CJIM HCCIEIYyEeTCs HEOONbIIOE YWCIO0 BPEMEHHbBIX
MOCJIEA0BATENBHOCTEH, OJHAKO OOBIYHO TPOTHO3UPYIOIIAA CUCTEMA B
00JlacTH YIpPaBJCHUS MPOU3BOACTBOM BKJIKOYAET OT HECKOJIBKHX COTEH
JI0 HECKOJBKHMX ThICSY BPEMEHHBIX MOCJIEAOBATEIbHOCTEH. OTMETHUM,
YTO 3aBBINMICHHBIE OKUIAHWA 3(PdeKkTa OT BHSAPSHUS HEHPOHHBIX CETEH
B psan ¢uHaHcoBeix CTpykTyp B CIIA w BemukoOputanum He
onpaBaainck. Tak, OAWH KPYNHBIA MHBECTUIIMOHHBIN OaHK HA YOJLI-
ctpuT motpatun Oojee 1,0 MIH gommapoB Ha pa3pabOTKy TaKoM
CHUCTEMBI JJIi ONTHUMHU3aWUKA (PUHAHCOBBIX OIEpaIiii, OJHAKO, CIyCTS
HEKOTOPOE BpPEMsS BBIHYXKJICH ObLI BEPHYTHCS K CTapoll CHCTEME.
OCHOBHOW MPUUMHON HEYJAuu CTaJl HEJIOCTATOUHBIA MO CPABHEHUIO C
0’KMJIA€MbIM YPOBEHb MPOU3BOAUTEILHOCTH, MOJYUCHHBIA B PE3YJIbTATE
BHEJIPEHUS CUCTEMBI.

3. OOyuuTh W SKCIUTyaTUPOBATh HEHUPOHHYIO CETh AJIS PEIICHUA MHOTMX
33/a4, KaK TPaBWIO, MOXET M HE CHCUUAIACT, HO HAJICKHO
WHTEPIPETUPOBATh  PE3YyJbTaThl, a TaKXKE YHUCIECHHO OLICHUBATh
3HQUUMOCTh  MOJyYaeMbIX MPOTHO30B  CIOCOOHBI  CHEHUAIIUCTHI,
MMEIOIIUE HABBIKK B MOJCTUPOBAHNN HEWPOHHBIX CETEH.

1.5.5. IIporpaMMHBbIe MPOAYKTHI MPOTrHO3MPOBAHUS HA OCHOBE HEliPOHHBIX
cerei

Nmnynscom aia 0oJjiee IMIMPOKOTO KMCMOJIb30BAHUA HEWPOHHBIX CETEH B
(pMHAHCOBBIX MPOTHO3ax CTANO MosBiaeHUE B 1990 r. crcTeMbl MOAECTUPOBAHUS
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HelpoHHBIX cereil Brain Maker kommanmm California Scientific  Software.
JlaHHbIN MpOrpaMMHBIN MPOAYKT — Haubojee MpoJaBacMblii B CBOEM KJjacce —
MMEET CIEAYIOIIME JOCTOMHCTBA:

"  HCHOJIb3yeMas MOJIEJb HEHMPOHHOM CETH SIBIACTCSA HAACKHOM W yHOOHOM
P MPOTHO3MPOBAHUH B cpepe Om3Heca u PUHAHCOB;

" JUIsS €r0 OCBOCHHUSI OT AHAJIMTUKA HE TpeOyeTca yriyOJICHHbIX 3HAHWN B
00J1acTH MaTEMATHUKHN WU NPOrpaMMUPOBAHHUS,

* sbdektuBen npm padoTe B CAydasx, KOrjga TMpaBwia, MO KOTOPBIM
W3MEHSETCS MTPOTHO3UPYEMAsl BEJIMUAHA, HEU3BECTHBI U TPYTHOBBISABIIACMBI.
PaccmoTpuM Takke psAa OCOOCHHOCTEH M 3aTPYJHEHUM, CBS3aHHBIX C

WCIOIb30BAHUEM JAHHOTO M JPYrUX TMOJO0OHBIX MPOrPAMMHBIX MPOIYKTOB
HENUPOCETEBOr0 MOJICIIUPOBAHUA:

1. Ha ¢donaoBoM pbhIHKE WP HEMHOTHE W3 CICIHAIMCTOB YCIEITHO
cnpaBisioTcss ¢ 3(EeKTHBHOW  HACTPOUKOW  HEHPOCUMYIIATOPOB
OCOOCHHO B TE€X CiyuasX, KOrja K MNPOTHO3UPOBAHHUIO TMPUXOJUTCS
MPUBJICKAaTh MaJIO3HAUWMBbIe BIuAOmme (akTtoper u  Tpedyercs
MPABUJIBHO HMHTEPIPETUPOBATh PE3YJbTAaThl HACTPOMKHA HEUPOHHOMU
cetn. Jlna  >¢pdexkTMBHOTO  MCHOMB30BaHHUS — HEHPOCHMYIIATOPOB
HEOOXOJUMO TAKKE XOpOIIO TMMOHUMATh CYIIHOCTh MOJEIUPYEMOTO
npoiecca.

2. Ilpu ucnonb30BaHUM HEUPOHHOW CETH HEOOXOJMMO YUWUTHIBATH BIUSAHUE
JNETCPMUHUPOBAHHOW TEPUOANYCCKON (PYHKIIMHM HA3BIBAEMOW B TCOPHH
BPEMEHHBIX  PAAOB  «ANJATUBHOW CE€30HHOM KOMIIOHEHTOW» U
ONpPEAEIsAeMOl METOJaMHU CHEKTPaJIbHOTrO aHanu3a. llepmoa ce3oHHOM
KOMIOHEHTBl cocTaByisieT oT 7 A0 14 aHedl. OHA MOXET YUYUTHIBATh,
HafpuMep, TO, UYTO B MEPBBIC JABA—TPHU JHA KaXKAOro Mecsia OObIUHO
HaOII0/1aeTCs JIOKAJIbHBIM MOABbEM KOTUPOBOK aKIMU, a B CEpPeAUHE
MECALIA CYWECTBYIOT JHHW, KOTJAa Ha JACHEKHBIA PBIHOK OKa3bIBAIOT
BJIMAHUE 0053aTENIbCTBA MO KOHTPAKTAM Ha KYIUTFO—TPOJIaKy BaJFOThI MO
3apaHee OrOBOPEHHOM LieHe W T. A. Ha stame mporHosa ce3oHHas
KOMIOHEHTA MOKET aBTOMATUYECKH J00ABIATHCA B OJIHY M3 KOJOHOK
AJIEKTPOHHOM TaOJUIbl C TAaHHBIMM M, TaKUM O0pa30M, YUUTHIBATHCSA B
HEUPOCUMYJIATOPE TPU  OLECHKE NPOTHO3UPYEMOTO  TMPHUPALICHUA
KOTHPOBOK.

3. Ilpaktuka paboTel C HEHpocHMyNsATOpaMHd Ha (HPUHAHCOBOM PBIHKE
CBHACTEIBCTBYET O TOM, 4YTO CO3/aHME W TIIATEJIBHOE BEACHUE
OOIIIUPHOM, MOCTOSSHHO OOHOBISIEMOW M XOPOILO CTPYKTYPUPOBAHHOM
6a3pl (PMHAHCOBBIX, MAKPOSKOHOMHYECCKAX W TIOJUTHUYCCKUX JTaHHBIX
KpailHE BaXXHO, MOCKOJIBKY OHM CYILIECTBEHHO BJIWAIOT HA CUTYALUIO H
KQueCTBO MPOrHo3a. Tak Kak CuTyaluus Ha PBIHKE HENPEPBIBHO
WU3MEHSETCS, TO W HA0Op 3HAYAIMX BIUSAIONMX (akTOpoB (WM WX
MOPSAIOK BHYTPH 3TOTO Ha0Opa) Tak:Ke U3MEHSAETCSA BO BpeMeHH. B cBs3m
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C 3TUM, HEUPOHHYIO CETh HEOOXOAMMO BpPEMS OT BPEMEHU HACTPaWBATh
1 00y4aTh 3aHOBO.

4. Hanuuue noapoOHONW MOKYMEHTAllMKM KpaiHEe BaXHO Mpu pabdoTre C
HelipocumysissTopoM.  JlokymMeHTalust OObBIYHO BKJIKOUAET MOAPOOHOE
OMUCAHUE METOJIOB U MPUMEPOB, UHJCKCHBIM W IPEAMETHBIN yKa3aTeu,
a Takke oOyuaromuid kypc. Hekotopsie KoMmaHUU—pa3pabOTUMKH
HEHPOCUMYJISITOPOB TIOJIEPKUBAIOT «TOPSIUYIO JTUHUIO» TIO TeledoHy u
HNHutepHeT, a Takke MPOBOAAT CEMUHAPhI MOJIb30BATEIEH MO O0YyUCHHIO
npuemMam > PEeKTUBHOM pabOTHI C HEHPOCUMYIIATOPAMH.

1.5.6. IIporHo3upoBaHue NoTpedIeHHs YJIEKTPOIHEPrun

Cucrema aHajgu3a JaHHBIX O TOTPEOJICHUHM AJICKTPOIHEPTHUW (KOMITAHUS
ZSolutions) wcmonab3yeT AaHHBIC, TOJIYYSHHBIC B pe3yjibTate 00pabOTKH
MOKA3aHWKA CUETYMKOB YACTHHIX M KOPIOPATUBHBIX KIWEHTOB. W3mepeHus
MPOBOJATCSA Kakable 15 MWHYT, MpUYeM HM3BECTHO, YTO HEKOTOPHIE M3 HUX —
HeBepHbIe. C TIOMOIIBI0 HEHPOHHBIX CETECH OB TMOCTPOSH aJTOPUTM BBISBICHUS
HEBEPHBIX W3MEPCHUN, a TakkKe aJTrOPUTM TMPOTHOZMPOBAHUSA MOTPEOICHUS
SHEPTUW B 3UMHUI TIEPUO] BPEMEHH.

Hcnonp3oBaHne AaHHOTO MPOTHO3a MO3BOJWIO SHEPTETUUYECKONW KOMIAHUH
NPUMEHUTh THOKYIO TapH(pHYIO TOJIMTHKY M COKPAaTHTh PHCK BO3HWKHOBCHHS
YHEPTreTUIECKOTO KPU3HUCA B PETHOHE.

1.5.7. IIporHo3upoBaHue CBOICTB MOJIUMEPOB [9]

PeanmmzoBana TEXHONOTHS TPOTHO3MPOBAHWSA CBOWCTB MAaTEPHANIOB B
XAMHYECKAX TIOJJUMEPHBIX IPOM3BOJCTBAX C TIOMOIIBIO HEHPOHHBIX CeTei
(xommanuu Aspen Technology m NeuralWare Inc., 1997 r.). Jlannsiit moaxon
okazajica Oojee 3(EKTUBHBIM M JEMICBBIM, Ye€M pa3padoTKa TEOPETUUECKOM
MOJICITA TTOJITAMEPOB.

Tak, ¢ momompio Helipocumynstopa NeuroShell pazpaboran HOBBIM cOpPT
6e3omacHoro crekia (kommanus DuPont).

B 3axmodenne pazaena OTMETHUM, YTO MporHo3uposaHue 1ieHsl HedTr Urals
— 07lHa U3 Hau0oJiee MHTEPECHBIX 3a]a4, CBA3aHHAS C MPUMCHEHUEM HEHPOHHBIX
ceTel IJId 1eie mporuo3a. B Buay Toro, 4ro takoi mporao3 umeet aisa Poccnn
MPUHIMITAAIBHOE 3HAUEHHUE: 1IEHA CYIIECTBECHHO BJIMSACT HA UCMOJHEHUE OKOJIKETA
U YPOBEHb HU3HM — YCIEXW B PA3BUTHU HEUPOCETEBBIX TEXHOJOTWHM st
MIPOTHO3UPOBAHUH B (PMHAHCOBOM chepe TPYTHO MEPEOIICHUTD.
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1.6. IIpoOJsiemMbI pa3BUTHS HEHPOHHBIX CeTEH

Paccmotpum psx  mpoOjieM, CTOSAIIMX CETOJHS Ha MYTH IITHPOKOTO
pacrpoCTpaHEHUsI HEUPOCETEBbIX TEXHONOTUH [8§].

l.

BoNbIIMHCTBO MPUMEHSAEMbIX HEHPOHHBIX CETEH MPEJACTABIAIOT CETH
00paTHOro PacrnpoOCTPAaHEHUsI — HaMOOJIee MOMYJIAPHOIO COBPEMEHHOTO
anroputMa. B cBoro ouepenp, aaroputM oOpaTHOTO PacCHpPOCTPAHEHUA
HE CBOOOJIEH OT HeAocTaTkoB. [Ipexie Bcero He CyllecTByeT rapaHTHH,
YyTO HEHWpPOHHAs CEThb MOXET OBbITh OO0yueHa 3a KOHEYHOE BpEMS:
3QUacTyl0 YCWIMS W 3aTparhl MAIIMHHOTO BPEMEHUM Ha OOYYCHHE,
nmponajarT HampacHo. Korma 3To mpoucxoaut, o0ydeHHe MOBTOPSIETCA
— 0€3 BCAKOU YBEPEHHOCTH, UTO PE3YJIbTAT OKAXKETCA JIyUIIIe.

Het Tak:ke yBEpEHHOCTH, YTO CE€Th OOYUYMTCS HAWIYUYIIUM BO3MOXKHBIM
o0pa3oM. AJTOpuTM OOYUYCHHMS MOXKET TMOMacTh B <JIOBYIIKY» TakK
Ha3bIBAEMOTO JIOKAJIbHOTO MUHUMYMA OIIMOKW, U HAWJIYUIlEe PEIICHUE
He OyJAeT MOJyUYEHO.

PazpaboTaHo MHOTO ApPYrux ajJrOPUTMOB OOYUECHUS HEHPOHHBIX CETEH,
UMEIOIIMX CBOM MPEUMYIIECTBA, OJHAKO, CJIECIYET OTMETHUTh, YTO BCE
OHM HE CBOOOHBI OT OTPAHUYECHUH.

Pa3paboTurki CKJIOHHBI MPEYBEJIUYMBATH CBOM YCIEXU U 3aMaluvBaTh
HEYJA4d, CO3/1aBas 3a4acTy0 O HEUPOHHBIX CETAX U HEUPOKOMITBIOTEPAX
HEOOBEKTUBHOE BrieuaTieHue. [10aToMy MpennpuHUMATENH, KEIAIOIINe
OCHOBaTh HOBBIC KOMMAHWUU B OOJACTH HEWPOCETEBBIX TEXHOJOTHA,
JOJKHBI MPENICSIbHO YETKO NPEACTABIATh IMyTH Pa3BUTUA TOTO WU
WHOTO MPOEKTA U MYTH MOJYYEHUA MPUOBLIH.

Takum  00pa3oMm, CyIIECTBYET OMNACHOCTb, 4YTO  HEHPOCETEBBIC
TEXHOJIOTHH HAYHYT MPOJABATHCSH W TMOKYNAThCS PaHBINE, UYeM TMPHUACT
uxX  Bpems, of0emas  moTpeOWTENbCkHe W (PYyHKIIMOHAJIBHBIC
BO3MOXKHOCTH, KOTOPbI€ TOKAa HEBO3MOXKHO JOCTUTHYTh. Eciu 3To
MPOU30HJET, TO TEXHOJOTHA B LEJIOM MOXET MOCTpPaAaTh OT MOTEPH
KpeIUTa JIOBEpUSd M BEPHETCA K TEPUOAY HEBOCTPEOOBAHHOCTH
CEMHUJIECATHIX TOJIOB.

CyiectByeT mpodiieMa HeCIOCOOHOCTH TPAAUIIMOHHBIX UCKYCCTBEHHBIX
HEUPOHHBIX CETeH «OOBSACHUTH», KaK OHM pelialoT 3adady. ITo
HAalOMHUHAET HAllly HECMOCOOHOCTh OOBACHUTh, KaK Mbl y3HaeM
YEJI0BEKA, HECMOTPS HA PACCTOSTHUE, OCBEILICHUE W MPOLIEIITNE TOIbI.
TexHomorus TpeOyeT yAyUIICHWS CYIIECTBYIOIIMX METOJA0B U
paclIMpeHUs TEOPETUUYECKUX OCHOB, JUJIi TOTO UTOOBl HEHMPOHHBIE CETH
MOJIHOCTHIO PEATM30BAJIN CBOU MOTEHIIUAJIbHBIE BO3MOXKHOCTH.

[Ipexxne YeM HMCKYCCTBEHHbIE HEUPOHHBIE CETH MOXHO OyJeT
UCIOIb30BaTh JUISl PELICHHUS 3aday, TJA€ TMOCTaBJACHbl Ha KapTy
YEJIOBEUYECKUE JKU3HU WM BAXKHBIE HAPOJHOXO3SHCTBEHHBIC OOBEKTHI,
JOJIKHBI OBITh pellieHbl BOMpochl HaaexkHoctu MHC.
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KOTOpOMY HEHWpPOH MOXeT mepenaBaTh mmmynbe (Carries signals away). AKCOH
KOHTaKTUPYET C ACHAPUTAMU IPYIMX HEHPOHOB Yepe3 crnenuanbHble 00pa3oBaHus
— cunancwl (Synapses), KOTOpbIE BIUAIOT HA CHITY TIEPEAaBaeMOro UMITYJIbCa.

CrpyKTypa, €OCTOAIIAsA W3 COBOKYNHOCTH OOJIBLIOrO KOJMYECTBA TaKHX
HEHPOHOB, MOJyuMJIa Ha3BaHUE Ouonoeudeckoli (W ecmecmeentoil) HeMpOHHON
CETH.

2.1.2. UckyccTBeHHbI HeHpPoOH

Uckycemeennwiii Hetipon (nanee — HEUPOH) SBIACTCA OCHOBOHM JFO0OM
WCKYCCTBEHHOW HEMPOHHOM CETH.

Heliponbl mnpeacTaBisOT co00M OTHOCUTENBHO MPOCTHIE, OJIHOTUITHBIE
AJIEMEHTHI, UMUTHpYIOIIME padoTy HelpoHoB Mosra. Kaxapiii HelpoH
XapaKTepU3yeTCsd CBOMM TEKYILIMM COCTOSHHUEM MO AQHAJIOTHMM C HEPBHBIMU
KJIETKAMU TOJIOBHOT'O MO3ra, KOTOPbIE MOTYT ObITh BO30Y>KICHBI U 3aTOPMOKEHBI.

HckyccTBEHHBIM HEMPOH, TAKKE KAK M €r0 €CTECTBEHHBIN MPOTOTUIL, UMEET
IpyNIy CHHATCOB (BXOMIOB), KOTOPHIE COCTMHEHBI ¢ BHIXOJAAMH JPYTHUX HEHPOHOB,
a TaKKe aKCOH — BBIXOJAHYKO CBS3b JAHHOI'O HEWPOHA — OTKyJa CHTHAI
BO30YXKAEHUA UM TOPMOKECHHS TOCTYIAET HA CUHAIICHI APYTUX HEHPOHOB.

OOumii BU1 HEMpOHA MPECTABICH HA pUc 2.2,

L J

O

Puc. 2.2. HcKyCCTBEHHbIH HEHPOH —
NPOCTEHIIHI 3JIEMEHT HCKYCCTBEHHOH HelPOHHOH CeTH
¥j — CHTHAJI, NOCTYNAIOIIHIA OT HelipoHa j;
St — CKAJIIPHOE MPOU3BeIeHHEe BEKTOPA BXOJAHBIX CHTHAJIOB H BEKTOPA BECOB;
fr — pyHKIHs BO30YyKIeHHSA; Y, — BHIXOAHOH CUTHAJI HeHPOHA
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Kaxnpiii cuHarc XapakTepusyeTcsl BEIMUMHON CUHANMUYECKOU C8543U WU
gecomM W;, KOTOPBIH TIO CBOEMY (PU3NYECKOMY CMBICTY OSKBUBAJICHTEH
BJIEKTPUUYECKONU TPOBOJAUMOCTH.

Texymee cocTOHUE HEMPOHA OMPENENACTCA KaK B3BELIEHHAs CyMMa €ro
BXO/JOB:

n

s =2 X Wi (2.1)

i=1

I7€ X — BXOJ HEHpPOHA, a W — COOTBETCTBYIOIIUNA 3TOMY BXO/y BEC.

2.1.3. AKTUBalIMOHHAS (PYHKIUSA
Brrxon HetipoHa ects QyHKIIHAA €T0 COCTOSHUSA, T.€.

y=As) . (22)

Henunetinas ¢ynkuusa f(s) Ha3bIBaeTCA aKMUBAYUOHHOIL, CIHCUMAIOUCT
dbynakue wm GyHKIUEH 6030yocoeHuss HEUpoHa.

OCHOBHBIE Pa3HOBUIHOCTH AKTUBALMOHHBIX (DYHKIHMH, MPUMEHIEMBIX B
HEWPOHHBIX CETAX, MPEACTABIEHbI HA pUC. 2.3.

a) b) ¢)

Puc. 2.3. AkTuBauuonsasi GpyHKIHUsI
a) noporosasi; b) mosyiuHeHas; ¢) CHrMOUAAIbHAS

B kauectBe akTMBAIMOHHOW (DYHKITUH YACTO MCTIOIB3YETCS CUCMOUOATBHAS
(s-o0pasHas wnv nocucmuyeckast) (yHKIWA, mokazaHHas Ha puc. 2.3 c¢. Ota
(hyHKITHS MaTeMaTHYECKA BhIPaXKaeTcs 1mo hopmysie

+e

o= (2.3)
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[Tpu ymenbImeHnn o cuirMmouAaIbHast QyHKIAA CTAHOBHUTCA 0OJIEe TOJIOTOM,
B mipeene npu o=0 BRIPOXKAASICh B TOPH3OHTAJILHYIO JIMHAIO HA ypoBHE 0,5; mpu
YBEIMUEHUN O CUTMOMJAIbHAS (DYHKIUS TPUOMKACTCSA MO BHEITHEMY BUIY K
(yHKIIMM €MMHUYHOTO CKauka ¢ moporoMm /' B touke x=0. V3 BBIpaxkeHUs s
CUTMOWJIATbHOM (DYHKITMM BHUIHO, YTO BBIXOJHOE 3HAUCHUE HEHPOHA JICKWUT B
muanaszone [0,1]. OgHO W3 MONE3HBIX CBOWCTB CHUTMOWAAIBHONW (DYHKITUH —
MPOCTOE BHIPAKCHUE I €€ TPOW3BOJHON, MPUMEHEHHE KOTOpPOTO Oyner
PACCMOTPEHO B JAJIBHEUIIIEM:;

J)=a f(x) (1= f(x). (2.4)

Cnenyer OoTMETHTH, UTO curMommaibHas ¢GyHKuUsS muddepeHmmpyemMa Ha
BCE ocu alOCIMCC, UTO HCMOIb3YETCA B HEKOTOPBIX JITOPUTMAaX OOYUCHMUS.
Kpome Toro, curmommanmbHas ¢GpyHKIHS 00jagacT CBOMCTBOM YCHJIMBATh MAaJIble
CHUTHAJIBI JIydille, deM OOJbIIHe, TeM CaMbiM TPEIOTBpAIIas HACHIIEHHE OT
OOMBIMMX CHUTHAIOB, TaK KaK OHW COOTBETCTBYIOT OOJIACTSAM apryMEHTOB, TJIE
curMouabHas QyHKIAA UMEET MOJIOTHIT HAKJIOH.

Bo16op cTpykTypbl HEHPOHHO#N CETH OCYIISCTBIIACTCS B COOTBETCTBHHU C
OCOOCHHOCTSIMH W CJIO)KHOCTBIO 3amauu. J[Jig pemeHrns HEKOTOPHIX OTIASITHHBIX
TUTIOB 3a7a4 YK€ CYIIECTBYIOT ONTUMajJbHbIe, HA CETOAHAIIHWKA JE€Hb
KoH(pHUTYpaIy, ONMCaHHbIE, HATTpUMep, B [6, 7, 8].

Ecnu xe 3amaua He MOXKET ObIThb CBEJEHA HU K OJIHOMY W3 H3BECTHBIX
TUTIOB, Pa3pabOTUMKy MPUXOAUTCS PEMIATh CAOKHYIO MPOOJIeMy CHHTE3a HOBOW
KoH(HUTYypaImu.

TeopeTHdecKr YMCIIO CI0EB M YHACJIO HEHPOHOB B KAXKAOM CJI0€ HEUPOHHOH
CETH MOXET OBIThb TPOU3BOJBHBIM, OJHAKO (DAKTUUECKH OHO OTPAHHUYEHO
pecypcaMy KOMITBIOTEpA WM CIICTIHAIM3UPOBAHHOW MHKPOCXEMBI, Ha KOTOPBIX
00BIYHO peaNiu3yeTcsl HEHPOHHAS CETh.

[Tpu >TOM, ecnu B KaueCcTBE aKTHUBAIMOHHOW (PYHKIMH IS BCEX HEUPOHOB
CETH HMCTOJIB3YETCS (PYHKIMSA €IMHWYHOTO CKauka, HCWPOHHAS CETh HA3BIBACTCS
MHO2OCHOUHbIM nepcenmpoHom (puc. 2.4).

B HeWpoOHHBIX CeTAX, Ha3BIBAEMBIX TEPCENTPOHAMH, HCIIOIH3YETCA
aKTUBAIMOHHASA (PYHKIMS € TMHUYHOTO CKayKa.

2.2. O0y4yeHue HEHPOHHBIX ceTel

OueBnHO, 4TO (DYHKIMOHMPOBAHME HEHPOHHON CETH, T. €. JCHCTBHA,
KOTOPBIE€ OHA CIIOCOOHA BBHITIOIHATD, 3aBUCHT OT BEJIMUMH CUHONTHUYECKUX CBA3CH.
[TosTomy, 3amaBIIACH CTPYKTYPOH HEHMPOHHOM CETH, OTBEUAIOIIEH ONMPEACTCHHON
3a/aue, pa3pabOTUUK JOMKEH HANTU ONTUMAJIbHbIE 3HAYEHUS AJi1 BCEX BECOBBIX
kod(hpuMeHTOB W.

DTOT ATan Ha3bIBACTCS OOYYEHUEM HEHPOHHOU CETH, U OT TOr0, HACKOJIbKO
KQUeCTBEHHO OH OYJET BBIMOJIHEH, 3aBUCUT CMOCOOHOCTh CETH pElIaTh BO BPEMs
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2.2.2. Ody4eHnue O6e3 yunreJs

HetipoHHO# ceTH TPEembABIAIOTCS TOJBKO BXOJHBIE CHTHAIIBI, & BBIXOBI
ceTr (POPMHUPYIOTCS CAMOCTOATEIHHO ¢ YUETOM TOJIBKO BXOIAHBIX M MPOW3BOIHBIX
OT HUX CWTHAJIOB.

HecMoTpsi Ha MHOTOYHMCIICHHBIE TPHKIAIHBIE JOCTHXXCHHS, OOydeHHE C
VUHUTEJIEM KPUTUKOBAJIOCh 3@ CBOIO OHMOJIOTMUECKYHO HEMPaBAONOA00HOCTb.
Tpynao BooOpa3uTh OOyYarOMMii MEXaHW3M B ECTECTBEHHOM YEJIOBEUYCCKOM
WHTEJUIEKTE, KOTOPHIA OBl CPaBHUBAJI KEJIAaCMbIE W JCHCTBUTEIHHBIC 3HAUCHUS
BBIXOJIOB, BBITIOJHSA KOPPEKIMIO ¢ TIOMOIBI0 OOpaTHOW CBsA3W. Ecim momycTrTh
MoMOOHBI MEXaHW3M B UEJIOBEUCCKOM MO3Te, TO OTKyJa TOTrJa BO3HHUKAIOT
JKejmaembie BhIXOABI? OOyueHue 0Oe3 yuuTens sABIsgeTca Ooliee MpaBAONoa00HOM
MOJETbI0 00yueHus B Ouonorndeckoi cucteme. Pazsutas Koxonenom (m. 2.4) u
MHOTHMH JPYTHMH, OHA HE HYXIAeTCA B IIEJICBOM BEKTOPE I BBIXOJOB W,
clieoBaTeIbHO, HE TpeOyeT CPaBHCHHUA C TPEIONPEACICHHBIMU WIACATHHBIMHU
OTBETAMH.

OOyuaroriee MHOXECTBO COCTOMT JIMIIb W3 BXOJHBIX BEKTOPOB.
OOyuarommii  aJropuT™M TOACTPAUBAET Beca HEHPOHHOH CETH TakK, 4YTOOBI
MOJTyYaJIUCh COTJIACOBAHHBIC BBIXOJHBIC BEKTOPHI, T. €. YTOOBI TPEIBABICHUE
JIOCTAaTOYHO OJM3KMX BXOJHBIX BEKTOPOB AaBajio OAMHAKOBBIC BHIXOMBI. [Iporecc
0oOydYeHHUS, CIICIOBATEIBHO, BBHIJACIACT CTAaTUCTHUYCCKHUE CBOMCTBA OOYdYaIOIIETO
MHOXECTBA W TPYIIHAPYET CXOJHBIE BEKTOPHI B KJAcChl. [IpenbsaBiieHre HA BXOJ
BEKTOpPAa W3 JAHHOIO KJIacca JacT OMPEAECICHHBIN BBIXOJHOW BEKTOP, HO M0
oOydeHHS HEBO3MOXKHO TMPEACKa3aTh, KaKOW BBIXOA OYyIET MPOW3BOAUTHCS
JAHHBIM KJIACCOM BXOJIHBIX BEKTOPOB.

CrnenoBaTennbHO, BBIXOABI TIOTOOHON CETH JOIKHBI TPAHC(HOPMHUPOBATHCS B
HEKOTOPYIO TOHATHYIO (hopMy, OOYCJIOBIICHHYIO TPOIECCOM OOydeHHs. ITO HE
ABIIACTCS CEPhEe3HOM TpoOnemMoii. OOBIYHO HE CIIOXKHO WACHTH(PHUIIMPOBATH CBA3b
MEXKY BXOJIOM M BBIXOJIOM, YCTAHOBJICHHYIO CETHIO.

2.3. HeiipoHHbIe ceTH 00OPATHOIO PACNIPOCTPAHECHUSA

OnnuM W3  Haubojiee PaAcHpPOCTPAHCHHBIX BHJAOB HEHWPOHHBIX CETel
ABJIAETCA MHOTI'OCJIOMHAA CTPYKTYPa, B KOTOPOM KAXKIAbIH HEUPOH MPOU3BOJIBHOTO
CJI0 CBA3aH CO BCEMM AKCOHAMM HEWPOHOB NPEABIAYILETO CJIOS, WIM B CIy4ae
MEPBOTO €0 CO BCEMU BXOJAMH HEMPOHHOU CETH.

Takue HEMPOHHBIE CETU HA3BIBAKOTCS NOJIHOCBA3AHHBIMU.

Aneopumm  obpamnoco pacnpocmpanenus, TPUMEHSIEMbBIA Uil TaKUX
CTPYKTYp, 3aKJIOYAeTCsd B PACOPOCTPAHEHHE CUTHAJIOB OLIMOKKA OT BBIXOJOB
HEWPOHHOM CEeTM K €€ BXOJaM, B HalMpaBJICHUH, OOPATHOM MPAMOMY
pPaclpOCTPAHEHUID CHUTHAJIOB B OOBIYHOM pexume padoThl. DTa Mpoueaypa
o0y4YeHUsT HEHWPOHHOM CeTHM W MOJyuyWsia HA3BAHUE aJIrOpUTMa OOPaTHOTO
pacpoOCTpPaHEHUS.
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CornacHO METOy HAWUMEHBIIUX KBAJAPAaTOB MHUHUMU3UPYEMOHN I1I€JICBOM
dbyHKIMen omMOKH HEHPOHHOM CETH ABIIACTCA

E) =23 04 ~d; )7, 2.5)

J.p

>

rae yg-'f; — peaJibHOE BBIXOJIHOE COCTOSIHUE HEHPOHA j BBIXOJHOTO CJIOS 7

HEHPOHHOM ceTH MpH Mojade Ha €€ BXOAbl p-ro obpasa; d;, — HIealbHOE
(>keaeMoe) BBIXOTHOE COCTOSTHUE 3TOTO HEHPOHA.

CymMmupoBaHHE BEACTCS MO BCEM HEHPOHAM BBIXOJHOTO CJIOS U TIO BCEM
oOpazam, 0OpabaThIBAEMBIM HEHMPOHHOM CEThI0. MUHMMU3AINS BEACTCS METOIOM
IPaIMEHTHOTO CIYCKa, YTO 03HAYAET TOJACTPOUKY BECOBBIX KO(DPHUITMEHTOB:

" oE

ij
rJ€ W; — BeCOBOH KO(D(DULMEHT CUHANTUYECKOH CBA3U, COCAUHAIOMIEH -i
HEHPOH cJIost n—1 ¢ j-M HEHPOHOM CJ10s A1, 1| — KO3(PPHUITUEHT CKOPOCTH 00YUESHHUS,
0<n<l
Kak noka3zano B [8],

8E _ 8E dy] 8s]-

ow;  dy; ds; ow;

2.7)

rje MoA );, MOAPa3yMeBAETCs BBIXOJ HEUPOHA j, a MOA S; — B3BELICHHASA
CyMMa €T0 BXOJHBIX CUTHAJIOB, T. €. apTYMEHT aKTUBAIIMOHHOMW (DYHKITHH.

Tak kak MHOXHUTENb dyj/ds; ABNAETCA MPOM3BOMHON 3TOH (PyHKIUM 1O €€
aprYMEHTY, CJIeI0OBaTe€IbHO, TPOM3BOAHAA AKTUBALMOHHON (PYHKIMHU IOJDKHA
OBITH OIpe/ecHa Ha Bcel ocn adcmuce. [ToaTomMy yHKIMS € TMHUYHOTO CKauKa 1
MPOYHE aKTHBAITMOHHBIE (YHKIMA ¢ HEOTHOPOAHOCTAMH HE TOIXOMAT IS
paccMaTpuBaeMblXx HEHpOHHBIX ceTeil. Kak mpaBuio, NPUMEHSIOTCS TakKue
rmagkue  (QyHKIMH, KaK THUNepOOIMYEcCKUi TaHTeHC WM — KJIacchdecKas
curMouaabHas QyHKIMA ¢ SKCIIOHEHTOH. B ciydae runepOonmueckoro TaHreHca

dy 2
—~ =1-s". 2.8
i (2.8)

Tperunit mHOXUTEND OS;/OW; PaBeH BBIXOAY HEWPOHA MPENBIAYIIErO CIIOS

-1
yl_(n )‘

[leproiit MHOXKUTEND (2.7) pacKiambiBaeTCA CiaeayommumM oopazom [8]:
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oF
P,

-y OE dyy Osy -y OF dyy (1) (2.9)
OV dsp Qv T Oy dsy, Tr

r7Ic CYMMHPOBAHUE 110 & BHITIOJHACTCSA CPEAN HEUPOHOB CIIOS 1+ 1.
BBenem nepemMeHHyO

17)
s = 0L Dy (2.10)
8y dsj

Torpa momydrM peKypcuBHYIO (POPMYITy IJI pacueToB BEIHUHH 6]-(”) CJIOA 1
+1
3 Beymund 8, Y Gonee crapiero ciost nt 1,

dy;

(n) _ (n+1) | (n+1) j

6]. _{zké * ]k+ }ds- ) (2.11)
J

JI BBIXOAHOTO CJIOS

5 = (y") — d) . (2.12)
l

3ammmiem (2.6) B pa3BepHYTOM BHJIE:
A = D (2.13)

Jlnga  mpugaHus  mpoueccy  KOPPEKUMH  BECOB  MHEPIMOHHOCTH,
CTTIQXXKMBAOIIEH PE3KHE CKAUYKK TPHU TMEPEMEIICHUH IO TMOBEPXHOCTH IEJIEBOM
¢dbynkumn, (2.13) gomonHseTcs 3HAYEHWMEM W3MEHEHHA Beca Ha TPEeIblaylnei
UTEpaLiH;

Aw (1) = (AwiP (e -1+ (1 - w8y (2.14)

rae | — KodpPUImMeHT HHEPIMOHHOCTH, ! — HOMEP TEKYIICH UTEPaITiH.

Takum o00pa3oMm, TOJNHBIA aIrOpuT™M OOYYEHUSI HEHPOHHON CeTh ¢
MOMOILBIO MPOLIEAYPBl 00PATHOrO PACPOCTPAHEHUSA CTPOUTCA TAK:

1. Tlpu mogaue Ha BXOAbl HEWPOHHOM CETU OJHOTO U3 BO3MOXHBIX 00pa30B
B pexXHMe OOBIYHOTO (YHKIIMOHUPOBAHWA HEHPOHHOW CETH, KOTJa CHUTHAJIBI
PacnpoCTPAHSIOTCSA OT BXOAOB K BBIXOJIaM, PACCUNTATh 3HAYCHUSA CUTHAIIOB

sﬁ-”) Zy(" Doy (2.15)

y
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rJ€ M — YKUCJIO HEWPOHOB B CJ0€ 7/ C Y4eTOM HEHpPOHA C MOCTOSAHHBIM

BBEIXOJHBIM COCTOSIHHEM -1, 3amaromiero cMelleHue, y,-(”']) —x; ™ i-i BXOJ
HEHUPOHA j CI10A 1
v =#(s"), rue f— curmomnansHas byHKIMS; (2.16)
0
v, "=, (2.17)

rie I, — g-1 KOMIIOHEHTa BEKTOpa BXOJHOro obpasa.

2. Paccumrars 8" s BEIXOZHOTO ciost o (opMyIie (2.12), a Taxxe 1m0
dopmyse (2.13) wn (2.14) usmenenus Beco Aw™ crost n.

3. Paccumrats mo dopmynam (2.11) u (2.13) (mwm (2.12) u (2.14))
cootBercTBeHHO 8™ 1 Aw™ s Beex octanbHbIX cnoes, n=N—1,...1.

4. CxoppeKkTHPOBaTh BCE Beca B HEHPOHHOM CEeTH
wi () =wiP (@t =1) + AwD (7). (2.18)

5. Ecau ommdka ceTu CyliecTBeHHa, mepet Ha mar 1. B mpoTuBHOM
CiIyyae — 3aBepilieHre 00yUeHHUS.

Heiiponnoii cetu Ha mare | monepeMeHHO B CIy4yalHOM MOPSAJKE
MPEABABIAIOTCA BCE NPEACTABUTEIBCKUE BHIOOPKH, 4TOObI HEUPOHHAS CETh,
o0Opa3HOo TOBOPS, HE 3a0bIBaJIa OJHU 1O MEPE 3aMOMUHAHUA IPYyTruX (puc. 2.5).

OddexTnBHOCTH 00YUEHUS 3aMETHO CHIYKACTCSI KOT/Ia BBIXOTHOEC 3HAUCHUE
y"V B (2.13) ctpemutcs k Hymo. [Ipu ABOMUHBIX BXOMHBIX BEKTOPAX B CPEAHEM
MOJIOBMHA BECOBBHIX KOA(DPUIMEHTOB HE OyaeT KoppeKkThpoBaThesa [8], mosTtomy
00J1aCTh BO3MOKHbBIX 3HAUEHUHN BHIXOA0B HEMpoHOB [0;1] >kenaTeabHO CABUHYTH B
mpeaensl  [-0,5;+0,5], duro  gocrmraercs  MPOCTBIMH  MOIU(PHKAIHSIMU
AKTUBAIMMOHHBIX (DYHKITHH, HAPUMEP: CUTMOHWAAIbHAs (PYHKIUS C SKCTIOHCHTOMN
npeoOpasyercs K BUIy

FE)==05+—— | (2.19)

1+e

PaccmoTtpum Bompoc 0 uyuciae o00pas3oB, MNPEAbABISIEMBIX HA BXO/bI
HEHPOHHOW CETH, KOTOpPBIE OHA CIOCOOHA HAYUWTHCA PACTO3HABaTh (E€MKOCTh
HEHpOHHOW ceTw). Jligs HEWpPOHHOW CE€TH C OJHUM CKPBITHIM  CIIOEM,
JETEPMUHUCTCKAA €MKOCTh HEHPOHHOU ceTu (y OLIEHUBAETCS KaK

NN, < Cy4< N,/N, log(N,/N,) , (2.20)

rae N,, — 4McI0 NOACTPAauBaeMbIX BECOB, IV, — YACIO HEHPOHOB B BEIXOJHOM
clIoE.
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Puc. 2.5. lmarpamMmma cUrHaJioB npu o0y4eHun
HEeHPOHHOI CeTH MO AJrOPHUTMY 00PATHOr0 PacnpocTpaHeHUs

Cnenyer OTMETHTh, YTO JIAHHOE BBIPAXKEHUE IMOJYYEHO C YUYETOM
HEKOTOPBIX OTPAHUYECHUN.

Bo-nepBbix, yncino BXOM0B N, U HEWPOHOB B CKPBITOM CJIO€ Nj TOMKHO
YIOBJIETBOPATH HEPABEHCTBY N, + Nj, > N,,.

Bo-propeix, N,/N, > 1000. OpHako BHIIENPHUBEIEHHAS OLEHKA
BBITIOJTHSAJIACH ISl HEWPOHHBIX CETEeH C aKTUBAIMOHHBIMH (DYHKITUAMHA HEHPOHOB B
BUJE TIOPOTa, & €MKOCThb CE€TeW C TIAAKUMH aKTHUBALMOHHBIMH (PYHKIHUAMHU,
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Harpumep (2.19), o6srano Gombmre. Kpome Toro, urypupyromee B Ha3BaHWUH
€MKOCTH TPWIAratejibHOE «IETEPMUHUCTCKUI» O3HAYAeT, 4YTO MOJyYEHHAs
OLICHKA €MKOCTH MOJXOJUT aOCOJIOTHO JIJIi BCEX BO3MOXHBIX BXOIHBIX 00pPa30B,
KOTOpble MOTYT OBbITh MpenacTaBiicHbl N, Bxogamu. PacmpeneneHue BXOAHBIX
00pa3oB, Kak MPaBWIO, 00JAJAaeT HEKOTOPOH PEryIsApPHOCTHIO, UYTO MO3BOJISET
HEWPOHHOW CETH NPOBOAUTHL O0O0O0OIEHHE W, TaKUM OO0pa3oM, YBEIUUHMBATH
peabHyI0 €MKOCTh. Tak Kak pacrpenesieHne o0pa3oB, B 00ILIEM Cliydae, 3apaHee
HE M3BECTHO, MOXHO FOBOPUTh O TaKOW €MKOCTH TOJIBKO MPEANOSIOKUTEIHHO, HO
0OBIYHO OHA pa3a B JIBA MPEBHIIIAECT EMKOCTh JETEPMUHUCTCKYIO.

PaccmoTpuM BONMpOC O Pa3sMEpPHOCTH BBIXOJHOTO CJIOS HEHPOHHOW CETH,
BBHITIOJTHSIONIECTO OKOHYATENIbHYIO Kiaccudukammio obpa3os. s pasaencHus
MHOXeCTBa (KmaccuduKaImm) BXOTHBIX 00pa30B, HAMpUMEpP, TO ABYM Kjlaccam
JOCTAaTOYHO BCEro OAHOTO BbIXOAa. [Ipy 3TOM Kaaplil JOTMYECKUI YPOBEHH —
«1» u «0» — Oynmer oOo03HAyaTh OTHAENbHBIA Kjacc. Ha AByX BbIXOJAaX MOKHO
3akoaupoBaTh yxke 4 knacca u Tak jganee. OaHAKO pe3ysibTaThl  PabOThHI
HEWPOHHOU CETH, OPraHW30BAHHOW TaKuUM O0pa3oM, «IOJ 3aBA3KY», HE OYEHb
HaJCKHBI. [IJIs1 TIOBBITIIEHUST TOCTOBEPHOCTH KITACCH(PUKAIIAN KENATSITHHO BBECTH
MU30BITOYHOCTh MYyTEM BBIACICHUSA KAXKIOMY KJIACCy OJHOTO HEHPOHA B BBIXOJHOM
CI0€ WIM, 4YTO €IlIe JIydllle, HECKOJIbKUX, KaXKIbl W3 KOTOpPbIX oOOydaercs
onpenesiaTh NPUHAIUICKHOCTh o0pa3a K KJIAacCy CO CBOEH  CTEMEHbBIO
JIOCTOBEPHOCTH — BBICOKOW, CPEIHEH WA HWU3KOW, YTO TMO3BOJIUT NPOBOJUTH
KJTacCU(PUKAITUIO BXOAHBIX 00pa30B, 0OBETUHEHHBIX B HEUCTKHE (Pa3MBITHIE WJTH
MEPECEKAIONMNECT) MHOXKECTBA. JTO CBOWCTBO TPHUOIMKAECT HEHPOHHBIE CETH K
€CTECTBCHHOMY YEJIOBEUECKOMY UHTEJICKTY.

Takas HeHpoHHas CE€Tb MMEET HECKOJbKO OrpaHuueHuil. Bo-mepBbix, B
mpoiiecce  O0O0y4eHHUA  MOMKET BO3HUKHYTh CHUTyalusi, Korjga OOJbIIue
MOJIOXKHUTEITbHBIC WJIM  OTPUIATEJIbHBIC 3HAYCHUS BECOBBIX KOA(DUIIMESHTOB
CMECTAT pabouyl0 TOYKY Ha CHTMOWAAIbHOW (DYHKIIMM MHOTMX HEHWPOHOB B
0o0JlacTh HachIleHUsA. Manble BEIWYMHBI TPOU3BOJHON OT aAKTHBALMOHHOM
¢bynkuun B cootBetctBuU ¢ (2.11) m (2.12) mpuBeayT Kk OCTaHOBKE OOyuYeHUS
HEUPOHHOU ceTH. BO-BTOpBIX, MPUMEHECHHE METO/a T'PAJAUEHTHOTO CIyCKa HE
rapaHTUpyeT, uTo OyaeT HalaeH TIo0albHBIM, a HE JOKAJIbHBIM MHHHUMYM
nenaeBoi GyHkmuu. JTta mpobaeMa CBI3aHa €Iie ¢ OJHOM, a UMEHHO — ¢ BEIOOPOM
ko3 dunmenTa ckopoctn o0ydeHHUs. JloKa3aTenbCTBO CXOAUMOCTH OOyUCHHS B
mpoiiecce OOpaTHOTO pPaclpOCTPAHEHUA OCHOBAHO HA TMPOU3BOJHBIX, T. €.
MpUPAIICHUAX BECOB M, CJEAOBATEIbHO, CKOPOCTh OOYYEHHA JOJKHA ObITh
OCCKOHEUHO MaJjoi, OJHAKO B 3TOM cliydae oOOyueHHe OyJeT NPOUCXOAUTH
HenpuemsieMo MeuieHHO. C JIpyrodl CTOPOHBI, CIAMIIKOM OOJIbIINE KOPPEKIUU
BECOB MOTYT NPHUBECTH K MOCTOSHHON HEYCTOMUMBOCTH Mpolecca OOyUeHHUS.
[TosTomy, ko3¢ duIEEHT 1) 0OBIYHO BRIOMpPAETCS MEHBINE 1, HO HE OUCHb MAJIBIM,
Hanpumep, 0,1, ¥ OH MOXKET MOCTENEHHO YMEHBIIATHLCS B MPOLECCEe OOYyUCHUS.
Kpome Toro, aias UCKITIOUCHHS CAyYalHbIX MONAJAHUNA B JIOKAJIbHbIE MUHUMYMBbI
WHOT /1A, TIOCJIC TOTO KaK 3HAUYCHUS BECOBBIX KOA(D(PHUITMEHTOB CTAOMITH3UPYIOTCS, 1
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KPAaTKOBPEMEHHO MOKHO 3HAUMTEJIbHO YBEJIMUWTh, YTOOBl HAUaTh T'PAJUCHTHbBIN
CIIyCK M3 HOBOW TOYKHM. ECIM TMOBTOpPEHHWE STOW MPOLECAYPbl HECKOIBKO pa3
MPUBEJICT AITOPUTM B OJHO M TO € COCTOSIHUE HEHPOHHOW CETH, MOXHO Oojiee
WJIM MEHEE ObITh YBEPEHHBIM B TOM, YTO HAMACH TJI00AJIbHBI MUHUMYM OIIHUOKH.

2.4. Kaprel Koxonena

2.4.1. Onpenenenue

Hetiponnsie cetn KoxoneHa wimu camoopeanusyiowuecsi kapmel Koxonena
(Kohonen’s Self-Organizing Maps) mnpemnHa3sHaueHbl UIS pEIICHUS 3a1a4
aBTOMATHUECKOW KiaccuduKammu, Korjga oOydaromias TOCaeA0BaTeIbHOCTh
ob6pazoB orcyrctByeT [12]. COOTBETCTBEHHO OTCYTCTBYET M (pHKcamms OIMMOKH,
HAa MUHUMH3AIMN KOTOPOW OCHOBAHBI QJITOPUTMBI  OOYUYEHHS, HampuMep,
anropuT™M 00paTHOTO pacmpocTpanenus ommoOku (Backpropagation).

Cetp KoxoHeHa — 3TO ABYXCITOHAs HEWPOHHAS CETh, COACPIKAIAsT 6X0OHOT
cnoti (CoR BXOAHBIX HEWPOHOB) W cioil Koxonena (Cnod aKTMBHBIX HEHPOHOB).
Croit Koxonena MoxeT ObITh: OTHOMEPHBIM, IBYMEPHBIM WJIH TPEXMEPHBIM.

B mepBom cnyuae akTUBHBIE HEWPOHBI PACIONOXKEHBI B TEMOuky. Bo
BTOPOM ClIydae OHW 00pasyloT ABYXMEPHYIO ceTKy (00buHO B (hopMe KBajapara
WM TPSIMOYTOJIBHUKA), a4 B TPETbeM Cliydae OHHM OO0pa3yloT TPEXMEPHYIO
KOHCTPYKITHIO.

B cuny otcyrctBus oOyuaronieil MociaeaoBaTEIbHOCTH 00pa3oB, IS
KQKJIOTO W3 KOTOPHIX M3BECTHA OT YUWTENS MPHHAMICKHOCT K TOMY WU WHOMY
KJaccy, oOmnpenejeHne BecoB HeHpoHoB cioa KoxoHeHa OCHOBAaHO Ha
WCIOJIb30BAHUH aJITOPUTMOB KJTACCHUECKON Kiaccupukanmu (KiIacTepru3aIiii Win
caMo00y4deHus).

2.4.2. Ilpunuun padots cetu Koxonena

Ha puc. 2.6 npuBeneH nmpumep TOMOJIOTHYECKOW KapThl ceTh KoxoHeHa,
coaepKalen BXOaHOU ciod u cnoit Koxonena. HeiipoHsl BXOIHOTO CJIOS CITy»Kat
JUIsl BBOJIA 3HAUCHUI MPU3HAKOB PACMO3HABAEMBIX 00pa30oB. AKTHBHbIC HEHPOHBI
cnos Koxonena mnpeaHasHadeHsl mas (popmupoBanms objacTeit (KiIacTepos)
Pa3JIMYHBIX KJIACCOB 00OPA30B.

Ha »ToM pucyHke moka3aHbl CBSI3M BCEX BXOAHBIX HEHPOHOB JIMIIb C OJAHUM
HeripoHoM cnost Koxonena. Kaxapiii HeMpoH cinost KoxoHeHa TakKe COSUHEH ¢
COCETHUMU HEMPOHAMMU.

[Tosichum oCcHOBHOM mpuHIMNI padoThl ceTu KoxoHeHa.

Beenewm crnienyromue o6o3nadeHus (puc. 2.6):

W, = (wjs, w, ..., w]-n)T, j=1m (2.21)

— BEKTOP BECOBBIX K03(ppuIineHTos j-ro HepoHa ciiost KoxoHneHa,
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Kaprta,
COCTODAWAaA
M3 1, ..., 77
HEeWpOHOB
KoxoHeHa

Puc. 2.6. Tononoruueckasi kapra ceru Koxonena

X =(x;, X3 ., X)) (2.22)

— BXOJHOM BEKTOP WJIM BEKTOP 3HAUCHHN MPU3HAKOB HEKOTOPOTo o0pasiia.

Ha cragun oOyueHus (TOuHee caMOOOY4YEHHUS) CETH BXOMHOM BekTOp X'
HONapHO CPaBHUBAETCA cO BceMH BekTopamu W; Bcex HepoHOB ciod KoxoHneHa.
Beomutcs HekoTopas ¢yHknma Onm3octn (HampuMep, B BHUAC OSBKIIHAIOBA
paccTosiHus). AKTHBHBIA HEHpPOH ¢ HOMepoMm ciios KoxoHeHa, s KOTOPOTO
3HaueHne ¢Gyakmun Ommzoctu d (X, W, MexXIy BXOAHBIM BEKTOpoM X,
XapaKTepU3YIOMUM  HEKOTOphI  00pa3, W BekTopoM W, MaKCHMajbHO,
o0bsBsieTCA «obeautesiem». [Ipu 3ToM 00pa3, XapakTepU3YIOIIUINCA BEKTOPOM
X, OTHOCHTCA K KITacCy, KOTOPBIHA MPEACTABIIACTCS «HEHPOHOM-TIoOeauTenemM». B
pe3yapTare  OCYIIECTBISAETCS  NpeoOpa3oBaHWE  N-MEPHOTO  BXOAHOTO
npocrpancTsa R” Ha m-mephyio ceTky (cinoit KoxoneHna).

CrnenyeT mMOAUEpPKHYTh, YTO 3TO OTOOPaKEHHE pean3yeTcs B pPE3yJIbTaTe
pPEKyppeHTHOM  (WTepaTwBHOW) mpomenypbl  camooOyuenus (Unsupervised
Learning). OtnuuutenbHass 0COOEHHOCTh ATOTO OTOOpakeHHUS — (HOPMHUPOBAHUE
kiactepoB (Cluster) wnm kmaccos. [lo 3aBepmennn mporiecca camooOydeHus Ha
CTaQNM PEATbHOTO HWCIONBh30BaHUSA ceTh KOXOHEHa HEW3BECTHHIE BXOJHBIC
00pa3bl OTHOCATCS K OJTHOMY M3 BBISIBJICHHBIX KJIacTEPOB (KIacCOB).

Bo3HukaeT ecTecTBEHHBIH BOMPOC: KaK BO3HUKAET yKa3aHHOE O0TOOpakeHHE
TOTIOJIOTMYECKON KapThl? [l OTBETa HA HEro PacCMOTPUM  aJTOPUTM
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camoo0yueHua cetu KoxoHeHa, mojlaras, 4to €€ BXOJHOW CJIOM COAEPKUT A
BXOJIHBIX HEHPOHOB, a €€ cioil KoxoHeHa — m aKTMBHBIX HEHPOHOB.

JIns ompeneneHUs PAcCTOAHUSA MEXIYy BXOAHBIM BekTopoM X (2.22) m
BeCOBbIM BekTOpoM W, (2.21) j-ro HelipoHna cios KoXoHEHa MOKHO UCIOJIb30BAThH
pasnuunbie QyHKIMK Or30CTH (0OBIYHO IBKIIAIOBO PACCTOSTHUE).

[Tpu >TOM "BBIMTPHIBAECT" TOT HEUPOH C C BECOBBIM BEKTOpoM W, KOTOpbIH
HanOoJiee OJIM30K K BXOJHOMY BEKTOPY X:

X — W= minj||X - Wi (2.23)

WJIM TIPY UCTTIOJTB30BaHUM (DYHKITHH index, OMPenensionieii HoMep MUHAMAITbHOTO
PacCTOSIHUA:

¢ = index min || X — W/j|. (2.24)
J

[Ipn ucnonb30BaHUU CKATAPHOTO MPOU3BEICHUS

X'W, = ; X; Wi = net; = z; (2.25)

"BBIMTPHIBACT" HEUPOH C MAKCUMAJIbHBIM 3HAYEHUEM 3TOTO MPOU3BEACHUA.

Ha cragun camooOyueHusi cetu KOXOHEHA OCYIIECTBIACTCS KOPPEKIUs
BECOBOTO BEKTOpPA HE TOJBKO «HEWPOHA-TIOOSAUTENT», HO M BECOBBIX BEKTOPOB
OCTaJIbHBIX AKTHBHBIX HEWPOHOB cios KoxoHeHa, OAHAKO B CYIIECTBEHHO
MEHBINEH CTETICHW — B 3aBUCHUMOCTH OT YAQJICHHUS OT «HEHPOHA-TIOOSTUTEISD.
[Ipu »ToM ¢opmMa W BeTUUMHA OKPECTHOCTH BOKPYT «HEHPOHA-TIOOCTUTENSN,
BECOBbIC KOA(DPUITMEHTH HEHPOHOB KOTOPOH TaKXKe KOPPEKTHUPYIOTCS, B TIPOIECCE
o0yueHus uaMeHsaoTes. CHavajla HAQUMHAKOT ¢ OYEHb OOJBIIONW 00JacTH — OHA, B
YACTHOCTH, MOXKET BKIIIOUATh BCE HEUPOHBI cjiod KoxoHeHa.

N3meHeHre BECOBBIX BEKTOPOB OCYIIECTBIACTCS MO MPABUITY:

wttl) =w(0) + (@) d(D) [x(@) —w D], J=Lm (2.26)

rae wif) — 3Ha4YeHUEe BECOBOI'O BEKTOPA HA /-M ILIAre camMoOOy4eHHs CETH,
d.() — ¢dyHkuusa Gmusoctd Mexay Heilponamu cios Koxonena (neighborhood
Kernel) n n(¢) — m3mensemsrii Bo BpeMeHH KO3(PUTTHESHT KOPPEKITHH.

B kauectBe m(f) 0OBIYHO BBHIOMpPAETCS MOHOTOHHO YMEHBIIAKOIIASICS
dbyHKIHS

0<n@ <1,

T. €. QIrOPpUTM CamMOOOYUYeHHMS HAYMHAETCA CPaBHUTEIBHO OOJBIIMMU
IaraMmu ajanTtaiyy U 3aKaHYMBaETCS OTHOCUTEIRHO HEOOIBIIUMHU N3MECHEHUSIMHU.
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z=N (kn—kn) + (kn—kp) | (2.27)

rae kj Uk, — KOOpIUHATHI 110 OCU X M OCU y HEUPOHA I; k;y U kp — aHAJIOTMYHO
JU1s HelipoHa j. [1pu 3ToM MOKHO HCIIOIB30BaTh Clieaytomue (GyHKIUHA OJIU30CTH:

-z2
dGauss(Z) =e ; (228)
-z2
dmexican-hat (Z) = (1_22) e 5 (229)
[ cos (zn/2), msiz < 1
dcos (Z) = % (230)
Lo,

Kak oTMedeHO Bblllle, NU3MEHEHUE BECOBBIX BEKTOPOB W OCYLIECTBIIAETCA B
HANpPaBJICHUH BXOJHOTO BEKTOpa X MHOTOKpaTHO. B mporecce camooOyueHUs
BappUpPyEeTCSA Kak KOAY(PPHUITMEHT KOpPpEeKIHWHM 1, TaK W paauyc d, 3aaroniuit
OKPECTHOCThH BOKPYT «HEHPOHA-TIOOCIATESN.

2.4.3. CxoaumMocCTh aJropuTMa cCaMmoo0yveHust

[Ipu paccmoTpennn mPOOIEMBI CXOAUMOCTH OTPAHUYHAMCS OJHOMEPHBIM
CIlydaeMm, KOr/aa UMEETCS JTUIh oauH BXOA. [lycte [a, b] — obnacTh 3HaueHui mis
Bxo/Ma (3aMKkHYyTHI wHTepBam). [lokakem, dYTO aurOpUTM CaMOOOYUYCHHS
MIEPEBOJIAT BEC X B CepeIMHy MHTEpBana (puc. 2.8).

| T T T T |
a X2 Xr X3 X1 b

Puc. 2.8. O0aacTh 3HAYEHHH AJI9 BX0AA

[lycth X; — HaYalbHOE 3HAYCHHWE BECAa OJIHOTO AKTUBHOTO HEWPOHA CJIOA
Koxonena. 3to 3HaUueHHME X| BRIOMpACTCS CIydaitHO: MHTEpBan [a, b] pazOuBaeTcs
Ha 2 momuHTepBana [a, x;] u [x;, b]. Kaxmoe m3MeHeHne X OMpenenseTcs ero
PacCTOSTHHEM 0 d U J0 b:

du/dt = 1 (b-—x)2 + n(a—x)2 = n((a+b)2—x) . (2.31)
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H3menenne Beca X B TOUKE X
Ax;=n((a+b)2 —x) . (2.32)

O6oznaunm y; = x; — (a+b)/2, Torma cootHomeHue (2.32) MOXKHO
NPEICTaBUTh TaK:

Avp=-myi. (2.33)

Onpenenum MaTeMaTHUECKOE OKUIaHUE JIJIA 3HAUCHHS BeEca X, Ha
CJICAYIOIIEM IIIare aJirOpuTMa CaMoOOOyUEHHUS:

Xa=x1+ Ny =(at+b)2 +y, —my1=(a+b)2 +yi (1) . (2.34)
AHaJ'IOFI/ILIHO MOZKHO OIIPCACIINTD U X3!

x3=(a+b)2 + yi(1-n) (2.35)
WY B 00IIIEM ClTydae:

xe = (atb)2 + yi(1-n)"". (2.36)

[Tpu n € [0, 1] 3Hauenwme xi cxoautcs k (a+b)/2.

PacmimpuM paccMOTpeHHBIH OAHOMEPHBIA Cly4al W MNPEANOJIOKHM, YTO
onmHOMepHBIH ciiolt KoxoHeHa (JTuHelHKa) COMEPKUT HE OJIMH HEWPOH (Kak paHee),
a /M aKTHBHBIX HEMPOHOB C BECAMH X| X), ... , X,. lIpeanonoxxum, 4To 3TH Beca
YIOPSA0UEHBI

O0<x1<xy<...<x,<b

¥ PaBHOMEPHO pacmpejesieHbl B WHTEepBaie [a, b]. B »Tom ciydae B mpouecce
camM000yueHH BECOBbIE KOXDPHUIMEHTHI CXOAATCS K 3HAUCHHSIM (puc. 2.9):

I X1 X2 X3 Xin-1 Xin
|
f | | | | | !

I A AN A NS

(b—q)m  (b—q)m (b—q)/m  (b—q)/m

Puc. 2.9. Pacnpenenenne BecoBbIxX k03¢ puuuenTos
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xi=a+ Q2i-1) (b—q)2m, i=1,2,...,m. (2.37)

O6parum BHUMaHWe, uto Touk:m (2.37) must BecoB X;, i = 1, 2, ..., m
ONPeICIIAIOT HanboJIee YCTORUMBEIC TTO3UITHH, HOO

dxydt =0 . (2.38)

B nsymepHom cayuae cnoii KoxoHeHa coaepXHT m X M aKTHBHBIX
HEHPOHOB, a O0OJIaCThIO OMPEACIICHUS [UIi BXOJOB SBJISETCS JCKApTOBO
npom3BeacHUE [a, b] X [¢, d], T. €. BXOmHOM cIlIo coaepkuT 2 HelipoHa. B sTom
CIydya€ BECOBOM BEKTOp KaxkJaoro HeWpoHa cioa KoxoHeHa wumeer 1Be
COCTaBJISIIONIME — TI0 YHCIy BXOomoB. Kaxnaplii HeiipoH cimos KoxoHeHa Takke
XapaKTePU3yeTCs NBYMs KOOPJIHHATAMH — IO OCH aOCIMCC M IO OCH OPAWHAT.

[Tono6HO OMHOMEPHOMY CIIy4al0 MOXKHO TIOKa3aTh, YTO KOOPIWHATHI
BECOBBIX BEKTOPOB HEHWpPOHOB ciosd KoxoHeHa Ha ocu abCIuUcC B TPOIECCE
caMOOOYUYCHHUS PABHOMEPHO PacIpeeisIOTcs B MHTEpBale [a, b]:

a<w'<w’<..<w"<b. (2.39)
AHaJ'IOFI/ILIHO AJI1 KOOPAHUHAT 3TUX BCKTOPOB 11O OCH OPAWHAT:!
c<w) <wr<.. . <w)"<d. (2.40)

B pesynbpraTe camooOyueHus cet KoxoHeHa BeCOBBIE BEKTOPHI HEHPOHOB
ciost KoxoHeHa paBHOMEPHO PacIpeieIOTCS BO BXOIHOM TIPOCTPAHCTBE.

2.5. Ceru Xonduaaa

2.5.1. Onpenenenue

AMepukaHCKUM HccneaoBatenieM Xomdmiaom B 80-x Tomax mpeaIokeH
CIIENUAJIBHBIA TUTI HEUPOHHBIX CETEN.

B otnnuue ot ceteit ¢ npsameimu cBazsamu (Feedforward Networks wnu FF -
Nets), cetn Xomduina SBISIOTCS pexyppeHmHbiMU WA CemsiMu ¢ 0OpamubLmu
ceszamu (Feedback Networks).

Cern Xondunaa 0651a1at0T CIeAYIOMAME CBOHcTBaMH [12]:

1. CummeTpurs ayT: CETH coAepk aT 7 HEHPOHOB, COETMHCHHBIX JIPYT C IPYTOM.
Kaxnas nyra (CoeAMHEHNE) XapAKTEPU3YETCSI BECOM Wjj, IPUUEM:

Vi,jeN:i#j: 3wy,
rae N — MHOXKeCTBO Hewiponos N = {1, 2, ..., n}.
2. CumMeTpus BECOB: BEC COSIUHEHUS HEHPOHA 17; C HEMPOHOM 71; paBEH BECY

00paTHOTO COCAMHEHHUS:
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Wi =W | Wi = 0 . (241)

3. bunapnsie BX0abl: ceTh Xondunaa odpadareiBacT OuHapHbie BXOoAB {0,1}
wm {-1,1}. B nuteparype BCTpeUaroTcs MOAEIN CETEH Kak co 3HaueHUAMH O u
I, Tak m —1, 1. Jlnsa ctpykrypsl cetr 310 Oe3pasauuHo. OmaHako GOpMYIIbl s
pacnio3HaBaHug 00pa30B (M300paKeHMIA ) PU UCTIONH30BAaHUH 3HaUeHMA —1 u 1
JUTSI BXOJIOB W BBIXOJIOB HEHPOHOB ceTH XomQuima MoyqdaroTcss HarJIaaHee,
MO3TOMY 3TH 3HAUEHUA W MPEATIONATAIOTCS HUXKE.

Onpeoenenue. bunapnas cemv Xonguioa onpedensiemcs CUMMEMPUUHON
mMampuyeil ¢ Hy1e6biMU OUAONANbHOIMU Ilemenmamu, eéekmopom T nopozos
HEUpOH08 U 3HAK0BOI (PYHKUUEIl AKMUBAYUU UIU 8bIX00A HEIPOHOE.

Kaxnapiii Bexktop O ¢ komnoHeHTamu —1 wnu 1, yJaoBieTBOpSIHOLIUN
YPaBHEHUIO

0=AWO-T) , (2.42)

Ha3bIBaeTcs oOpazom mia cetu Xondunaa.

W21 1
W31 @————p
. Wil g > out;
n; ¢ >
P>
w Wiz 2
32 *—>»
. Wi e > out,
m g ® >
P
w Wis 3
23 *—>»
in. | 78 .__:O out;
3 L
P>
w Wi > 4
in W3y 24 —:O Out4
4 L
P>

Puc. 2.10. Cerp Xonduana, cocrosimas u3 4 HelipoHOB



[Tpuamn  pyakmmonupoBanms cerel Xomdwina OTIMYACTCS OT PaHee
paccmoTpennbix. Ha Tak HaseiBaemoii Recall-ctammm Ha BXOmbl ceTM momaeTcs
HEKOTOPBIH 00pas.

OH ocraeTcs Ha BXoAaxX A0 TeX MOp, MOKA HE 3aBEPIIATCS W3MEHCHHS
cocTostHuM ceTu. B 3TOM citydae roBopsT o cxoaumoctu cetu [12] Harnsano sto
MOKHO TIPEJCTaBUTh CIEAyIOIUM oOpa3oM. B Hauame ceTb HaxoAuTCAd Ha
BBICOKOM SHEPreTHYECKOM YPOBHE, W3 KOTOPOrO0 BO3MOXKHBI MEPEXOAbl B
pPa3JIMUHbIE COCTOSIHUA. 3aTe€M DSHEPreTUYECKUN YpPOBEHb HEUPOHHOW CeTh
YMEHBIIIAETCS 10 T€X MOp, MOKA HE IOCTUTAETCA HEKOTOPOE KOHEUHOE COCTOSTHUE.
Hwxe MBI paccmotpum, kak oOydaroTcs ceth Xomnduiga W KaK CUHTHIBASTCS
(u3BJIeKaeTCA) 3aMIOMHEHHAA B HAX WH(pOpMaLnA.

Kiace cereii Xondwunaa comep XUt TOJIBKO OAWH CJIOH HEHPOHOB, MPUYEM
KaXKIblil HEUPOH COCIMHEH ¢ OocTabHBIMUA. OOpaTHBIE CBSI3M C BBIX0/1a HEWPOHA
Ha €ro e BXoJ oTcyTcTBYIOT. Ha puc. 2.10 npuBeneH KOHKPETHBIN TPUMEP CETH
Xondwnaa u3 4eThIPeX HEHPOHOB.

2.5.2. Aaropurm Xondumiaa

O6o03naunm uepe3 X' 00pa3 s-ro Kjiacca, a 4epes Xy — -0 COCTABJISIOLIYIO
sekropa X'. IIpu stom amroput™ Xomduiiga MOKET ObITh OMUCAH CIEAYIOLIMM
obpazom [12].

1. Pacuer BecoB

k-1
XXl % ]
| Ll £ (2.43)
0 i=j

rae k — 4ACIIo KJIaccoB 00pa3oB.
2. VHaunuanu3anus CeTH MyTeM BBOIA

Oi(O) =X;, 1<i<n, (244)

rae 0,0) — BBIXO[ i-r0 HeWpPOHA B HAUaJIbHBIN (HYJIEBOI) MOMEHT BPEMEHH.

3. HrepanmoHHOE MPaBUIIO:

Repeat
n—1
0;(t+1)= fi,| D w;i0;(0) (2.45)
i=0

Until v 1<i<n:o;(t+1)=0,() ,
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rae o,(f) — BBIXOJ -0 HEHpOHA B MOMEHT BPEMEHH 1.
Cootnomenus (2.44), (2.45) npeacraBuM B BEKTOPHOH dopme:
O(+1)=AWO()) , =1,2,... ; (2.46)
0(0) =X(0) , (2.47)
rae X — BXOJAHOW BekTOop, W — CHMMETpHUYHAs MaTpuia, f — BEKTOP-QyHKIMA
AKTUBALMK WU BHIXOJa HEHPOHOB.

B3Bemennas cymma BX00B j-T0 HelipoHa ceTr Xomnduiaa:

z;=net; =y W;0; . (2.48)

OYHKIHASA aKTUBALIMK WA BIXOAA UMEET BU]I

1 ,o1a z,>0
I (2.49)

—1,011 z;<0

0,=f(z)=

Hrak, mycTh MMeeTcs HEKOTOPBIM 00pa3, KOTOPHIH CleayeT 3allOMHUTh B
cetu Xomnduiaa, TOraa Beca HCKOMOM CETH MOTYT OBbITh PACCUMTAHBI, T.€. MPOLIECC
oOyueHHs HCKIMoUaeTes. Eci 3TOT 00pa3 XapakTepu3yeTcsl n-MEPHBIM BEKTOPOM
X = (x1, ..., X,)', TO Beca COSAMHEHHIT OMPEASIAIOTCS 1O (POPMyIIaM:

X;X; ,008 i#]
U:{ J (2.50)

0 ,ons i=j

B »srtom cnmyuae cers Xondwunma, xapakrepusyemass matputiedi W m
noporamu 1; =0, i=1, 2, ..., n, 3aIOMUHAET NMPEAbIBICHHBIH 00pa3.
JI5ist foKa3aTesibCTBa ONPEICTUM

AWX) = (fzwijxj): (fZ x,-x]-x]-): (f((Z x?)xl-»: (x)=X .

Beca w;; MO)KHO YMHOKUTb HAa HEKOTOPBIHA MOJOKUTEIbHBIA KO(D(DULIUEHT
(nampumep, 1/n).

Hcnonp3zoBanue Takoro ko3dduimenta ocoOEHHO Menecoodpa3Ho B TeX
Cllyuasx, KOTJa 3aloMHHAeMble 00pa3bl XapaKTEPU3YIOTCS OOJBIIAM YHCIOM
MPU3HAKOB (HAmpUMeEp, BUIACOM300pAXKEHUE OTOOpakaeTcsi OONBIIAM YHCIIOM
MTUKCETIEH ).
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XX, s:l,_k, i#j
wy = a (2.52)
0, s=Lk i=]j

N3 3Trx Matpuil MOKHO 00pa30BaTh PE3YJIbTUPYIOILYIO MATPUILY CETH:

2

W= (Wit ... +Woin | (2.53)

rie 1 — Pa3MEPHOCTb BEKTOPOB (HANPUMEpP, YMCIIO MHUKCENeH B MPEACTaBICHUU
HU300paKEHNA).

Ecnu umeercs HemHoro nzo0paxkenuit (T.e. k Majo), TO HEWPOHHAsA CETh C
matpuuei (2.52) 3anomMuHaeT k 00Opa3oB, €CTECTBEHHO, YTO HM300paKEHUS HE
CHJIBHO KOppeNnWpoBaHHB. Ecmm ke uyucino k Benwko, To Marpuma (2.53)
OKa3bIBAETCA HEJOCTATOUHOW IS 3alIOMMHAHUA BeexX k n3o0paxkenuit. C poctom k
YMEHBIIAETCS BEPOATHOCTh BOCHPOM3BeAcHUS oOpasa. [lpuBenem yTBepxkaeHue
OTHOCHUTEIBHO YHCJIa K 3alOMHUHAEMbIX OOPa30B TPU HKCIOJIb30BAHUU CETH
Xondunaa u3 n HEUPOHOB.

[lyctp k — umcno o0pas3oB, n — YKCIO MPHU3HAKOB (MMKCENEH), a o0passl,
NoJUIeKale 3aMMOMUHAHUIO — HEKOPPEIUPOBAHBI, T.€. AJS ABYX M300paKEHUH j 1
s cymma

Zxﬁ- x| - (2.54)

mana. [Ipu 3ToM mpu moaaue Ha BXOJ CETH ¢ BeCOBOM Marpuiei (2.53) ogHoro
00pa3a KaKJIpli MUKCENIh KOPPEKTHO BOCITPOMU3BOANTCA C BEPOATHOCTHIO p = 0,99
ITPU BBITIOJIHEHUH YCIIOBHSL:

k<0151 (n— o) . (2.55)

IIpumep 2.2. 3anomMuHaHHe M KOPPEeKTHOEe BOCHPOH3BeJAeHHE
MHOKeCTBAa 00pa30B ¢ MOMOIIBIO ceTu Xonpuaga

O06pa3 xapakrepusyercs Thicsubto mpuszHakamu (n = 1000). B stom ciydae
OounHapHas ceTb Xondwuiaga B COCTOSHUN 3alIOMHUATH U KOPPEKTHO BOCTIPOU3BECTH
10 150 o6pazoB (HampuMep, BUACON300PAKCHHUIN ).

B pabote cetn Xonduiaaa MOKHO BBIICTUTH CICTYIONIHE TPH CTAIHH.

1. Uannmanuzammsi CETH: Ha 3TOH CTaJUHM PACCUMTHIBAIOTCSA BCE BECa CETH

JUTS HEKOTOPOTO MHOXECTBAa 00pa3oB. OTH Beca HE OMPEACTAIOTCS Ha
OCHOBE PEKYPPEHTHOW TMPOIECAYPHI, HCHOJB3YeMOH BO MHOTHX
aNrOpUTMax OOyUCHHUSA C TOOMPEHUEM.

2. Beonx HoBoro oOpaza: HEHWpPOHBI CETH  YCTaHABIMBAIOTCA B

COOTBETCTBYIOIIIEE HAYAIIFHOE COCTOSTHUE MO aropuTtmy (2.43) — (2.48).
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3. 3aryxarommii  kKojiebaTeNbHBIA  TPOIECC: MYTEM  HCIOJIb30BAHMS
UTEPAaTUBHOM  MPOIEAYPHl  PACCUMTBHIBACTCA  IMOCIEIOBATEILHOCTh
COCTOSIHMH CEeTH A0 TeX MOp, MoKa He OYJAET MOCTHUTHYTO CTaOHIBHOE
COCTOSTHUE, T.€.

oftrl)=o(t) , j=1,2,..,n (2.56)

WIA B KA4eCTBE BBIXOJOB CETH HMCIONB3YIOTCSA 3HadeHus (2.56), npu
KOTOPBIX CETh HAXOUTCS B JUHAMHUYECKOM PAaBHOBECHM:

0 - AWO) , (2.57)

rae O — BBIXOTHOW BEKTOP CETH.

Brixon 6unapHoii cetn Xondwuiaa, coaepkaiieii #» HeHpOHOB, MOXET OBITh
oToOpakeH OuHapHbIM BekTopoM O coctosHus cetu. OOIEe YUCIO TaKHMX
coctostHui — 2" (BepIIMHBI 7-MEPHOTO rHepky6a). IIpi BBOIE HOBOIO BXOIHOTO
BEKTOPA COCTOSHUE CETH H3MEHAETCS OT OJAHOW BEPIUMHBI K JPYroM 10
JOCTHIKCHUS CEThIO YCTOMUMBOTO COCTOAHMS.

N3 Teopum cucrteM ¢ OOpaTHBIMU CBS3SIMH HM3BECTHO: MJi1 OOECICUCHHS
YCTOMYMBOCTH CUCTEMBI €€ M3MEHECHHS C TEYECHHEM BPEMEHU JOJIKHBI
yYMEHbIIATCS. B MpOTUBHOM Cilyyae BOZHUKAIOT HE3ATYXAKOIIUE KOJIEOaHuUsl.

Jnsa takux cereirt Koysnom (Cohen) m I'poccOeprom (Grossberg) (1983)
J0Ka3aHa Teopema, (popMyIMpYIOmas AOCTaTOUHBIE YCIIOBUS YCTOMUHUBOCTH CETEH
C 0OpaTHBIMHU CBA3SAMH.

Pexyppenmnoie cemu ycmoiiuugsl, ecnu eecoéas mampuya W = (wy)
cCUMMeEmpUUnd, a Hd ee 271A8HO OUA2OHAIU — HYJIU:

Dwy=w; mnascexi #j ; (2.58)
D)yw; =0 st BCeX i

OO6patiM BHUMaHWE, YTO YCIIOBUS JAHHOW TEOPEMBI JOCTATOUHBI, HO HE
HeoOXomuMbl. JIJiT PEKYyppPEeHTHBIX CETEeH OTCI0Na CIEAYyeT, YTO BO3MOXKHBI
YCTOWYMBBIC CETH, HE yIOBJICTBOPAIONINE PUBEICHHOMY KPUTEPHIO.

Jlna  nmokazatensctBa TeopeMbl Koysna u I'poccOepra ucmonb3yem
sHepreTudeckyo Qynkumio £ (dyHkmumo ['amMunbToHA), TPHUHUMAFOIIYIO JIHAIIH
MOJIOXKHUTEIIbHBIC 3HA4UeHWsA. [lpW MOCTHIKEHWH CETHIO OJHOTO W3 CBOMX
YCTOWYMBBIX  COCTOSTHMM  5Ta  (PYHKIOHMS  NPUHUMAET  COOTBETCTBYIOIIECE
MWHHAMAJIbHOEC 3HaueHWEe (JIOKAJIbHBIM MUHUMYM) MJii OWHApHBIX 00pa3oB B
pe3yNbTaTe KOHEYHOTO YUCIIa UTePaITrii:

E:—%ZZwl-jxixj A (2.59)

i j# i
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TJI€ X; — BXOJ I-T'0 HeWpoHa, 1; — Mopor i-ro HeMpoHa.

Jla xaxaoro oOpa3a, BBOAUMOTO B CE€Th, MOXXHO ONPENCTUTh dHEpruto E.
OnpenenuB 3HaueHue yHKIUU L U1 BCcex 00pa3oB, MOXHO TOJYYHThH
MOBEPXHOCTh OHEPTUM C MaKCHMyMaMH (BEpIIMHAMH) W MUHUMyMaMH
(HM3WHAMM), IPUIEM MUHUMYMBI COOTBETCTBYIOT 00pa3aM, 3alIOMHEHHBIM CETHIO.
Jlna cereri Xondwuinaa cnpaBeIMBO YTBEPKIACHUAC. MUHUMYMbL dHEPLeMUYeCcKo
Gyuryuu coomeemcmeylom oopazam, 3anoMHeHHwviM cemvlo. B pe3ynabTaTe
utepanuii cetb Xomdunga B coorBercTBuu c (2.43) — (2.48) cxomutcs K
3alIOMHEHHOMY 00pa3y.

JIiia 3amoMUHAHUS KaXKIOTO CIEAYIONIETo 00pa3a B MOBEPXHOCTh SHEPIHH,
OTMCHIBACMON HHEPreTHUecKor (QyHKIMEeH [, HEOOXOAMMO BBECTH HOBYIO
«HA3UHYY». OTHAKO TPHU TAaKOM BBEACHUHM YK€ CYIICCTBYIONTHE «HU3WHBI) HE
JIOJIKHBI OBITh HCKAYKCHBI.

JUnst HekoTOpOro o6pasa X=(x1, X, ... , X,) CIEAYeT MHHHMH3HPOBATH 00¢
cocrapiisonme Gpynkmun £ (2.59). s Toro 9to0sl BTOPOE cliaraemMoe

inTi
i

OBLIO OTPHIIATEIHHBIM, HEOOXOAMMO OOECICUNTh PA3JIMUMe 3HAKOB BXOJOB X; W
noporoB 7;. Ilpu puKCHpOBaHHBIX MOPOTax 3TO HEBHITIOIHHUMO, TO3TOMY BBEIOEpEM
MOPOTH paBHBIMU HYJO. [Ipm 3TOM BTOpOE ciaraemoe B (2.59) mckmouaercs, a
OCTaeTCs JIUIIH MEPBOE:

1
E:—EZZwl-jxixj : (2.60)

i j#i

N3 obmero umcnma k£ 00pa3oB BBIACIAM HEKOTOPBIM 00pa3 ¢ HOMEPOM .
Torga sueprermueckyo ¢ynkmmo E (2.60) MOXHO TPEACTaBUTH CIICTYIOIIAM
o0pazoMm:

1 ' 1 s
E==22. 0 WyXiX; =5 2 2 WiXa¥y (2.61)

i j#i i j#i

rae W'; — COCTABIAIOIAsA BECOBOro KO3(PHIMEHTA Wy, BBI3BAHHAS S-M 00pPa3oM,
W, — COCTaBJIOIIAs BECOBOr0 Ko3((ULMEHTa W;, BbI3BAHHAS OCTAJIbHBIMU
oOpa3aM#, 3alIOMHEHHBIMH CEThIO, Xy; — 3HAYCHHUE i-r0 BXOJa AJis S-r0 oOpasa.

Brigenenublii 06pa3 ¢ HOMEPOM § ONpeNeNseT JHUIIb BTOPOE claraeMoe B
(2.59):
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1 s
E, :—EZZwl-jxsixsj : (2.62)

i j#i

3aj:[aqa MHUHHMH3aAIWK  BCJIIMYHHBI Es OKBHUBAJICHTHA MAKCHMMH3AIIUH
BBIPA’KCHHA

DD WXy (2.63)

i j#i
2
Bxoasl cetm X, mMpuHUMArOT 3HaueHWA W3 MHOXkectBa {-1, 1}, mostomy (xy)

BCEr/Ja MOJNOXHUTEIbHBI. (Cle0BaTENbHO, MyTEM Pa3yMHOTO BHIOOPA BECOBBIX
K03 hHLIEHTOB W';; MOKHO MaKCHMU3HPOBATh BhIpaxkeHue (2.63):

Z ZW{; xsixsj = Z Z(xsi)2 (xsj)2 > (264)

i j#i i j#i
S
TAC W = XXy

Munnmym sHEpreTrueckoi ¢ynkiuu £ (2.60) mocturaercs mpu BHIOOpE
BeCcOBOro KoxduimeHrTa

Wi = XXy . (2.65)

DTO CHpaBemsIMBO Uil s-ro o0pasa, MOJUIeXkKaIIero 3alOMUHAHUIO CEThIO
Xondwunaa. Jns Bcex k 00pa3oB, 3aTOMUHAEMBIX HEHPOHHOW CETHIO, MOJIydaeM
PaBEHCTBO

Wy =D Wi =D XXy (2.66)

IIpumep 2.3. OnpeaeneHue BLIXOAHOI0 BeKTOPA 32 TPH LIAra
¢ noMombio cetu Xonduaga

Jlana ceTh U3 TpeX HEUPOHOB W Becamu, paBHbIMHA 1 (puc. 2.11):

Puc. 2.11. IIpumep cetn Xonduaaa
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CooTBeTCTBYIOIIASA BECOBAsi MAaTpUIla UMEET BHU/I;

W:

—_ = O
e
O = =

B kadectBe (QyHKIMM aKTHBAMM WM BBIXOJAa HEWPOHOB BHIOEpEM
3HAKOBYIO (DYHKITHIO (Sign) ¢ HyJeBbIMU Toporamu. [IycTh Ha BXOM TakoW CETH
nonaercs sekrop X=(1,-1,1)".

PaccunTaem a1 HEro BRIXOMHON BEKTOP CeTH. [Ipw 3TOM B COOTBETCTBHH C
(2.43) — (2.48) monyuum:

O(1) =AWX) =(-1,1,-1) ;
0(2) =AWO(1) = (-1,-1,-1)’ ;
0(3) = AWO2)) = (-1,-1,-1)" .

Tax xak O(3)=0(2), To mocne 3-ro mara BeIXOJbl CETH HE U3MEHATCH, T.€.
BBIXOIHOI BEKTOP OMpeAEseTcs CEThIO Mocye 3-ro miara.

OcHoBHast o0OmacTe mNpuUMEHEHUs cerel Xomndwuiaaa — pacro3HaBaHUE

oOpa3oB. Hampumep, kaxkmoe uepHO-Oeoe H300pakeHHWe, MPEACTaBIISIEMOE
T .

MUKCEIIIMHA, MOKHO OTOOPa3UTh BEKTOPOM X=(X1, ..., X,) , TJ€ X; JUISl i-TO TIMKCENSA

paBeH 1, ecau oH 4yepHbI, U x/—1, ecnu — Oenwiit. [Ipu momaue HaA BXOIBI
oOydeHHOH ceTn Xomduiaa HCKaXEHHOTO H300PaXeHUS CETh MOCIe HEKOTOPOTO
yycaa UTepaluili BhIIACT HA BBIXOJbl KOppPEKTHOE n3o0paxkeHue. Ha puc. 2.12 a
MPUBEJICHBl KOPPEKTHbIE 00pa3bl, 3allOMHEHHbIE CEThIO, a Ha puc. 2.12 6 —
MOCJICTOBATEIPHOCT COCTOSHUM ceTH Xomduina TpH BBOJAEC HCKAKEHHOTO
obpa3a (ctapt). [locie ueTBepToit TEpau HEUPOHHAS CETh BBIAACT KOPPEKTHBIH
o0pas.

2.5.4. HenpepbiBHBIE CEeTH

B cootBerctBHM ¢ mpemioxenuem Xomnduiga axtuBanyd, (QyHKITUSA
aKTUBAIMH W BBIXOJBI CETH XOM(HIAQ MOTYT OBITh HETIPEPHIBHBIMHU.

Jlis 3TOro MOXKeT ObITh HCMHOJb30BAHA, HAMPUMEP, CUTMOUJATIbHAA
JIOTUCTHYECKAsA (PYHKIHS C TapaMeTPOM A :

f(z; :nezj):/(He_M]_) . (2.67)

Yem Gonbllle 3HAYEHHS A, TeM JIydile NPHOIMIKEHHE CUTMOUAAILHOMN
(dbyHKITMY K OWHAPHOM MOPOTOBON (PYHKITHH.
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Puc. 2.12. llocsienoBaTe/IbHOCTB COCTOSIHUM ceTH Xonduaaa
a — KOppeKTHbIe 00pa3bl, 3alI0MHEHHbIE CeThbI0
0 — HcKaxeHHbIe 00pa3bl (cTApT)

JIi1st HenpephIBHBIX ceTel Xomnduima crpase InBa MOIUMDHKAIIAS TSOPEMBI
Koysna u I'poccoepra:

Cemb ycmoiiuuea npu 6bIn0JAHERUU CT1E0YVIOUUX YCTI06UUL:
secosasn mampuya W cummempuuna: w; =w;; 011 i # j;
2N1a8nasn ouazonaip cooepycum uyau: w; =0 ons écex i.

2.5.5. llpumenenue cereii Xonduaaa A oNTHMHU3ANH

OnHOM W3 U3BECTHBIX «TPYAHBIX» MPOOJIEM ONTHMHU3ALMH SABIISETCA 3a7a4a
o xommuBospkepe (Traveling Salesman Problem, TSP). Ona cocroutr B
OMPEACTICHUN KpaTUyalIero ImyTH, COEIUHSIONIEr0 HEKOTOPOE MHOXKECTBO
rOpoOJIOB, MPUYEM KaKJIbIH TOpPOa MOJDKEH YUMTHIBATHCS JIMINL OJAWH pa3. ITo
npumep NP — nonmHoM 3a1a4m.

Xondunag u Tank mokasaim mMoaxoa K €¢ NMPHUOIMKEHHOMY PEIICHHIO Ha
ocHOBe cerer Xondwmimma. PaccmoTpuM Bkparme »ToT moaxon. Jlius omucaHms
BO3MOXKHBIX MapIIPyTOB aBTOPHI MPEMJIOKWINA CHEHUAIBHBINA THI MaTpHIbl. B
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HEeW ropoaa oOpa3ylOT CTPOKH, a CTOJOIBI OTOOpaXKaroT IMOCIeI0BaTEILHOCTD
ropoioB B Mapmipyte. B mo3uruu (x, i) maTpuibl cTouT 1 B TOM ciiydae, Koraa
rOpPOJI X 3aHUMAET i-€ MECTO B MapIIpyTe.

B Ta6n. 2.1 otoOpaxeHn MapuipyTt, B KOTOpoM msTh ropoaos 4, B, C, D, E

MTOCEIIAIOTCS B CACAYIONICH mocieaoBaTeIbHOCTH: D = B=> L= A = (.

!
B caydae n ropoaoB CyliecTByeT Z— Pa3IMYHBIX MapIIPyTOB, CPEAH
n

KOTOPBIX HEOOXOAMMO HaWTH KpaTuadmmii. J[J1s monydeHusl pelieHus 3ajaada
oToOpaxkaeTcs ceThio Xonduaa.

Ta6auua 2.1. MapmpyT nocemeHusi NITH FOPOAOB B 3aJAHHOMN MOCJ1€10BATEIbHOCTH
(3axava 0 KOMMHBOsSIKepe)

T'opon IMocnengoBaTeIbHOCTD
1 2 3 4 5
A 0 0 0 1 0
B 0 1 0 0 0
C 0 0 0 0 1
D 1 0 0 0 0
E 0 0 1 0 0

B Helt kaxnapiit HEHpOH 0003HAYAETCA ABYMSA WMHJCKCAMH X W [, IPUUEM X
OTPaXaeT ropok, a i-10 MO3ULMIO B MapLIPyTE, T.€. Oy — 3TO BBIXOJ HEWPOHA, B
KOTOPOM T'OPOJ X Pa3MEIIEH HA /-W MO3ULIUU MAPIIPYTA.

K osneprermueckoit ¢yHkmmu £ cetn  Xondwnma NPEABSBISIOTCS
CIEAYIOLLUAE YCIIOBHUS:

" JOJKHA ObITh MUHMMAaJbHA TOJBKO JJISI JOMYCTHMBIX PEUICHUH, KOTOPHIE
COJICpKAT OJIHY €AMHUILY B KaXJAOW CTPOKE M B KAXKIOM CTOJIOIE MATPHUIIbI
ONMCAHUA MapIIPYTOB,

" JUis peleHui ¢ Oojiee KOPOTKMMM MapUIPyTaMH JOJKHA MPUHUMATh
MEHBIINE 3HAYECHUS.

OHepreTrueckas (QyHKIWA, YAOBICTBOPSIONIAS STHM YCIIOBHAM, MOXET
WMETh BUJ;
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2

E=3 Y3 Soyoy 3 X Toy0u+ || X0 |n| +

x 1 j#i x i y#X

D )
+3222d1s1xy 0, (oy,l-ﬂ + oy,l-_l)
x iy

(2.68)

[Tpu ee BbIOOPE YUTEHBI CICAYIONIME COOOPAKECHUS:

" [IEPBOE CJIAara€MO€ PABHO HYJKO TOJIBKO B TEX CJydasX, KOrJa Kaxkaas
CTPOKA MAaTPHIlbl OMIMCAHUS MAPIIPYTOB COJAEPKUT JIUIIIb OJIHY €AUHUILY;

" BTOPO€ CJAraéMo€ PAaBHO HYJIK TOJIbKO TOTJAA, KOTJA KaKIbli CTOnOel]
MaTpPULIbl COACPIKUT JIUIIb OJHY €IUHHUILY;

" TPEThE CJAra€MOE€ PABHO HYJIIO JUIIb B TE€X CIy4yasx, KOrJAa B MaTpHUILE
OMUCAHUA MApPUIPYTOB MUMEETCA A €IUHMI], YTO O3HAUACT. KAXKIbIH Topoj
MOCENIAETCA JIUIb OJUH Pas;

" YETBEPTOE CjaraeMoe OTpakaeT /UIMHy MapiipyTta. OOpaTiM BHUMaHHUE, UTO
JUIS. KQXJA0T0 Topoja X, PaclojioKEHHOTO Ha i-i MO3UIIMH, ONPENeaeTcs
paccrosHue dist,, [0 ero mnociegosarens y Ha mosuumu i+1 um o ero
MPEIIECTBCHHUKA V' HA MO3UIUU i—1 .

[Ipu Takoii »HepreTHdeckoid (YHKIMM HEOOXOAWMMO OMPEASIUTh Beca
Wi yi, IPAYEM BEC Wy; ,; OTPAXKAET CHITy COCIUHEHUS HEUPOHA X; M HEHPOHA V.

2.6. ART-cetn

2.6.1. Onpenenenue

Cetm ART (Adaptive Resonance Theory) o0pa3yroT kiacc pa3iHUHBIX
HEHPOHHBIX ceTel, mpemioxkeHHsix Kaprentepom u ['poccOeprom (bocTonckuit
yauBepcutet) B iepuoa 1987-1991 rr. [12].

Ha mpaktuke naHHble, UCMONb3yEMbIE NI OOYUYECHUS WM CaMOOOyUeHUs
CEeTH, YacTo HecTaOuibHbl. HanmpuMep, eciu Ha BXoA 0ObIYHON HEHUPOHHOM CETH C
OpSAMBIMHA ~ CBA3SIMH, OO0ydyaeMyr0 C TM[OMOIIBIO QJrOpUT™Ma C OOpaTHBIM
pacnpoctpanennem ommbku (Backpropagation), momate o0pa3 Takoro kiacca,
KOTOPbIA HE ObLI MPEACTaB/ieH B OOydarolIed MOCeI0BATEIbHOCTA WM BO
MHOXECTBE 00pa30B, TMOJUICKAMAX aBTOMATHYECKON KiIacCHU(pUKAIMKM  WJTH
KJlacTepu3anuu (mpu caMmooOyueHnn cetr, unsupervised learning).

3mech MBI CTaJIKABAEMCS C JBYMs MPOTHBOPCUYMBBHIMHA TPEOOBAHUAMH WA
cBOMcTBaMU HeMpoHHOM ceTu. C OIHOW CTOPOHBI OUEHb BAXKHO, YTOOBI OHA ObLIa
cnocoOHa BBIABIATE (0OHApykWMBaTh) 00pa3bl HOBBIX KJIACCOB, paHEE HE
MPEJCTABJCHHBIX CETU. JTO CBOMCTBO MIacTUYHOCTH. C Apyroil ke CTOPOHBI
W3YUYEHHbIE KJIACChl O0pPA30B JOJIKHBI COXPAHATHCA — CBOMCTBO YCTOWYMBOCTH
HEMPOHHBIX CeTel. DOTM JABa CBOMCTBA — IUIACTHYHOCTH W CTAOWJIBHOCTH B
U3BECTHON MeEpe MPOTUBOPEUYMBHI — JUIEMMA MJIACTUYHOCTU-CTA0MIbHOCTH. CeTn
ART wu Obuin pazpaboTaHbl [jis pa3pelieHus >TOM JUIEMMBI, a HWMEHHO:
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YCTAaHOBJICHHE HOBBIX acCOMMAIMii (KIIacCoB) HEHPOHHOUN ceThio 0e3 3a0bIBaHUs
cTapbix accormaruii (knacco). Cemeiicteo ART-cereii Brmrouaer:
» ART-1: nnsa  OuHapHbIX  BXOJHBIX  BEKTOPOB, KOTJa  MOPHU3HAKH
pacro3HaBaeMbIx 00pa30B MPUHUMALOT JiBa 3HaueHus | umu 0;
= ART-2: pacuinpennie ART-1-ceTeit Ha HEMPEPBHIBHBIE BXOHBIE BEKTOPHI;
» ART-2a: ontumanbHas Bepcusi ART-2-ceTel, oTnuyaronascs moBbIIIEHHON
CKOPOCTBIO CXOJIMMOCTH;
= ART-3: wmopaenupoBaHWe€ BpPEMEHHbIX W  XUMHYECKHX MPOLIECCOB
(Omomorndyecknx MexaHnu3MoB) Ha 6aze ART-2;
= ARTMAP: xom6unamus nsyx ART-ceteit (Hanpumep, ART-1 u ART-2);
* FuzzyART: rubpunmnas cets, oObeamHSIONAsS HEUeTKyo JOTHKY (Fuzzy
Logik) u ART cetwn.

2.6.2. Apxurextypa cetu ART-1

[Tpunuun pad6otet ART-cetel cpaBHuTenbHO npocT. [lpu BBOJE 3HAUEHUMH
MpU3HAKOB HEekoToporo obpa3a ART-1-cetb mnbiTaeTcss COMOCTaBUTh €MY
HEKOTOPBIA KJIACC M3 YMCJIA YK€ U3YUCHHBIX. ECiM Tako# Kilacc yJaeTca HaWTH,
TO TIPOW3BOJWTCA CPAaBHHUTEIBHO HeOObImas Moau(puKanus MPOTOTHUIA
(cTepeoTHma, TUMIMYHOTO TPEACTABUTENSI) ITOTO Kiacca I TOro, 4YTOOBI OH
xopomo orobpaxkan W HOBeIM o00pa3. Kiraccupmkanms obpaza Ha 3ToM
3aKaHYMBACTCS.

Ecnu e Takoil kiacc HalWTH HE yAaeTcs, TO oOpaszyeTcs (BBOAWTCS) HOBBIN
kimacc. [lpm »TOM mpenbsABIEHHBIM 00pa3 HECKOIBKO MOAUUIIAPYETCS |
UCTIOJIB3YETCA  3aTeéM B  KayeCTBE TMPOTOTHNA (CTEPEOTHNa, THITHYHOTO
MPEACTaBUTENA) JUIsi HOBOTO Kiacca. [Ipm 3TOM yke HM3ydeHHBIE KJIACChl HE
U3MEHAIOTCA.

Ha puc. 2.13 mokazanbsl ocHOBHbIe KOMITIOHEHTHI ART-1-cereii:

= cnoit cpasHenus (Comparison Layer);

* cnoii pacno3naBanus (Recognition Layer);

" BECOBBIC MATPHIIbI;

* ko3 dunmeHTH ycuneHus (kmoun) U Reset.

OOparum BHHMMaHue, 4yTO 00€ BecoBble MaTpuubl W, m Wj; oTmmuarorcs
0003HAUEHUSMH WHJICKCOB. HWHACKC i OTHOCHTCA K D3JIEMEHTY (BXOHYy) CIIOS
cpasHenus F1, a vHIEKC j — K HEHPOHY (KJTaccy) clios pacno3HaBaHus F2.

2.6.3. Cji0ii cpaBHeHHS M CJI0ii pacro3HaBaHMSsI

Cnoit cpasnenusi (Comparison Layer) OCyIECTBISET CpaBHEHHE BBIXOAQ
CJIOA PAcCMoO3HABAHWs C TEKYIIMM BXOJAOM (BXOMHBIM oOpaszom). Jlms storo
Bxonuoit Bektop I (Input) mpeoOpasyercs cHauama B BEKTOP S, KOTOPHIM 3aTeM
MepeaacTCsl Ha BECOBYIO MATPHILy MEHCTBATEIRHBIX uncen (Bottom-up Matrix).

B nauane pacdera korpdurment yceunenus (Gain) g, pasen 1. Ha Boixone
CJIOS PAcCIO3HABAHUS PACCUMTHIBACTCA TaK HA3bIBAEMBIM OXKHJIaeMbIH BEKTOp V
WIW TUTIAYHBIA TIPEACTAaBUTEh (MPOTOTHI, CTEPEOTHIT) Ui Kiiacca oOpa3oB, K
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KOTOPOMY OTHeceH BeKTop S. B mporiecce oOyuennst (Tounee caMoo0yUeHUsT) CETH
BEKTOP S omnpeenseTcsa Ha ocHOBe npasuia [12]:

{l, eciu Iv, v 1.gyvv,g, =1 (2.69)

0, 8 npomuenom ciyucae

nin.

" /-9 KOMIIOHEHTA BEKTOpa S MpMHUMAET 3HaUeHHe 1, ecnn, Mo KpakHel Mepe,
JIBE M3 TPEX CICAYIOMIMX MEPEMEHHBIX MPUHSIN 3HAUCHUE 1

* ko3 dumMeHT ycusieHns g (U1 BCEX HEMPOHOB OJMHAKOB);

" /-9 KOMMOOHEHTA /; BXoaHOTO BekTopa I;

" -5 KOMIIOHEHTA V; OKUJAAEMOTO BekTOpa V (B3BEIIEHHAs CyMMa BBIXOJOB
CJIOSl paclo3HABAHUS).
OTO MPaBUJIO KPATKO MOXKHO 0003HAUUTH «2 13 3».

Cnol pacnozyaeanuA F2
Koaththuupent
VCUNEHWA 7 2 Marpuua
i BelECTEEHHbIX
BECOB Wﬁ
Marpuua CX0ACTBO
LIENIOYKC NEH- -
HI:.IH BECOB b= Reset cog.—
v hY l (\Vigilance)
Koadp. )
Cnol
yeuneHus g1 CpaeHeHuA F1
Bxog i

Puc. 2.13. OcnoBunie komnoueHTsl ART-1-cereit
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IIpumep 2.4. ®yHKIHOHHPOBAHHE CJ10€B CPABHEHHUS] H PACTIO3HABAHUSA
cjy4dae, Koraa Ko3(p(puuueHT yCUJIeHUs g1 PABEeH HYJII0

Hano (g,=0):

I 1 0 1 0 1 0 1 0 1 0
\% 1 1 1 0 0 0 1 0 0 0
Pesynprar:

S= 1 0 1 0 0 0 1 0 0 0

IIpumep 2.5. ®yHKUHOHHPOBAHHE CJ10€B CPABHEHHUS] H PACNIO3HABAHHUSA
cjay4dae, Koraa ko3((puuueHT ycuaeHus g, pased 1

Hano (g1=1):

I 1 0 1 0 1 0 1 0 1 0
V= 1 1 1 0 0 0 1 0 0 0
Pesynprar:

S= 1 1 1 0 1 0 1 0 1 0

Onpenenum BEKTOp S MpH TNPEabIBICHUM CETH IepBOro oodpasa, Korjaa
oxxuaaemerit Bekrop Hynesoi: V= (0,0, ..., 0).

IIpumep 2.6. ®yHKHHOHHPOBAHHE CJ10€B CPABHEHHUSI H PACNIO3HABAHHUSA

B
cJIy4ae, KOraa 0:KHAAeMblIil BeKTOp V Hy.J1eBOH
Hano (g1=1):
I 1 0 1 0 1 0 1 0 1 0
V= 0 0 0 0 0 0 0 0 0 0
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Pesynprar:

T. €. BEKTOP S Ha MEPBOM MIare 00ydeHUs CETH COBITAIaCT C BXOJHBIM BEKTOPOM:
S=1L

Ha puc. 2.14 npeacrasiena yactb ART-1-ceTu ¢ 4eThipbMs HEHpOHAMHU B
CJIO€ CPaBHEHUS W TPEMs HEHPOHAMH B CJIO€ PACITO3HABAHMS.

Cnoil pacno3nasanus COMOCTABIIAECT KQXIOMY BXOJTHOMY BEKTOPY
COOTBETCTBYIOMIHIA Kitacc. Ecm aia BXOMHOTO BEKTOpa HE YIAeTCsl HalTH
JIOCTAaTOYHO OJIM3KWN KITACC M3 UMCIIa YXKE BBISIBICHHBIX, TO OTKPHIBAETCS
(oOpa3yeTcsi) HOBBIH Ki1acc.

Knacc, npeacraBnsgemMbiii j-M HEHPOHOM CJIOS paclio3HaBaHWS M Haubosee
OJIU3KHI K BXOJAHOMY BekTOpy I U BeKTOpY S, OnpeAensieTcs Tak:

[

J max

=max, </, =SW, = Zsl.wik (2.70)
i=1

rae SW, — ckamspHoe mnpousBeacHue BekTopoB S m W, Ilpm stom cpabotaer
HEHPOH j CJIOS PACIIO3HABAHUSA, NEUCTBUTEIIBHBIN BECOBOU BEKTOP

W= (Wi, Woj,..., Wiyj)

KOTOPOr0 MUMEET Haubosbllee cxoAcTBO ¢ BekTopoM S. KommnoneHntsl BekTopa U
Ha BBIXOJIE CJIOA PACIO3HABAHMS OMPEASTIAIOTCS IIPH ATOM TaK:

l,ecnu 1, =SW, =max
0,6 npomusnom _cnyuae

T.€. #; = |, ecnu ckaJsIpHOE MPOU3BEACHHIE BECOBOTO BEKTOPA
Wi=(wyj, Wy, ..., Wpy) U BEKTOpPA S=(51, 52, ..., Sp) MAKCUMAJIBHO.

2.6.4. BecoBbie maTpuibl 1 KO3(PPUIINEHTHI yCUTeHHs
B ART-1-ceTsx UCNONB3YIOTCS JIBE 8€COBLIE MAMPUYBL:
* jeiicteurenbHad MmaTtpuua W (Bottom-up Matrix) ciay:kuT Ui pacueTa
CTETICHU CXOJCTBA B (ha3e paclio3HABAHMS,
* OunapnHas Marputa W, (Top-down Matrix) mnpegHa3HadeHa s
MEPETIPOBEPKA CTETICHN KOPPEKTHOCTH KJIacCH(PUKAIIMKA BXOTHOTO 00pasa ¢
nomouibto Marpuusl W;; (Bottom-up Matrix).
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g =U,vI,v. . ~vIIYA—u vu,v. .. vu,) (2.72)

2, peanusyet jorudeckoe «MJIM» s BxomHoro BekTopa; g£>=I, eciu, mo
MEHBIIICH MEpE, OJIHA COCTABJIAIONIAA BXOJHOTO BEKTOpA paBHa 1:

g, =U,vI,v..vI) ' (2.73)

JIns akTyanbHOrO HeipoHa («moOemuTens») ClIos pacmo3HaBaHHs reset-
cocrapisronias pasHa 1 (1o ects yHkmsa Reset akTuBupyeTcs), ecliv pa3inyue
BXOMHOTO BekTopa | w BekTOopa S TPEBBIMIAET HEKOTOPBIM TOPOT (TIapaMeTp
TOJICPAHTHOCTH).

2.6.5. IlpuHuun padcoTsl
B ART-1-ceTsax pasmuuaror cieayromme ath (a3 BHYTpeHHEH 00paboTKH
uHdOpMaIIu.

I. Unnmmanuzanma ceTd: B Hauvaje WHUIMAIU3UPYIOTCA 00€ BECOBBIC
marputisl (Bottom-up Matrix u Top-down Matrix), a Takxke mnapaMmerp
TOJIEPAHTHOCTH.

2. Pacnosnasanme (Recognition): Ha sToit (haze g BxoaHoro Bekropa I wnm
IUIA BEKTOpa S, ONpeAeNieHHOro Ha OcHOBe BekTopa I, ompenensercs
HanOoJee ONIM3KAN KIacc.

3. CpaBuenue (Comparison): OXuAaeMblii BeKTOp V CpaBHHUBAETCA CO
BXOAHBIM BekTOpoM I mnu BexTopoMm S. Ilpu cauikoM mManom COBMAAEHUH
BEKTOPOB V U S OCYIIECTBIIAETCS TOBTOPHOE PACIIO3HABAHHME.

4. Tlouck (Search): mpou3BOAMTCS MOMCK ATBTEPHATUBHOTO KIIACCA WIIM KE
pU HEOOXOUMOCTH OTKPBIBAETCA HOBBIN KIIACC.

5. Apanramus  BecoB  (Training): Ha 93TOM CcTaguM  OCYIIECTBIIACTCA
mMoaudukanms 06erx BECOBBIX MATPHIL.

Paccmorpum npusenennsie daszsl Oosee moapoOHO.

Huuyunanuzauua. llycrs 0 = 1, 2, ..., m — HHAEKC HEUPOHOB CIIOA
cpaBHeHMdA, a j = 1, 2, ..., n — HHAEKC HEUPOHOB CJIOA pacno3HaBaHUA. Beca wy
marpurisl W (Bottom-up Matrix) cHauajga yCTaHABIMBAIOTCSA HEOONBIIAMH B
COOTBETCTBUHU C HEPABECHCTBOM

L
L-1+m

(2.74)

JUIS BCEX HEHPOHOB 7 CJIOSI CPaBHEHUSI 1 HEHPOHOB j CJIOSI paclio3HaBaHUA, TAE M —
YUCIIO cocTaBigomux BxoaHoro Bekropa I, L — mocrosuuas (L > 1, Tunmanoe
3Hauenne L=2). Ilpu BbIOOpPE BECOB W; CIIMIIKOM OOJBIIUMH BCE BXOIHBIE
BEKTOpa 0TOOpaXXarOTCs Ha OJIMH HEWPOH CJI0s paclo3HaBaHMS.
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Bce Beca Owunapnoii wmatpuusl (Top-down matrix) W  BHagame
YCTaHABJIMBAIOTCA €AMHULIAMU. W;=] JUI1 BCEX j CJIOS PACHO3HABaHHUA U CJOS
CpaBHEHHUS.

[TapameTp TonepantHocTH (cxoactsa, Vigilance) p Beibupaercsa mexay 0 u
I (pe[0;]1]) — B 3aBUCHMOCTH OT >KeJlaeMoil cTemeHn coBnaieHus. Hebombioe
sHauenne p (Ommskoe k 0) «He oOpamaeT BHAMaHWS) Ha OOJBIIHE Pa3TAUMsI
o0pa3oB BHyTpM oaHoro kimacca. Ilpm BeiOOpe p=1 Tpedyercs abCOMOTHOE
(TOYHOE) COBMAJCHUE MEXKIY BXOJOM W TMPOTOTHIIOM (CTEPEOTHIIOM) Kiacca
00pazoB.

Pacno3naeanue. B mauame mporecca oOyueHHS (caMOOOYYCHHS) CETH
BxomHoit Bekrtop Hynesoi: I = (0, 0,..., 0). CoorBercTBeHHO KOI(PPUITUESHT
ycunenus g,=0. B pe3ynbrare Bce HEHPOHBI CJIOA PACMO3HABAHUS OTKIIFOUCHBHI.
CnenctBuem storo sieisieTcst HyeBoit Bektop V (Top-down Vector).

[Tpu momaue Ha BXOA CETH HEHYJIEBOTO BXOMHOTO BekTopa I koaddurmenTs
ycwieHns (KITIOYW) TPUHAMAIOT 3HadeHus: g1=1 u g=1. D10 mnpuBOIUT K
cpabarbiBaHUIO 1O TpaBmwily 2 u3 37 TeX HEUPOHOB CJIOS CPaBHEHUS, BXOJbI
koTopeix /;=1. B pe3ynbrare dopMupyeTcst BEKTOP S, KOTOPHIH CHauaja SIBIISICTCS
TouHOM kommed Bekropa I. 3arem Afia Kaxaoro j cJiod pacno3HaBaHUs
BBIUHUCIIAETCS CKAJIAPHOE MPOU3BEICHUE BECOBOrO BeKTopa W; 1 BekTopa S:

i =net;= W; S .

CkasipHOE TIPOM3BEICHUE SBIIACTCA MEPOH CXOJCTBA MEXKAY BEKTOpaMHU
W; u S. HelipoH j — «no6eaurensy — ¢ MaKCUMAaJIbHBIM 3HAUEHHEM CKaISAPHOIO
MPOM3BEACHUS «BHIUTPHIBACTY CPaBHEHHE («COPEBHOBAHME») WM BO30YKIAACTCH
(cpabaThIBaeT), BCE KE OCTAIbHBIC HEHPOHBI HE CPadaTHIBAIOT.

W3 (2.55) cnemyeT, 9To Tipu 3TOM JIHIIIb /-5 cocTapiisomas Bekropa U (Bxon
st Top-down wmarpursl) mnpuHUMaeT 3HaueHme 1. Bce ke  ocrtanbHbIE
COCTABJIAIONINE — HYJTH.

@Daza cpasnenus. EOUHCTBEHHBIM HEHPOH j—«mOOEAUTENBY  CJIOA
pacmo3HaBaHWA, BECOBOW BEKTOP KOTOpPOTO Hambonee OIM30K K BXOJHOMY
BEKTOPY, BbIAaeT enuuuity (1). Ota enuHnIa pacpocTpaHsIeTcs uepe3 OMHApHbBIE
Beca w; Mmarpuusl Top-down. OcrtanbHble e HEHPOHBI CJIOA PaclO3HABAHUS
BBIAAIOT HyMW. B pesynbrare Kaxapli HEWPOH [ CJIOA CPAaBHCHHS TOMydaeT
OWHApHBIHA cUrHam v;, paBHbIA 3HaYeHUIO W;; (1 umm 0):

v, = Zujwﬁ =w, . (2.75)

jeRecog
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Tak kak BxogHOUM BeKTOp I HE HYJIEBOU W j-i HEHUPOH CJIOS paCNO3HABAHUSA
HaxoauTcs B coctosHuu 1, To w3 (2.72) cnemyer g;=0, ub0 TOABKO OnHA
KOMIIOHEHTA B (ha3e paclo3HaBaHWs yCTAHOBIICHA B 1.

[Tocne »TOro paccuMTHIBAETCS HOBOE 3HAUCHHWE Ui S. DTOT pacyeT
CBOJIATCS MO CYLIECTBY K MOKOMIOHEHTHOMY CpaBHEHUIO BeKTOpoB V u 1. Ecim
BeKTOPHl V 1 I paznuyaroTcss B HEKOTOPOH COCTABJIAIOLIENA, TO COOTBETCTBYIOIIUE
COCTAaBJIAOIIME BEKTOPA S cunTaroTcs paBHbIMU 0, T. €. S=VAI=W, AL

Hpumep 2.7. Hpunuun padorsl ART-1-ceTu B (paze cpaBHeHHUs U
PACMO3HABAHHUA B CJIy4ae, KOIAa 0:KHAAEMBII BEKTOp V Hy.1eBoH

Hano: Bextop U, T. . BxomHO# 00pa3 OTHECEH K TpeTbeMy Kiaccy (j=3):

U= 0 0 1 0 0 0

u 6unapuas matpuna (Top-down Matrix) W

1 1 1 1 1 0
1 0 1 1 1 0
1 0 1 0 1 0
1 0 1 0 1 1
1 1 1 1 1 1
0 1 1 1 1 1
Pesynprar:
V= 1 0 1 0 1 0

3areMm ompenenseTcs CTemeHb cxoacTBa (Similarity) mexmy OwHapHBIMUA
BekTopamu I u S 11 Reset-kOMIOHEHTHI:

sim:Tzizp : (2.76)
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Oynknms Reset 3amyckaeTcss pu HEBBITIOJIHCHWH 3TOTO HEPABEHCTBA, a
S

WMEHHO TIPH \T‘< p . JHAUCHUE mapameTpa Cxo/cTBa p BhiOMpaerca Mexay O u 1:
3HaueHne p=1 TpeOyeT MOJHOTO CoBMaAcHUs, a Mpr p=0 COBEPIIECHHO PA3TUUHBIC
00pa3bl 0TOOPaXKAIOTCA B OJIUH KJ1acC.

Nnu wnHave: mpu BbIOOpE OOJBIIOrO 3HAUCHHSA p oOpasyeTca OOobIIe
KJIacCOB 00pa3oB;, MpH BBIOOpPE XK€ HEOOJBIINX 3HAYEHHWH p BXOAHBIE 0O0pasbl
pPa3NeAIOTCA HAa MEHBINEE YHCIIO KIAccoB (KmactepoB). OOBMHO 3HAUEHWE P

BeiOUpaeTcsa Mmexay 0,7 u 0,95 p [0,7; 0,95]

[pumep 2.8. OnpenesieHue cTeneHn CX0ACTBA MeKAY OMHAPHBIMH
BexkTopamu I u S nust Reset-komnoneHTsI (sim = 1)

JlaHo:
W= 0 1 1 1 0 1 0
I= 0 1 0 1 0 1 0

Pesynprar: sim = % =1.

[pumep 2.9. OnpenesieHue cTeneHn CX0ACTBA MeKAY OMHAPHBIMH
BexkTopamu I u S nns Reset-komnoneHntsl (sim = 0,75)

JlaHo:
W= 0 1 0 1 0 1 0
I= 0 1 1 1 0 1 0

3
Pesynprar:  sim = i 0,75 .

Ecnu creneHb c€XO/CTBA BBIIIE YCTAHOBJICHHOTO MOPOra TOJICPAHTHOCTH
(cremenn cxoacTBa) sim > p, To Bxox | cumraercs omo3HaHHBIM. B mpoTHBHOM
ciyuae BrirodaeTcs GyHkiusa Reset, n kimaccudukarus HadMHASTCS 3aHOBO.

Ilouck. Tlpu Brmouenun (aktuBaumu) ¢ynkaun Reset (t.e. npum
HeAOCTaTOYHOM creneHn cxoactBa BekropoB I m S) Bekrop U oOnymsercs
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(ycranasnuBaetcs Hysneoi Bekrop U={0,0,...,0}), 9To sBISIETCS yCIIOBHEM CTapTa
(3amycka) mporeaypsl kiaccudukarmu. [Ipu sTomM BekTOp S TIONIaraeTcs paBHBIM
Bektopy 1. S=I, m xmaccudumpyercs HEMOCPEACTBEHHO BXOAHOW 00pas,
orobOpaxaembrii BektopoM 1. Ilpomecc knaccudpukamuu OMATh-TaKW BKJIFOYACT
pacmo3HaBaHWE, W CPAaBHEHHWE W TMPOJOJDKACTCA 10 TEX TMOp, TokKa HE Oymer
BBISIBJIEH  KJIacc,  OOECMEUMBAIOMMN  JOCTATOYHYIO  CTETIEHb  CXOJCTBA
UCKITIOUaromuii 3anyck gynknmum Reset. B mpoTuBHOM citydae, KOT/Ia Tako# Kiacc
BBISIBUTH HE y/Ia€TCA, B CJIO€ PACITO3HABAHMS OTKPHIBASTCS HOBBIM KJTAcC.

BecoBbie BekTOpbl Marpuilsl Bottom-up paccuuTHIBAIOTCSA Tak, YTOOBI
o0ecreunTh MaKCUMAJTbHOE 3HAYSHUE CKAJIIPHOTO MPOU3BeIeHU i1 Bxoa I.

Aoanmayua eecose. B ART-cersix pasnuuaror 1aBa Tuna oOOyudeHHS
(TpeHuHTA): MEUICHHOE O00ydeHue Wi MeuieHHbIH TpeHuHT (Slow Training) u
obicTpoe oOyuenwe win ObicTpeiii TpeHuHT (Fast Training). Ilpm memnernHoM
0oOydeHHH BXOJHBIC BEKTOPHI HACTOJBKO KPATKOBPEMEHHO IOMAIOTCS HA BXOJ
HEHPOHHOW CeTW, YTO Beca CETH HE YCHEBAIOT JOCTUTHYTh CBOMX
ACUMNITOTHUECKUX 3HaueHWH. J[MHaMWKa HEWPOHHOW CeTH (TOYHEE TUHAMUKA
BECOB HEHPOHHOW CETH) OMUCHIBACTCS TpPH 3TOM  IuddepeHIaTbHBIMA
YPaBHCHHSIMH, PACCMOTPEHUE KOTOPBIX OITYCTHM.

[Ipu ObicTpoM OOyueHWH BXOAHBIC BEKTOPHI (0Opa3bl) COXPAHAIOTCS HA
BXOJI¢ HEHPOHHOM CETH B TECUECHWE BPEMEHM, JOCTATOYHOTO I JOCTHKCHUS
BECOBHIMH MaTPHUIIAMH WX CTAOWJIbHBIX 3HaUeHWUH. OTpaHWINMCS PACCMOTPEHHUEM
JIUIIb OBICTPOTrO O0YUEHHUS.

Ha cragum apantammm OCymecTBIsSETCA IOCTUPOBaHUE (YTOUYHEHHE) BECOB
obeux marpuil. /g BecoB Bottom-up matpuirsr:

Ls;

1

L—l-i—ZSk
k=1

(2.77)

rae [ — mocrosHHas (L. > 1, mpuuem oObuHO [=2), §; — i- COCTaBIAIOLIASA
BBIXOJIHOTO BEKTOpPA CJIOS CPAaBHEHUS, ] — HOMEp HEHPOHA-«MOOEaUTEN) CIIOS
pacno3HaBaHUA U W;; BeC (TOUHEE -1 cocTapisomas) Bottom-up Bektopa W wim
UHAa4Ye W;; — 3TO BEC COEAMHEHUSA [-IO HEHpOHA CJI0A CPaBHEHMs W j-TO HEHpoHa
CJIOSl PacTO3HABAHUS.

Beca Owmnapnoii Top-down MaTpumpl H3MEHSIOTCS B COOTBETCTBHH C
MIPABUIIOM:

Wi+ =5, Aw;(0) (2.78)

T.€. COOTBETCTBYIONIHMIA BECOBOH BekTOp Top-down MaTpuiisl MOAUDHUITAPYETCS
TaKuM 00pPa3oM, 9TO OH BOCITPOU3BOIMUT BEKTOP S.
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OcHoBHag ocobenanocte ART-1-cereii coctour B  CIOCOOHOCTH K
(hopMHUPOBAHUIO HOBBIX KIIACCOB B Mpoliecce OOyUSHHs WK MHAYC B Pa3pEIICHUH
JIUJIEMMBI CTAaOWITBHOCTH-TUIACTHYHOCTH.
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3. IPOI'PAMMHOE OBECHHEYEHHUE VIS
MOJAEJIUPOBAHUA HEUPOHHLIX CETEU

3.1. O630p nporpaMMHOro odecrnevyeHus AJas MOAECJIMPOBAHUSA

PaznuuaroT yHUMBEpCanpHbICE W MPUKIAAHBIE MPOTPAMMHBIC TMPOAYKTHI JJIs
moaenuposaHus Heliponubix cetedt (Neural Network Simulators).

Yuueepcanvnvie wnu  00vekmuo-uneapuanmmuvle  cpeovl  TO3BOJAIOT
CHHTE3UPOBATh ONTUMAJIBHBIC HEHPOHHBIE CETH, MPUMEHACMBIE HJIS PEIICHUA
IUPOKOr0 KJIAacCa 3a1ad, C NOpPEeIIOKEHUEM PpA3JIUYHBIX MOapagurM W
aJrOPpUTMOB O0YUYEHUH.

Ilpuknaousie cpeovl MOOeIUPO6aAHUA OPUCHTUPOBAHBI JUIi  CHHTE3a
HEMPOHHBIX CETEH, NMPUMEHAEMBbIX B TOW WM WHOW OTPACIH, MPUKIAJTHOU
obnacTh wim crienuuaHOM 3amade.

Cpenu BaKHEHIIUX CBOWCTB HEHPOCETEBBIX CUMYJISTOPOB — CIOCOOHOCTH
CHUHTE3UPOBATh KOJ MPOTPpaMMbl  PE3YJIBTUPYIOLIEH HEWPOHHOM CETH Ha
ANTOPUTMHUYECKOM SI3bIKE BBICOKOTO YpoBHs (uarie Bcero — Cu u [lackane). Takoit
KOJI BIOCJIEICTBUY JIETKO HHTETPUPOBATH B MOJIb30BATEIIBCKYIO MPOTPaMMYy .

B Tabn. 1.1 Ilpunoxkenuii mpeacTaBieHbl HauOoJiee PaclpOCTPAHEHHBIE
VHUBEPCAIbHblE TTPOTPAMMHBIE CPEABI IJIS1 MOACTUPOBAHUS HEUPOHHBIX CETEH.

3.2. Kparkoe onucanue nporpamMmmHoro npoaykra TRAJAN

[Tporpammusiii mpoaykt TRAJAN kommanmm TRAJAN Software Co.
(BenmukoOpuranus) [1, 11, 18] sBaserca cuUMyIATOpOM TOJHOTO THKIA H
MpeaHa3HAYeH JUIS MOJACITUPOBaHWSA B cpene Windows pasnAyHBIX BHIIOB
HEWPOHHBIX CETECH U AJITOPUTMOB OOYUCHMUS.

CaMynsaTOp BKITIOUAET MIUPOKHE BO3MOXHOCTH JUIsl Tpadhuyueckoro u
CTaTUCTHYECKOTO0 KOHTPOJS B IpOLIECCE MOJACIMPOBAHUS MMAapaMETPOB M
XapaKTeprUCTUK (PPEKTUBHOCTH CHHTE3UPYEMBIX HEUPOHHBIX CETEH.

Paccmorpum  ocHOBHBIE — (DYHKITMOHAJIBHBIE W MOTPEOUTEITHCKHC
XapakTepucTuku nporpammuoro npoaykra TRAJAN [18].

3.2.1. ABTomaTH3aLMs MPoLecca CHHTE3a HeliPOHHOI ceTH
IIporpammuoe obOecneuenne TRAJAN 1o3BonseT aBTOMAaTH3MPOBATh
CJIEAYIOIIME TMPOLECCHI:
" (hopMHPOBAHUS MTPEACTABUTEIIHCKIX BEIOOPOK M TIEPEMEHHBIX,
" BbIOOpA BUAA HEHPOHHOM CETU U €€ CTPYKTYPHI;
" 00y4yeHUA HEUPOHHOMU CETH,
"  COXPAHEHMSA ONTUMAIBHBIX NTAPAMETPOB HEUPOHHBIX CETEM,
" BBIIAYM TpaduuecKkol W CTAaTUCTHUECKONW MH(POPMAIUU O XapaKTePUCTHKAX
CUHTE3UPYEMOU HEUPOHHOM CETH.
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OTH  BO3MOXHOCTHM TO3BOJISAIOT padoTaTh B NPOrpaMMHON  cpeje
MOJIb30BATEIAM HE3HAKOMBIM C HIOAHCAMM TEOPUU HEHPOHHBIX CETEH, B TO BpPEMs
KaK CHEIUAIUCThl B JAHHOW 00JaCTU MOTYT CYIIECTBEHHO COKpalllaTh PYTUHHBIE
ATarbl CUHTE3a ONTUMAJIbHBIX HEHPOHHBIX CETEH U BPEMEHHBIE 3aTPAThI.

[Ipy NPOEKTHPOBAHMM HEHWPOHHOM CETH, HAMNPABICHHOW HA PEIICHUE
OCOOCHHO CJIOKHBIX 33/1a4, MOJEIUPOBAHUE B CPEAE MPOTrPpaMMHOrO MPOJYKTa
TRAJAN, kak npaBujio, 3aHUMAET HECKOJIbKO JTHEH.

3.2.2. ®opMupoBaHUEe NPEACTABUTEIbCKOH BHIOOPKH

Baxkneimmii stanm MomenupoBaHus — (OPMHPOBAHUE PENPE3CHTATHBHOM
MPEJACTABUTEIILCKON BBIOOPKA HEHPOHHOM CETU MJid PEIICHUS KOHKPETHOM
3agaun. Cl0XXKHOCTh ASTOHM MpoOiaeMbl OO0yCJIOBJI€HA BO3MOXKHOM B3aMMHOM
3aBUCUMOCTHIO (KOPPEIIAIHNEH) MEXAY BXOJaMu HEWpPOoHHOH ceTH. [IporpamMmHbIit
npoaykT TRAJAN peanuzyer psa ajaropurMoB PEIISHUS HTOM MOpoOIeMBbl,
BKJTIOUas (hOpBapHBIN W TOIMIATOBBIH BBHIOOP, TEHETUYCCKUE AITOPUTMBI U PST

JIPYTHX.

3.2.3. MHoOroypoBHeBbI€ MepPCcenTpoHbI

TRAJAN noanep>KMBaeT MHOTOYPOBHEBBIE MEPCENTPOHBI, O0yYaroluecs
mo wmeromy obpatHoro pacmnpoctpaneams (. 2). Takke MOryT ObITh
WCIIOIB30BAHBl  QJTOPUTM  OBICTporo pacmpoctpaneHmss u  Delta-Bar-Delta-
ANITOPHTM.

3.2.4. Kaprbl Koxonena

TRAJAN mno3BoyisieT MOAENIUPOBATh HEHUPOHHBIE CETH, PEATU30BAHHBIC B
BUJe camoopranmsyronmxcs kaprt Koxonena (2.5). Ilpm »stom mporecc
MOJETUPOBAHUS COTMPOBOXKIAETCS  BU3yalu3auumed rpaduyeckoro OKHa
HAWIydIInX 9aCTOT W OKHA C TOTOJIOTHEH KapThl, YTO TO3BOJISIET B PEATHHOM
BPEMEHU MOJCIIMPOBAHUS JIOKAJIM30BATh U TIOMETUTH KIIACTEPHI.

3.2.5. I'uOpuaHbie HelPOHHbIE CeTH
TRAJAN mno3BosisieT MOACIUPOBATh TAKKE TMOPUIHBIE HEHPOHHBIE CETH,
MOCTPOCHHBIC ¢ UCMOJIb30BAHUEM KOMOWHAILIUK IBYX WJIM HECKOJIbKHUX MAPaUrM.

3.2.6. BeiiecoBckue ceTu

TRAJAN mnoaaepkuBaeT COBPEMEHHBIE AOCTHXKEHHS B OOJIACTH TEOPHUH
balieCOBCKMX BEPOSATHOCTHBIX M PETPECCUOHHBIX HEUPOHHBIX CEeTeh. JlaHHbIE
MapagurmMbl NOAPA3yMEBAIOT MOUYTH MTHOBEHHOE OOYUEHHE CETH, UTO HEOLIEHUMO
IPU MOJEBHOM 3KCIIEPUMEHTUPOBAHUU.

3.2.7. JIuneitnpie MoaeIx
BoNnbIIMHCTBO ~ CHEIMAIMCTOB  CPABHUBAIOT PE3yJbTaThl  HEIMHEHHBIX
MOJIeTICH ¢ pe3ysibTaTaMM, MOJy4aeMbIMH TIPH MCIIOIB30BAaHUM JIMHEHHONW MOJICNH
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HEHPOHOB. JIMHEHWHbIE MOJIETN 3a4acTyI0 CIOCOOHBI A3((HEKTUBHO JOCTUTATH TIETH
32 MEHbIIIEE BPEeMS MTPH UCIOJIb30BAHUH TOTO YK€ MPOrPAMMHOI0 00ECIICUEHHUS.

3.2.8. Unrepdeiic nob3oBaTest
YaoOHBI!T  TOMB30BATENBCKH  WHTEPPEHC TPOrpaMMHOTO  MPOAYKTA
MO3BOJISIET OOSCIIEYMBATH MPOCTOM TOCTYI K OOJIBITAM 00beMaM WH(MOPMAITHH.
[IpeacraButenbckie BEIOOPKHA W CTPYKTypa HEWPOHHOW CETH COXPAHSIOTCA
B (haitiax ¢ €MHBIM UMEHEM W PA3IMYHBIMU PACIIMPECHUSIMH, YTO 00CCIICUNBACT
JIETKOCTh TPYIIITUPOBKH UCXOAHBIX TAHHBIX IS MOJICITAPOBAHMS.
OOGHoBrsATONIMECST B peajbHOM BpPEMEHW TpaduKd ¥ THCTOTPAMMBI
MO3BOJIAIOT HAOMOAATh 3a OOYYEHHWEM U MCHOJIHCHUEM HEWPOHHOM CeTH,
OTICPAaTUBHO pearupoBaTh Ha XOA MojenupoBanua. [lpu pemenun 3amay
Kaccu(pukanmuu WM annpOKCHMAIWM  aBTOMATHYECKH  BBIYHMCIIAIOTCS
pa3HOOOpa3HbIE CTATUCTHUECKHUE MMAPAMETPhl U XapaKTEPUCTHKH.
Crienmau3upoOBaHHBIC TOTIOJIOTHYECKAE KApThl U KJIIACTEPHBIC JHATPAMMBI
MPUMEHSIOTCS TPU U3YUYCHUH W aHAJIN3E PE3YJIbTaTOB MOICITUPOBAHMS.
®dakTHYeCKH BCSA CHUMBOJIbHAS W uwWcaoBas wWH(pOpMANWa AOCTyIMHA B
nekmponnsix maoauuax (Datasheets), T.e. MoXer OBITb MTHOBEHHO
MMIIOPTHPOBaHA M AKCIIOPTHPOoBaHa yepe3 Oydep ooOmena Windows. I'padmaeckas
uHOpPMAITHS TaKKe MOXKET OBITh IKCIMOPTUPOBAHA, HAIPUMED, IS COCTABJICHUS
OTYETa O MOJICITBHBIX SKCTICPUMEHTAX.

3.2.9. Orpannuenus

TRAJAN noanepxuBaeT HEHPOHHBIE CETH «TIyOuHOW» 128 croes, XoT4, B
MOAABJIAONIEM  OOJIBIIMHCTBE  ClAydaeB, TpeOyeMoe  KOJMYECTBO  CJIOEB
CYLIECTBEHHO MECHBIIIE.

B TRAJAN nepBbiii cliol siBasieTcs Beeraa cyioeM Bxoaa. OH UCHOJb3yeTcs
TOJIbKO, 4YTOObl BBOJWTH BEJIMUMHBI B HEHPOHHYIO CE€Th, TaK KaK HEHPOHBI
BXOJHOTO CJIOsA HE ToApa3yMeBaloT HHMKakod oOpadotku. Ilocmemnuit cioi
ABJISIETCSA BBIXOJAHBIM, U PE3YJIbTaThl BHITIOJTHEHUA HEHPOHOB 3TOTO CJIOS SIBJIAKOTCS
Y BBIXOJIOM HEMPOHHOW CETH B LIEJIOM.

3.3. Onucanue 0CHOBHBIX dTanoB padoTwl B cpeae TRAJAN

3.3.1. Co3naHue HelipoHHOI ceTH
Hogas Heiiponnas cetb co3naercss B TRAJAN ¢ momonieio okHa Network
Creating (Co30anue cemu), xoropoe noctynuo u3 meuio File/New/Network vnn
M0 HAXATUIO COOTBETCTBYIOIICH KHOMKA HA MaHEIN UHCTPYMeHTOB [1, 18].
JIns co3maHusa HOBOW HEHWPOHHOM CETH MOCJE MOSBJICHUS HA DKPAHE OKHA
Network Creating crnenyer:
" BbIOpaTh TUN CETH;
"  ONPEACNIUTh YKCIIO CJIOECB U UX PA3MEPHOCTH.
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3.3.2. Boi0op TuIA ceTH

TRAJAN mnpeanaraeT HECKOJIbKO BUJIOB HEHPOHHBIX CeTeH i
MoaenupoBanusa. Heitponnas cetb Tuna MHo20ypoeHegblili nepcenmpoH BbIOpaHa
B JIJAHHOM OKHE MO YMOJIYaHUIO.

3.3.3. OnpenesieHue 4KcJia CJI0€B M UX PA3MEPHOCTH

[Ipn 3a1aHNK KOJIMYECTBA CJIOEB HEMPOHHOM CETH CIICAYET YUUTHIBATh, YTO
TRAJAN MoxeT noaaepxuBath HEHPOHHBIE CETU BILIOTH 10 128 cioes mo 128
HEHPOHOB B KAXKJIOM, MPHU STOM TEPBbI U3 HUX BCErAa SBISETCA BXOAHBIM W
UCIIOIb3YETCA TOJIBKO JISl MOJYUCHHS CEThIO MCXOAHBIX JAHHBIX, a MOCIETHUN
CJIOH ABJISIETCSA BBIXOJHBIM, M BBIXOJbl €r0 HEHPOHOB ABJISIIOTCA BBIXOJIAMH BCEH
CETH B 1ICJIOM.

3ajaTh KOJMMYECTBO HEHPOHOB B KAXKIOM CJIOE€ TO3BOJSET MATpUlA,
npenacrasieHHas B okHe Network Creating. OHa BBHITJTAAUT Kak HEOOJbINAA
anekTpoHHas Tabnuia. KonuuecTBo HEMPOHOB B KaXKIOM CJI0€ HEHUPOHHOW CETH
OMPeeIACTCS ¢ IOMOIIBIO MEPBON SUCHKH 3TONH MATPUIIbI, PU 3TOM JIFOOBIE CITION
C HYJICBBIM KOJIMUECTBOM HEHPOHOB OYyAYyT MPOUTHOPUPOBAHBI.

ITocne Toro, Kak 3aJaHO KOJIWYECTBO HEHPOHOB B Kaxaom ciioe, TRAJAN
CaMOCTOSITEJILHO OMPEICIUT KOJIMYECTBO CJIOEB B CETH NyTeM BbIOOpa WH3
MaTpPHIIbI BCEX CIIOEB, Y KOTOPBIX KOJIUYECTBO HEHPOHOB OTJIUYHO OT HYJIS.

Ilpumeuanue. Moosicno 3amemume, 4mMo MaAmMpuya cooepilcum CMmpoKy O/sl
3A0aHUA  WIUPUHBL KaAdicoo2o cod. Jlannaa @yHkyusa peoko ucnob3yemcs 8
TRAJAN u neobdxoouma monvKo Ona HEAPOHHBIX Cemeill, UCHOIb3YIOWUX Kaphibl
Koxonena (n. 2.5).

3.3.4. IloaroToBKA HEIIPOHHOI CeTH K 00YYEHUI0

OnHolt W3 KJIIOYEBBIX XApPaKTEPUCTUK HEHPOHHBIX CETEH SABIACTCS MX
CIIOCOOHOCTh 00y4aThbCsl peliaTh IMOCTABJICHHBIC TIepe] HUMHM 337adud ¢
WCIOIb30BAHUEM MPEACTABUTEIBCKUX BBIOOPOK. TO €CTh BMECTO TOro, 4YTOObI
BBICTABJISITh HEMPOHAM WX BECa BPYUYHYIO (UTO B TIPHHIIMIIE KOHEYHO BO3MOXKHO),
CO3/1a€TCSI HEKOTOpbI HA0Op MPEACTAaBUTENBCKUX BBIOOPOK, OMPEACIAIOMINX
peuieHue  MOCTAaBJICHHOW  3adauu,  AJi8  OOYy4YEHUA  MOPEABAPUTENIHHO
MOATOTOBJICHHOUW CTPYKTYphI HeliporHoH cetr (1. 3.3.3). [Ipu sToM mcnob3yeTcs
OIMH W3 QJIrOPUTMOB OOYUECHHUS HEHPOHHBIX CETel, HanOoJee MOMYJSPHBIM W3
KOTOPBIX SABJACTCS aNroputM O6pamuozo pacnpocmpanenusi.

OOyuaroniuii aiIropuT™M BO BpeMs CBOEH padoThl NoAOHUPAET BECa HEHPOHOB
B HCWPOHHOW ceTW, uCXoad w3 wHPOpMANWKA, COJACpXKAIICHCT B
MPEJCTABUTENIbCKOM BBIOOPKE.

B TRAJAN nHabop mNpeacTaBUTENbCKUX BHIOOPOK (0Oydaromux map)
co3zaercs ¢ nomoiibio okHa Pattern Set Creating, KOTOpoe NOCTYITHO U3 MYHKTA
mento File/New/Pattem.

92



[locne BBIOOpa 3TOM KOMaHIbl MEHIO HA 3KPAaHE MOSBISIETCA TUAIOTOBOE
OKHO, B KOTOPOM HEOOXOIWMO 3a/1aTh KOJMYECTBO BXOJOB U BBIXOJOB
hopMEpyeMBIX 00yUaAIOIIUX TTap.

Ipumeuanue. Jlna ueneil o0yueHUss KoOIUUECMBO 6X0008 U BbIX0008
odyuarwux nap 001HCHO COBRAOAMb C KOJIUYECMBOM HEIPOHO8, COOEPIHCAUUXCI 80
BXO0O0HBIX U 8bIXOOHBIX C/1OSAX HEUPOHHOU cemu, CO30AHNOI 8 n. 3.3.3.

[Tocne storo TRAJAN 3amycTUT peAakTOp BBOJMMBIX OOYyYarolUX Map, B
KOTOpOM oOToOpasuT Matpuily oOydarommx mnap. Kaxkmas oOyuwaromas mapa
MPE/ICTAaBIICHA B MATPHUIIE CBOCH CTPOKOM, KOTOpas COMEPKHUT 3HAUCHUE BXOTHBIX
¥ COOTBETCTBYIOIINX UM BBIXOAHBIX CUTHAJIOB HEHPOHHOW CETH.

ITocne co3maHusi HEHPOHHOW ceTH W HaOopa oOydwaromux map s ee
oOydeHHs WCXOJHBIC JJAHHBIE MOJCIHMPOBAHUSA COXpaHsioTcess B (aitme. [lns
COXPAHCHHS HEHWPOHHOH CETH HEOOXOJUMO BOCTOJB30BATHCA MYHKTOM MEHIO
File/Save/Network. 1locne Bei6opa komanasl TRAJAN 3anpammBaet ums haiina,
B KOTOPOM OYJIET COXpaHEeHA MOJIETpyeMast HEHPOHHAS CETh.

JIns coxpaneHus HaOopa oOydaromux map HeOOXOAMMO BOCMOJIb30BATHCS
nyHkrom MmeHwo File/Save/Pattern. Tlocne BbiOopa gaHHoM komaHabsl TRAJAN
3ampamuBaeT uMsA  (daiiya, B KOTOPOM OyayT COXpPaHEHBI BBEJICHHBIE
MPEICTaBUTEILCKIE BHIOOPKH (00yUaroIue mapsl).

3.3.5. PepakTripoBaHue ceTH U NMPEACTABUTEIbCKUX BbIOOPOK
CpencTBa penaktupoBaHus HEHPOHHBIX cerelt (Mento: Edit/Network, okHo:
Network Editor) mo03BONAOT MOAUGDUIIMPOBATh  CICAYIONIHE TMapaMeTPhI
OTIPENICNICHHON PaHEe CETH:
"  (yHKIUIO OMMMOKN HEUPOHHOM CETH,
" W3MCHHTH aKTHBAITMOHHYIO (DYHKIIUIO HEHPOHOB;
" W3MCHHTbH 3HAUCHUS BECOB CBS3CH,
"  yAQJIATh U T00ABUTH CJIOU,
"  yIanuTh U 100ABUTH HEUPOHBI B TEKYITIEM CJIOE.
OnektpoHHas Tabnuia (MaTpuIa) MPeACTaBUTEIbCKIX BEIOOPOK TO3BOJIACT
U3MCHATh JIIOOBIC HMMEIOMHECS OOydYalolMe mMaphl, a TaKXke WX YIaasiTh H
100aBISATh HOBBIE.

3.3.6. O0y4yeHue HelipoOHHOI ceTH

B HACTOSIIEE  BpPeMA  OPOTPAMMHBIM  TPOAYKTOM TRAJAN
NOAACPKUBAIOTCS  HauOOJiee  PaCHpPOCTPAHCHHBIC  QJTOPUTMBI  OOYyUEHUS
HEUPOHHBIX CETEMN.

Paccmotpum mponeaypy odyuenus B TRAJAN mo aaroputmy oo6pamuoco
pacnpoCmpaHeHusl.

AnroputM  00paTHOTO  pacmpocTpaHeHus padoTaer, MMOArOTaBIMBaA
HEHPOHHYIO CE€Th, HCMOJB3YyA NOCTYIHBIE €My JaHHBIC, KOTOPbIE XPAHATCS B
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HAa0Ope TNPEACTAaBUTEIBCKUX BBHIOOPOK W KOTOPbIE ObLIM MOATOTOBJICHBI ISt
oOyuennsa cetr. Ha kaxxmoii mreparuu (B TepMUHAX HEWPOHHBIX CETCH — AIOXE),
BEChb COCTaBJICHHbIN HAa0Op OOydaroIuX map MOpPeAOCTaBISIETCS CETH. BhIXoabl,
MOJIy4Ya€MbIE€ CEThIO, CPAaBHUBAIOTCS C JKEJIaeMbIMU pe3yibraramu. Oinndka
HEHPOHHOW CETM BBIUUCIACTCS KAK Pa3HOCTh MEXKAY OKEJIAaeMbIMU U
(hakTHUECKMMU pe3yJbTaTaMH W HCIOJIB3YETCS I  PETYJIMPOBAHUS BECOB
HENUPOHOB B CETH.

[Tepen HayasioM OO0yuY€HHUsS HEHUPOHHOW CETH BBIMOJHAKOTCA CIEAYIOIINE
JICUCTBHS

1. HUcnonw3yss wmenwo Statistics/Training Graph, OTKpbIBa€TCs OKHO
Training error Graph,

2. Hcnonwb3ys wmento Train/Backprop, otkpeiBaetcs okHO Back
Propagation,

3. JlaHHbIE OKHA PACHOJIAraroTCsl TaK, YTOObl OHU HE MEPEKPHIBAIA APYT
Apyra;

4. 3amyckaeTcs aJropuTM o0yueHMS Ha)kaThuem KHomnku Train B okne Back
Propagation. 1lpu >ToM 3aBUCHMOCTh CPEIHEKBAJAPATHUECKON OIMMMUOKK OT YMCia
uTepanuii OyaeT mokasaHa Ha rpaduke, pacroNOKEHHOM B OKHE;

5. VYBenuuuBaeTCd MaKCUMAJIBHOE YHCJIO HWTEPAlMd W aJrOPUTM
3amyckaercs (¢ ToOMOmpl0  KHOomkW  Train) 1m0 TeX mop, TIOKa
CpPeAHEKBAAPATHUECKAs OIMOKA HE MPUMET MPUEMIIEMOT0 MAJIOTO 3HAYEHHUS.

BhHavane wmoaenupoBaHWs TIPU  KCHOJBb30BAHWKM HEOONBIIOTO YHCIA
UTEpallMid  CPEAHEKBAApPATUUECKAsd OIIMOKA YMEHBIIACTCSI, HO HEHAMHOTO.
Jlanuerit ¢dakT 00ycCaoOBIEH TeM, 4YTO 3adada «uckmodarorero «JIMy» mis
HEWPOHHOU CETH, KaK HE MapaJoKCalbHO, TOPa3/l0 CJI0XKHEE B PEHICHUHU, YEM
MHOTHE 00JIe€ CJIOMNKHBIC 3a/1aUu.

Okno Training Error Graph otoGpaxaer 001yl OImUOKYy OOydeHHUA
HEMPOHHOM CeTH, OJHAKO, MHOTJA ObIBAeT MOJIE3HO MPOHAOMIOAATh 3a paboToM
HEWPOHHON CETH TPH HCMHOJb30BAHUU OTIEABHO B3ATOH OOyuarolieil mapei, C
noMouelo okHa Pattern Error.

3.3.7. 3anyck HelipoHHOIi ceTn
[Tocne oOyueHuss HEHpPOHHOM CETH, OHA TOTOBA K 3aMyCKy. 3amyCTUTh
HEWPOHHYIO CETh HA BBHIMOTHEHNE MOKHO HECKOJIbKUMU CIIOCOO0AMMU.

3anyck ¢ TeKyluM Had00poM NpeACTABUTEIbCKUX BbIOOPOK

HeiliponHasa ceTb MOKeT ObITh 3alyleHa ¢ MPEAbIBICHUEM JIMOO MOTHOTO
Ha0opa MPEeICTaBUTENIbCKUX BBIOOPOK, MCIOJIb30BAHHBIX paHee Mpu OO0YYEHUU
HEUPOHHOU ceTH, MO0 C MPEIbABICHUEM OJMHOYHBIX BBHIOOPOK. [Ipm 3TOM
HEOOXOJAMMO BOCHOJIb30BaThCA MYHKTOM MeHIO Run/Single Pattern, 4toObI
nmoJTlydnTh WHGOPMAHAIO 0 PaboTe HEHWPOHHOW CETH TP MPEAbIBICHHH OJHOMN
OTACIBHO  B3SITOM  MPEACTABUTENLCKOM  BBIOOPKM WM  Iieioro  Habopa
MPEJCTABUTENIbCKUX BIOOPOK.
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3anyck UHAUBHAYAJbHOI TMPEeACTABUTEILCKOI BBLIOOPKH, HEe BXOJsIIeidl B
Ha0op 00ydYaroIIMX nap

YacTto OblBacT HEOOXOAMMO TPOBEPUTH PpabOTy HEUPOHHOW CETH Ha
MPEJCTABUTENILCKON BBIOOPKE, KOTOpas HE BXOJAWja B HaOop oOydyaromux map,
UCIIOIb30BAHHBIX PAHEE MPU OOYUCHUU, TTPU PEIICHUU CJIEAYIOIIMNX 3a4a4;

1. TlporHo3mpoBaHue MOSBJACHUS HOBBIX JTAHHBIX C 3apaHEe HEW3BECTHBIMH
HEHPOHHOH ceTH BbIXoAamu. Eciu BBIXOIBI 3apaHee M3BECTHBI, TO MOXKHO
OLICHUTh KauecTBO pabOThl MOJATOTOBJICHHOW HEWpoHHOW cetu. B
MPOTUBHOM CJIy4ae, pe3yJbTaThl, MOJYUYCHHbIC MPH 3aMyCKe HEHPOHHOM
CETH, MOTYT OBITh UCITOJIb30BAHBI B KAUECTBE MPOrHO3a. JlaHHBIN THN 33124
JUI. HEMPOHHBIX ceTelt OyaeT pacCMOTpPEH B JabopaTopHoM padote Ne 5.

2. Pacno3naBanme o6pa3oB (moapoOHee maHHAs 3amadya OyAeT pacCMOTpPEHA B
nabopatopHoit pabore Ne 3). B osrom caywae, oOIleHUBaETCA
YYBCTBUTEJIBHOCTh HEHPOHHOW Ce€TM K  HEOOJIBIIOMY  HW3MEHEHUIO
MapaMeTpoB HCCICAYEMOTr0 BEKTOPA, C MOMOIIBIO KOTOPOro MPOBOJIUIOCH
o0yueHHe.
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4. HEIIPOITPOLIECCOPBI

4.1. Onpeaesienue u Kiaaccuuranus Heliponpoueccopon

Heidiponpoyeccop — smo kpucmaii, Komopwiti obecheyusaem 6uinoIHeHUe
Helpocemesvix aneopummos 8 pedibHoM Macutmabe spemenu.

Cpenn  pa3HOBHIHOCTEH  KPHCTA/UIOB, HCIOJNB3YEMBIX B  KadyeCTBE
HEHPOIPOIIECCOPOB BHIICTUM cieaytomue (puc. 4.1):

" CHEIUATM3UPOBAHHBIC HEHPOUMIIHI,

* 3akassble kpuctamisl (ASIC);

" BCTpamBaeMbie MUKPOKOHTpOJuiephl (MC);

* mpoueccopsl obuiero HazHaueHus (GPP);

" QepenporpaMMUpyeMble  JIoTmueckwe uHTerpaibHbie  cxembl  (FPGA,

[JINC);

= mporeccopsl mudpoBoi 06padotku curaanos (I11[OC);
"  TPAHCHBIOTEPHI.

Crenmanu3upoBaHHBIE HEWPOUWITBI YaCTO PEajM3ylOTCs Ha  OCHOBE
NpOYECCOpHbIX Mampuy (cucmonuyeckux npoyeccopog). Takue HEHUPOUHITHI
omu3kn K oObiuHbIM RISC-mpoiieccopam, OOBEIUHSIOT B CBOEM COCTaBE
HEKOTOPOE YHUCJIO MPOLIECCOPHBIX JIEMEHTOB, a YIPABJIAIONIAS U AOMOJHUTEIbHAS
JIOTHKA, KaK MPaBUJIO, CTPOUTCS HA 0a3e MOTIOJTHUTEIBHBIX CXEM.

Paznmuuaror Takke  HedpocueHanwvHvlie  npoyeccopwl, AIpPO  KOTOPBIX
npenacrapiasier coboi  TumoBok [I[OC, a peanm3oBaHHas Ha KpHUCTaIE
JOTIOJIHATENIbHAST ~ JIOTWKA oOecrieunBaeT  BBIMIOJHEHUE  XaPAKTEPHBIX
HEHPOCETEBBIX Omepanuii (HarpuMep, TOTIOJTHUTEIBHBIA BEKTOPHBIN MPOIECCOp U
T.IL).

Tpancnbtotepsl, B yactHocTH 1414, T800, T9000, m TpaHCHbIOTEPONOA00HbBIE
ANIEMEHTHI SBJIAIOTCS BaKHBIM KoMmmoHeHToM BCMII, oxmako, wx mpuMeHEHHE
CIIBUTAETCA B CTOPOHY KOMMYTAIMOHHBIX cCUCTEM U ceTelt OBM [2].

4.2. IlapamMeTpbl Heliponpoueccopon

JIsis OTICHKH TPOW3BOIUTENBHOCTH YCTPOUCTB (PeaTM30BaHHBIX HA OCHOBE
[MHOC u TUIUC), mpumensiembrx misa [{OC, konTponupyeTcst BpeMs BHITIOJTHEHUS
tumnoBsix omneparuii [{OC, takux kak mudposas ¢punbtpanus, bIIO u mp.

B cBoto ouepenb, Al OLEHKU MPOU3BOUTEILHOCTH HEUPOMPOLIECCOPOB U
HEHPOKOMITHIOTEPOB TIPUMEHSIETCS PSJl CIICTIHATBHBIX MTOKa3aTeNeh (mapaMeTpoB):

" MMAC — MWUTMOHOB YMHOXKEHHUH C HAKOIJICHUEM B CEKYHTY;

= CUPS (Connections Update per Second) — aucino N3MEHEHHBIX 3HAUCHHMA
BECOB B CEKYH/Y (OIICHMBAET CKOPOCTh OOYUCHHSA ),

= CPS (Connections per Second) — 4YWCIO COSAVMHEHHWHN (YMHOXCHHHA C
HAKOIJICHUEM ) B CEKyHTY (OIIEHUBACT MTPOU3BOIUTEIILHOCTD ),
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HAKOIUICHWSI) 3a CUeT NPUMEHECHHMsS (PUKCHPOBAHHOTO HAOOpa KOMaHI TUMa
PETUCTP-PETUCTP.

4.3. CnenuajTu3upoBaHHbIC HEliPOYHIIbI

OCHOBHOE OTJIMUME HEUPOUYUNOB OT JPYrUX MPOLECCOPOB - 3TO
o0eCrieueHNEe BBICOKOTO TMapajuie/ii3Ma BBIYMCICHUNA 3a CUe€T NPUMEHCHHS
CIEHUAIM3UPOBAHHOTO HENUPOCETEBOr0 JIOTMUECKOro 0a3nca WM KOHKPETHBIX
APXUTEKTYPHBIX pelieHuid. lcrmonp30BaHWEe BO3MOXKHOCTM  MPEACTABICHUSA
HEUPOCETEBBIX AJTOPUTMOB JJISI PEAIU3alMd HA HEUPOCETEBOM JIOTHUECKOM
0a3rdce Kak pa3 W SBISETCA OCHOBHOM MPEANOCHUIKON PE3KOro YBEJIIMUCHHS
MPOU3BOAUTETBHOCTH HEUPOUYUIIOB.

[IpoBenem KmaccupuKammuio HEHPOMPOIIECCOPOB MO PSIAYy OCHOBHBIX
MMPU3HAKOB!

" 10 muny J02uKyu HEHPOTIPOIIECCOPHI PA3JACISAIOT Ha MU(PPOBHIC, aHAJIOTOBBIC
u rubpuansie (puc. 4.2);

" N0 mMuny peanusayuu  Heupocemesvix aicOpummoe — C TOJTHOCTBIO
anmnapaTHOW peanu3alMi W C NPOrPAMMHO-ANIMAPATHON pPealIn3aluen
(xorma HedpoanropuTMbl xpaaarces B [13Y);

" no  xapakmepy — peaiuzayuyu  HEIUHEUHbIX — Npeodpa308aAHUN —
HEHPOTIPOIIECCOPBI ¢ JKECTKOH CTPYKTYpOH HEHWPOHOB (ammapaTHO
peaNM30BaHHBIX) W HEWPOKPHCTA/UIHI C HACTPAMBACMOW CTPYKTYpOH
HEHPOHOB (TIEPETIPOTPAMMHUPYEMBIE);

" N0 cubKkocmu CMPYKMypel HEUPOHHbIX cemeli — HEUPOMpOoLECCOopPhl ¢
KECTKOM W TIEPEMEHHON HEHpOoCceTeBOH CTPYKTypod (T.€. TOMOJIOTHS
HEHPOHHBIX CETEH pPealM30BaHa JKECTKO HIJIH THOKO).

[Ipon3BOACTBO CHENUAIM3UPOBAHHBIX HEHPOUYMIIOB BEAECTCA BO MHOTHX
CTpaHax MHpA.

BoabmuHCTBO M3 HUX OPUEHTHUPYIOTCA HA 3aKPHITOC HCIOIh30BAaHUE (TaK
KaK CO3JAIOTCA JUIi KOHKPETHBIX TPHKIAMHBIX CHCTEM), OJJHAKO CPEIu
HEHPOUYUTIOB TOCTATOYHO W YHUBEPCAIBHBIX KprucTauios (Tabdi. 4.1) [10, 13].

Uccnenosannss B o0nacTtu  pa3pabdOTKM TMEPCIEKTUBHBIX HEHPOUMIIOB
MPOBOAAT MHOTHE J1IaDOpaTOPUU W YHUBEPCUTETHI, CPEIU KOTOPHIX MOKHO
BBIJICTIUTH Cleayomme [2]:

= B CIIA - naGoparopuum Naval Lab m MIT Lab, IlencenpBanckmii
Yuusepcurter, KonymOuiickuii YHUBEpPCUTET, APU3OHCKUNA YHUBEPCUTET,
Nnnunolcknil Y HUBEPCUTET U JP.

= B Espone — bepnuHcknii TexHHUUECKHMA YHHUBEPCHUTET, TEXHUUYECKHM
Yuusepcuret Kaprcpye, UHcTuTYT MUKposnekTponuku r.l1tyrrapt u ap.

= B Poccun — MOTH, VYupsHoBckuii ['ocynapcTBeHHbIM TexHUUECKUN
YHHBEPCHUTET, MITY WM. H.O. baymamna, KpacHosapcknii
['ocynapcTeenHbIM TEXHUYECKAUN YHUBEPCUTET, PoctoBckuit
['ocynuepcutet u ap.
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Tabauua 4.1. KpaTkas xapakTepucTHKa crieUAJIHM3HPOBAHHBIX HEHPOYNIIOB

Makcuma | Makcum
Komnauus
PazpsaanocTh, JbHOE ajlbHOE
HanmeHoBanue | H3roTOBHTE IIpumeuanne
our 4HCII0 4HCI0
Jb * %%
CHHANCOB*| cJI0eB
1 2 3 4 5 6
MA16 Siemens 48 - - 400 MMAC
NNP (Neural Accurate MIMD, N — uuncio
Networks Automation Nx16 i i MPOLICCCOPOB
Processor) poreccop
CNAPS-1064 Adaptive 16 128 KGaiir | 64
Solutions
4 mpOLECCOPHBIX
100 NAP Chip HNC 32 512 KoGaiit 4 3JEMEHTA C IIJIaB.
apuMETUKOI
NeuroMatrix Mozyb 64 (BeKTOpPHBII COBMECTHM ¢
NM6403, Takr. ’ mpoueccop), 32 | 4096 mr. 24
wactora 50 MI'n Poccns RISC s1p0 nopramMu TMS320C4x
NeuroMatrix Moxvib 64 (BeKTOpHBII CoBmecTum
NM6404, Takr. Pocﬂc}l;ﬂ ’ MPOLIECCOP), 4096 mr. 438 € IOpTaMHu
gacrora 133 MI'n 32 RISC-sapo TMS320C4x
32 496 32 |10® nepexn./c
Bell
CLNN 32 CLNN 64 | Bellcore 64 1024 | meitpona |2 x 10° mepex./c
NC 3001 NeuriGam 16 4096 1. 32
ZISC 036 (Zero 64-paspaHbIc .y g:"ma 20 MI,
Instruction Set IBM BXO/HBIC - . KropHo=
HCHPOHOB | MPOTOTUITHEIH
Computer) BEKTOPBI N
HEHpOUHIT
JBa Oanka | 3 crmost
ETANN 80170NW |Intel 64 Bxoxa BECOB no 64 | Ananorosas
64x80 HEWpOHa
MD-1220 Micro Dev. 16 64 wr. 8 8 HelipoHOB
MT 19003 - Neural 24.“’“’. 16- paspaniii RISC-npoeccop
. ircuit YMHOKHUTCIIB,
Instruction Set o 9 - 1 ¢ 7 crerua bHBIMH
Processor Engineering | 35- pa3psaaHsrit KOMAHIAMH
(MCE) cyMMarop
5-16 (oHOro 1024 256-| BexropHo-
NI 1000 Nestor \OX - MEPHBIX |IPOTOTHIHBIN
HEUpOHA) M
BEKTOPOB | HEHPOUHTT
NLX420 Adaptive y 16 mpoueccopHbIX
(NLX 110,230)  |Logic 16 I Moaiir 16 |5 semenron
OBL Chip Oxford 16 16 M6aitt -
Computer
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Oxonuanue Tadauuen 4.1

1 2 3 4 5 6
16
L-Neuro 1.0 Philips 16 HOHDOHOB 26 MI'
L-Neuro 2.3 P 16 1536 POHOB | 66 My
(12x16)
Pram-256 Chip  |UCLiLud, | °©(0auoro . 256 N33 My
HEHpOHA) HEHPOHOB
SAND Datafactory 16 - 4 200 MCPS
ACC 16 - -
I'epkysiec Poccns 16 1 Mbaiit 64
Yauscpcure 6 (BHYTP)
Neuro Classifier T TBeHTe, 70 BXOIHBIX - 1 Bxox., |2 x 1010 mepek./c
DESY HCHPOHOB 1 BBIXOZ
Yucno g
ANNA AT&T Heitporos 16- |4096 Becos| - Hero BXOAO0B
256 v HeHpoHa 256-16
WSC (Wafer Scale . . 64 cBs3u 576
. Hitachi - N N
Integration) Ha HEHPOH | HEHPOHOB
2 (omHOTO 4096
SASLM2 Mitsubishi oA - (64x64) |50 MI'y
HEHpOHA) .,
HCHPOHOB
Kent (Uni.,
TOTEM UK). 16 (oamoro - o4 130 Mru
di Trento HEHpOHA) HEHpoHa
(Ttaly)
Hanmaune
Neuron 3120, Echelon 8 our (mmHa ) ) Eigign(e)gf;};m .
Neuron 3150 (CIIA) JAHHBIX) A
KOMMYHHUKaITUUOHHBIX
MOPTOB

* MakcHMAaJIbHOE YHCJI0 CHHATICOB ONpeAesieT pa3Mep BHYTPHKPHCTAILHOH NaMSITH BeCOB;
** MakcHMaJbHOE YHCJIO0 CJI0OEB OIpeAessieTcsl YHCIOM ONMepalHii YMHOKeHHsI ¢ HAKOIJIEHHEM,
BBINOJIHSIEMbIX 32 OAHH TAKT JJIs1 ONEPAHAOB JJIHHO 8 OuT

[Tokazarenn TPOU3BOAUTEIBHOCTH HEKOTOPBIX HEHPOUYWIIOB NPHUBEICHHI B
tadm. 4.2 [13].

PaccmoTpum Hambonee NOMYJSPHBIC CHCIUAATM3HUPOBAHHBIC HEHPOUHIIBI
oomnee moapooHo [10].
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Heiipocurnaabssiii npoueccop NeuroMatrix NM6403

OcnoBa He#pounmna NeuroMatrix NM6403 (komnanus Monyns, Pocens) —
LTI, xoTopsiii aBisiercss Boicokonpou3BoautenbHbiM [TLIOC. LT cocTouT 3 aByx
0a30BbIX 0JI0KOB: 32-pa3psannoro RISC-mpoiieccopa u 64-pa3psiAHOTO BEKTOPHOTO
mpoiieccopa, OOECMEUMBAIOIIECTO BBIMOJIHEHUE BEKTOPHBIX OMNEpaluid  Haj
JAQHHBIMKA ~ TEPEeMEHHON  paspsaHocTd.  MMewTcs  Ba  MASHTUUHBIX
MporpaMMHUpPyeMbIX HHTepderica aas padoThl ¢ BHEITHEH MaMSTHIO PA3THUHOTO
TUAMA W JBAa KOMMYHHUKAIMOHHBIX TMOPTA, anmapaTHO COBMECTHUMBIX C MOpPTaMu
I[MIOC TMS320C4x, s BO3MOKHOCTA TMOCTPOCHUS MHOTOMPOLIECCOPHBIX
cuctem [15].

Tabaunua 4.2. IIpou3BoaAUTEILHOCTH CHENHATH3MPOBAHHBIX HEHPOYHUIOB *

Hauvenosanue Kondurypauus CPS CPSPW | CPPS |CUPS
Heilipounmna

NLX420 32-16, 8 bit mode 10M 20K 640M -
100 NAP 4 chips, 2 M wts, 16 bit mantissa 250M 125 256G | 64M
WSI (Hitachi) 576 neuron Hopfield 138M 3.7 10G -
N64000 (Inova) |64-64-1, 8 bit mode 871M 128K 56G | 220M
MA16 1 chip, 25 MHz 400M 15M 103G -
Z1ISC036 64 8 bit element inp. Vector - - - -
MT19003 4-4-1-, 32 MHz 32M 32M 6.8G -
MD1220 8-8 oM IM 142M -
NI 1000 256 5 bit element inp. Vector 40 000 vec in sec. - - -
L-neuro-1 1-chip, 8 bit mode 26M 26K 1.6G | 32M
NM6403 8 bit mode, 50 MHz 1200M 150M 77G -

* B Ta0nnue npuBeAeHbI CpelHHe OKPYIJIEHHbIE MOKA3ATEIH HPOH3BOAHUTEILHOCTH

Buemnuii Bua Helipounna npeacTasiieH Ha puc. [1.1 npunoxeHui.
Ocnognvle Xapakmepucmuxu:

102



taktoBas uactora — 50 MIm (20 Hc — BpeMsa BBHINOJIHEHHS BCEX
WHCTPYKITHH ),

texHojiorus — KMOIT 0,5 mxwm;

kopnyc — 256BGA;

HanpsiKeHue nuTanus ot 2,7 1o 3,6 B;

notpedagemas MmoiHocTh ipu 50 MHz okosio 1,3 BT.

RISC-sa0po:

5-ctynenuaTsiii 32-pa3psaaHbiil KOHBEHED;

32- u 64-paspsaabie KoMaHABl (OOBIYHO BBITIONHSECTCS IBE ONEPAIMH B
OJTHOM KOMaH/IE),

JIBa aJPECHBIX Te€HEpaToOpa, apeCHOE MPOCTPaHCTBO — 16 1'0aiT;

nBa 64-paspamHbix TporpamMmmupyembix uHTepdetrica ¢ SRAM/DRAM-
pa3aenaeMon MaMsAThIO,

dopMar maHHBIX — 32-pa3psAaHbIE TIENbBIE.

BOCEMb 32-pa3psAAHBIX PETUCTPOB OOIIEro Ha3HAYCHHUS

BOCEMb 32-pa3psIHbIX aIPECHBIX PETUCTPOB;

CIIEHUAIbHBIEC PETUCTPHI YIPABJICHUS U COCTOSTHUA,

JIBA BBICOKOCKOPOCTHBIX ~KOMMYHHUKAIIMOHHBIX TOpTa BBOJA/BBIBOIA,
anmnapaTHo-coBMecTUMbIX ¢ moptamu TMS320C4x.

Bexmopnuwiii conpoyeccop:

nepeMeHHas 1-64-pa3psaaHas IJIMHA BEKTOPHBIX OMEPAHIOB U PE3YJIbTaTOB;

dopMar JaHHBIX — TEBIC YKCIIA, YIAKOBaHHBIE B 64-pa3psaHbie OJIOKH, B
dhopmMe citoB mepeMeHHOM UTHBI OT 1 10 64 pa3psAIoB KaxkI0¢,

MOAACPKKA KaK BEKTOPHO-MATPUYHBIX, TaK W MaTPUYHO-MATPUUHBIX
orepanui,

nBa THNA (GYHKITUH HACKHIIIICHNS Ha KPUCTAJLIC,

TpU BHYTpeHHUX 32 X 64-pazpsaanbix 61oka O3VY.

IIpouzsooumenbHOCMb CKAISPHBIX ONePayuii.

50 MIPS;

200 MOPS nns 32-pa3paaHbixX JaHHBIX.

IIpoussooumenbHOCMb BeKMOPHBIX ONEPAYUT:

ot 50 g0 50000 MMAC.

/O u unmepdgeiicol ¢ namsamoio:

MPOITYCKHAsA CTIOCOOHOCTh NBYX 64-pa3psamHbiX HHTEPPEHCOB ¢ MAMATHIO —
10 800 Moaiit/cex;

I/O xoMmmyHHKaIHOHHBIC TTOPTHI — A0 20 MOalT/ceK KaXK IbIi.

bazoBbiMU [i7151 KpUCTAILIA ABJISIFOTCA BHIUMCIICHUS BUA!

Zi= ) =f (Urte@iy) . (=1, Mj=1,..N) , (4.2)

rJe Z; — BBIXOJHOM CHI'HAN /10 HEWPOHA, X; — j-# BXOAHOW curHan cios, U; —

CMELIEHHE /-r0 HeHpoHa, W; — BecoBoi koddpduumuent j-ro Bxoma l-ro
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HelpoHa, Y; — cyMma B3BEHICHHBIX BXOJOB i-TO HeEHpoHa, f — QyHKIMA
akTUBalMU, N — KOJIMYECTBO BXOJIHBIX CHUTHAJIOB CJiosi, M — KOJIUYECTBO
HENUPOHOB B CJIOE.
Onepanpel  Z;, X;, U; W W; npenctaBieHsl B JONOJHHTEIBHOM
MapajuieIbHOM KOJI€ U MOTYT UMETh MPOU3BOJIbHYIO PA3PAIHOCTb.
Ocobennocmsamu OaHHO20 KPUCMAIA AGISIOMCSL:

" BO3MOXHOCTH PAbOTHl C BXOJHBIMH CHTHAJIAMH (CHHAINICAMW) W BECAMH
nepeMeHHou paspsaaHocta (ot 1 g0 64 6ut), 3aAaBaeMOi TPOrpaMMHO, UTO
00€CNeUYNBACT YHUKAIBHYIO CIIOCOOHOCTh HEHPOKpHUCTAJUIa YBEIWYMBATH
MPOU3BOIUTEIBHOCTh C YMEHBIIIEHUEM Pa3PAIHOCTH OTEPAHJIOB;

* OpicTpas TOJKAuKa HOBHIX BECOB Ha (hoHE BHIUMCICHWN (24 omepamum
YMHOKEHHWS ¢ HAaKOTIJICHUEM 32 OJIUH TaKT TIPH JIJTHHE OTepaHoB 8 OuT);

» V-anmapatHas TOAACPKKA SMYJISLUMA HEHPOHHBIX CceTed  OObIIoH
Pa3MEPHOCTH;

* peanmuzanus (YHKIUA aKTHBAIIMM B BHJE TOPOTOBOH (DYHKIIUH WIIH
(hyHKITMW OTPaHUUCHHS,

" HaMYWE ABYX MUPOKWX muH (mo 64 paspsana) mus paboThl C BHENIHEH
maMAThIO Jrodoro tana: 10 4M6 SRAM u 1o 16 I'6 DRAM,;

" HaMYUEe ABYX OaWTOBBIX KOMMYHHKAITMOHHBIX TIOPTOB BBOJIA/BBIBOA,
anmnapaTHO COBMECTHUMBIX ¢ KOMMYHUKAIIMOHHBIMU moptamu TMS320C4x
11 peanuzanmu napajieasabix BCMIT 6ombiinoi mpou3BOAUTENHHOCTH,

" BO3MOXHOCTh pabOThl C JAHHBIMH MEPEMEHHON pPa3pAAHOCTH MO
Pa3JIMUHBIM AJITOPUTMAM, PEATU3YEMbIM MPOTPAMMaMH, XPAHSAIIUMHUCS BO
BHelHeM O3VY.

Texnuueckue xapaxmepucmuru:

" yucyo BeHTwIeH Ha kpuctaie — 100000;

= pazmep kpuctamia — 10 mm X 10,5 mM npu TexHonoruu 0,7 MKM;

" mnotpedsemMas MOITHOCT — He Oosee 3 BrT;

" [MKOBAs MPOU3BOAMTENIBHOCTh MJiA OalTHBIX onepanaos — 720 MCPS npu
takToBoi yactote 30 MI'i; nna OunHapHbix onepauuii — 8640 MCPS.
Kpucrann MoxkeT NpUMEHAThCA Kak 0a30BbIHA 3JIEMEHT HEUPOKOMIMBIOTEPOB,

peanu30BaHHBIX B BHUAE KapT u moayneut mist [1IK (mefipoyckopureneit), a Takxke B
KOHCTPYKTMBHO-aBTOHOMHBIX HEHPOKOMIBIOTEpAX. BHEmHWIA BUA HEWpoduma
npeactasieH Ha puc. [1.1 Ilpunoxenuii. Mcnonbs3yercs B HEHPOKOMIBIOTEPAX
komnanuu «Moaymbe» [15].

Heiipocurnaabnsiii npoueccop NeuroMatrixR NM 6404

NeuroMatrixR NM6404 npencrasiser co0o0il BHICOKOTPOU3BOIATEITHHBIN
IMOC-o06paznubiii RISC-nporieccop. B ero cocraB BXOAAT ABa OCHOBHBIX OJIOKA:
32-pazpsagnoe RISC-aapo u  64-paspsaaHblii  BEKTOPHBIN comporeccop Juis
MOAACPKKM ONEpalii Ha/l BEKTOPaAMHU € JIEMEHTaAMU MEPEMEHHON pa3psIHOCTH.
NM6404 no cucrteme KOMaHA COBMECTHM ¢ mpeapiayiied Bepcued NMo6403.
Hmetotest mBa mporpamMmMupyeMbix uHTEpdetica s paboThl ¢ BHENTHEH MaMATHIO
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Pa3JIMYHOTO TUMA W JIBA KOMMYHHUKAIMOHHBIX MOPTA, alMapaTHO COBMECTUMBIX C
MopTaMu [MIIOC TMS320C4x, JUISt BO3MOYKHOCTH MOCTPOEHHUS
MHOTOMPOILECCOPHBIX CUCTEM.

Texnuueckue napamempuwr [15]:

* taktoBas dYactrota — 133 Ml (8 HC — Bpems BBIIOJIHEHUA JIOO0H
KOMAaH/IbI ),

= texaonoruss KMOII 0,25 mxwm;

= kopnyc PQFP256;

* Hanpsbkenue nutanus 2,5 B; 3,3 B; 5 B;

* mnotpedasemMas MOITHOCTh — 0kojio 1,0 BT

= ycioBud 3kcmtyatamnuu: —40...+80 C.

RISC-sa0po:

» S-cryneHuatkiil 32-pa3psAHbIA KOHBEHED;

" 32- u 64-OutoBble KOMaH bl (OOBIYHO BBITIOJHACTCS JBE OMEPALMN B OAHOMN
KOMaH/IE);

= 2 Mo6wurta BHyTpeHHee O3V

" JIOCTYI K BHYTPEHHEH MaMATH COCECH;

" JIBa aJPECHBIX T€HEpaATOpa ¢ aAPECYEMBbIM MPOCTpaHCTBOM — 16 1'0aiT;

* nBa 64-pa3psaaHBIX POTPAMMUPYEMBIX HHTEPdETica ¢
SDRAM/SRAM/DRAM/Flash paznensemoii 113V

"  YEeThIpe OJIHOBPEMEHHBIX  JOCTyna K  BHYTPEHHEH  MaMATH,
HIMPOKOBENIATEIBHBIN PEKUM AOCTYNA K BHEITHEH NMaMSTH;

= 64 K 3arpy:xaemoro 113V

* opmMar maHHBIX — 32-pa3psAIHBIC TICITHIE,

= yerbipe kanana [TJII1;

" Ba KOMMYHHKAITMOHHBIX TTOPTA BBOA/BBIBO/IA, AMIIAPATHO COBMECTUMBIX C
mopramu  TMS320C4x; JTAG-coBMeCTHMBIM OTIAIOUYHBIH HHTEPQEHC,
CUCTEMA YITPaBJCHUS NOTPEOIIEMON MOIITHOCTBIO,

Bexmopnuwiii conpoyeccop:

= ot | 1o 64-pa3psaaHas AJIMHA BEKTOPHBIX ONIEPAHIOB U PE3YJIbTATOB;

* ¢opMar JaHHBIX — IEIBIC YKCIIA, YIAKOBAHHBIE B 64-pa3psaHbie OJIOKH, B
dbopme ca10B IepeMeHHON JUTHHBL OT 1 10 64 pa3psaaoB KaxkIoe,

" MOAACPIKKA BEKTOPHO-MATPUYHBIX U MATPUUHO-MATPUUHBIX omepaiuii; 16
TaKTOB Ha MEPe3arpy3Ky MaTpuilsl Kod)PUImeHToB;

" peayu3anysl Ha KPUCTALIE ABYX THIIOB aKTHBAITMOHHOHN (DyHKITHH.
IIpouzsooumenbHOCMb CKAISPHBIX ONePayuii.

= 133 MIPS;

= 399 MOPS nys 32-pa3paaHbIX JaHHBIX.

IIpouzsooumenvnocme eexkmoprwvix onepayuii — ot 133 no 38000 MMAC.
/O u unmepdgeiicol ¢ namsamoio:

" TPOMyCKHasi CIIOCOOHOCTH NMBYX 64-pa3psAmHbiX WHTEPHEHCOB ¢ MAMITHIO —
2128 Mobaiit/cex;

»  [/O koMMyHHKalIHOHHBIC TTOPTHI — A0 20 MOalT/ceK KaXKIbIi.
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MA16 npencrasisser co0oil  MpPOrpaMMUPYEMbIH  KacKaJaUpyeMbiit
MPOLIECCOp Uil BEKTOPHBIX W MATPUUYHBIX OMNEpalvid, MOAACPKUBAIOIIMNA Ha
anmnapaTHOM YPOBHE CJICIYIOIIME ONEPallvu;

" MaTPUYHOE YMHOKEHHUE,

" MATPUYHOE CJIOKCHHUE/BHIUATAHUE,

" HOPMHUPOBKA PE3yJbTaTa;

" BBIUMCJICHUE BEKTOPHOW HOpMBI (MeTpuku L1 u 1.2);

" BBIUMCJICHUE BEKTOPHOTO paccTosiHUA (Mepa MaHX3TTeHA, TEOMETPHICCKOE

PacCTOSIHUE).

Helipounn coaepXUT YETHIPE HWJICHTHUUHBIX TPOLIECCOPHBIX 3JIEMEHTA,
paboraromux napauiensHo (puc. 4.2). BxomaHble JaHHBIE IMEIOT TOYHOCTH 16 OHT,
taktoBas wacrota 50 MIn. [lna omeparuii MaTpUYHOTO YMHOKCHHS/CIOKEHUS
CKOpPOCTh BbIUMCIieHWH gocturaetr 8 x 108 omnepamwmii/c. [Iporpammuoe
obecnieuenue padoraet B cpeae UNIX/XWIND wu peammsoano Ha CH++.
HeiiponHnas cetb Toke onuckiBaeTcss Ha C++ WM MOKET BBOJUTCA MHTEPAKTUBHO
¢ momompio Tpaduueckoro wuHTepdeiica tmma OSF/Motif, uro mno3Bonser
BHA3YAJIM3APOBATh KOH(MUTYPAITUIO YWIIA TOCIE OTOOPAKCHHUS HA HETO CTPYKTYPHI
CETHU. XOPOIIIO Pa3BUTHI cpeacTBa TecTupoBanusa U amyJrsin. C 1995 rona MA16
ABJISIETCA KOMMEPYECKH JIOCTYITHBIM.

Buemnuii Bua Heipounna npeacTtasiieH Ha puc. [1.3 [lpunoxeHui.

Heiipouun MD1220 komnanuu MicroDevices

Conepx’uT BoceMb HEUPOHOB C 8 cBA3sIMU U 16-pa3pannbie cymmaTopsl. Bo
BHYTPUKPUCTA/UIBHOM TaMATH XpaHATcs 16-pa3psnHbie Beca. Bxoabl HMMEOT
MOCJIEA0BATENbHBIC OJHOPA3PSAHBIC YMHOXKUTEIN C MPOAOKUTEIBHOCTBIO TaKTa
7,2 mxc. CpenHsist mpou3BOAUTEIBLHOCTE 0K0JI0 9 MCPS.

Heiipouun L-Neuro komnanuu Philips

OnuH w3 nepBbix HedpouunoB. Ha ceroaHd MIMPOKO W3BECTHBI JBE €ro
momudukanmm L-Neuro 1.0 m L-Neuro 2.3. Bropas Bepcus umeer 12 crioes, a
nepeasi  OJWMH  CJIOM M3  MISCTHAAUATH  OJHOPA3PAAHBIX, WKW  JABYX
BOCBMUPA3PAIHBIX, WIH 4YeThipeX 4-pa3psaHbIX, WU JIBYX BOCBMHPA3PIAHBIX
MPOLIECCOPHBIX ~ BJIEMEHTOB, T.€. HMMEET  BO3MOXKHOCTh  paboTtath B
MYJIbTUPA3psAHOM pexkuMe. Ha kpuctamie peanuzoBan 1KOGalT nmamsatu s
xpadHenus 1024  8-paspsanbix wuam 512 16-paspaasnbix  BecoB. ['nOkas
Kackaaupyemas CTPYKTypa HEHpouuIa TMO3BOJIAET WCIOIb30BaTh €ro JJis
pa3InuHbIX HeWpoceTeBbix mapanurMm. llpu peanuzanmu 64 BOCBMHUPA3PSAIHBIX

MPOIECCOPHBIX AJEMEHTOB CPEIHSSA MPOU3BOAUTEILHOCTh cocTaBisieT 26 MCPS
(32 MCUPS).
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Heiipouun NLX-420 komnanuu NeuroLogix

Kaxnapiii 3 16 TpoOLECCOPHBIX S3JEMEHTOB HEHpOUWIa COAEPKUT 32-
pa3psAAHBIA CyMMATOp, JOTHUKY NapajUieIbHOrO BBHIMOJHEHUS 16 yMHOMXEHUH.
Cpennss npomzBoautenbHocTs 300 MCPS. Takke wuMeeTcs BO3MOXKHOCTH
KACKaJIUPOBAHUS U MYJIbTUPA3PSAHBIX BEIUYUCICHUH.

Heiipouun ETANN 80170NX komnanuu INTEL

AnanoroBas CBHMC ETANN 80170NX coaepxutr 64 Bxoma, 16
BHYTPEHHUX YPOBHEHW W 64 HelipoHa (TIOPOTOBBIM YCHIMTENb ¢ CHTMOWAATBHOMN
nepenaroudor  ¢ynkmmeit). Kaxapii Bxom coemmHeH ¢ 64 cUHaAmcamu.
[lepenarounas dyHkIMsa HelipoHa OM3Ka K CHTMOMIAILHON (DYHKITHH.

Ycunenne mnepemnarouHod (PyHKIMH  ONPEACNSeT UyBCTBHUTEIBHOCTH
HelipoHa. Huzkoe 3HaueHWE YCWICHHMS TMO3BOJIAET HMHTEPIPETUPOBATH BHIXOJ
HEHpPOHA KaK aHAJIOTOBBIN, a BEICOKOE — KaK MU(POBOH.

Heiipounn umeer ciaeayronme napaMmeTpsi;

" MaKCHMAQJIbHOC 3HAUEHHUE BbBIXOJa HEHPOHA OMPEACNISIETCA HANPSKECHUEM

Vrefo;

" Beca OrpaHWYEHbl UHTEpBaAIoM [-2.5, 2.5];
" CKOPOCTh MPOXOKJICHUS CUTHAJIA MO OJIHOMY CJIOKO 3aBUCHUT OT YCUJICHHUS U

MPUMEPHO paBHa 1,5 MKC, 4TO U onpeaenseT ObICTPOACHCTBHE,

" TOUYHOCTh BBIMIOJIHEHUS OMEpallMii MNPUMEPHO OHKBUBAJCHTHA 6 OuTam,
ovicTpoaeticteue — 1,3 — 109 nepexmoueHwmii/c.

OOyueHHe BBIMIOJIHAETCA METOAOM OOpaTHOrO PACHpPOCTPAHCHUS C
nomonipto INNTS. TIpumensemoe CuCTEMHOE OKPYKEHUE — CHEIUaIbHAs BEPCUS
naketa DynaMind. O0y4eHne BBITIONHACTCS 10 MOTYYSHUS TPUEMIIEMOTO YPOBHS
OIIMOKK BBIXOAA CETH, U MOCJE JOCTHXKCHUS YJOBJIETBOPUTENIbHOM PabOTHI Beca
sarpyxatorca B CBHC. [Insa peanpHOM padOThl Takoro oO0y4Ye€HHS HEAOCTATOUHO,
TaK KaK MmporpaMMa CHUMYJISIIMA HE MOXKET TOYHO CMOJEIUPOBATH AHAJOTOBYIO
pabory CBUC wu, manpumep, He OTCIeKuBaeT (PIyKTyalud B TIEPEAATOUHON
dbynakimu kaxaoro Hedpona. [losTomy cremyrommii sTan 00ydeHUs MPEACTABISAET
coboii Tak HaspBaembli CIL Training, korjga mociae Kakaoro ITMKIA Beca
3anuceiBaroTcsi B CBUC, W BBIXOA CETHM HEMOCPEACTBEHHO MCIOJBb3YETCS B
nporecce 00yueHHUs.

Tounocte ETANN 5 — 6 pa3psiioB AJi1 BECOB U BBIXOJIOB.

[Tockoneky ETANN npeacrasnser coboit ananoroyto CBUC, To ansa ee
HAJIC’)KHOH paboThl BaKHbI CTAOWJIbHBIE BHEIIHKME YCaoBUA. CrnenuajibHO
CKOHCTPYMPOBAHHBIN JIJI 3TOTO MOJYJIb 00ECIICUNBACT:

" HU3KYIO MYJIbCAIIMI0 WCTOYHWKA TNWTaHuA (M0 5 MB mpu HanpshKeHHH

nutanus 5 B);

* TemmeparypHyio crabwiabHOocTh a0 1°C mpum  18°C  (motpebnsiemas
momHocTh ETANN 5 Br).
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Heiipouun CLNN32/CLNN64 komnanuu Bellcore

I'ubGpuansiii  Heiipounn CLNN32 coctoutr u3 32 HeiipoHoB u 496
JIByHanpaBjeHHbIX afganTuBHbX cuHancoB. CLNNO64 coaepxut Ttonmbko 1024
amantuBHBIX  cmHarica. B Habope CLNN32/CLNN64 Bce  HEHpOHBI
B3aMMOCBA3aHbI, TaK 4YTO JIOOAss TOMOJIOTHS CE€TH OTOoOpakaeTcsa Moa00pOM
cuHancoB. /lnHamMuka HEHPOHHOW CETH TOJHOCTHIO AHAJIOTOBAs, HO 3HAYCHUS
CHHATICOB XPaHATCSA/OOHOBIIAIOTCS B IU(MPOBOM BHUAEC ¢ TOUYHOCTHIO 5 OuT. Ha
anmnapaTHOM YPOBHE peaIu30BaHO OOYUYEHHE CETU — MOAOOP BECOB MPOUCXOJIUT
o ajaroputMy odOydeHus MamuHbl bonprmana wim Mean Field. BHyTpr Takke
UMEETCA HEKOPPETUPOBAHHBIN TeHepaTop 1ryma (32 kaHayia), UCTIOb3YEMBIH TTPH
o0yueHnu o meronay mamuHbl bonbitmana. CLNN32 moxeT ObITh MCIIOIb30BaH
He3aBucUMO WM coBMecTHO ¢ CLNN64 nma moctpoeHus Oosee CIIOKHOM
APXUTEKTYPbl HEUPOHHOM CETH.

[Tpomssoaurensaocts CBUC mocturaer 108 nepexmouennii/c (pu padote
¢ CLNN64 ynsamsaercs). s CLNN32 310 o3HagaeT, uyto mpumepHo 105 32-
OUTOBBIX 00pa3IoB/c WM 32 aHAIOTOBBIX KaHama (¢ mosjocoi mpomyckanus S50
k[ '11) MOTYT OBITH HCTIOB30BAHBI U OBICTPOTO pacmo3HaBanms/o0yueHns. Bpems
pacnpoCTpaHeHUs IS OJHOTO CJIOA HEWpoHOB 1m0 1 Mkc. «Oxmaxaeaune» (1Mo
meroay bombsimana) wnm MF oOyduennn tpedyetr 10 — 20 mxc. [lo cpaBHEHHIO €
ETANN CBHMC CLNN32 umeeT cieayromnye NpeuMyIecTBa:

" OpicTpoe 00ydeHHEe (MHKPOCEKYHIBI MO cpaBHeHHIO ¢ yacamu mipu CIlL
porecce);

» »pdekTuBHBIM  anroput™M 0o0ydeHHs bonbivMaHa, oOecrneuHMBarOIIHIA
OBICTPOE HAXOXKJACHKE '"MOUTH ONTUMAJIBHOTO" PEIIECHUA,

" TPOCThIC W OBICTPHIC MPOIECAYPHl UTCHUS/3AMUCH BECOB, BHITIOJIHACMBIC B
1U(POBOM BHJIE, UYTO 3HAYUTEIIFHO YBEIIMUUBACT CKOPOCTh OOMEHA MEXKTY
CETEBBIM CEPBEPOM M KIIMEHTAMH B CETH;,

" Jlerkas KackaJaupyeMocCTb.

Heiipounimn ANNA xkomnannu AT&T
Jlpyrum mpumepoM peayinzanuu ruOpuaHoro Hevipounna seisercs CBUC
ANNA. Jloruka Helipounmna — mudpoBasi, XpaHCHHE BECOB — aHAJIOroBoe (Ha
JJIEMEHTaX JIWHAMHWYECKOH (KOHJeHcaTopHOW) mamatu). Hedpounn wumeer
CJIEIYIOLINE XapaAKTEPUCTUKU:
= conepxut 4096 Becos;
"  MaKCHUMAaJIbHOE YUCJI0 HEUPOHOB 256,
" TOUYHOCTb BECOB — O Pa3pA/I0B
" i OAHOCHOHHON cetu 64 X 64 mNPOU3BOAWUTEIBLHOCTh HEHWpouuna
pocturaet 2,1 GCPS.

Heiipouun NeuroClassifier

Amnanorosass CBHMC NeuroClassifier co3mana B yHuBepcutTeTe TBEHTE
coBMecTHO ¢ kommnanueit DESY. Apxutektypa Helipounna COCTOMT U3 BXOJHOTO
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cios (70 BxoaoB, moJsioca mpomnyckanus a0 4 ['6aifT/c), mecTn BHyTPEHHUX CJIOCB
U OJHOTO BBIXOJHOTO HelpoHa. TOYHOCTh AHAIOTOBOTO yYMHOXKEHUA — 5 OWT,
Bpems pemenuss — 20 HC, uTo mo3BOJAeT ucmonb3oBaTh NeuroClassifier B
TPUTTEPE TIEPBOTO YPOBHH.

Heiipouun SAND/1 komnanun Datafactory

Kommanms Datafactory (6siBmas INCO) npeuioxuia Ha peIHOK HEHPOUHIT
SAND/1 (Simple Applicable Neural Device). SAND/1 mnpeacrasmsier coboi
KaCKaJHO-COCTMHCHHBIE CUCTOJMYECCKUE TMPOIECCOPHI, ONTHMHU3UPOBAHHBIC IS
OBICTPOTO peIIeHUA 3a/1a4 B HelpoceTeBoM Oazuce. [[pon3BoANTEIEHOCTh OHOTO
nporeccopa cocrasiger 200 MCPS (mwimnonoB cBsizei B cexkynay). [Iporeccop
uMeeT ueTbipe 16-0uTHbIX moToka U 40-OUTHBINA CymMaTop.

Heitpounn paspadoran MHccnegoarenbckum I1ieHTpoM B Kaprcpye u
HNHcTuTYTOM MUKPO3JIEKTPOHUKH T. [LITyTrapra.

Heiipouun N64000 komnanuu Inova
OtHocuTCA K Kjaccy cucroinueckux Heirpomnponeccopo. Coaepxut 80
MPOLIECCOPHBIX 3JIEMEHTOB, U3 KOTOPhIX 64 00pa3yrOT OCHOBHYIO Martpuity, a 16
ABJISOTCS pe3epBoM, 4 KOallT mamsaTu BecoB U 32 peructpa oOLIEro Ha3HAYEHHUS.
Apudmernyecknii MOy Ib HEHpOUYHIa MMEET ACBATh MapajUIeIbHBIX 16-
Pa3pAAHBIX YMHOKUTENA U OJUH 32-pa3psiAHbIA cCyMMaTop.

Heiipouun 100 NAP xomnanuu Hecht-Nielson Computers

Conepxut yeTbipe 32-pa3psaHbIX MPOIECCOPHBIX 3JIEMEHTA C TUIaBaroIIeH
toukoil. CpeaHsa npousBoauTENbHOCTH OKojo 150 MFLOPS, aapecyemoe
aJIpeCHOE MPOCTPAHCTBO BHEKPUCTAIIbHOM maMsaTu 512 KoaiiT.

Heiipouun MT19003 komnanuu Micro Circuit Engineering

OTHOCHTCS K KJIacCy CHCTOJIMUECKMX HeiponpoieccopoB. OcHOBOH
apxutekTypsl sBisiercss RISC-sapo ¢ ceMpio crenuaabHbIMM KOMaHaamu, 16-
pa3psAAHBIA  BEKTOPHBIA  YMHOXHUTENb W 32-pa3psaHbiii  CyMMaTop.
BHyTpukpuctajiibHas namsATh Uil XPAHEHUS BECOB OTCYTCTBYET. TOUYHOCTH
BX0J10B U BecoB 13 paspsaos. Cpenusas npouszsoautenbHocth 50 MCPS.

Heiipouun NEURON komnanuu Echelon

OpHuEHTUPOBAH HA CO3/IaHHME KJIACTEPHO-MAPAUICIIbHBIX BBIUMCIUTEIbHbIX
cucteM. [IporpaMMHO-aJITOPUTMUYECKOE  OOECNEUEHHWE MO  YNPABJICHUIO
KJIQCTEPHON CTPYKTYpOM PEaIM30BaHO BHYTPU Kpuctauia. lIpemioxkeHHas
apXUTEKTypa KpHUCTaUIa CTajla B HACTOsIIee BpeMs ocHOBOH ctanaapta ANSI/EIA
709.1-1999 noctpoenus paznuuHbix ACY TeXHOIOTHUECKUMHU Tpolieccamu [2].

B cewmeiictBe netipounnoB NEURON Beigensior: NEURON 3120 u
NEURON 3150 (puc. 4.3).

Kpucramnel cogepxar:

110









" pnotpebagaemas MomHocTs — 1 W nipu 16 MHz;
= ygacrora — 0 — 20 MHz;
= CMOS-TexHOI0ru;
" BXOJHOW BEKTOP 3arpykaercsa uepe3 3,5 MKC, pe3ysibTar MOSBIISETCS Yepes3
0,5 MKc.
Jlna ysenwuenus mpom3BoautensHOCTH upma IBM paspaborana ISA u
PCI moaynu, BKIoUaroIye napauiesbHo padoraromue ZISC-nporieccopsl.

4.4. Heiiponpoueccopsnl Ha ocHoBe IIINOC u IIVIUC

4.4.1. OcHOBHbBIE TTOHATHS

CTpeMUTENbHBIN MEPEX0]] COBPEMEHHBIX CHCTEM YIPABJICHHS HA MIA(PPOBHIC
CTaHJApPThl TPHUBEI K HEOOXOAMMOCTH 00pabaThiBaTh C BBICOKOW CKOPOCTHIO
nocTarouHo Oonbimme o0beMbl nHpopMaruu. CnoxHas oOpaboTka 1 pumbTparms
CHUTHAJIOB, HANmpWMeEp paclakoBKAa  CXKaThIX ayado- W  BHJICOJAHHBIX,
MapHIpyTH3aIusd WHPOPMAITMOHHBIX TOTOKOB, TPEOyeT MPUMEHEHUS JOCTATOYHO
MTPOU3BOUTEIILHBIX BBIUYHUCIUTEIFHBIX CUCTeM. [logo0HBIE CHCTEMBI MOTYT OBITh
peanm30BaHbl HA PA3IMYHON 3JIEMEHTHON 6a3e, HO HauOOJIBIIIEEe PACIPOCTPAHEHUE
MOJTyYHJTH YCTPOMCTBA C MPUMEHEHHEM ITU(POBBIX CHTHAJIBHBIX TMPOIECCOPOB U
[UIAC [10].

IIporpamMupyemas JOTMKa CIocoOHa padoTarb Ha 0o0jieeé BBICOKHX
YacToTax, HO TOCKOJIBKY YIPABJICHHWE PEaU30BAHO anmNapaTHO, TO HM3MEHEHHUE
AITOPUTMOB PabOTHl TPeOYyeT MepPenpoOrpaMMHUPOBAHNAS WHTETPAIBHOW CXEMBI.
Huskas takroBas wactora [IIIOC moka orpaHndmBaeT MaKCHMaJbHYIO YacTOTY
00padarbiBa€MOr0 aHAJIOroBOoro curHajga no ypous B 10 — 20 MIn, Ho
MPOTPAMMHOE YIIPABJICHUE TO3BOJIACT JOCTATOYHO JIETKO HW3MEHATH HE TOJBKO
pexumbl 00padoTkn, HO 1 (pyHkImH, BemoHIeMbie [TIOC. TTomumo o6paboTku
u ¢mnptparuu nanaeix [IOC MoryT ocymecTBIsTh MapmIpyTH3AMMIO TA(PPOBBIX
MOTOKOB, BRIPAOOTKY YIPABJISAIONINX CUTHAJIOB W Jake (POPMUPOBAHKWE CHUTHAIIOB
cuctemubix muH ISA, PCI u ap.

I[UTUC u TIHOC nonyuyunsin 3HAUATELHOE PACIIPOCTPAHEHUE U B KAUECTBE
HEHUPONMPOLECCOPOB.

Ocobennocteio ucnonbzoBanusa [1LJOC u IVIMC B kauecTBe >JIEMEHTHOM
06a3pl HEWUPOKOMIIBIOTEPOB SBJISIETCA TO, YTO OPHWCHTAIMA B BBITIOJIHCHHUH
HEMPOCETEBBIX OMepanuii 00yClIaBIMBAeT C OJHOM CTOPOHBI TOBBIIICHUE
CKOpocTeH oOMEHa MEXIy MaMsIThi0 W TapaJUICIIbHBIMU  apu(PMETHICCKUMHU
yCTpOWCTBAMH, a C JAPYrodl CTOPOHBI YMEHBIIICHUE BPEMEHH BECOBOTO
CYMMHpOBaHWA (YMHOXEHHS W  HAKOIJICHWSA) 3a CUET TPUMCHCHHS
(prkcupoBaHHOTO HAOOpa KOMAaH/I THIIA PETUCTP — PETUCTP.

4.4.2. Heiiponpornieccopsbl, peausoBanabie Ha ocHoBe ITITOC
[MIOC, obmamas MOIIHONH BBIUUCIUTEILHON CTPYKTYPOH, TMO3BOJISIOT

peanmu30BaTh PaA3IMYHBIC AJITOPUTMBI 00pPabOTKM WH(HOPMAIIMOHHBIX TOTOKOB.
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CpaBHHTETPHO HEBBICOKAs II€HA, a TaK)KE€ Pa3BHUTHIE CPEACTBA Pa3pabOTKH
MPOTPAMMHOTO OOECTIEUSHUS TIO3BOJIAIOT JIETKO MPUMEHATh X TIPH MOCTPOSHUH
BEIYHCITUTEHHBIX CHCTEM ¢ MACCOBBIM TAPAIIIECITU3MOM.

[TIOC BoT yke Ha MPOTSHKCHUH JBYX ACCATHIICTAN SBJSIOTCS MJIEMEHTHON
6a30#f HEWPOKOMIBIOTEPOB, PEATM30BAHHBIX KAK B BUAC KapT W MOJYJICH, TaK U B
BU/IC KOHCTPYKTHBHO-aBTOHOMHBIX CHCTEM.

AHan3 CI0KUBINETOCS PHIHKA TTOKA3hIBACT, YTO JOMHUHHUPYIOIIHAE TTO3UIIAN
B Ommkaiimem OymaymeM OyayT 3aHWUMAaTh KPYIHBIE KOMITAHWH-TTPOU3BOJIUTETH
IMOC, Takme wak Texas Instruments Inc., Analog Devices, Motorola u psan
JIpYrux, KOTOopble cnocoOHbl co3aaBate He Toibko IIIOC  Huzko#
ceOECTOMMOCTH, HO M €KET0JIHO WHBECTUPOBATH HOBHIE Pa3pabOTKA W HOY-Xay,
co37aBaTh MPUHIMMHAAIBHO HOBBIC MOJEN U tuardopmel. Hampumep, koMmmanus
Texas Instruments Inc. Tonbko B 1998 romy Bwiaenuiaa Ha HKCCIACIOBAHHUS M
pazpabotku Hoy-xay ang [ILOC — 1,2 mapa AoaaapoB — BENUUMHY, OJH3KYIO K
roJIoBOMY 000POTY HEKOTOPBIX KOHKYPEHTOB B oOnacTu npoussojacTsea [TIIOC.

BriOop mpoiieccopoB TOW WM HMHOM KOMIAHWM JUIsl  peaau3aiuu
KOHKPETHOTO TIPOCKTa — MHOTOKpPUTEpUAJbHASA 3amada, U ChHOpPMYIHpPOBATH
fonee WM MEHEE UYETKYI0 METOJMKY BBIOOpA TPAKTHUECKH HEBO3MOXKHO. He
otnasas npeanourenue [1I1OC Toit wim WHON KOMIAHWUU, OTMETHAM, YTO H3CITHS
Analog Devices n Texas Instruments Inc. roasrest st TpUI0OKEHAN, TPEOYIOTIIX
BBITIOJTHEHUS OOJBIITMX OOBEMOB MATEMAaTHUYCCKUX BBIUMCIICHUN (TaKuUX Kak
mudposast GUIIBTpPAIUs CUTHAJA, BEIYACICHHUE KOPPEIAIMOHHBIX (DYHKIWHA | T.1I1.).
Mexnay Tem, mnas 3amad, TPEOYIONMX HApsAy C BHIYHUCICHUSMH BBHITIOTHATH
WHTCHCUBHBINT OOMEH ¢ BHEIIHAMH YCTPOHCTBAMH (MHOTOMPOIIECCOPHBIE
CHCTEMBI, Pa3IMUYHOTO POJia KOHTPOJLIEPHI), vame ucmonb3yoTces [MIOC Texas
Instruments Inc. [16, 17], obmanmaromue BBICOKOCKOPOCTHRIMH HWHTEP(HEHCHBIMHU
noacucreMamu. Kommanms  Motorola  sBasercs nmaepoM 1o o0beMy
MPOU3BOJICTBA JICHIEBBIX W JOCTATOYHO MPOU3BOIUTEIBHBIX KOHTPOJIJICPOB Ha
ocaHoBe 16- u 24-paspsagusix [1OC ¢ ¢uxcupoBanHoi Toukoi. Pacmmpennbie
KOMMYHUKAlIMOHHBIC ~ BO3MOXXHOCTH,  HaJM4Me  JIOCTATOYHBIX  OOBEMOB
BHYTPUKPUCTAJUTBHON TIAMATH JUTSL TaHHBIX W TTPOTPAMMBI, BOSMOKHOCTH 3aIUTHI
MpOorpaMMbl  OT  HECAaHKIIMOHHUPOBAHHOTO  JOCTyMNa, TMOJJAEPKKA  pexuMa
SHEProCOEPEIKEHUS MENAIOT 5TH MHUKPOIPOIECCOPHI TPUBIICKATSIIEHBIMHU IS
WCIOJIb30BAHUS HE TOJBKO B KAUECTBE CHEITHAIM3UPOBAHHBIX BBIUMCIUTENICH, HO
U B KAueCTBE KOHTPOJUIEPOB, B OBITOBBIX 3JIEKTPOHHBIX MPHUOOpPAxX, B CHCTEMax
aganTUBHOM (PUITETpAITK ¥ T.1I.

Bricokas mpoM3BOAMTENBHOCTh, HEOOX0AMMas Mpu 00padOTKE CUTHAJIOB B
peaNbHOM BPEMEHH, o0ycroBuia IITUPOKOE pPacIpOCTPAHCHHUH
tpancubioTeponoao0ueix  [MIIOC  cepmit TMS320C4x  (kommanmsa Texas
Instruments Inc.) m ADSP2106x (kommanusa Analog Devices), OpueHTHPOBAHHBIX
Ha WCIOJ30BAHUE B MYJIBTHIPOIECCOPHBIX CHUCTeMaX (MOTPEOUTETbCKAC |
(hyHKITMOHAJTEHBIE XapaKTEPUCTUKH TIPUBEACHBI B Ta0. 4.3).
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Ornenka TPOU3BOAMTEILHOCTH Psifla TPOIECCOPOB TPH  BBHITIOJTHEHUH
HEKOTOPBIX nonyJsaipHbiX anroputMmoB [{OC npuseneHa B Tadn. 4.4.

Tab6auua 4.3. CpasaurtenbHblie xapakrepuctuku IIIOC ADSP21061 u TMS320C40

XapakTepucTuxa/mpoueccop ADSP21061 Trll\\/[/lssézz%%ig/
IIpon3BoauTeIbLHOCTD
Bpemsi BbINOJTHEHHST KOMAHA, HC 20,0 33,0
Iuxosoe 3nauenne MFLOPS 150,0 60,0
Croumoctb
Lena, $ 49 176 (‘C44 - 99)
CooTHoLIEHHE MPOU3BOIUTENBLHOCTD - nena, MFLOPS/$ 3,1 0,34 (°C44 -0,6)
CxopocTh BBINOJHEHHS THIIOBBIX AJITOPHTMOB
Kommnexcuoe BII® pns 1024 Bei6opok, Mc 0,37 0,97
Xapakrepucruxn II1
KonnyecTBo perucrpos JaHHBIX 32 12
HMurxauveckue 6ydepa 32 1 (Fixed Length)
Bo3mokHOCTH BBOJAA-BBIBOAA
Kanans: ITAT, wr 6 6
IlocsenoBaresnbHBIE TOPTHI 2 -
MakcumanbHast IponycKHas cnocodHocTs, Mbaiit/cex 300 60
BuyTrpuKpHCTANIbHAA NAMATH, 32-pa3psAAHBIX CJIOB 32K 2K
O01nas BHYTPUKPHCTANLIbHAS NaMATh, KOouT 1024 64
Hoaaepsxka MyJILTHIPOLECCOPHBIX ONePaLnii 6 6
Nurepdeiic IMapannensHeIi -
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Ta6auua 4.4. [Ipou3BoAUTENHLHOCTDH NMPOLECCOPOB
IPH BBINMOJIHEHHH pPAda U3BECTHLIX AJrOPUTMOB

Intel Intel Texas HTIL
HanMeHoBAHHE TecTa Pentium Pentium Instruments | "MoayJn'"
11, MMX, TMS320C40, | NMo6403,
300 MI'y | 200 MTI'u 50 MI'y 40 MTI'y
()] Cooe. azMep Kagpa
HJBTP “.]'lfl (pa3mep kaap ) 21 6.8 68
384 X 288 6aiit), kaapos/c.
BricTpoe npeodpasosanune Oypne 200 ) 464 (11588) | 102 (4070)
(256 Touek, 32 pasp.), MKC (TAKTOB)
IIpeoOpasoBanue Youina-Axamapa 2.58 2.80 ) 0.45
(21 war, BXoAgHbIE JaHHBbIE — 5 OHT), €

IIpu cozpanum HerpokomnbioTepoB Ha 0aze [IIIOC HeoOX0oauMO MTOMHUTS,
yTO OHM 007afaroT BBICOKON creneHbto cneunanuzanuu. B IIIOC mmpoko
UCTIONB3YIOTCS  METOJIbl  COKpAIlCHUS JJIUTEIbHOCTH  KOMAHJHOTO  IMKJIA,
xapakTepHeie s yHuBepcalibHbix — RISC-mporeccopoB,  Takue — Kak
KOHBEWEpU3alud Ha YPOBHE OTHAEJIbHBIX MHUKPOUHCTPYKIMA W WHCTPYKLHM,
pa3MENIEHUE OMNEpPaHIoB OOJBIIMHCTBA KOMAHJA B PEruUCTpax, HMCHOJIb30BAHUE
TEHEBBIX PETUCTPOB ISl COXPAHEHUSI COCTOSHMS BBIYMCIICHUHN MPU MEPEKITIOYEHUN
KOHTEKCTA, Pa3/e/iCHUE IMIMH KOMaH]I M JJAHHBIX (TapBap/ACKas apXUTEKTypa).

B To xe BpeMs il CUTHAJIBbHBIX MPOLIECCOPOB XAPAKTEPHBIM SIBIACTCS
HAJIMYME alMapaTHOrO0 YMHOKHUTENSA, MO3BOJIAIOIIETO BHIMOIHATE YMHOXKECHUE KaK
MHUHUMYM JIBYX 4YHUCEI 3a OJWH KOMaHAHBIM TakT. Jlpyrof 0COOEHHOCTHIO
CUTHAJIbHBIX TIPOLIECCOPOB SIBJIACTCS BKJIIOUCHHE B CHUCTEMY KOMAaHJ TaKHUX
orepaiyii, kak ymMHOxeHue ¢ HakorieaneM MAC (¢ = a X b + ¢) ¢ yka3aHHBIM B
KOMAaHJE€ YHUCJIOM BBHIMIOJIHEHUH B IUKIEC W C MPABWJIOM HM3MEHECHHUS WHJICKCOB
UCIIOIb3YEMBIX 3JIEMEHTOB MAacCuBOB A U B, T.e. yke peann3oBaHbl mpooOpa3bl
0a30BBIX HEWpoOOTEparii — B3BCIMICHHOE CYMMHPOBAHHE C HAKOIJICHUEM ),
UHBEpcHUs OUT azapeca, pasHooOpasHbie OutoBbie omnepauuu. B TIHHOC
peanusyerca anmapaTHas TOAACP:KKA MNPOrPaMMHBIX —I[MKJIOB, KOJIBIIEBbIX
OydepoB. OIMH MM HECKOJIBKO OINEPAHJIOB M3BJICKAIOTCS M3 MAMATH B IIHKIIC
UCTIOTHEHUA KOMAH/IbI.

Peanuzanysi OJHOTAKTHOTO YMHOXEHUA W KOMaHJ, HCIHOJb3YIOIIUX B
KQueCTBE OIMEPAHJIOB COAEPKUMOE AUCCK MamsATH, 00YCIaBIMBACT CPABHUTEIILHO
HU3KHUE TAKTOBBIE YACTOThl pabOThl CUTHAIBHBIX Mpoueccopos. Crnenuanuzaius
HE TMO3BOJISIET MOJAHUMATh MPOU3BOJAUTEIIBHOCTh 3a CUYET OBICTPOTO BBIMIOJIHEHUS
KOpoTkmx komaHa Tuna R,R=PR, kak 310 nmemaercs B yHHBEPCATBHBIX
nporeccopax. ITUX KOMaHA TPocTo HeT B nmporpammax [1OC.
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Benymme — xkommanumu-mpowsBomutTenw  Beimyckaror  [IIJOC  aByx
PA3HOBUIHOCTEH, CYIIECTBCHHO OTIMYAIONIAXCS MO TOYHOCTH BBIYHCIICHHH W TI0
1eHe: Oosee JemieBBIE MPOIECCOPHl Uil 00paboTKM JaHHBIX B opmare ¢
(pMKCUPOBAHHOM TOUKOW M MPOIECCOPHI, aNMAPATHO MOACPKUBAIOIINAEC OTICPAITHH
HaJ| JAHHBIMHA B (popMaTe C TUTABAOITICH TOUKOM.

Tunuunsie [1OC-onepanuu TpeOyIOT BBIMIOJIHEHUS MHOXKECTBA MPOCTHIX
CJIO)KEHUW U YMHOKEHUH.

CnoxxeHue ¥ yMHOKEHHE TPEOYIOT:

" TIPOU3BECTH BHIOOPKY JBYX OTEPAH/IOB;
"  BBIMOJHUTH CIIOKCHHUE WIIM YMHOKEHHE (OOBIYHO U TO U APYTOE);
" COXPaHWTbH PE3YJIbTAT WIH YACPKUBAThH €r0 /IO TOBTOPCHHS.

Jlns BBIOOPKHM JIBYX OTEPAHIOB 3a OJWH KOMaHIHBIA ITUKIT HEOOXOIUMO
OCYIICCTBUTH JIBa JOCTyMa K MaMsITH OAHOBpeMeHHO. Ho B aeiicTBHUTENBHOCTH
KpOMe BBIOOPKH JBYX OIEPAHIOB HEOOXOMUMO €II€ COXPAHWUTH PE3yJbTaT H
mpouuTaTh camy KoMaHmy. [lo3ToMy 4dYHCIIO [MOCTYNOB B TaMATh 3a OJUH
KOMaHJHbIH UK Oyaer Oounbiine AByX M, ciiemoBatenbHo, [IIIOC mporeccopst
MO/ ICPKUBAIOT MHOXKECTBEHHBIN JOCTYM K MaMSATH 32 OJIMH W TOT K€ KOMaH/THBIH
k. Ho HEBO3MOXKHO OCYIIECTBUTH MOCTYN K JIBYM pPa3IUYHBIM aapecaM B
MaMATA OJTHOBPEMEHHO, MUCTOJB3YS I 3TOTO OJHY IMUHY maMsaTH. CymiecTByeT
nBa Bupa apxutektyp IIIIOC mporeccopoB, MO3BOJAIONIMX —PEaIU30BaTh
MEXaHU3M MHOXECTBEHHOTO JTOCTYTIA K MTAMSTH:

" TapBapicCKas apXUTEKTYpa,
* momuduIMpoBaHHas apxutekTypa ¢pon Heiimana.

L'apsapockas apxumexmypa NofpasyMeBaeT nBe (HU3NUCCKH pa3/ieIICHHBIC
IMUHBl  JTAHHBIX. OTO TIO3BOJIIET OCYIICCTBHTH JIBA JIOCTYNa K TaMSTH
OJTHOBPEMEHHO: TapBapACKas apXUTEKTypa BBIACISICT OJHY IIMHY JUIS BBIOOPKH
WHCTPYKIMK (IMWHA ajpeca), a APYryl0 — JUisl BBHIOOPKH OTEpaHmoB (ITHHA
nauubix). Ho ama Bemonaenns [MIOC oneparuit 5T0r0 HEAOCTAaTOUHO, TaK KakK B
OCHOBHOM BCE OHM MCHOJIB3YIOT MO JBa omnepa”aa. llostomy rapeapackas
apXUTEKTypa TPUMEHHUTEIHHO K IU(poBOi 00pabOTKE CHUTHAIOB WCTOIB3YET
MUHY ajapeca W Uil JAOCTyMa K JaHHBIM. BaXXHO OTMETHUTh, 4YTO YacCTO
HEOOXOIMMO TPOU3BECTH BHIOOPKY TPEX KOMIIOHEHTOB — WHCTPYKIIHH C JBYMS
omnepaHAaMu, Ha 4YTO COOCTBEHHO TrapBapACKas apXUTEKTypa HecrnocoOHa. B
TaKOM Cllydae JaHHasg apXUTEKTypa BKJIIOYAeT B ce0d KoII-maMsATb. OHA MOXKET
OBITh HWCIIOJIB30BaHA JUIS XPaHEHUS TEX WMHCTPYKIMH, KOTOpbie OymyT
MCITOJTB30BAThCs BHOBB. [IpW MCIONB30BaHUM KAII-TIAMSTH ITHHA ajpeca W MIuHA
JAHHBIX OCTAIOTCA CBOOOJHBIMH, YTO JEJAET BO3MOXHBIM BBIOOPKY JBYX
onepanaoB. Takoe pacllMpeHHe — TapBap/ickas apXuUTEKTypa IUIIOC KA —
Ha3bIBAIOT  pACIIMPEHHOW  rapBapjackoil  apxurektypoit wiam  SHARC
(ab0OpeBuatypa BBeneHa kommanueh Analog Devices).

lapBapackas apxuTekTypa TpeOyeT HajaWuus JBYX INMWH MaMSITH. OTO
3HAUWUTEHHO TOBKIIIAET CTOMMOCTH MPOW3BOACTBA unma. Tak, Hanmpumep, [T1{OC
paboTtaromuii ¢ 32-OMTHBIMH CJIOBaMU U B 32-OMTHOM aJIpECHOM MPOCTPAHCTBE
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TpeOyeT HaIuUusA, 10 KpaHeh Mepe, 64 BRIBOAOB IS KaXKA0# IIUHBI TTAMATH, a B
cymme nojyudaercs 128 BpiBOJAOB. DTO MPUBOJIUT K YBEIUUCHUIO PA3MEPOB UUIA U
K TPYAHOCTSIM TIPU IPOCKTUPOBAHUU CXEMBI.

Apxumexmypa ¢on Heiimana MCIIONB3YET TONBKO OAHY IMHY maMATH. B To
K€ BpeMs, OHa 00JIaIacT U PSAJIOM MOJIOKUATEIIbHBIX UEPT:

" QoJiee AeCIICBAs MPU PeATTU3ALINM;

" TpeOyeT MEHBIIEr0 KOJNUYECTBA BHIBOJIOB IIIMHBI,

"  gpisieTcs OoJjiee MPOCTOM B MCIIOJIB30BAHUM, TaK KaK MPOTPAMMHMCT MOMKET
pa3MelnaTh 1 KOMaH/Ibl ¥ JaHHBIE B JIIOOOM MeCTe CBOOOHOM MaMATH.
Paccmotpum HekoTopsie Hambonee nepcrnektuBHbie [IITOC ¢ Toukm 3peHus

peanru3anuu HEUMPOKOMITBIOTEPOB.

4.4.3. IIIIOC xommanuu Analog Devices

Peanuzanusa HENPOBBIYUCIIUTEIIEN BBICOKOW MPOCTPAHCTBEHHOMN
pa3MepHOCTH TpedyeT Bce Oosiee MPOM3BOAMTEIBHONW dJeMEHTHOM Oasbl. Jlia
MPEOAOJCHNS BO3HUKAKOIIMX TPYAHOCTEH pPa3padOTUMKK HCMOJB3YIOT JiBa
MOAXOJA: YJAYUIIEHUE XapPaKTEPUCTUK YXKE MMEIOIIMXCA TMPOIECCOPOB U
YBEIMUEHUE TIPOMZBOJUTEIIBHOCTA TyTeM pPa3padOTKH HOBBIX apPXUTEKTYP.
[lepBBIii crioco0 OTpaHWYECH YBEIMUYCHHEM TMPOW3BOIUTEIHBHOCTH B 5 — § pas.
Btopoii cmoco6 mnpenmnojaraet pa3padOTKy apXWUTEKTyp, KOTOpbI€ OBLIM OBl
HanOojiee yaA00HBI B KOHEYHOM TIPWJIOKCHWA W ONTHMH3UPOBAHBI IS
KOHKPETHOTO S3bIKa MPOTPAaMMHUPOBAHMS.

Kommanms Analog Devices Bener pa3paboTku B 000uX HampaBlieHAAX. Tak,
aapo nepBoro 32-paspsannoro mnpoieccopa ADSP-21020 mpou3BOaUTEILHOCTHIO
30 MFLOPS Obu10 yCOBEpILIEHCTBOBAHO, YTO MPHUBEIO K CO3JaHUI0 HOBOTO
nporieccopa  ADSP-21065L. ¢ MakcumaabHOM MPOWU3BOAWUTENIBHOCTHIO 198
MFLOPS, 4t0 COOTBETCTBYET yCKOpPeHHUIO B 6,6 pa3. PabGoras Han nanbHEHIIUM
YBEJIMUEHUEM TIPOU3BOIUTEIHBHOCTH, ONTHMHU3HPYS apXUTEKTYPy CYIIECTBYIOINX
MPOIECCOPOB, OBIT pa3paboTaH HOBBIM CHUTHAJIBHBIA MuKporpoieccop ADSP-
2116x ¢ takToBoit yactoroit 100 MI'1; npouzsoauTensHocThi0 600 MFLOPS.

Cpenu ocobennocreit [TIIOC cemericta ADSP-2116X MOKHO OTMETHUTB:

* BpicTphie U THOKKME MOIyN apudmMeTnku. Bee KOMaHAB BBHITIONHSIIOTCS 32
onuH Takt. Habop koMaHm MuKpomporieccopa HapsALy ¢ TPaAWIHOHHBIMHA
apu(METHUCCKAMA OTEpaIusIMyA  BKJIFOYAaeT Takue, kak 1/x, 1/R(x),
KOMaHJIbI ~ C/IBUTA, ITUKJIMYECKOTO CABHWra, KOMOWHAIIMK  OTeparuit
CJIOKEHUS/BBIYMTAHMS C YMHOKCHHEM.,

* HeszaBucuMbIE IOTOKH JTAHHBIX B (W3) BRIUKCIUTENBHbIE (X) MOy (€i). 3a
OJIMH TaKT TMPOIECCOP MOXKET OJHOBPEMEHHO CUMTATh (3amucarh) JBa
oTiepaH/ia B PETUCTPOBHIN (haityr, 3arpy3uth a8a onepanaa B AJIY, mpuHATH
JIBa OTepaHja B yMHOXHTETh, AJIY m yMHOXWTENh MOTYT BhIpabaThIBATh
nBa pesysprata (miu Tpu, eciau AJIY BBITIOMHSAET Omepario COBMECTHO CO
CIIOKEHUEM/BbhIUnTaHneM). 48-OMTOBOE KOMAHIHOE CJIOBO TO3BOJISET
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3a71aBaTh B OJHOW  MHCTPYKUMH  NAPAUICIbHOE  BBIMOJHCHHE

apu(pMETHICCKIX OTIEpaIiii 1 OOMEH JaHHBIMH.

* [IOBBIIIEHHYIO TOYHOCTh M PACUIMPEHHBIN JWHAMUYECKUNA JUANa3oH
BBITIOJIHSAEMbIX oOmepauuii. Bce mnpeacTaBuUTEIM MUKPOIMPOIIECCOPHOTO
CEMEMCTBA ONEPHUPYIOT ¢ JAaHHBIMH B 32-OMTOBOM (hopMarte ¢ IUIaBaIOMICH
TOUKOU, 32-OMTOBBHIMH METOUNCICHHBIMA JaHHBIMH (B JOTIOJTHUTEIIEHOM
Kojie W Oe33HaKkOBbIMU) U 40-OMTOBBIMU JAHHBIMHA PACIITHPEHHON TOYHOCTH
C IUIaBarome ToYkon. [loBbIIEHHAsA TOYHOCTH BBIUHUCICHUN JOCTHUTACTCS
Omarogapss ~ YMCHBIICHMIO  OIIMOKKM  OKDPYIJICHUS — pe3yJbTara B
BBIUMCIIUTENIbHBIX MOIYJAX. AKKYMYJATOP s 32-pa3psAHbIX JAHHBIX C
(mkcupoBanHoit TouKo# nMeeT 80 pa3psaoB.

* Hanuume AByX reHepaTopoB ajapeca. ['eHeparopsl ajapeca 00€CnEeUMBAIOT
npea- Wik mocThOPMUPOBAHKUE TIPSIMOTO WJIM KOCBEHHOTO a/peca JaHHBIX,
BBITIOJIHAIOT HAJl aipecaMyu MOAYJIbHbIE U OUT-PEBEPCHBIC OMEPALIUH.

» DddekTuBHBIe cpeacTBa (GOPMHPOBAHMS IOCIICIOBATCIIPHOCTH KOMAaHI H
MEXaHWU3M OpPraHU3alMy NMPOrpaMMHBIX HUKJIOB. MHULMAIU3a1Ms, BO3BpaT
HAa HAYaJI0 W BBIXOJ M3 MPOTPAMMHOTO IIMKJIA BBIMIOJHAETCA 32 OJUH
MPOLICCCOPHBIA UK JIsl YPOBHSA BJIOXKEHHOCTH A0 Iectu. [Iponeccop
anmnapaTHO MOJJAEPKUBACT BBIMOJHECHUE KOMAaHJ MEpexoJa U Mepexoaa ¢
3aJICPKKOM.

YuuBepcanbHoe AJIY TIHOC, ycrpoiictBo 0OapabaHHOrO CABHra H
YHUBEPCATbHBIN ~ YMHOXWTEb (DYHKIIMOHUPYIOT HE3aBUCHMO, oOOecrednBas
BBICOKYIO CTETICHb BHYTPEHHETO Tapayienmu3Ma onepammii. PeructpoBbiii dhaiin
OO0IlIeTO HA3HAYEHUA CIIYXKUT JJIi OOMEHA JAHHBIMU MEXAY BBIYMCIUTEIbHBIMU
MOJYJIAMH W BHYTPEHHEH IIMHOM, a TaKKe MAJiA 3allOMUHAHUS MPOMEKYTOUHBIX
pe3ynbraroB. Peructposerit daiin cogepxut 32 peructpa (16 — mepBuuHbIX U 16 —
BTOpUYHBIX), UMeeT 10 TOpPTOB M, COBMECTHO C TrapBapACKOW apXWUTEKTYpOH,
MO3BOJISIET OPTaHW30BHIBATh S()PEKTUBHBINT OOMEH MEXKIY BBIUYHUCITUTEILHBIMHU
MOJYJAMM W MaMAThIO. PaciiupeHHas rapBapjckasi apXUTEKTypa mpoleccopa
MO3BOJIACT BHIOMPATH 0 JIBYX ONEPAHJIOB M KOMAHJy U3 KAUI-MAMATH KOMaH] 3a
OJIVH ITUKJI.

I[MIIOC ADSP-210xx coaep:kaT BbICOKOMPOU3BOAUTENBHYIO KA3II-NAMSTh
koMaHA. Kaii-naMate paboTaeT u30MpaTeNIbHO: KAIIUPYIOTCS TOJIBKO T€ KOMAH/bI,
BBIOOPKA KOTOPBIX KOH(PIUKTYET C BHIOOPKOM MAHHBIX U3 MMAMSTH MPOTPAMM.

Anpecnasie Tenepatopel (DAGI m DAG2) obecreunBaioT anmapaTHYIO
peanm3aIuio MUKINIeCKUX (KOIBIEBBIX) Oydepos, mo3Bossronmx >(PGEeKTHBHO
BHIMIONIHATE (pumbTpanmio U Dypbe-npeodpazoBanme, I KOTOPHIX TpeOyeTcs
IMKJIMYECKOE M3MEHEHHWE aapecoB oOpabaThiBaeMbIX JaHHBIX. DOuU3NUeCKU
nmuKIndecknii Oydep MOXKeT OBITh PACIONIONKEH, HauuHas ¢ JoOOoro anapeca
MaMsATH, a JJid CChUIKM HAa €ro COACPKUMOE HCHOJb3YIOTCS PETHCTPOBBIE
ykazatenu. /Isa DAG conaepxkar 16 nepBuuHbIX U 16 BTOPUUHBIX PETUCTPOB, YTO
MO3BOJISIET pabOTaTh OAHOBPEMEHHO C 32 TMKInUYecKuMu Oydepamu.
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HIOC cepuu TMS320C6000

HManneie [TIOC xapakTepu3yroTcsi MaKCUMaJIbHOW MPOU3BOIUTEIBHOCTHIO
JUIsi TIPUMEHEHUMH, TPeOYyIoIMX TNPEACNIbHBIX CKOPOCTEH BBIUYMCICHUNA KakK C
(buKCHpOBaHHOM, Tak M ¢ IUIaBaromel Toukoi. O6e moacepun, TMS320C62x —
I[MIIOC ¢ duxkcupoBanHoii ToukodM u  OwicTpoxeiictBuem 1600 MIPS u
TMS320C67x — TIIOC ¢ nmaparomiedi TOYKOW M MPOU3BOJUTEIBHOCTHIO OT 1
GFLOPS, nporpaMMHO COBMECTHUMBI.

Tunoseie obnmactu npumeHenuid [IIIOC cepun TMS320C6000 [16, 17] —
MHOTOKaHaJIbHbIE ~ MOJEMbI, 0a30Bble¢ CTaHLMH, YCTpPOicTBA 00padOTKHU
n3obpakenni wu ap. IIOC cepun oOTIMYaeT OTHOCHUTENIBHO BBICOKAA
MTPOU3BOUTEILHOCTD U CTOMMOCTS (puc. 4.6).

Bricokassh MNpOU3BOAMTENBHOCTh  JOCTUTAEeTCs 3a CYET BHEAPCHHS
napajuiesibHol apxuTekTypbl VelociTl, peanm3oBaHHOW Ha OCHOBE TEXHOJIOTHHU
VLIW (“Very Long Instruction Word” wim «od4eHb JUIMHHOTO KOMAaHIHOTO
CJIOBa»), a TAaKXe 3a CUET MPUMCHCHWs psAfa APYTUX alllapaTHBIX PEIICHUH H
CpPEeICTB pa3padbOTKH.

[To oneHKaM CHENUAIUCTOB, MPUMECHEHUE JTAHHOW apXUTEKTYpbl B OyayIleM
MO3BOJIUT, MPU COXPAHEHWM COBMECTUMOCTH MO KOMaHAaM, NOCTHYb pyOexen
8000 MIPS mna TIHOC ¢ dukcuposannoii Toukoir 1 3 GFLOPS mnsa THTOC ¢
TJIABAOLLEH.

Oxupaetca Takxke cymecrsenHoe yaemensnenue 1HIIOC nanHo#t cepun kak
3a cueT OOIIEero CHWXXEHUS CTOMMOCTH YCTPOWHCTB MPH COBEPIICHCTBOBAHUU
TEXHOJIOTHMH, TaK M 32 CUET BbITycka HOBbIX Mozenei [T11OC.

MBroroBastoTCs U NIMPOKO MPUMEHSIOTCS CIEAYIONINE TPU Pa3HOBUIHOCTH
[THOC cepun TMS320C6000 (Tabm. 4.5):

= moxcepus [IIIOC TMS320C62x — ycrpoiicTBa ¢ GUKCHPOBAHHOW TOUKOH H

MPOU3BOAUTENBLHOCTHIO OT 1200 1o 2400 MIPS;

Ta6auua 4.5. Ipoussoautenbuocts noacepuii [IOC TMS320C6000

IIponsBoauTeILHOCTD
Ioacepun
TMS320C6000 | 1o cromas MIPS/ MMAC MMAC
4aCTOTA, MFLOPS (16-paspsianbie (8-paspsiaubie

MI'u CJIOBA) CJIOBA)
TMS320C62x 150-300 1200-2400 MIPS 300-600 300-600
TMS320C64x 400-600 3200-4800 MIPS 1600-2400 3200-4800
TMS320C67x 100-225 | 600-1350 MFLOPS 200-550 200-550
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» moxcepus [IIIOC TMS320C64x — ycrpoiicTBa ¢ GUKCHPOBAHHOW TOUKOH H
npousBoauTeabHOCTHIO OT 3200 mo 4800 MIPS. J/lanusie 11LIOC sBastoTcs
HanOoJiee CKOPOCTHBIMHA (Tabn. 4.5) ¥ mpeaHa3HAUYCHBI KaK TS TIHPOKOTO
npumenenus  (TMS320C6414), Tak w® fAnAA  WCMONB30BAHUSA B
MYJIBTUME U HHBIX (TMS320C6415) 51 TETEKOMMYHHKAIHOHHBIX
(TMS320C6416) npunoxeHusX;

= moacepus IIMIOC TMS320C67x — ycTpoicTBa C IIIaBAIOIICH TOUKOH H
mpou3BOAUTENBLHOCTHIO OT 600 1o 1350 MFLOPS.

OneHka NPOJOJIKUTEIBHOCTA BBITIOJIHEHUS TOMYJISIPHBIX QJICOPUTMOB B
cuctemax Ha ocHoBe [TI[OC cepun TMS320C6000 npuBeneHa B Tad:n. 4.6.

ITpu mpoexktupoBanuu I[I[OC cepun TMS320C6000 ocoboe BHUMaHHE
WU3TOTOBUTENSA  YICIAJIOCh  CHUKEHUIO  BPEMEHHM, KOTOPOE  IMOHAI00UTCS
MOJI30BATENIO ISl PAa3pabOTKU M BBIITYCKA KOHEUHBIX cUCTeM. COKpaIIeHUIO 3THX
CPOKOB CTIOCOOCTBYET CBOWCTBO COBMECTUMOCTH YCTPOWCTBA C (DMKCHUPOBAHHOM
TOYKOU C COOTBETCTBYIOIIAM YCTPOMCTBOM C IIABAOIIEH TOUKOH.

I[MIIOC TMS320C67x IMEIOT COBMECTHMOCTD MO0 KOMaHIaM U I10 BBIBOJAAM
mukpocxeM ¢ coorBerctBytomumu  [IIIOC TMS320C62x, uyto no3BOASET
pa3pabOTUMKy OBICTPO BBIMOJIHATH MPOTOTHUIIBI, UCIOIb3YS MJIABAOIIYIO TOUKY, U
aerko niepexoanth k [111OC ¢ puxcupoBaHHON TOUKOH AJIT CHUKCHHSI CTOMMOCTH
W3NS MPU MPOU3BOJACTBE. TO €CTh BHauajie pa3padOTUMK MOXKET B3STh 3a
ocHoBy I[II[OC ¢ mnaBaromieit TOukol, oTpadOTaTh BCE AJIEMEHThI YCTPOMUCTBA,
OMPeNe/IUTh ONTUMAJIbHBIE AITOPUTMBI 00pabOTKM AaHHBIX. [Ipu 3TOM OosbIINE
3amackl MO MPOU3BBOAUTENIBHOCTH M MO TOYHOCTH BBIYMCICHUNA MO3BOJISIOT
3aHUMAThCSI UMEHHO AJITOPUTMAMU, a HE SKOHOMUEH pecypcoB. Llocine, koraa Bce
napaMeTpbl OMPEACIEHbI, HACTYMAeT ATal ONTHUMHU3ALMU CUCTEMbI C YUYETOM
HapaOOTaHHBIX pelleHni W mnepeBoa ee Ha Oosee gaemeBbii [IIOC ¢
(hMKCUPOBAHHOM TOUKOM.

Tabanua 4.6. OueHka NpPoAOLKMTEILHOCTH BbINOJTHEHHUs! MOMYJISIPHBIX AJIFOPHTMOB

BeicTpoe npeoGpazoBanne PuabTpanus CHrHAJIOB
Toncepuu ®ypoe (FFT) (Digital Filtering)

TMS320C6000 KOMILJIEKCHBII CIEKTP, ¢puabTp ¢ KX, ynca0 BBIXOAHBIX

anuteasHocTs N = 1024, Radix 4 | Touexk M = 100 (64 — ana TMS320C67x)

TAKTOB MmpoLeccopa MKC TAKTOB MmpoLeccopa MKC
TMS320C62x 13228 66,0 6410 23,0
TMS320C64x 6002 12,0 1019 2,0
TMS320C67x 18055 108,3 2216 13,3

123



Jlanabld  TMOAXOA,  TPEIONPENSTHNI  TEePexXoa  OT  amnmaparHo-
OPHUEHTUPOBAHHON Cpeapl Pa3pabOTKH K TPOTPAMMHBIM MOJENSAM, YTO JEIacT
npoIecc pa3padoTku 0oiee OBICTPBIM, ACHIEBBIM U MPOCTHIM.

HzroToBuTtens Takke MPOW3BOAWUT IMAPOKUH aCCOPTHMEHT aHAJIOTOBBIX W
aHAOTO-ITU(POBBIX YCTPOWCTB, OPUEHTUPOBAHHBIX HA TPUMEHEHUE COBMECTHO C
[THOC cepun TMS320C6000.

I[MIOC Bcex Tpex cepuil MOTYT KOMILUICKTOBAaThCA COBPEMEHHBIMU
cpencTBaMHM  pa3pabOTKH W OTIAAKH TPOTpaMM, OOBCIMHCHHBIX EIUHBIM
MOJTb30BaTENbCKUM MHTEepdeiicom Ha 6a3e mporpammubix cpeacts Code Explorer
u Code Composer Studio [16, 17].

IMIOC xomnanum Texas Instruments Inc. pa3znensrorcs Ha JBa Kiacca: 3TO
MIPOIIECCOPHI T 00pabOTKH YKCeN ¢ (PUKCHPOBAHHONW TOUKOW M MPOIIECCOPHI IS
o0paboTku umcen ¢ TuiaBarorieit Toukoi (puc. 4.5). [lepBroiii KiTace mpeacTasicH
TpeMsI CEMEWCTBAMHU TIPOIECCOPOB, Oa30BBIMH MOJEIAMU KOTOPBIX SIBJISIFOTCS
cootBerctBeHHo TMS320C10, TMS320C20, TMS320C50. Bropoit kmacc
BKItouaeT mporeccopsl  TMS320C30, TMS320C40, TMS320C80, xkoTopbie
MOAACPKUBAIOT OMEPAllMM ¢ TUIABAIOIICH TOUKOM W TPEACTABIAOT CcOOOH
MYJIETHIIPOIIECCOPHYIO  CHCTEMY, BBITIOJJHEHHYIO Ha OJIHOM KpHUCTaUle, a
cemericteo TMS320C6x BKITIOYAET KaK MPOIECCOPH C (PMKCHPOBAHHOW, TaK W C
TJIABAIOLIEN TOUKOH.

I[MIOC ©Oonee mno3mumx cepuii TMS320 HacneayrOT OCHOBHBIE
apXUTEKTYPHBIE OCOOEHHOCTH M COBMECTHMBI "'CHHM3Y BBEpPX'' IO CHCTEME KOMaH/I
(uero HeNmB3s CKa3aTh O TMPOIeccopax, BXOAAIIMX B pa3HbIe CEMEHCTBA).
IIponieccoppl kommanuu Texas Instruments o001agal0T BBICOKOCKOPOCTHBIMHU
UHTEPPEHCHBIMY TTOACUCTEMAMH | TIO3TOMY WX TIPEAMOUYTHTEIFHEE HCTIOIh30BaTh
JUTSL TE€X 3a1ad, B KOTOPHIX TpeOyeTcsl BHIMOJHEHWE WHTCHCHBHOTO OOMEHA C
BHCIITHUMHW YCTPOWCTBAMH (MHUKPOMPOIIECCOPHBIE CHCTEMBI, Pa3IMIHOTO POja
KOHTPOJLUICPHI).

HIOC cepuu TMS320C80

HMannbie [IOC, paGotaroriyme ¢ TPOU3BOAUTEILHOCTBIO B 2 MIPH
onepaiuii B CEKyHAY, MPEACTABIAIOT COO0H KOMOMHAIIMIO U3 MATH MPOLIECCOPOB,
peanmzoBanHbix Mo MIMD-apxutektype. Ha omHOM Kpucramie pean3oBaHbI
oaHoBpeMenHo aBe TtexHonormun — IIIIOC wu RISC, pacnomoxeHsl OAuH
ynpapismommii - RISC-mporieccop  u detbipe  32-paspsamnbix  IHA(PPOBBIX
CHUTHAJTHHBIX TPOIECCOPA YCOBEPIICHCTBOBAHHON apXUTEKTYPHI ¢ (DUKCUPOBAHHOM
toukoii (ADSPO-ADSP-3), obnmanaroriue BHICOKOW CTENIEHBIO KOHBEHEpH3AIUU 1
MOBBIIIICHHON 70 64 OWT IJWHOW CJIOBAa MHCTPYKIMHA, a 3TO B CBOIO OYEPE/b
MO3BOJIACT OMMUCHIBATH CPa3y HECKOJbKO MAPaUICIbHO BBIMOJHAEMBIX KOMAH/I.
Kaxnapiii u3 mnpoueccopoB pabOTaeT HE3aBUCHMMO JAPYT OT Jpyra U MOMKET
MPOrpaMMUPOBATHCS OTACJIBHO APYr OT JAPyra W BHIMOJHATH PA3IUUYHbIC WU
OJIMHAKOBBIE 3a7auH, 00OMEHUBASCH JAHHBIMU yepes 0[0110% 8}
BHYTPUKPUCTAJUTHHYIO K3II-NAMSITh.
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CymmapHas  npomzBoautenbHOCTs  TMS320C80 Ha  permcTpoBBIX
onepaiusax cocrapigeT 2 miapa RISC-nogoOHbIx kOoMaHa B cekyHay. brmarogaps
CTOJIb BBICOKOW mpomzBoauTeabHOCTH TMS320C80 wmoxkeT 3aMEeHUTh TpHU
peanuzanmu npuiaoxkenui 6ojee 10 BeicokonpouszBoautenbHbix [IIIOC mumm LIT
obmiero HazHaueHus. IIpomyckHas cmocoOHocTh 1muHbI TIIIOC TMS320C80
nocturaer 2.4 I'baiit/c — B noToke ganaeix U 1,8 I'6aiiT/c B IOTOKE KOMaH/I,

I[MIIOC TMS320C80 obecreunBaeT BBICOKYKD CTENEHb THOKOCTH U
aJaNTUBHOCTHA CUCTEMBbI, TOCTPOSHHON Ha ero 0asze, KoTopas AOCTUraeTcs 3a CUET
HaJIU4HMs Ha KpucTauie mapamiensHo Gyakmuonupyomux [111OC nporeccopoB u
rnaBHoro RISC-mpomeccopa. Bxomsmme B cocrap IIIOC TMS320C80
MPOLIECCOPbl  MPOTPAMMUPYIOTCS HE3aBUCUMO OJWH OT JAPYroro M MOTYT
BBITIOJIHATH KaK Pa3HbIE, TaK U OJIHY OOIIYIO 3a7a4y.

OOMeH JMaHHBIMH MEXIy IPOIECCOPaMH OCYIIECTBIISIETCA 4Yepe3 OOIIyro
BHYTPUKPUCTA/UIBHYIO MOamATh. JoCTynm K pazaenseMoil BHYTPUKPHUCTAIUILHON
naMATA 00€CTICUNBACT MATPUUHBIH KOMMYTATOP, BHITIONHSIOMNAN TakKe (DYyHKITHH
KOHTpOJJIepa Mpu OOpalleHud K OJHOMY CETMEHTY TaMITH HECKOJbKUMU
MPOLIECCOPAMMU.

OcHoBHble TexHuueckue xapakrepuctuku [IIOC cepun TMS320C8x:

= TakrtoBas yactora 40 wiam 50 MI'1y;

"  TPOU3BOJUTEIBLHOCTh CBBIIIE 2 MJIP]T ONEpallui B CEKYHAY;

" yeThipe 32-pazpsaansix ADSP-nponeccopa;

= 32-paspansbiii  rnaBHbld  RISC-mpoiieccop ¢ BBIUMCIAUTENEM  C

IJIABAIOIIEH TOUKOM;
» 50 Ko6aiir SRAM Ha kpucramie (ans TMS320C82 — 44 Kbaiir);

" 64-pa3panHbIi KOHTPOJUIEP oOMeHa c JTAHAMUAYECKAM
KoH(UTyprupoBaHWeM MHUHB Ha oOMeH 64-, 32- 16- u 8-paspsaaHbiMu
CJIOBaMU;

= pexum [T k 64-pazpsgnomy SRAM, DRAM, SDRAM, VRAM;
» 4 ['baitTHbI#i 00BEM aAPECHOTO MPOCTPAHCTBRA,

"  BUJICOKOHTPOJLIEP;

" 4 BHEUIHUX NPEPHIBAHHUS,;

" BCTPOEHHBIE CPEACTBA BHYTPUCXEMHOM SMYJIALINH,

"  HanpsbkeHue nutanus 3,3 B;

= okosio 4000000 TpaH3UCTOPOB HA KPUCTAILIE,

= (0,5/0,6 KMOII-TexHomorHs;

» 305-koHTakTHBIH KOopiyc PGA.

Apxurektypa nenrpajbHoro npormeccopa IINOC cepun TMS320C8X
Hentpanererit mpomeccop (LIII) — 3TO BBHUMCIATETLHOE YCTPOWCTBO C
RISC-apxutekTypoii U BCTPOCHHBIM COMPOLIECCOPOM JUIsl BHIMIOJIHEHUS Onepanui
¢ mnaBatoeh Touko. [lono6Ho apyrum npoueccopam ¢ RISC-apxurtektypoit L1
HCITOJIB3YET KOMaH/Ibl 3arPy3KH/COXPAHEHUS JUTS TOCTYIA K JIAHHBIM B TIAMATH, a

125



TAKXE€ BBIMIOJIHAET OOJIBIIIMHCTBO IEJIOUYUCICHHBIX, OUTOBBIX U JIOTHYECKHUX
KOMAaH/l HaJl OTI€PaHJaMH B PETUCTPAX B TCUCHUE OJTHOTO TAKTA.

Briuncnurens ¢ mmaBarome  Toukoi  (Floating-Point  Unit)
KOHBEHEPU3UPOBAH W TMO3BOJIAET OJHOBPEMEHHO BBIMIOJHATH OMEPAlMA  HaJl
JTAHHBIMHM KaK ¢ OJMHAPHOM, TaK W ¢ ABOWHON TOYHOCTHIO. [[PpOM3BOIUTEILHOCTD
ycTporictBa cocTasisier okojo 100 MFLOPS npu BHYTpeHHEH TakTOBO#M 4acToTe
50 MI'. FPU wucnome3yeT TOT € pPETUCTPOBBIH (ailyi, 4TO W yCTPOMCTBO
LEJIOYMCIICHHON M JorHueckor o00paboTku. CrnenuanbHBIi MEXaHHU3M OTMETOK
(Scoreboard) ¢ukcupyer 3aHATOCTH  PETHCTPOB W 00ECTEUMBACT WX
0eCKOH(IMKTHOE UCTIOTh30BAHUE.

OcHoBHbiMU KOMTIOHEHTaMu LI1 sBastoTCS:

" perucTpoBhIi (haiii, cocrosmmii u3 31 32-pa3psaAHOTO perucTpa;
= OapabanHoe ycTporcTBo casura (Barrel Rotator);

" [EHEepPATOp MACKH,

= TauMep,

= qresiounciienHoe AJIY;

"  YIPABJIAIOLINWN PETUCTD;

® 4 akKyMyJsTOpa C MJIaBarolieii TOUKOH JBOMHOM TOUHOCTH,

"  YMHOHTEJb C TJIABAOIIEH TOUKOM;

= CyMMATOp C MJIABAOIIEH TOUKOW,

" KOHTPOJUIEP KAI-HaMSTH.

Apxutexktypa ADSP-nipoueccopos ITIHOC cepun TMS320C8X

Apxurektypa ADSP-npoueccopos TMS320C80 opuentupoBana is
MPUMEHEHUH, CBsA3aHHBIX ¢ rpadukoid u o0paboTkoW w300pakeHnd (TIe
WCIOJIb30BaHME HelpomapaaurM aaet Hanboasmmii 3¢ dext). Ona obecrieunBaet
apdexTuBHOE  BHITIOJIHGHWE  omepanuii  (UIbTpalMd W YaCTOTHOTO
npeoOpa3oBaHus, TUMHYHBIX I TaHHBIX TpuiokeHnid. ADSP MoXeT BHITIOTHATH
32 OJUH TaKT OAHOBPEMCHHO OTEPANHI0 YMHOXCHHS, apu(PMETHKO-TOTHUECKYIO
orepanyio (HampuMep, CABUT-CYMMHUPOBAHWE) W JBa OOpaIeHus K IaMsTH.
Buytpennunii mapamnenuam  ADSP  mosBosigser oGecneuuTh ObICTPOACHCTBHE
ceoire S00 MyTH omepariii B CEKyHy Ha HEKOTOPHIX ajTOPUTMAX.

ADSP manunynupyetr 32-pa3psaHbIMU CJIOBaMHU, a Pa3pAIHOCTb KOMAaH]
coctapiser 64 Outa. IIJOC wucnons3yer mpsAMyr0, HEMOCPEACTBEHHYO U 12
BUJIOB KOCBEHHOMW aJIPECAIINH.

Apxurtektypa ADSP xapakTepusyerca clieIyroluMH MapaMeTpamu:

* 3-3TanHblid KOHBEWEP;

* 44 nmoctymHbBIX mojb3oBateno peructpa (10 - ampecHsix, 6 - uHACKCa, § -
naHHbIX, 20 - Mpoumnx);

= 32-pa3panHoe 3-BxonoBoe AJIY;

" pEerUIMKaTop OUTOB;

" J1Ba aJIPECHBIX YCTPOMCTBA;

= 32-pa3psAaHoe yCTpOHWCTBO OapabaHHOTO CIBHIA;
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" TEHepaTop MACOK;
" QJOK YCJIOBHbIX OMEpaluii Uil COKpAlIEHUA BPEMEHU BBIMOIHEHUA

MEPEXOOB.

Kontponnep oOmeHa ymnpasiseT onepauusMH OOMEHa IPOLECCOPOB M
MaMATA KaK BHYTPH KpHUCTa/uIa (Uepe3 KOMMYTATop), TaK W BHE KPHUCTAJIA C
WCIIOJIb30BAHUEM  BXOMAIMAX B €0  COCTaB  HMHTEPPEHUCHBIX  CXEM,
MO/ICPKUBAIOIITUX BCE pacrpocTpaHeHHbie cranmapTsl mamatu (DRAM, VRAM,
SRAM) wu oOecrneunBalOmnX BO3MOKHOCTh JHHAMHUYECKOTO HM3MEHEHUS
paspsaaHocTH mMHBI oT 8 1o 64. Hcnosb3ys NPUOPUTETHYIO AUCIUIUIMHY
oOciykuBaHusi 3anpocoB k mnamsatu B pexume [IJIII, xonTposnep oOmeHa
MO3BOJIACT BBIMOJIHUTE OOMEH JaHHBIMH, HE TIPEPbIBas BBIUKUCICHHUA CO
ckopocthio 10 400 Mobaiit/c. KoHTpomep odMeHa mOAAEepKABACT JIMHEHHYIO M
KOOPJIMHATHYIO apecariio maMsaTH s YPGEKTUBHOTO BRIMIOTHEHUSI 0OMEHA TTPH
pabote ¢ 2- 1 3-MepHBIMU TpaduUeCKIMHU N300PAKESHUSIMH.

IIOC cepun TMS320C4x

MHorue HeHpokoMIbIOTEPhl npoekTupytorcss Ha ocHose [IIIOC cepum
TMS320C4x. bnaromaps cBoeit yHukaiabHOM cTpykTtype 3TH IILIOC monyuwnnu
IMTUPOKOE PACTIPOCTPAHCHUE B MYJBTHIIPOIIECCOPHBIX CHCTEMAax M TMPAKTHUCCKH
BBITECHUJIM PaHee TOCHOACTBYIOIIME B 3ToM oOnactu TpaHcmbioTepbl. [ITOC
TMS320C4x coBMmecTuMbl o cuctemMe komana ¢ TMS320C3x, ogHako obmagaroT
OOMBIIEH  TPOW3BOAWUTEIBHOCTHIO W JIYYITUMH  KOMMYHHKAIIHOHHBIMH
BO3MOXHOCTSIMH.

IT TIHHOC TMS320C4x uMeeT KOHBEHEPHYIO PETrUCTPO-OPUEHTUPOBAH-
Hy10 apxuTekTypy. Komnonenramu L1 sBisrores:

"  YMHOXHTEIb JTaHHBIX B (popMaTe ¢ GUKCHPOBAHHOW W TIABAIOIIEH TOUKOM,
" apu(METUKO-JIOTHUSCKUI MOTYJTh,

=  32-paspaaHoe GapabaHHOE YCTPOHCTBO CABUTA,

" BHYTPEHHHUE IVHBI,

"  JIOTIOJTHUTEIIbHBIC MOJTYJIA PETHCTPOBOM apu(PMETHKH;

» peructpoBbiit daiim L1,

YMHOXWTETh BBITIOJIHAECT OTNEpanid Haja 32-pa3psAaHbBIMA  JaHHBIMH B
dbopmare ¢ ¢ukcupoBanHoW Toukor M 40-pa3psAHBIMH TaHHBIMA B (hopMare C
TIABAIONIEH TOUYKOHW, MPUYEM YMHOXEHHE TPOU3BOIUTCSA 32 OAWH TakT (25 HC),
HE3aBUCUMO OT THWIA JAHHBIX W MapaUIeIbHO ¢ 00pabOTKON JaHHBIX B JAPYTHX
(hyHKITMOHATBHBIX O10KaxX MUKponpolieccopa (Hampumep, AJIY).

AJTY BBINOJHAET 32 OJWH TAKT ONEPALMK HAJ 32-pa3psAaHbIMHU LIEJIBIMA U
ngorndeckuMu 1 40-pa3psaaHbIMA JaHHBIMH B (hOpMaTe C TUIABAIONICH TOUKOW, B
TOM YHCJIE W omneparuu npeodpazoBanust (PopMaToB MPEACTABICHHS JTAHHBIX.
IMIOC anmapaTtHO MOAASPKUBACT ONEPAIIMHU JCICHUA U M3BJICUCHUA KBAJPAaTHOTO
KOpHs. YcTpoiicTBo OapabaHHOTO CABUTA 33 OJIMH TAKT BBHITIOIHSAET CBUAT JAHHBIX
BJICBO WUIM BIIPABO Ha YMCIIO TO3UIMKA OT 1 mo 32. J/[Ba JOMONMHUTEILHBIX MOAYJIA
peructpoBoii apudmerukn (Address Generation 0 uw Address Generation 1)
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(hYHKITMOHUPYIOT TApaJICIbHO ¢ yMHOXUTeneM u AJIY u MoryT reHepupoBaTh
nBa angpeca B ogHom Ttakte. B IIIIOC nmoaaep:xuBaeTcs OTHOCUTEIbHAs 0a3oBas,
0a30BO-UHACKCHAA, [IUKIIMUECKasA U OUT-peBEpCHas aaApecaliui.

[lepBuunbiii perucTpoBbiii (aiiym TpencTaBisieTr coO0H MHOTOBXOIOBBIN
¢hatin m3 32 peructpoB. Bee perucTpbl mepBHUHOTO PETHCTPOBOTO (haiiima MOTYT
UCIONb30BaThCcsl  yYMHOXkUTeNeM, AJIY u B KayecTBe PErUCTPOB OOIIETO
HAa3HAUCHWA. PErmcTpel WMEIOT HEKOTOPHIC CHEIHATbHBIE (PYHKIMH, BOCEMb
JIOTIOJIHATEIbHBIX PETMCTPOB MOTYT MCIOJIb30BATHCA ISl HEKOTOPHIX KOCBEHHBIX
Ccroco0OB aJpecallii, a TAaKXKE KaK LETOUMCIICHHBICE W JIOTHYECKHUE PETUCTPhI
obmiero HazHaueHWs. OCTaIbHBIE PETHUCTPHI 00ECIICUMBAIOT (DYHKIIMHA CHCTEMBI
TaKue, Kak ajpecanus, YIpaBJICHUE CTEKOM, MPEPbIBAHUS, OTOOPAXKEHUE CTaTyca
nporeccopa, OJIOYHbIE TIOBTOPHI.

Peructpbl MOBBIIEHHOW TOYHOCTH MPEAHA3HAYEHBI JJIsi XPaHEHUA U
00paboTKK 32-pa3psAaHbIX HEAbIX uucea U 40-pa3psaaHbIX YHMCEI C IUIaBaroIieH
TOUKOMN. J[OMOTHUTENbHBIE PETUCTPHl AOCTYNHBI Kak ajia AJIY, Tak u amaa aByx
Moayneu peructpoBoit apudmernkn. OCHOBHAS (PYHKIHS STHX PETHUCTPOB —
reHepanus 32-pa3paaHbix aapecoB. OHM TakKe MOTYT HCIOJIb30BAaThCS Kak
CUYETUMK IIUKJIOB UJIM KaK PErUCTPbl OOIIETO Ha3HAYEHUS.

Anpecyemoe npoctpancTBo ITIIOC cocrasnser 41" 32-pazpsaanbix cioB. Ha
KPUCTAJIJIE PACMOJIOKEHbI BA JBYXBXOJAOBBIX Ojl0Ka oneparuBHOM nmamsatu RAMO
u RAMI, pasmepom 4 KOallT kaxablid, a Takxke IBYXBX0Ao0BoMl Onok ROM,
COJICp Kallliid MPOrpaMMy HAuaJIbHOM 3arpy3KH.

Ksm komang mporieccopa eéMKocThio 128 32-pa3psaHbiX CIOB COAEPKUT
HanOOoJIee YacTO UCIMOIb3YEMbIE YUACTKH KOJA, UTO MO3BOJIAECT COKPATUTh CPEAHEE
BpeMsi BbIOOpPKM KomaHA. Bricokas mpomszBoautenbHocTh [ITOC TMS320C40
JOCTUTAeTCs Oaroiaps BHYTPEHHEMY MapaijIeIn3My MPOLECCOB U MHOTOIIMHHON
OpraHu3anuu mnpoueccopa. Pa3nefbHble 1IUHBI MO3BOJISIOT  OJHOBPEMEHHO
BBITIOJIHATH BEIOOPKY KOMAH/Ibl, TAHHBIX U IPSAMOMN JOCTYII B MaMSTh.

4.4.5. IIIOC xovmanun Motorola

[MOC xommanmm Motorola B MeHBINEH CTENEHH, Ye€M PACCMOTPECHHBIE
BBIIIIE, UCMOJIB3YIOTCS JIJIs peali3aluu Helponapaaurm. OHU NOAPa3AesaOTCs Ha
cemeiictBa 16- n 24-pazpsaaubix [1LIOC ¢ ¢ukcupoBanHoi Toukor — DSP560xx,
DSP561xx, DSP563xx, DSP566xx, DSP568xx u IILIOC ¢ mmaBaromeii Toukoi —
DSP960xx. Jluaus 24-paspsaasix [MI[OC xommanmm Motorola BrirodaeT aBa
cemeiictea: DSP560xx u DSP563xx. OCHOBHbIE NOPHUHIUIBI, TMOJIOKEHHBIE B
OCHOBY WX apXWUTEKTyphl, ObUIM pa3padOTaHbl W BOIUIOUIEHHI B CEMEHCTBE
DSP560xx. [JlanpHedimve paboThl MO  COBEPUICHCTBOBAHWIO  CHUTHAJIBHBIX
MPOLIECCOPOB MPOBOAMINCH IO TPEM HAMPABICHUAM:

" HapallMBaHWE MPOU3BOAMUTENIBHOCTA 24-pa3psiHBIX MPOLECCOPOB 3a CUET
KOHBeliepu3anuy (PYHKITHOHANBHBIX MOJYJICH W TIOBBIMICHHS TaKTOBOM
YACTOTHI;
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" CO3/IaHHME JEHIEBBIX 106-pa3psAHbIX MHUKPOMPOILIECCOPOB C PACIIMPEHHBIMH

CPEICTBaMH B3aUMOJICHCTBUSA ¢ TIepuhepueii;

" pa3paboTKa BBICOKOMPOU3BOAMUTENIbHBIX MPOILIECCOPOB, BKIHOYAIOIIUX OJIOK

BBIUKMCJIEHUH C IUIABAIOLLEH TOYKOM.

Komnanus Motorola sBisieTcss nmaepoM 10 00bEMYy IPOH3BOJCTBA
CUTHAJIBHBIX ~MUKPOMNPOLIECCOPOB, OOJBIIYIO 4YacTh KOTOPBIX COCTaBJISIOT
JIEHIEBBIE M JIOCTAaTOYHO BBICOKOMPOM3BOJAUTENbHBIE 16- u  24-pa3psHbie
MHUKPOIIPOLECCOPHI c (prkcupoBaHHOM TOYKOM. Pacmmpennsie
KOMMYHHUKAIIMOHHBIE  BO3MOXXHOCTH,  HQJIMYUE  JIOCTAaTOYHBIX  OOBEMOB
BHYTPUKPUCTAUIbHOM MaMATH JJI JAHHBIX U MPOTPaMMbl, BO3MOKHOCTH 3AIUThI
MporpaMMbl  OT  HECAHKIIMOHUPOBAHHOTO  JOCTyNa, TNOAACPKKA PpexXuma
SHEProcOCPEKEHUS AT ATH MHUKPOMNPOLIECCOPhl MPUBICKATEIbHBIMU  JIJISI
WCIOIb30BaHUS, B OCHOBHOM, B KAUECTBE CHEIUATU3UPOBAHHBIX BBIUUCIUTEIICH,
KOHTPOJIJIEPOB B TMPOMBIILICHHBIX PO0O0TaX, OBITOBBIX 3JICKTPOHHBIX MpUOOpax,
CUCTEMAaX yMPABJICHUS OPYKUEM, CPEICTBAX OECIIPOBOAHOM CBSA3H U AP.

[Tpumepsl moctpoeHus HelipokomnbeloTepoB Ha ocHoBe [IIOC kommanum
Motorola 70BOBHO peaKH.

4.4.6. Heiiponiponieccopbl, peaausoBanabie Ha ocHoBe TIJIMC

OTnenbHO CAEAyeT PacCMOTPETh BO3MOMKHOCTh CO3JaHUA MapaJUICIbHbIX
BEIUMCITUTENCH (B TOM 4dWCIe U HeWpomporeccopoB) Ha Oaze [UIMC
(mporpaMMHPYEMBIX JIOTHUECKMX WHTerpabHbIX cxeM). Ha [UJIMC wmoxno
peau30BbIBATh  PACMpPOCTPAHEHHBIE B TOCJCAHEE  BpeMs  THOPHUIHbBIC
Helponpolieccopsl, korjaa 0nok oOpabotku AaHHbiXx peanusyetrcs Ha [I[OC, a
noruka ynpasieans Ha [IJIMC. B nactosmee Bpems MHOXECTBO (pupM B MHpe
3aHUMaeTcs pa3paboTkoil U BbiyckoM pasznuunbix [JIMC, onHako nuaepcTBO
nensat ase pupmel Xilink 1 ALTERA. Beigenuts mpoayKIpr Kakon-mido oHOH
u3 3TUX (PUPM HEBO3MOKHO, TaK KakK MO TEXHUYCCKUM XapaKTCPUCTHKAM OHH
Pa3IMYAKOTCS OUYE€Hb MAJIO.

B nactosmee Bpemsi ¢upma ALTERA Beimyckaer cemb cepuit CBHMC
[UTUC. OcHOBHBIE XapaKTEPUCTUKU HAUOOJIee MOMYJISPHBIX U3 HUX MPUBEACHBI B
Tabn. 4.7.

Kommanwms Xilinx Beimyckaet cems cepwmii [IJIMC nByx THIOB:

» FPGA - Field Programmable Gate Array;
= CPLD - Complex Programmable Logic Device.

Kaxnas cepust CoOnepKUT OT OJHOM 10 HECKOJIBKHUX CEPUiA, B CBOIO OUEPEb
COCTOSIIINX U3 pANa KPUCTAJJIOB PA3JIMYHON €MKOCTH, ObICTPOJCHCTBUS U THUIOB
Kopmyca.
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Ta6auua 4.7. Xapaktepuctuxku [IJINC ¢pupmer ALTERA

Cemeiicrea CBUC
XapakTepHCTHKH
MAX 7000E(S) MAX 9000 FLEX S8000A FLEX 10K
Marpuret Marpuret TaGmuupt Tabmuupt

ApxuteKTypa HN-NJn HN-1Jn HNEPEKOJUPOBKU | MEPEKOAHPOBKH
Jloruueckast eMKOCTb 600-5000 6000-12000 2500-16000 10000-100000
BuyTrpennsissi namsaTh Her Her Her 6-24 Kour
Hucno now3oBa- 36-164 60-216 68-208 59-406
TEeJIbCKHUX BhIBOJAOB

Ocuosnbie cBoricTBa 1 mapametpsl [IJIMC Xilinx:

" 3HQUUTEJIbHBIA 00BEM pecypcoB — 10 4 MIIH CHUCTEMHBIX BEHTWJIEH Ha
KPUCTAJLT,

" BBICOKas MPOM3BOAMTENBHOCTh ¢ CUCTeMHBIMHU yacTotamu 10 300 MI 1

"  TEXHOJOTHUYECKUE HOPMBI — 110 0,18 MKM Ha 1IECTH CIOSX METAILIA,

" BBICOKAs  TUOKOCTh  ApPXUTEKTypbl C  MHOXECTBOM  CHUCTEMHBIX
0COOCHHOCTEH: BHYTpEeHHee pacnpeacneHHoe u Omounoe O3Y, noruka
YCKOPEHHOTO TIEPEHOCa, BHYTPEHHHE Oy(ephl ¢ TPEThUM COCTOSHHEM U T.
I

"  HHM3KOE SHEPromnoTpedsIeHuE;

" KOPOTKUH LUKJI MPOESKTUPOBAHUS U OBICTPOE BPEMS KOMIUJIALINM;

" Pa3BUTHIC U HEJAOPOTHE CPEACTBA MPOCKTUPOBAHUA,

" BO3MOXKHOCTH IIEPEBOJIa MMPOSKTOB B 3aKa3HBIC CXeMBbI Xilinx.

[Tpu wsrotosnenuun [JIMC ¢upmoii Xilinx ucmonb3yroTcs TPU OCHOBHBIE
TEXHOJIOTHU:

1. Ha ocaoBe SRAM (tum FPGA) — xoudurypanmsa [1IJIMC xpanutcs Bo
BHyTpeHHeM "TeHeBoM" O3V, a wuHUUMaIU3alMsA OCYILIECTBISIETCA U3
BHEIIIHETO MaccuBa naMmsaT. 110 JaHHOW TEXHOJIOTMU BBHITIOJIHEHBI CEPHM:
Spartan, Virtex, XC3000, XC4000, XC5200.

2. Ha ocunoe FLASH (tun CPLD) - xondwurypamms coxpasseTcs BO
BHyTpeHHEH sHeprone3aBucumoit FLASH - mamsatu u B mo0OOW MOMEHT
BPEMEHU MOXKET ObITh MeperpyxkeHa HenocpeAacTseHHo u3 11K, 1o manHoi
TEXHOJIOrMM BbinoJiHeHa cepust XC9500.

3. Ha ocamoBe EEPROM (tum CPLD) — kou(urypanms coxpasseTcs BO
BHyTpeHHeH 3HeproHezaucumoit EEPROM - mamsaTtu u B 1000 MOMEHT
BPEMEHU MOXKET ObITh MeperpyxkeHa HenocpeAacTseHHo u3 11K, 1o manHoi
TexHO0TuH BeimojHeHa cepusi CoolRunner.
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Tabanua 4.8. OcobenHocTu peanusauuu Heiiponpoueccopos Ha IIJINC

Caoxnocts, MakcumanbHoe
Ne Tun IJIMC IMpousBogurenn ::g:;::‘z:;’) HuCIo
makposiueex (CLB) HEHpOHOB

1 | XC4005E/XL XILINX 196 (14x14) 6
2 | XC4013XLA XILINX 576 (24x24) 18
3 | XC4020XLA XILINX 784 (28x28) 24
4 | XC4044XLA XILINX 1600 (40x40) 50
5 | XC4062XLA XILINX 2304 (42x42) 72
6 | XC4085XL XILINX 3136 (56x56) 97
7 | XC40250XV XILINX 8000 200
8 | EPF10K2 ALTERA 144 4
9 | EPF10K50E ALTERA 360 11
10 | EPF10K100E ALTERA 624 19
11 | EPF10K250E ALTERA 1520 50
12 | M4L.V-96/48 AMD 966 3
13 | M4LV-192/96 AMD 192 6
14 | MSLV-256 AMD 256 8
15 | MSLV-512 AMD 512 16

Peanuzauus HediponpoueccopoB Ha ocHoe I[UJIMC Tpebyer yuactus
JKCMIEpTa HA TOMOJOTMUECKON CTauu MPOCKTUPOBAHUA. ITO OOYCIIOBJIEHO TEM,
YTO ABTOMATHU3UPOBAHHBIN PEXUM PA3BOJKH TMOKA HE MO3BOJAET Aocturath 60-
100% wucnonb30BaHUA PECYpPCOB KpHUCTA/Ia MO Pa3BOAKE, a HTO ABJISETCA
MPUHIMIHAAIBHBIM ISl CUJIBHOCBSI3AHHBIX CXEM, K KOTOPbIM OTHOCATCS U
HelpoceTeBble  Bbluvcnutenu. Xapakrepuctuku [IJIMC ¢ Touku 3peHus
peanu3aii HeHPOCETEBBIX MapaaurM MpeacTaBaeHbl B Ta0. 4.8.

[TocTpoeHne HEUPOKOMMBIOTEPOB HA WX OCHOBE XOTS U JAET BBICOKYIO
r'MOKOCTh CO3/1aBAEMbIX CTPYKTYP, HO TMOKA €Ill¢ MPOUTPHIBAET APYTUM PELICHUIM
0 TPOU3BOAUTEIBHOCTH.
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5. HEUPOKOMIIBIOTEPLI
5.1. OCHOBHBIC MOHATHS

Hetipokomnvlomep — 5TO BBIYMCIUTENIbHAS CHUCTEMa, TOCTPOSHHAs Ha
OCHOBE Helpomnporeccopa (oB), HCITOJTB3YIOMIAs aApXUTEKTYPY,
NPEIyCMAaTPUBAONIYIO  MapajUlelibHbIe  MMOTOKH  OAHOTHIHBIX  KOMaHI |
MHO>KECTBCHHBIC TIOTOKM JaHHBIX, W TPEIHA3HAYCHHAs JUIA  Peau3alliu
HEHPOCETEBBIX AJITOPUTMOB B PeaibHOM MACULMADE 8PEMEHU.

Heitipoomynsamop — CHUCTeMa, TIOCTPOCHHAas Ha 0a3e KacKaJHOTO
coenuaeHns yHUBepcambHBIX SISD-, SIMD- wmm MISD-niporieccopos  (Intel,
AMD, Sparc, Alpha, Power PC u np.) u peanusyrorias THIIOBbIE HEWpOOTepanun
(B3BEIICHHOE CYMMHUPOBAHUE W HEIMHEWHOE MPe0oOpa3OBaHME) HA MPOTPAMMHOM
YPOBHE.

Hetipoyckopumens — 3T0 HEHPOKOMIIBIOTED, PeaTU30BaHHBIN B BHJIC KapThI
WIM MOAYJSA C pachnapajjieIMiBaHUEM OIEpaluii Ha anmapaTHOM YPOBHE.
Hetipoyckopurenu moryt ObiTh mocTpoeHbl Ha ocHOBe [I11OC (Texas Instruments
Inc., Analog Devices, Motorola), I[UJIMC wu (wim) HaA  OCHOBE
CIEIHANTM3UPOBAHHOTO (BIX) HEeWpouwnria (OB).

HeitpokoMIBIOTEPHI, ¢ TOYKHU 3PEHUS KOHCTPYKTHUBHON pEeAIN3ALNU, MOXKHO
MOAPA3ACINTh HA W3JCINs, PEAIM30BAHHBIE B BHAEC KapT W MOIYJIECH, H
KOHCTPYKTUBHO-aBTOHOMHBIE CUCTEMBI.

HetipokoMmbIOTEPHI, HW3TOTOBJICHHBIE B BHIC KapT (8uUpmydaibHvie
HelpoKxoMnvlomepel), KaK TPABWIO, TPEIHA3HAYCHBI JI1 YCTAHOBKH B CJIOT
pacmupenusa cranaaptHoro 11K, C npyro#i cTOpoHbl — HEHPOKOMIBIOTEPHI B BUJIE
Moaynel coeauHstorcs ¢ ympaBisiiomed  Host-OBM  mo  craHmapTHOMY
unTepdeiicy num mmae [4].

5.2. HelipOKOMIILIOTEPHI, BLINYCKAEMbI¢ B BU/IE KAPT U MOAYJIeH

HeitpokoMmibtoTepbl B BHAEC KApT W MOJYJEH MPEACTABIAIOT MOIIHOE
CPEICTBO, KOTOPOE€ O0ECNEeUMBAET COBPEMEHHOMY HWHIKEHEPY-HCCIIEIOBATENIO U
AHAJIUTUKY pEATM3AlUI0 HEWPOCETEBBIX aAJITOPUTMOB B pEaJIbHOM MaciTade
BPEMEHU.

Ecnu panbiie Oosibillas 4acTh BPEMEHHM YXOJWjida HA TNOATOTOBKY U
MPOBEPKY OJHOW-€AMHCTBEHHOW THUNOTE3bI, TO TENEPb, € HCIOIB30BAHUEM
HEHPOyCKOpUTENEH, cucTeMa o0pabaTbiBaeT JAaHHBIE W BBIAACT 3aKIHOUYEHUE
MPAKTUYECKU B pPEaJbHOM BpeMeHU. HecMoTps Ha CBOM BHEYATIAIOLIUE
BO3MOKHOCTH, TAaKUE€ HEUPOKOMIIBIOTEPBI HE OUYE€Hb PACIPOCTPAHEHBI Ha
KOMITBIOTEPHOM PBIHKE H3-3a BBICOKOW IICHBI (OT €IWHUIl O MECATKOB THICTY
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JOJIIAPOB JUTSI KapT W OT JIECATKOB JIO COTEH THICSY AOJUTAPOB I MOIYJICH) U
Cneru@UKN 1 CII0KHOCTH OCBOCHHS,

Bce ke oOcHOBHas TpuYWHA OTCYTCTBUSA  TOJHO(YHKITHOHATBHBIX
HEHPOKOMITHPIOTEPOB Ha PBIHKE — 3aKPBITOCTh paspaborok. U3 coten dupwm,
MPOU3BOIAIINX CIECIUATM3UPOBAHHBIE HEUPOKOMMBIOTEPHl U HEHUPOMPOIECCOPHI,
JIUIIb €UHUIIBI TTOCTABJISAIOT CBOK MPOJYKIIMIO HA MAcCOBBIM pbiHOK. [lpu 3TOM,
MHOTHE W3 HHUX CO3JAI0T E€IWHUYHBIE MPOAYKTHl AJIsl CHCUNPUIOKCHUN WU
00CTY>KUBAIOT OOOPOHHBIA KOMILJIEKC.

PaccMOoTprM  HEKOTOpbIE BO3MOKHOCTHU MPUOOPETCHUS COBPEMEHHbBIX
HEUPOKOMIBIOTEPOB B PO.

Ha pbiHKE BBICOKOMAPAUICIBHBIX BBIUMCIUTEICH MOXHO BBIACIUTH
cneayroiue oreuectBeHHbie Komnanuu: AO3T "UHCTpyMEHTaIbHBIE CUCTEMBI" U
HTIL[ "Monayns" [15], npou3Boadille HECKOJbKO MOJAENICH HEHPOKOMIBIOTEPOB,

sto Ttakke kommanum AUTEX Ltd. uw L-Card Ltd. — npoussoasmue
HEHPOKOMITHIOTEPHI TOJ 3aka3 Ha 0a3e mukpomporeccopoB Analog Devices, u
komnanuss ScanTI-Rus [16] — npeacTtaBasiomas BbICOKONAPAJUICIbHbIE

BerauciuTenm Ha 6a3e I[ML{OC ¢upmer Texas Instruments Inc.

5.2.1. HeiipoxkomnbroTepbl, peasu3osaHnubie Ha 0aze [TIIOC u ITIJINC

B ocHoBe moOCTpoeHUs HEHPOKOMIBIOTEPOB MAHHOTO THMA  JICKHT
ucnonb3oBanue [IMOC wmu  IUJIMC, o00beauHeHHBIX MeEXAy Cco0ol B
COOTBETCTBUM C apPXWUTEKTypOH, KoTopas oOecleunBaeT MapauIeIbHOCTh
BBITIOJTHEHU S BEIYMCIIATEIHHBIX OTIEPaITHii.

Kak mnpaBwuiio, Takue HEHWPOKOMIBIOTEPHI CTPOSTCS HA OCHOBE T'HOKOU
MOAYJIHHOW apXHTEKTYPhl, KOTOpas OOECMEYMBACT TPOCTOTY KOH(PUTYpAITHH
CHUCTEMBI M HAPAIABACMOCTh BBIYMCIIMTEIFHOW MOIMHOCTH TYTEM YBEITUUCHUS
YHCJIa TPOIECCOPHBIX MOYyJeH WIM TPUMEHEHHs Oojee MPOU3BOAUTEIBHBIX
[THOC (puc.5.1). Crucrembl peanu3yroTcss B OCHOBHOM Ha 0a3e HECYITUX MOTyJICH
cranaaptos ISA, PCI, VME.

OcHoBHBIC (PYHKITMOHATIBHBIC SJIEMEHTHI TAHHBIX HEHPOKOMITHIOTEPOB:

= moayib MatpuuHbix [TIIOC,

= paboyas mamsTh,

"  TaMATh IPOTPAMM,

" MOayJib oOecrieueHus1 BBOIA/BhIBOAA CUTHANOB (BKouatomuii AL, T1AIT

u TTL nunun),

" MOMYJIb YNIPABIICHHUA, KOTOPHIH MOXKET OBITh peaJiM30BaH HA OCHOBE
cneruanu3uposanroro ympasystomero [IOC (VII), ma ocuose TIJINC

WM UMETh PACIPENCICHHYIO CTPYKTYpPYy, TIPH KOTOPOH (PYHKIHMH OOIETO

yrnpasjieHus pacnpeaeneHbl mexay Mmatpuunbivu [TITOC.

Peanmuzanmss HEMPOKOMITBIOTEPOB W CTICTIMATM3UPOBAHHBIX BBIUACTUTENICH C
MaccoBbiM mapauienusmMom Ha ©Oaze IIIOC wu IUIMC saBnserca Bechbma
adekTHBHBIM pelreHrueM 3aaad MuGPOBOH 0O0pabOTKH CHUTHAIOB, OOpabOTKH
BUJICO- U ayTMOJAHHBIX ¥ TIOCTPOCHHS TEXHUUYCCKUX CHCTEM yTIPABIICHHA.
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Puc. 5.1. O600menHasi pyHKIHOHAJIBbHAS CXeMa HeillpoKOMINbIOTepa,
peanu3zoBaHHoro Ha ocHose IIINOC nan () IJIMC

[Ipu co3gaHuM HEHPOKOMMBIOTEPOB MCIOJIB3YETCS THOpPUAHAA CXeMa —
OJIOK MAaTPUYHBIX BBIYMCJICHUH peajiu3yeTcs Ha 0a3e KIACTEPHOr0 COCIUHCHHS
IIIOC, a noruka ynpasienus — Ha ocHoBe IIJIMC. B kauecTBe 3meMeHTHOM 0a3sbl
MaTPUYHOTO Kjactepa MokeT ucnonb3oBatbea I[IIOC ADSP21060 wu
TMS320C44, B Onwxaitiee BpemMs uM Ha cMmeHy npuayt ADSP2106x u
TMS320C67xx. Ilo omeHke CrenuaanucToB, B OnmxkaiiineM OyayIieM MaTpUYHOE
aApo daiie OyAeT pealn3oBbiBaThca Ha 0asze Herpomporeccopos, a [IMOC u
[UIMC ocranyTcst OCHOBOW Mjisi MOCTPOCHUS JIOTHKWA YIPaBJICHHS (HAmpUMep,
Synapse 3).

JUiss  MOCTPOCHUST  HEHPOKOMMBIOTEPOB  JAHHOrO  TUma  Haubosiee
MEPCIECKTUBHBIM  SIBJIACTCS  MCMOJIb30BAHUE CUTHAJIBHBIX  MPOIECCOPOB €
maatomeit Toukoit ADSP2106x, TMS320C4x,8x, DSP96002 u np.

TunoBas CTPyKTypHas cxema peaju3allii HEWPOKOMIIBIOTEPOB HA OCHOBE
[MIIOC ADSP2106x npuBeneHa Ha puc. 5.2. B ee cocTaB BKIIOYEHBbI OJUH
ynpasstomui [IIOC mns ocymecTsiaeHus (yHKIHN 00IIEro ynpaBiaCHUS, B 10
BOCBMH TIPOLIECCOPOB OCYILECTBIISIFONIUX MApALICIbHBIE BBIUUCICHHUS COTJIACHO
3a70keHHbIM anroputMam (Marpuunsie [1L1OC).

Yrhpapndoonmii ¥ MaTpPUYHbIE  MPOILECCOPbl  00pa3ylOT  Kjlactep
MPOIECCOPOB ¢ OOIeH IMMHOM M pecypcaMu pasaenseMoi mamaru. OOMeH
uHdopmarmeit MEKTY YIPABJISAIOIIAM IIPOIIECCOPOM, MaTPUYHBIMH
nporneccopamu, Host-ODBM u BHemHe#d cpeaoi OCYIIECTBIACTCS MOCPEACTBOM
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MOPTOB BBOJA/BHIBOAA. [IJ1s1 TECTUPOBAHMS M OTJIAAKH MPEAHAZHAYEH OTJIAIOUHbIH
JTAG-noprt. Tak, B ciydae ucnosb3oBanus yetbipex Matpuunbix [1IOC, oOmen
uHdopmarmeit mexay HuMH W Y ocymecTBiseTcsS TMOCPEICTBOM UYETHIPEX
cBs3aHHbIX mopToB ADSP2106x, mo naBa cBszanHbix mopta YII m mMomyns
MatpuuHbiX [IIIOC BBIBOAATCS HAa BHEUIHWE PA3beMBbl i OOECICUCHUS CBS3H C
BHEIIHUMU ycTpoicTBamu. Mmeercss 12 BHEMIHUX JIMHKOB; MO 3 JIMHKA KaXJ0TO
u3 marpuunbix  [IOC MpEHA3HAYEHBl  JAJIS  BHYTPUMOMAYJIBHOTO
MEIKIPOLECCOPHOTO OOMEHA.

Cunxponuzanusi padOThl CUCTEMBI MOXET OCYIIECTBIATHCA KAk OT
BHYTPEHHUX KBApLEBBIX, TaK M OT BHEIIHUX TE€HEPATOPOB. AKTUBU3AIUA
BBIYMCJICHUH — MPOrpaMMHAs WIH BHEIITHSAS.

* LW«Ha Host-cucTembl (ISA, PCI, ¥ME W T.0.) F
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Puc. 5.2. llpumep peanun3zauun HeiipokomnbioTepa Ha ocHoBe IIINOC ADSP2106x
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BO3MOXKHOCTh ~ pe€ajiu3alldd  HEUPOCETEBBIX  AJITOPUTMOB  C  BBICOKUM
MapauieIn3MOM BbITIOJTHEHUA BEKTOPHBIX U MAaTPUUHBIX OMEpaIUi.

CrpyktypHas cxema HelpokommbioTepa Ha ocHoBe IIIIOC TMS320C4x
npeactasiaeHa Ha puc. 5.3. Heckonbko IIIOC, Bxoasfmux B CTPYKTYpY
HEWPOKOMIIBIOTEPA, 00Pa3yIOT PacHpPeICICHHYIO BBIUMCIUTEIbHYIO CTPYKTYPY W3
MPOLICCCOPHBIX MOJIYJICH, COEIUHEHHBIX MEXKIYy CO00M BBICOKOCKOPOCTHBIMU
nopramMu. J[aHHBIA BapUAHT HEUPOKOMIBIOTEPA MOKET OBbITh PEATU30BAH C
ucnonbzoanuem [MI{OC B koiMueCTBE OT JIBYX 10 BOCHMH.

[Ipu wucnonb3oBaHWM  ABYX NapawienbHbix  32-pazpsansix  [ITOC
TMS320C40 obmen wHboOpMaIMeit nMpu peanmu3aliid HEUPOCETEBBIX aJITOPUTMOB
OCYIIECTBJIACTCS C TMOMOIIBIO IIECTH CBSI3aHHBIX TMOPTOB C MPOMYCKHOM
crnocodHocThIO B 30 Mbaiit/c 1 kanamos [1/1I1 kaxmoro u3 IILIOC. IToxnepxuBas
napajjieJibHyl0  He3aBUCHMYIO  paboty, moacucrembl IIJII wu TIHOC
o0ecreunBaloT MapauielbHbi 0OMeH wH(opManuel co ckopocTsaMu 10 560
Mo6/c. Tlpu momotmm BHICOKOCKOPOCTHBIX TIOPTOB BO3MOKHA PEATM3AIUs  TaKHX
ApPXUTEKTYpP, KaK KOJblA, UEepapXUUECKue AepeBbs, runepky0d u T.nm. Kaxnas uz
nokanpHbIX TMH TMS320C40 obecnieunBaeTr 0oOMeH WH(MOPMAITMKM HAa CKOPOCTSIX
o 120 Moaiit/c.

[Ipomteccopasie  Moaynu  (PYHKIMOHUPYIOT  HE3aBUCUMO W TIpH
HEOO0XOUMOCTH OOBECAMHSIOTCS TMOCPEACTBOM CBA3AHHBIX NOPTOB. DYHKIUU
0o0OMEHa, YMPaBJICHUS MPOLECCOPHBIMU MOAYISMH, MPEPHIBAHUAMU W KaHAJIAMU
DMA peammytor [UIMC, wnanpumep ¢upmer Xilinx. [lpumenenne B
HEHPOKOMITHIOTEPAX NTWHAMHUYECKHX PEKOH(DUTYPUPYEMBIX CTPYKTYp (HEHPOHHOM
CEeTH CO CTPYKTYpHOUW anmanrtanueil) W wucmonb3oBanue coBpeMeHHbix [IJIMC
cemericte  XC2xxx-xC4xxx (¢pupmbl  Xilinx) wim aHAJOTHYHBIX, TpeOyeT
MUHAMH3AIMN BpeMeHn Ha pekoHdurypammo [IJIMC, xotopsie dame Bcero
nmporpaMMmupyiotcs B pekmmax Master Serial u  Peripherial. OcnHoBHO#
HEJIOCTATOK MPHU UCIOJIb30BAHUM JAHHBIX PEXKUMOB MEPENPOrpaMMHUPOBAHUS
3aKJTIOYAETCST B 3aBUCHMOCTH  mporiecca nepekoHduryparuu  [UJIMC ot
BCTPOEHHOTO TAKTOBOT'O reHepaTopa. MUHHUMaJIbHbIE TMOTEPU BPEMEHH MOKHO
nmoJTydnTh Tipu npoBeaeHun nepexondurypanun [IJIUC B pexume Slave Serial, B
KOTOPOM BHYTPECHHHMI TaKTOBBIA TE€HEPATOP OTKJIIOUEH, a CUHXPOHU3AIUs
OCYIIECTBIIAETCS TTOCPEACTBOM BHEMIHWX CHHXPOCHUTHANIOB. Pexonduryparop
[UIMC BoimonHSETCS B BUAE CHEIUATM3UPOBAHHOW MHKPOCXEMBI (HAmpUMeEp,
XC2018-84pin-50MHz, XC3020-68pin-50MHz).

IToctpoenne HelpokommnbeioTepoB Ha 0Oasze I[IJIMC ¢ oxgHoM CTOpPOHBI
MO3BOJIACT TUOKO PEATM30BaTh PA3IMUHbIE HEHPOCETEBbIC MAPAJAUTMBI, a C APYTron
— CONpsKEHO C OONbIIMMHU MpoOJeMaMHU Pa3BOJKH BCEX HEOOXOAUMBIX
coeauHeHuii. Beimyckaembie B Hacrosmee Bpema [UJIMC umeroT pasznuuHbie
(yHKIMOHAJIbHBIE BO3MOXHOCTH (C 9uciioM BeHTWied oT 5 go 100 Teicsu).
Heitpokommprorepsr Ha 0aze IIJIMC, kak mnpaBuiio, CUYMTAIOTCA THOKHMH,
UJCAJIbHO MPUCHOCOOJCHHBIMHA  JIJII  HAYUYHO-UCCIEIOBATEIbCKUX LENed U
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MEJIKOCEPUMHOTO MPOU3BOACTBA. J[Jid mocTpoeHust 0ojiee MPOU3BOAUTEIBLHBIX U
s dexTuBHBIX HeHpokoMmbOTepoB ipuMeHenue [111OC npeanoutuTencaee.

Bonpocam cozmanus HedipokomnbeiotepoB Ha [IJIMC nocesieHo 0osbioe
YUCJIO PpaboT, €XETOAHO TPEACTABIAEMbIX HAa KOH(MEPEHIUAX W BBICTABKAX
«HetipokoMmbIOTEPHl W WX TPUMEHEHHE», mpoxoasmmx B UHcTUTYTE Tipobnem
ynpasienns (UITY PAH) um. B.A. Tpanesnukosa.

Heiipoxomnbrorep IIIIK HUU Cucremusix uccaenopanuii PAH

PaccmoTpum B KaueCTBE npumepa yAQUHOM peanuzaiumn
HerpokommbioTepoB, co3aanubii B HWMM Cucremubix wuccnegosanmii PAH
napajienbHbIN TiepenporpaMmupyembiii kommbioTep (IT1K).

JlanHbil HelpokoMIbIOTEP pa3padoTaH B ctanaapre VME u peanuzoBaH Ha
0a3ze mepenporpaMMHupyeMbIx MHKpocxeM cemeirictea 10K  ¢upmbr  Altera.
[TpennazHavaercs AJisi pabOThl B KAUECTBE alMApPAaTHOrO YCKOPUTENSA U ABJISIETCS
BEJIOMbIM ycTpoiicTBOM Ha mmHe VME. OH MoJKeH BKIIIOUAThCS B CUCTEMY Kak
MOYMHEHHOE YCTPOMCTBO OCHOBHOW ympasjsomein OBM  (host-marmmnasr) ¢
YHUBEPCAJILHBIM TpoiieccopoM. TakToBas yacToTa HelipokommbioTepa 33 Ml 1.

Ta6auua S.1. Ouenka npoussoaureabHocTH MK *

Pentium- PentiumlII- Ultra
Ha3seanue anropurma 100, ¢ 333, ¢ SPARC, ¢ MIIK, ¢

Ceeprtka ¢ sapom 4x4 3) 0,65 0,11 0,76 0,02
MenuanHnblii puabTp 1,97 0,49 0,75 0,001
IloBbIlIeHHEe KOHTPACTHOCTH 0,51 0,13 1,31 0,004
IIpsiMoe moTouevyHOE CPABHEHHE

¢ mackoii 32x32 4) 43,78 7,14 58,89 0,142
Iouck JIOKANBHBIX HEOJHOPOAHOCTEH 0.120 0.028 0.146 0.032
32x32 ’ ’ ’ ’
YMHoOKeHHe MATPHIBI HA MATPHITY 8,61 0,60 12,31 0,011

* - OueHKH NPUBEAEHbI JJIs:

Pentium-100 Ha yacrore 100 MI'u, 0omem O3Y 16 MoaiiT;
Pentium-333 na gyacrore 350 MI'n, 00bem O3V 128 MoaiiT;
UltraSPARC npu gacrore 200 MI'u, 06bem O3Y 64 MoaiiT;

IIIK ua yacrore 33 MI'u.
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[MIIK wucnonb3yercs s MOCTPOCHUS CUCTEM pacno3HaBaHUs 00pa3oB Ha
OCHOBE 00pabOTKHM TEJIECBU3MOHHOMN, TEIJIOBU3MOHHOW W APYrou mHpOpMaImu, a
TAK)KE CHCTEM, OCHOBAHHBIX Ha peaM3allid aJTOPUTMOB C MOPOTOBBIMHU
(YyHKIUAMHA W TPOCTCHIMAMA apuU(METHUSCKAMH OTCPAAIMH, W TO3BOJISET
JOOUTHCS MPHU 3TOM 3HAUUTEIBHON CKOPOCTH BhIUMCIICHUH (Tadm. 5.1).

[IK cocrout u3 criemyromux GyHKIMOHATBHBIX 0J10KOB (pHC. 5.4)

" cXeMa YIpaBJlieHUS;

* (azoBbie BeIUMCIUTENbHBIC AeMenThl (BB31 - BBD6);

"  KOHTPOJUIEP BHEMIHEH muHb (KoHTposuiep E-bus);

"  KOHTPOJUIEP CUCTeMHOMN muHbI (koHTposuiep VME);

* 5Ba MaccuBa ctarndeckoi namaru (O3Y 0, O3V 1);

" OJIOK BBICOKOCKOPOCTHBIX MPUEMHHUKOB/TIepenaTankos (Omox BIIIT).

64
HouTponnep
YME
A0k I
10
CxeHa bB31 bB32 bB3 3
YNpaeneHs
B 4 L L 64 |64 64 | 6d . b4 |64
32"1[. 10 s T Local-Bus 7] i | "
-ﬁ-

KouTponnep
E-Bus

{ bB34 bB35 bB3IG6

BIN

e

NWHK-NOpTEI

[ Brox |

Puc. 5.4. CrpykrypHas cxema IIIK
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Cxema ympaBjiaeHHs HCIOAb3yeTcsa i ynpasiaenus bBD u morokamu
JAHHBIX B BBIYMCJIWTENIC W TIpeacTaBiseT coboi mpocteimmii RISC-nporeccop.
CrpykTypa 1 Ha0Op KOMaHJ MpOoLEeccopa MOTYT U3MEHATHCS B 3aBUCUMOCTH OT
TUNA PELIacMOM 3aJa4H.

bBD wucmonp3yroTcss Ui BRITIOJTHEHHUS MPOCTEHINUX apu(PMETHUESCKUX
omnepaiuii CyMMUPOBAHUA, BBIYUTAHUS, YMHOXKEHUA W BBIYMCIICHUS MOPOTOBBIX
¢dbynakmuii. Tak kak BBD peann3oBanbl Ha MepenporpaMMUPYEMbIX MUKPOCXEMAX,
WX QPXUTEKTypPa MOXKET U3MEHSThCA.

Apxutektypa BBD nnd pa3znuuHbIX aaropuTMOB MOKET OTJIMUATHCS, HO
OHH JIETKO pEATU3yIOTCA TMyTeM KoMOWHammu OWOMUOTEUHBIX (DYHKITHH,
kommysiiun ux npu nomorntu CAIIP (tuma MaxPlus) w 3arpyskum  aiina
koH(pwuryparnmmy B BeiOpannbiii bBO.

Jlea MaccuBa JIOKaJbHOM CTaTHYECKOW TMaMATH, coOpaHHble H3 &
MHUKPOCXEM CTAaTHUECKOHN nmaMsaTh eMKocThio 0,5 MOalT, umeroT pazmep 4MOaiT u
opraHu3oBaHbl kak maccuB 512K 8-0aiiToBbix ci10B. MaccHBbI TaMATH CBSA3aHbBI CO
CXEMOW  YMpaBjicHWS  OTACJIbHBIMM  QAPECHBIMM  IIMHAMH W MOTYT
(hyHKITMOHMPOBATH HE3aBUCMMO JApyr OT jnpyra. llamare mpemHazHaueHa uis
XpaHeHHs  0o0mux  KOd(DPUIMEHTOB, a Takke TMPOMEXYTOUHBIX WA
OKOHYATEJIbHBIX PE3YJIbTATOB BBIYMCIICHUHN, MOJATOTOBJICHHBIX K TNEpeaadye 4epe3
KOHTPOJIJIEP CUCTEMHOM IIWHBI B LICHTPAJIbHBIN MPOLECCOP WU YePe3 KOHTPOJLIEP
E-bus na nunk-moptei. CBsA3b HECKOJBKHX BBIYMCIHTEICH MEXITy COOOW WIH
BBIUUCITUTENSI C YCTPOHCTBOM OIMM(PPOBKH H300pAXEHUS TIPH HATWYUH Y
yCTpoicTBA OMUGPOBKH COOTBETCTBYIONIETO HMHTEpderica OCYyIECTBIAETCS
MOCPE/ICTBOM TIOCJIEIOBATEIHFHOTO KaHaja npuemMHukos/mepeaaTankos HOTLink
¢upmer CYPRESS. Vmnpasnenne mepenaueid MaHHBIX BBHITIOTHSAET KOHTPOJUIEP
BHECIIIHEH IIMHBI, KOTOPbIN MpEeACTaBiseT co00i HA0Op YEeThIpEeX CTaHIAPTHBIX
FIFO wu peructpos ynpasieHusa v aaHHbiX. Kontpomiep mmusl VME BoinosHsET
dbyskuio nHTEpdElica ¢ MEHTPAIBHBIM MPOIECCOPOM W SBJISETCSA CTaHAAPTHBIM
ycTporicTBOM. C TOYKHM 3pEHHUS MPOTPAMMUCTA BBIUUCIUTEb MOXKHO MPEACTABUTD
kak RISC-nporteccop (cxema ympaBieHWsS WX YOPABISAIONIANA TMPOIECCOp) H
HIECTh BEKTOPHBIX MPOLIECCOPOB (BBIYHCITATEITEHBIX AJIEMEHTOB),
orpabareiBatomnx SIMD-komanasl (oAHA KOMaHAa A MHOTHX JAHHBIX).
Bosbiioe KOJu4ecTBO MIMH JAHHBIX, BO3MOXXHOCTh OJTHOBPEMEHHON pabOThl BCEX
bBD wm BhmonHeHue apuMETHUECKHAX OIEpaIuii YMHOXKEHUS W CJIOKCHHA 3a
ONMH TaKT IMO03BOJIgeT 3¢ (EeKTHBHO pacHapauieiiBaTh Mpolecc o00pabdoTKh
uHdopmar. OcCOOEHHOCTBIO CXEMBI YIIPABJICHUS TEPEPOrPAMMHUPYEMOTO
BBEIYUCITUTENS I cUCTeM 00paboTku WH(GOPMAIMKA ABJIACTCS Hajauume padoueit
KOMaH/bl, YMPABJAIOIIEH MIECThIO 0A30BBIMU BBIUMCIUTEIBHBIMU SJIEMECHTAMMU.
Komanna no3BosisieT 0JHOBPEMEHHO 3a OJWH TAKT 3a/1aBaTh PA3JIUUYHBIC PEIKUMbI
(yHKITMOHWPOBAHWA  IECTH  0a30BBIM  BBIUMCIUTENIBHBIM  DJIEMCHTAM |
MHKPEMEHTUPOBATh ajipeca 000MX MACCHBOB MaMATH Ha JtoOoe uuciao ot 0 1o
255, XpaHMMO€ B PpErUCTpPaX HWHKPEMEHTa, MPUYEM KaKJIOMY MAacCCUBY
COOTBETCTBYET CBOM peructp. Komanga MoKeT MOBTOPATHCA JIFOOOE KOJUYECTBO
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pa3 B COOTBETCTBMU CO 3HAUECHHWEM, XPAHUMbBIM B CIEIUAJBLHOM PETUCTPE. ITO
MO3BOJIACT BBIMOJHATH OCHOBHYIO KOMaHJy 0€3 MOTeph HAa OPraHU3alUI0 ITUKIIOB
u nepexonoB. PaGoyas koMaHAa NO3BOJISIET OJHOBPEMEHHO 3alycKarh o0a
KOHTPOJUIEPA JIOKAJbHOW MAMATH, WHKPEMEHTHUPOBATH AJPECHBIE PETHCTPHI HA
TpeOyeMoe 3HAUY€HWE, BBICTABIAT, HA  AJAPECHbIE IIMHBI  aapeca U3
COOTBETCTBYIOIIMX PETMCTPOB aJipeca, BHICTABIATh HA IIWHBI ynpasieHuss bBO
KOMaHbl U3 COOTBETCTBYIOIMX peructpoB bB3. Kpome toro, pabouas komanaa
OCYIIECTBJIACT OPraHU3alMi0 OOMEHA JAAHHBIMU MEXAY KOHTPOJIJIEPOM BHEIIHEH
LIWHBI U JIOKAJIBHOUN MAMSTHIO.

Buemnuii Bua [IIK nokazan Ha puc. [1.4. [Tpunoxenui.

OCHOBHbIE TEHACHIIMK B MPOCKTUPOBaHUH HelpokoMnbioTepos Ha [TIJIMC —
3TO YBEJIIMYCHUE TUIOTHOCTH KOMIIOHOBKH HEHWPOMPOLECCOPOB 32  CYET
YMEHBIICHHUS TUIOMIAAN COSAVMHEHUH W (PYHKIIMOHANBHBIX Y3J10B HH(PPOBBIX
HEUPOHOB. MeToIMKa PEMICHHS 3TON 3a0a4i MPUMEHACTCS:

" B ONTHYECKHUX CBA3SX JUISA TIepenadd HHMOpMAIMi MEX Iy HEHpOHAMU,

= A MOAU(UKATTAH MPOrPaMMHO-aNMNapaTHON peann3anumn
(hyHKITMOHAITEHBIX 3JIEMEHTOB HEHPOBBIUUCITUTEIIECH;

" 1A ONTHMU3ALUWHA TMPEICTABICHUAS MNPOMEXKYTOUHBIX JAHHBIX B CJOSX
HEHPOHOB — HEUPOHHOM CETH CO CHKaTOH (HOpPMOM BHYTPEHHUX JTaHHBIX.
PaccmoTtpennsie BAPHUAHTHI HEUPOKOMITBIOTEPOB o0ecneunBaroT

BbinosiHeHUE [[OC u HeHWpoaJropuTMOB B pEAJIbHOM MaciliTade BPEMEHH,
YCKOPEHUE BEKTOPHBIX W MATPUYHBIX BBIYMCJICHHW, 1O CPAaBHEHUIO C
TPAJIALMOHHBIMA BBIUYHUCIIUTENBHBIMA CPEICTBAMM, B HECKOJIBKO Pa3 W MO3BOJISIOT
pEaTM30BbIBATh HEUPOHHYIO CETh C YACJIIOM CHHAMNCOB 10 HECKOJIBKUX MUJUIMOHOB.

Eme Oosnbllle MOBBICUTh MPOU3BOAMTEIIBHOCTh  HEHPOKOMIIBIOTEPOB
JAHHOTO THMA MOKHO MPH UCMOIb30BAHUN OJHOTO U3 CAMbIX MOIIHBIX HA CETOIHA
curHaibHBIX mporieccopoB — TMS320C80, TMS320C6xxx dupmer  Texas
Instruments.

Heiipoxkomnbrorep Neuro-Turbo ¢pupmbr Fujitsu

[Tpumepom peanmzanmm Heripokommbsiorepos Ha [IIOC dupmsr Motorola
aprgercs Herpokommbiorep Neuro-Turbo ¢dupmsr Fujitsu. O BeITTyckaeTcs Ha
OCHOBE YETBhIpEX CBA3AaHHBIX KoJbIOM 24-pazpsaanbix IIIOC ¢ mnnaBarormiei
toukoii MB86220 (ocHOBHBIC TIapaMeTphl. BHYTPEHHSASI TOUYHOCTH 30 pa3psiaos,
mamuHHBA KT 150 He, mamsate nporpamMm — 25 Kcnos x 2 (BHyTpeHHsst), 64
Kcmos x 4 (BHemnss), texHonoruss wusroronenus KMOITL 1,2 mxwm).
AxtuBaronHas (QyHKIMA HEHPOHOB orpaHWumBaeTcs B nuarnazone ot 0 mo 1, a
BO3MOXKHBIC 3HAUEHHUS BXOJOB HE MPEBHINIAIOT 16 paspsAmos, 9yTo 00ycaaBIuBacT
JOCTAaTOUHYKD TOYHOCTh Tmpu 24-pazpsgHoit  apxutektype. [loctpoeHue
HEMPOKOMITBIOTEPA HAa OCHOBE KOJBIEBOM CTPYKTYphl oObeauHenus I[I1OC
MO3BOJISIET CHHW3UTH ammapaTHbIE 3aTpaThl HAa PeaNHM3alldio  TOJICHCTEMBI
IEHTPATM30BAHHOTO apOUTpaka MEKMPOIIECCOPHOTO B3aUMOICHCTBHS.
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I lvHa Host-cucrembl (ISA, PCI, ¥ME W np.) I

AeyxEXOQOEAR
A NaHATE

MNaMATE DSP O MansAms pabouwnx
=1 porpamm mBs6z220 [* # nanneix, Gank 0
I
AEyREXOADEAR
naHATE, bank O
MNaMATe DSP 1 ManaTe pabeunx
nporpaMM MBE6220 " * AanHe, Bane 1
I
AeyHEROQOEAR
NaHATL, bank 1
MNaMAaTe D5P 2 T MNanaAme pabounx
nporpamm mes6zzo ¢ 1 M nannsix, Gank 2
I
AeyHEROQOEAR
NaHATL, bank 2
MaMATb DsP 3 f ManaATs pabownx
nporpaMM MB36Z220 * M nanneix, Ganx 3

AeyHEROQOEAR
NaHATE, bank 3

Puc. 5.5. Crpykrypa Heiipokomnbiotepa Neuro-Turbo ¢gupmsl Fujitsu

Hetipoxommprotep Neuro-Turbo (puc. 5.5) cocrout w3 dersipex [111OC,
CBSA3AHHBIX JPYT ¢ apyroMm asyxmnoptosod mamsateio (JII1). Kaxnerit uz [MIOC
MOXeET o0paraThCcs K IBYyM MOJYJISAM Takou mamsaTh (eMkocThio 2K cimoB kaxkmas)
u Kk paboueit mamsatu (emkocthio 64K cmoB x 4 0GaHka) B CBOEM aJApECHOM
npocTpaHcTBe. BclencTBue TOro, uTo JAOCTYN K JBYXINOPTOBOM MaMsATH
OCYIIECTBJIACTCS CydaHbIM oOpazoMm oaHuM u3 coceanux I[OC, To nepenaya
JAHHBIX MEXAY HUMHW TPOUCXOAUT B ACUHXPOHHOM pexume. Pabouas mamsaTh
UCTIONIB3YETCA I XPAHEHWS  BECOBBIX  KOY(PPUIMEHTOB, JaHHBIX U
BCrioMorareabHo wuHpopMarnmu. [l ycmemmHoi paboThl HEHPOHHOH CeTH

142



HEOO0XOUMO TOJIYYEHUE CBEPTOK BO BCEX SJIEMEHTAPHBIX HEHPOHHBIX Y3JIax.
Konbniepass crpykrypa oObeaudenus IIIIOC obOecneunBaeT KOHBEHEPHYIO
ApPXUTEKTYPY CBEPTKH, MPHUUEM Mepe/iava JaHHBIX O KOHBEHEPY OCYIIECTBIACTCS
nocpencteom JIIII. ITocne toro kak IT{OC 3arpyxkaer nanasie u3z ognoi JIIII,
OH 3alKCHIBACT pe3yJbTarhl cBOeH padoThl B cMmexuHyro I, crmemosarenbHo,
KOJIbIICBAsI apXWUTEKTypa TapaiieibHOH 00padOTKH 00ECIEeUnBAET BBICOKYIO
CKOPOCTh ONEpAlMd C MCIOJIb30BAHUEM OTHOCHUTEJIbHO MPOCTHIX amnmapaTHBIX
PELLIEHHUN.

Jlns seimotHeHHST (DYHKITHI 0OITeTo yrpasieHus ucnoibsyercs Host-OBM
Ha OCHOBE OOBIYHOM BBIYMCIUTENIBHOM cHcTeMbl. OOMEH JaHHBIMHA MEXAY
Heliporuiatoi U Host-OBM  npoucxoaut uepe3 uLeHTpaidbHbiil Momaynb JIITL
3arpyska nporpamm B IIIIOC ocyiiecTBasieTcs MOCpeACTBOM MaMsITH KOMaH JIs
kaxgoro IIIOC. CnenoBaTenbHO, apxXUTEKTypa HEHPOKOMIBbIOTEPA MOJHOCTHIO
COOTBETCTBYET TMAPAJUICTIBHOW pachpenesieHHo apxutektype tuna MIMD.
[TuxoBas npousBoauTebHOCTL cuctembl 24 MFLOPS.

Jlna peanuzammu MOJIETH HEWPOHHOW CETH MEPApXWUEeCKOTO Tuma pupmoit
Fujitsu Beimymena wetiporuiata Ha ocHoBe IIIIOC MB86232 ¢ coOcTBeHHOM
namaTeio 10 4 MO, 4TO MO3BOJISIET OCYIIECTBIIATh MOJEIUPOBAHUE HEUPOHHOU
cetu, conepxaiieit donee 1000 HeiiponoB. CTpykTypa HEMPOHHOW CETH BKJIFOYAET
B ceOs BXOJHOH, MPOMEXKYTOUHBIM W BBIXOJHOW YPOBHH (HAmUOOJBITIEE YHCIIO
CKPBITBIX CJ0€B — fBa (orpanmueHue 1o mnamaTtH)). [na oOyueHus
HEWPOKOMITBIOTEPA UCTIOJIb3YIOTCA OPUTHHAJIBHBIC AJITOPUTMBbI;

"  BUPTYAJIBHOTO UMIIEJIAHCA,
"  CKOPPEKTHUPOBAHHOT'O OOYUCHUS,
" Y PacUIMPEHHOrO 00YUYEHUH.

Kaxnas u3 pacCMOTPEHHBIX THUIOBBIX CTPYKTYP HEHPOHHOW CETH MOXKET
MOJIETUPOBAThCS. HA OCHOBE TMPUBEIACHHBIX BbIIIC BAPUAHTOB MMOCTPOCHUS
MYJIbTUIPOLIECCOPHBIX HEHpOKOMMbIOTEPOB. Tak, i HEHUpoKOMMbIOTEpAa Ha
ocHoe [IIOC TMS320C4x npu peaiuzanvd KakOW-TMOO U3 PACCMOTPEHHBIX
cXeM (KOJIbIIO, MEPApPXUUYECKOE JEPEBO, THUIMEPKYO W T.M.) MOCTATOYHO TOJBKO
W3MEHUTh HA3HAYEHUS KOMMYHHUKAIIMOHHBIX MOPTOB YTOOBI 00ECIEUUTh THOKOCTh
U MaclITabUpyeMOCThb TMPU CHHTE3€ HEUPOCETEBBIX CHUCTEM  PA3JIMUHOU
APXUTEKTYPHI.

Heiipoxomnbiorep ADP6701PCI xomnanuu HCTpyMeHTaIbHbIE CHCTEMbI

Kaptel  naHHOW  cepuM  OPHUECHTUPOBAHBl HA  NPUMEHCHHE B
TEJICKOMMYHHMKAIIMOHHBIX W HABUTALIMOHHBIX CHUCTEMAX, BKJIOYas 0a30BbIC
CTAHIIMM, B CHUCTEMAxX MEJIUIMHCKONW JUArHOCTUKH, TMO3UIIMOHUPOBAHMS,
MYJIbTUMENA, TAE TPeOYyeTCA CBEPXBbICOKAS BHIUMCIUTEIbHAS MOITHOCTD.

CrpyktypHas cxema myiabTurpolieccopoit kaptei ADP6701PCI kommanuu
«HCTpyMEHTaIbHbIE CUCTEeMbl» peann3oBaHa Ha Oasze [M[OC TMS320C6701
npousBoauTeabHOCThIO 1 GFLOPS. Bremnuii Bua kapThl OpeACTaBIICH Ha PHC.
1.5 [punoxxenuii.
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HeitpokommpioTep MMEET BOCEMb MapalJICIbHBIX BBIUMCIUTEIBHBIX OJIOKOB
n obecneunBaeT BoinonHeHue BII® na 1024 orcuera 3a 109 mkc.
OtanunTenbHbIE 0COOCHHOCTH KapThI:
» OydepHas maMaTh TpakTa BBoga 64 K x 32;
» OydepHas maMaTh TpakTa BeiBoja 64 K X 16;
" JBYXIOPTOBAs crarvueckas namsath 64 K x 32;
" CHHXPOHHAas AWHAMUYecKas mamsaTh 10 16 Mbaiit.
bnaronaps rubkomy anmaparaomy uaTepdeiicy va [JINC, obecnieunBaercs
MpOrpaMMHasi COBMECTUMOCTD PA3IMUHBIX CyOMOTyJIEH.

Heiipoxomnbrorep DSP60V6 komnannu MHcTpyMeHTAIbHBIE CUCTEMbI

DSP60V6 - BBICOKONPOWM3BOAWUTEIIBHBIM MYJBTHIIPOLIECCCOPHBIA MOIYJIb
coopa wm 1mdpoBoii oOpaboTkm curHaNoB, ocHoBaHHas Ha [I{OC
ADSP-21060/62 SHARC (puc. I1.6 Ilpunokenuii). OH MO3BOJMAET BBHIMNOIHATH
nporpammbl SHARC BO B3auMOJEHCTBHM C YCTPOMCTBAMHU, Pa3MEIICHHBIMHU Ha
nouepHei ate ADM, B kauecTBe KOTOPOH MOTYT HCHOJb30BaThca Moy ALILT
u [{AIL. ADP60VS5 ycTanaBavMBaeTCsi B TPOMBIIIJICHHBIE KPEUTHI ¢ pa3MepoM Iij1aT
6U. HelipokoMIbIOTEP MOXKET padOTaTh KaK aBTOHOMHO, TaK U C KOMIBIOTEPOM,
umetomuM muHY VME. Tlporpammer ADSP-21060/62 wn mannble 3arpykaroTcs
yepe3 muHy VME w/unmm uepes3 monb30BaTenibekie BoIBOB pazbema J2/P2 (X2).
Uepes mannbie uHTEpdeiics ocymecTBisaeTcs copoc ITIOC, npocMoTp mamsatu u
WHULIMMPOBAHKUE BBIMIOJIHCHHS TIPOTPamMM.

HeitpokommpioTep MOCTPOEH Ha mporieccopHoM knactepe m3 mectu [TOC
ADSP2106x xommanum Analog Devices mpomssoautensHocThio 120 MFLOPS
Kaxapid. B mponeccopHoMm knactepe ycraHaBiauBaerca g0 1M x 48 Our
OMEepaTUBHON cTaTudyeckod mamsaAtd u g0 16M x 32 Our onepatuBHOM
JTAHAMUYECKON mamaTth. Kiactep mMeetr B CBOEM aApecHOM npocTtpaHcTBe VME
untepdeiic 1 FLASH mamsare 4M x 8 6ur. Heifipokommbeiorep Moxer paboTarh
He3aBucMMO OT mmHbI VME — B 3TOM cliyyae mpueM W nepefadya JAaHHBIX
MPOU3BOJUTCA MO 6 KOMMYHHUKAITMOHHBIM TTOPTaM.

Heiipoxomnbiorep M1 komnanuu Moayb
Moayns M1 BeimonHen Ha 6aze TILIOC TMS320C40 xkommanum Texas
Instruments, CBSI3aHHBIX MO BBICOKOCKOPOCTHBIM JIMHKaM. Mmeercs BO3MOKHOCTh
KACKaJIUPOBAHUS — MOJKIIFOUCHUS K MOJIYJIFO aHAJIOTHUHbIX mart [15].
OCHOBHbIE XapaKTEPUCTUKH:
» [SA-unTepdeiic;
= 10 yetbipex TMS320C40 ¢ wactoroi 50 MI 11
" nmKoBas npousBoauTeabHocTh 100 MIPS, 200 MFLOPS, 1100 MOPS;
= o0veM SRAM 5 M6 (o 1 M6 na ITIIOC + 1 M6 pazaensemsiii ¢ [1K);
= BpeMms BbiOOpKH 20 HC;
= 00beM DRAM — no 32 M6;
» 8 BHemHMX cBA3eH (ckopocth — 20 M6/c).
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Heiipoxomnbrorep M2 komnanuu MoayJb
MuoronpoueccopHbiit Moayis M2 ansa 1{OC BeinonHen Ha ocHose TIIIOC
TMS320C40 ¢upmer  Texas Instruments Inc. w mnpencraBaser coboit
OJIHOIJIATHY0 MHOTOMPOLIECCOPHYIO BEIYUCIIUTENIBHYIO CUCTEMY .
HeilipokoMnbroTep mpeaHa3HaueH Kak Jyjisi aBTOHOMHOW paloThl, Tak U JUJIs
¢dynakmmonnposanusa B cocrtae [IK ¢ cucremuoit muaoit VME-bus, B ToOM uucie
COCTOSIIIIECH M3 HECKOJIbKUX TaKHUX K€ MoayJiedH. KOHCTpYKTUBHO OJI0K BBIMIOJIHEH
B COOTBETCTBHHM C MeXaHWYeCKMM ctaHmapToM Ha wuHTepdetric VME-bus IEEE
1014 (6U).
Heiipoxommnbrorep M2 conepKuT:
=  VME-bus koHTpoJLIED;
=  Master/Slave uarepdeiic;
= go mect TMS320C40 ¢ wactoroi 50 MI'11;
= 10 2 M6 SRAM Ha nporieccop;
= 10 64 M6 DRAM Ha mnare;
» Flash-EPROM no 0,5 M6;
» JTAG-unrepdeiic;
= RS-232-untepdeiic.
Oommas npouspoauTeabHocTh — 10 300 MFLOPS.

5.2.2. HeiipokoMInbIOTEPHI, peajIM30BaAHHbIE HA 0a3e HelipoUuuroB

Hapsany c¢ nedipoyckopurensamu Ha 0Oaze [UJIMC u ITHOC B mocnennee
BpEMs IIMPOKOE PACOPOCTPAHEHWE MOJYYAOT HEHWpPOyCKOpHTENnu Ha 0asze
CIIEITHANTM3UPOBAHHBIX HEHPOUHNTIOB.

[Tpoananuzupyem 0COOCHHOCTH MX PEATU3ALIMN HA KOHKPETHBIX IPUMEPaX.

Heiipokomnbrorep MI114.01 (NM1) komnannu Moayb
Berpausaemsiit mogyns MI14.01 (NM1) mpousBoactBa kommannu Moyiis
[15] npennasHaueH [AJia pEeUICHUWA PA3JIMUHBIX 3374a4 HEUPOHHBIMU U
HEWpOMoJOOHBIMK ajiropuTMaMu, a Takke 3amad [1OC u yckopeHus BEKTOPHO-
MaTPUYHBIX BBIYUCICHHUH. Momynb (puc. 5.6) BBHITIOJIHEH HA OCHOBE HEWpouuma
NeuroMatrixR NM6403 u npencraBisier co00¥ OMHOILIATHBIA HEHPOYCKOPHTEID
KOHCTPYKTUBHO BBITIOJIHEHHBIN B BUJI€ KapPThl, BCTABJISIEMON B CTAHJIAPTHBIN CJIOT
bl PCI TIK. OH coaepxut:
= nBa Helpouuna NM6403;
* ot 2 go 8 Mbaiit ctatnueckoit mamsatu (SRAM);
* 64 Mbaiit tunamunueckoit mamatu (EDO DRAM);
* yertbipe BHEITHUX COM-mopta ¢ Temmom odmena 20 Mbaiit/c kaxkabiid.
[Tpon3BOOUTENBHOCTS:
" BEKTOpHbIE onepanuu — 1,9 Mapa onepanuii B CEKyHIY;
" CKaJIsIpHbIE onepanuu — 10 320 MJIH onepaiyii B CEKYHY.
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Heiipoxomnbrorep CNAPS/PC-128 komnanun Adaptive Solutions

Kapra CNAPS/PC O6wina Bemymiena B CIIA B HosiOpe 1995 roma m
o0agaeT pAIOM XapaKTEPUCTHK, KOTOPbIE Ha TEPBBIA B3MSIA  KAKYTCS
HEAOCTIKUMBIMU. [Ipn 00ydeHMM Ha CIOXKHBIX JaHHBIX HEHPOKOMITHIOTED
npesocxoaut [IK Ha Gasze Pentium mo ObICTPOAEHCTBHIO B HECKOJBKO COTEH (Ha
OTIEIBHBIX TECTaX — B ThICAYY) pa3. HelpokoMmpoTep MO3BONSIET
MIPOTHO3UPOBATH 3aBEIOMO HEPEATM3yeMble 3a7aud — TEKYIIyIO0 CHUTYyalHuio Ha
MHPOBOM BAJFOTHOM PBIHKE, JUHAMHUKY TMOJMTHYECKAX COOBITUH B PETHOHAX H
naxe uexoa pyTOOTBHBIX MATUCH.

Crapmiag Mojenb CepuM HMMEET MNHUKOBOE ObicTpoAeiicTBue 2,27 miapa
COCTMHCHUI/C, YTO TO3BOJISIET COKPATHTh BPEMs aAHAJIUTHUCCKOW 00pabOTKH
MaHHBIX. J[71 CpaBHEHUS — MPU PEIICHUA HEWPOCETEeBHIX 3aAau cTtanaapTHeie [TK
MOKA3bIBAIOT CIIEAYIONIEe OBICTPOACHCTBHE:

= 486/ 50 MHz — 750 T1bIC. COEn. /C;
= Pentium / 90 MHz — 1980 Tsic. coen. /c.

KonctpyktusHo HetipokommbioTep CNAPS/PC  mpeacrasnser  coboi
MOJITHOPA3MEPHYIO  KapTy,  BCTaBiseMyl0 B cloT  pacmmpenuss  PC
(mognepsxxuBatotcs Bl [SA 1 PCI). Ha mnate pasmemenst 2 nu6o 4 Heiipo-
CBUC, peanuzyromux 64 nubo 128 HelpornpoiieccopoB cOOTBETCTBEHHO. Kpome
toro, kapra coaepxutr 512 Kbaldt OblcTpoACHCTBYIOIIEH K3II-MAMATH U
cranaaptaeii SIMM O3V — 4 Mbaiit (pacmmpsiemsrit 10 36 Mbaiir).

Heiipoxomnbrorep ZISC/ISA komnanuu IBM

ZISC/ISA  mnpemnaznauen i1 IBM  PC  coBmectmmbix  TIK.
Heitpoyckoputens nmoctpoeH Ha 16 netripounnax ZISC036 u umeer 576 HEHMPOHOB.
Bo3MmoxHa ycTaHOBKA HECKOJIBKMX KapT, OJHA M3 KOTOPBIX padOTaeT B PEKUME
Master, a apyrue — Slave. Buemmmii Bun [SA-HelpoyckopuTens mpeaCcTaBlicH Ha
puc [1.7 [lpunoxxenuii.

Heiipoxomnbrorep ZISC/PCI komnanuun IBM
JlaHHBIH BBICOKOMPOU3BOAUTENIBHBIA HEUPOYCKOPUTENL MPEAHA3ZHAYCH IS
pa6oter B PCI cnore 1K (BHemHui Bua ipeactasiieH Ha puc. [1.8 npumoskennii).
OCHOBHbIE MAPAMETPHI:
= pabouas yactora — 33 MHz;
"  mpou3BOaUTENRHOCTE — 165000 onepaiiuii B ceKyHy;
" YCKOPUTEIb MOXKET coaepxath — 1,7,13 unu 19 neitpounnos ZISC036.

HeiipokoMnbioTepbl Synapse KoMnaHuu Siemens

Kommanmss Siemens Nixdorf Informationssysteme (SNI) — moduepnee
NPEeANpPUATAE KOHIIEpHA Siemens B  COTPyAHWUECTBE ¢ MaHreMcKuM
YHUBEPCHUTETOM CO3/Jajla HEMPOKOMMBIOTEP MO Ha3BaHueM Synapse 1 (cm. .
5.3), KOTOpBIH TOSIBIWIICS Ha phiHKe B cepeawde 1994 r. B nanbreiimem ObuH
BBINYIIICHBI HEMpoyckopuTenu Synapse 2 u Synapse 3.
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" HelpokommnboTep CUIMKOHOBBIA MO3T, co3aanHbiid B CIIA no nporpamme
"ONEeKTpOHHBIA  MO3r" W MpeIHA3HAYEHHbIH Ay 00paboTKu
a’POKOCMHYECKUX H300pakeHuid ¢ mpomsBoautenbHOocThio 80 MFLOPS
(80 x 1015 omeparuii B cekyHAy), ¢ OOBEMOM JTaHHBIX, PABHBIM CPEITHEMY
o0beMy HH(POPMAIIAN, XPAHAIIESHCS B MO3TE UEJIOBEKA,

* HeipokommbioTep OMOpuon (Poccust).

Heiipoxkomnbrorep Synapse 1 komnanuu Siemens

bazoBbiii kommiekt Synapse N110 npennonaraer Haauuue riasaod OBM —
pabouei cranmmu Sun Sparcstation 5 mogenu TX1 B kauecTBe BCIIOMOTaTeIbHOTO
KOHCOJIUJUPYIOIIETO YCTPOHUCTBA, 00JIErYarolliero mpoiecchl MporpaMMUpPOBaHUs,
MPOCKTUPOBAHUA HEUPOHHBIX CETEH, TECTHUPOBAHMS, YIPABJICHUA BHEIIHUMU
YCTpOWCTBaAMH, BbIBOJA Pe3yibTaToB W T.0. [naBHas OBM compdaraercs ¢
anmaparypoi Synapse 1 uepes muny VME.

B apxutexktype Synapse 1 MOXHO BBIACIUTh YETHIPE OCHOBHBIC
KOMIMOHEHTBI; MAaTPUUHbBIA MPOLIECCOP, MaMATh BECOB, YCTPOWCTBO YIPABJICHUS U
YCTPOMCTBO JIAHHBIX CO CICIYIOIIMMH XapaKTEPUCTUKAMHU:

" qpoleccopHas Iara ¢ wmarpuned w3 Bochbmu IIIIOC MA 16 ¢
MPOU3BOAUTEILHOCTRIO 3,2 Muapaa omneparuii ymHoxkeHus (16 X 16
out) U cioxenus (48 OUT) B CEKyHIY;

= pamAaTh BecoB 128 Mbaiir;

"  yCTpOMCTBO ynpapiieHHs Ha 6aze Motorola MC68040;

" ycTpoMCTBO AaHHBIX Ha 6a3e Motorola MC68040;

" BCE anmapaTHbIE CPEICTBA PAa3MEIIAIOTCA B HEOOIBIITIOM KOPIYCe 667
X 398 X 680 MM.

[TpoBoauMBIE  UCCACAOBAHMA  TOKA3aJM, UYTO  NPOU3BOIUTEIHHOCTb
BBITIOJTHCHUSI HEHWPOCETEBBIX OMNEpaluii Ha HeHWpokoMmmbpioTepe Synapse 1, mo
KpaiiHell Mepe, Ha TpHU MOPAJKA BBIIIE MPOU3BOJUTEIBHOCTH TPAAUIMOHHBIX
BBIYMCJIUTENIbHBIX CUCTEM.

HeitpokoMmnptoTep  MO3BOJIAET  MOJACIHMPOBATH  HEHPOHHBIE CETH  C
KojudyecTBO cuHarcoB 0 64000000, a ruOKOCTh apXUTEKTYpPbl MPAKTHUECKUA HE
OTPaHUYUBAET Pa3HOOOPA3ZHOCTh HEUPOCETEBBIX MAPATUTM.

HeiipoxomnbroTep IMOpHoOH
HeiipokomnbtoTep  OMOpuoH  pa3paboTaH ¢ ydacTHEM  4JieHa-
koppecnionaenTa MAW B.JI. [pirankosa (puc. [1.5 mnpunoxennii). bouio
peaNM30BaHO HECKOJBKO MOMM(HUKANWANA JAHHOTO HEWUPOKOMIIBIOTEpA s

pa3UuHbIX npuoxeHuit [10]:
" W3MEPEHHUE CIyYalHbIX MHOTOMEPHBIX YIPABISEMbBIX UMITYJIbCHBIX TIOTOKOB

OMOpHoH-1;
"  WHTEPCEHCOPHBIN MEPEHOC «TJIa3)» - «PYKaY,
"  TeXHWYECKas JMAarHOCTHKA HEUCITPABHOCTEH SHeproreHeparopa

CaMOJIETHOH 3MeKTpocTaHmu (OMOpHoH-2);
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6. JABOPATOPHBII IPAKTUKYM

[eas — mpemocTaBuTh 00ydaeMOMY BO3MOXKHOCTh CaMOCTOATEIHHO PEIINAThH
HECKOJIPKO HECIIOKHBIX, HO BEChbMa MHTEPECHBIX 33]a4, UCTIOIb3Ys MPOTPAMMHBIH
MPOAYKT It MoaeiaupoBaHus HeWpoHHBIX cerei TRAJAN kommanmm Trajan
Software Co. (BenukoOpuranusa) win J00yI0 APYTYIO aHATOTHYHYIO MTPOTPaAMMy
Ha BHIOOp (cM. Tabm. I1.1 mpunoxenus).

JlaGopaTopHBI MPAKTHKYM OTPa)KaeT OMbBIT TOATOTOBKH POCCHHCKUX W
WHOCTPAHHBIX CTYJCHTOB B 00JIaCTH NMPUMEHEHUS HEHPOHHBIX CeTel Ha Kadempe
NnudopmarimoHHO-N3MEPUTENBHOW TEXHUKH MOCKOBCKOTO  JHEPTreTHYECKOTO
WHCTUTYTa (TEeXHWUECKOro yHmBepcurera) W Ha kKadeape WT-7 Mockosckoit
rOCYy/IapCTBEHHOHN aKkaJeMHUH MPHOOPOCTPOCHUS U MH(OPMATHKH.

[To3BonsieT 3aKpenuTh TEOPETHUSCKHA MaTEepHal W TOJYYHUTh HEKOTOPHIE
MPAKTUUYCCKHE HABBIKK B CHHTE3€ W 00YUCHUN HEHPOHHBIX CETEH.

JlaGopaTopHBIi TIPAKTHKYM TOCTPOEH HAa OJHON W3 TPOCTHIX, U B TO XK€
BpeMsi HauboJiee JacTO MPUMEHSIEMOMW, MOJCIH MHOTOCJTOWHOTO TEPCENnTPOHA U
aNropuT™Ma 00PaTHOTO PACTIPOCTPAHCHHS.

BrimonnHeHne  mpakTMKymMa — JOMyCKaeT  HMCIOJB30BaHWE  CBOOOHO-
pacnpocTpaHsaseMon AeMOHCTpalimoHHON Bepcuu nmakera TRAJAN.

6.1. JIaGopaTopnas padora Ne 1
Co3nanue u o0yueHue npocreiimeid HeHPOHHOM ceTH

Ileqsb — OCBOEHHE OCHOBHBIX MPHEMOB PadOThl C JIEMOHCTPAIIMOHHOM BEPCHEH
nporpamMHoro npoaykra TRAJAN B xoae cozganus W oOydeHHA TPOCTEHIICH
HEeWpoHHOM ceTH [1].

3ananue

1. TToBTOPUTH COOTBETCTBYIOMIHI TEOPETHUCCKUH MaTepuan (riasa 2: m. 2.1
—2.3 urnasa 3).

2. Coznath U 00y4uTh HEHPOHHYIO CETh, KOTOpass OyJET COCcOOHA peliaTh
JOTHYECKYIO 3aaauy uckmouatoriero «MJINy». Tabnuiia KICTHHHOCTH JiJ11 BeChbMa
MOJIC3HOM JIOTHYECKO# (hyHKITHHN TipuBeacHa B Ta0. 6.1,

3. IlpoBeputh paboTOCMIOCOOHOCTH HEHPOHHOM CETH.

4. OTBETUTH HA BOMPOCHI AJid camonpoBepku Ne 1 — 4,

Co3naHue HelipoHHOI ceTH

Homas Heliponnas ceTh co3maetrcs B Trajan ¢ momomisio okHa Network
Creating (Co30anue cemu), xoropoe noctynuo u3 meuio File/New/Network vnn
M0 HAXATUIO COOTBETCTBYIOIICH KHONMKHA HA MAHEIN UHCTPYMEHTOB.

[Tocne Toro, kak Ha 3KpaHe MNosABUTCA OKHO Network Creating s
CO3JaHUA HOBOM HEMPOHHOM CETH, CIEAYET NPOU3BECTH CIIEAYIOLINUE NECUCTBUA.
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Boi0op Tuna HeiipoHHOIT ceTH

HemonctpamonHaa Bepcusi TRAJAN mnpennaraet ABa Tura HEHPOHHBIX
ceted. Jlna pelneHus 3aAad, MOPEACTABJICHHBIX B JAHHOM J1aDOpPaTOPHOM
MPAKTUKYME,  PEKOMEHAYETCS  HWCMOJb30BaTh  HEWPOHHYHO  CE€Th  THUNA
MHO20CI0IIHBLIL NepcenmpoH, KOTopas BbIOpaHa B TaHHOM OKHE T10 YMOJYAHHIO.

Tabauua 6.1. Tadmua HCTHHHOCTH AJs JOTrHYecKoH PyHKIUH HcKIovaomero « AJIN»

Bxoa 1 Bxon 2 Hcrnna?
0 0 1
0 1 0
1 0 0
1 1 1

OnpenesieHne KOJMYECTBA CJI0€B B HEHPOHHOI CeTH U UX pa3MepHoCTell

[Ilpn 3agaHWK KOJIMYECTBA CJIOCB Balled HEHPOHHOM CETH, CIEAYET
YUMTBHIBATH Clieaytoime ocooeHHocTh nakera TRAJAN:

1. IlporpamMmMHbIA  MPOAYKT  MOAACPKMBACT  MAKCUMAJIbHBIA  pa3Mep
HeWpoHHbie ceTh: 128 crnoeB mo 128 HeHpoHOB B KaXKa0M, MPU STOM
MEPBBIA CION BCEraa ABJISAETCS BXOOHBIM M MCIOJB3YETCSA TOJBKO A
MOJIYYCHUSI CEThIO HMCXOJHBIX JAHHBIX, A TMOCJICAHWUHA — BBIXOJHBIM, H
BBIXO/IbI €r0 HEMPOHOB ABJIAIOTCA BBIXOJAMH BCEU CETU B LIEJIOM.

2. Jlnsg pelieHUs TMOCTABJICHHOW 3aJauyud  PEKOMEHIYETCA HCIOJIb30BaTh
MPOCTEHIIYIO CTPYKTYPY HEHUPOHHOWU CETH, COCTOAIIYK) U3 TPEX CIOEB:
BXOJHOM CJIOM C ABYMS HEMPOHAMU, CKPBITBIA CJIIOU C ABYMS HEHPOHAMU U
BBIXOJHOMW CJIOH ¢ OAHUM HEeWpoHOM (2-2-1).

Jlnd 3amaHud  KOJIWYECTBO HEUPOHOB B  KaXKJIOM CJIO€ HCIIOJIB3YETCS
MaTpuia, nOpeacTaBlicHHas B okHe Network Creating. OuHa BBIIJISIAT Kak
HeOOoJIbIIas ANEKTPOHHASA Ta0JIrIIA.

Heo0xoauMo omnpenenuTs KOJIMYECTBO HEWPOHOB B KaXJAOM CJIO€ CETH C
MOMOIIIBIO TIEPBOM SAUCHKK 3TOW MATPHIlbl, NP 3TOM JIFOOBIE CIOW C HYJIEBHIM
KOJIMYECTBOM HEHPOHOB OYIyT MPOUTHOPUPOBAHBI.

[Tocne 3amaHus KOJIMYECTBA HEWPOHOB B KAXKIOM CJIO€ HEHPOHHON CETH,
TRAJAN caMOCTOATENLHO OMPEASTUT KOJMUYECTBO CJIOEB MyTeM BbIOOpa H3
MATPHIIBI TEX CJIOEB, Y KOTOPBIX KOJTMYECTBO HEUPOHOB OTJIMYHO OT HYJIA.
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Ilpumeuanue. Moodicno 3amemume, 4mMo Mampuya cooeplcum cHpokKy O
3a0anuUs «KMUPUHBL) Kadxncoo2o cnosa. Cmpoxa peoko ucnonv3yemca 6 TRAJAN ona
kapm KoxoHneHna, xoms ¢ noMowipbio Hee MOJCHO 3A046amb U WUPUHY C10€8 014
HElpOHHbIX cemell HEKOMOopPbIX Opy2UX MUNO8.

OO0yueHue HelipoHHOI ceTH

AnroputM 0OpaTHOrO pacnpoCTpaHeHUs oOydaeT HEUPOHHYIO CETb,
UCIONb3ysl  JOCTYIHBIE €My JIaHHbIC, KOTOpbIE XpaHATCA B  Habope
MPEICTaBUTEILCKUX BBHIOOPOK /utsi oOyuennsa. Ha kaxkmoit urepanuu (B TepMHHAX
nporpammHoro  mpoaykta  TRAJAN -  «moxe»), HEHpPOHHOH  ceTH
MPEOCTABIAETCA BECh MOJATOTOBJICHHbIH Habop oOyuaromux mnap. Beixoasl,
MOJIy4Ya€Mbl€ HEUPOHHOWU CETHIO, CPABHUBAIOTCA C IHKEJAEMBIMHU PE3YJIbTaTaMM.
[Tpu »TOM oOmmMOKA HEHPOHHOW CETU BBIUKCIACTCS KaK PA3HOCTh MEXKIY
KEITAaeMbIMA W (DaKTHUESCKUMU Pe3yJIbTaTaM1 W UCTIONB3YETCS TSl PETYJIMPOBAHUS
BECOB HEMPOHOB B CETH.

Jlist oOyueHust HEHPOHHOM CETH HEOOXOUMO:

"  OTKpbITh OKHO Training Error Graph, ucnofb3ys MO3UIUI0 MEHIO
Statistics/Training Graph;

" OTKpPBITh OKHO Back Propagation, uicnoib3ysi IO3ULIAIO MEHIO
Training/Backprop;

" pacmoJIOKWTh Ha SKpaHe OKHA Tak, 4ToObl OHM ObIIM 00a BUIHBI W HE
MEPEKPHIBAII APYT APYra;

" 3aMyCTUTh QJITOPUTM OOyuYeHHs TyTeM HaxkaTtus Ha KHomky Train
(Obyuenue) B oxne Back Propagation. llpu »5>ToM 3aBUCUMOCTD
CPEAHEKBAAPATHUCCKON OIMOKK OO0yueHHUs] HEUPOHHOW CETH OT YHCia
UCIIOJIE3YEMBIX WTepanuii OyAeT BhUCPUMBATHCA HA TrpaduKke B OKHE
Training Error Graph,

" VYBEJIMUWUTh YKCJIO wuTepaumii B okHe Back Propagation u o0yudThb
HEWPOHHYIO CETh BHOBb, HAXaB KHOMKY Train.

BrHavane MoaenupoBaHWs TIPU  KCHOJBb30BAHWKM HEOONBIIOTO YHCIA
UTEpalMi, CPEIHEKBAIpaTUUYECKash OIIMOKA YMEHBIIAETCSI, HO HEHAMHOTO. JTO
00yCJIOBJICHO TeM, uUTO 3adauda «uckmouaroinero «JIM» nna HelpoHHOU ceTw,
KaK HE NapaJoKCajbHO, TOpa30 CJOXKHEE B PCIICHUM, Ye€M MHOrue Oosee
CJIOKHBIE 3a7a4H.

OkHo Training Error Graph otoGpaxaeT oOulyr0 omudKy oOyueHHs
HEWMPOHHOM CETH, OJAHAKO MHOTrJa OBIBACT MOJIE3HO MPOHAOMIOAATh 3a paboTOMH
CETH MPH UCIIOIB30BAHUM OTACIIBHO B3ATON 00yUaroIe mapshl.

Janubiil pexxum peanuzyercs B TRAJAN ¢ nomoiieto okHa Pattern Error.

3anmyck ceTn

[Tocne oOydyeHuss HEMPOHHAA CETh OTOBA K 3aMyCKY, MIPUYEM 3aMyCTUTh €€
Ha BBITIOJTHEHUE MOKHO HECKOJIbKUMU CIIOCOO0aMMU.
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3anyck, HCMoJIb3Ys TEKYIIUii HA00P NMpeICTABUTEILCKUX BHIOOPOK

HeliponHasa ceTh MOeT OBbITh 3amyllleHa C MPEIbABICHUEM TMOJTHOTO
Ha0opa Mpe/ICTaBUTENBCKUX BHIOOPOK, UCIIOJIb30BAHHBIX PAHEE MPU €€ 00YUEHUH,
WU BBIMIOJHSAEMbIMH HabopaMu 10 oAWHOuYKe. Ilpu »>ToM HeoOXoaumo
BOCIIOJIb30BAThCSl MYyHKTOM MeHIO Run/Single Pattern, 4toObl TONIY4YUTh
nHpopManuo 0 padoTe HEHPOHHOM CETH NMPH NPEABSIBICHUHW OJHOW OTCIHHO
B3SATON MPEACTABUTENILCKON BBHIOOPKM WJIM 1I€JIOr0 Ha0opa MNpeAcTaBUTEIbCKHUX
BBIOOPOK.

3anyck UHAUBHAYAJbHOI TMPeACTABUTEILCKOI BBLIOOPKH, He BXOAsIIeidl B
Ha0op 00ydYaroIIMX nap
IIpu pemeHun 1EAOTO psAAa 3a7ad  HEOOXOAUMO TMPOBEPIThH PpadoTy
HEWUPOHHOM CETH Ha MPEACTAaBUTEIILCKOM BBIOOPKE, KOTOpas HE BXOAMWIa B HAOOp
o0y4Jaroluyx nap, MCIoJib30BaHHbIX paHee npu oOyuenun. Hanpumep:
1. IlporHo3upoBaHue MOSABJICHHUS HOBBIX JAHHBIX C 3aPAaHEE HEU3BECTHBIMHU
HEUPOHHOW CETM BBIXOAAMH. ECHM BBIXOABI 3apaHee W3BECTHBI, TO
MOYHO OIEHHUTh KaueCTBO PabOThI MOJATOTOBJICHHOW HEHPOHHOM ceTu. B
MPOTUBHOM CJTydae, pe3yJibTaThl, MOJYUYCHHbIC MPH 3aMYCKE, MOTYT ObITh
WCMOJIb30BAaHBI B KAUeCTBE TMporHosa. JlaHHeld TUO 3amad A
HEWPOHHBIX ceTel OyaeT pacCMOTPEH B JabopaTopHoi padote Ne 5.
2. PacnoznaBanue oOpa3oB (3amada Oyaetr paccMoTpena B pabdore Ne 3). B
9TOM CJIy4a€ OLICHUBAECTCA YYBCTBUTEJBHOCTh HEUPOHHOM CETH K
HEOOJIBIIIOMY M3MEHEHUIO TMApaMETPOB MCCIEAYEMOr0 BEKTOpa, C
MOMOIIBEO KOTOPOTO MPOBOJMUIOCH OOYUECHUE.

3ameuanue

HeitponHnas ceTb, MOATOTOBIICHHAS B JaHHOW JlabopaTtopHOM pabote, Oblia
o0ydeHa C UCTIONh30BAHUEM BCEX BO3MOXKHBIX I HEE 00YJAIOMINX TMap, MO3TOMY
OHa MOXET OBITh 3amyIlieHa Ha BBHIMOJTHEHUE C HWCIOJNH30BAHUEM KaXKIOW W3
YETHIPEX MPEACTABUTENLCKIX BHIOOPOK. Clea0BaTeIbHO, MOXHO OYJET OIECHUTH
padoTy HEWPOHHOM CETH HA KaXKI0H U3 HUX.

[Ipu 3amycke, Takke BO3MOXXHO EIUHOBPEMEHHOE HWCIIOJIb30BAHUE BCETO
Ha0opa TPENCTAaBUTEIHCKAX BBHIOOPOK i OIEHWBAHWS OOIMWX TapaMeTpOB
paboThl HEUPOHHOM CETH.

6.2. JlabopaTopuas padora Ne 2
OnpeaejieHue HaNpPaBJIeHUs] IBOUYHOTO CABUIa

Hear — mocTpoeHue, oOydeHHME U  TECTHPOBAHWE HEUPOHHOW  CETH,
MpeIHa3HAUYCHHOM IS OTIPEeICTICHUS HalpaBJIeHMs CIBUTAa ABOMYHOIO Koja [1].

3aganue
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1. TToBTOPUTH COOTBETCTBYIOMIMI TEOPETHUCCKUH MaTepuan (riasa 2: m. 2.1
—2.3 urnasa 3).

2. Cozgatb W OOy4YuTh HEUPOHHYIO CE€Th, KOTOpas OyAeT crmocoOHa
ONpPENCATh  HAMpPABJICHUE IUKIUYECKOTO CJIBUTA  YETHIPEXMO3UIMOHHOTO
JIBOUMYHOTO KOJA.

3. IIpoBepuTh padbOTOCIIOCOOHOCTh HEHPOHHOM CETH.

4. OTBETUTH HA BOMPOCHI AJi1 caMmonpoBepku Ne 5 — 8.

O npumeHeHUN HEHPOHHBIX CeTell IS PellieHus 3a1a9M KJIacCupuKaum

TunoBast 3amaua HEUPOHHBIX ceTel — KIacCU(UKAMS TOTO WM WHOTO
ucciaeayemMoro Bektopa (oObekra). [lomyums B mpomecce oOydeHHS WCXOTHBIE
JaHHble 00 OOBEKTE, HEHPOHHAs CETh OMPENENACT, K KAaKOMy M3 MHOXECTBA
KJTACCOB TIPHHAIJICKAT HCCIICTyEMbIC BEKTOPHI.

[Tpobnema wuckmouaromero HWJIM, paccmoTpenHas B npeapiaylieH
nadopaTopHOit padoTe, ABIACTCA MPUMEPOM PEIICHMS HWMEHHO TaKOW 3aJauM.
Ecnm uccnemyembiii BEKTOP MOKET TPHHAIEKATh TOJBKO K OJHOMY W3 JBYX
KJIACCOB, TO 33Jaua HA3bIBAETCS JBYXKIACCHOW. 3a/ada, MOCTABIEHHAs B JAHHON
paboTe, CBOAUTCS K JIBYXKIACCHOM.

[Tpocretimuii myTh perieHUs 3a7adl JBYXKIIACCHOW KiIacCU(UKAIMKA TIPH
MOMOIIA HEHPOHHBIX ceTell — (opMUpOBaHHWE y CETH €AMHCTBEHHOTO BBIXOA,
KOTOPBINA MoJy4aeT 3HaueHue 1 amsa oaHoro kjacca u 0 — aja Apyroro. 3HaYEHUs,
JIeXKAIAe BHYTPU JAHHOTO JUATIA30HA, XapaKTePU3YIOT CTETICHh IPHHAIICKHOCTH
00BEKTa K TOMY WJIA HHOMY KJIaccy.

JIeHCTBUTENEHO, HA TOM WJIM WHOM BBIXOJI€ MHOTOYPOBHEBOTO MEPCENTPOHA
MPAKTUUYECKA HEBO3MOXKHO TONYYWTHh 3HAUCHHS paBHbIE TouHO 0 wmm 1, XoTs K
ATUM 3HAYEHUSM WHOTIa MOXHO TTOJOUTH JOBOJBHO OJTU3KO.

Takum obOpazom, juIsi pemieHus ABYXKIIACCHBIX 33/ad C HCIOJIb30BAHHUEM
OJTHOTO BBIXOJa HEOOXOMUMO 3aJaBaThCA YPOSHEM 006epus, HANPUMEp: €CIu
3HaueHusa Bhixonma Beime 0,95 — cuurtaTh, UTO OOBEKT (MCCIEMYEMBIH BEKTOP)
MIPUHAICKHUT K OTHOMY Kitaccy, a ecyi Hmke 0,05 — k npyromy.

Pemenue 3agauu kaaccupuxanuu B TRAJAN
HeitpoHHasa ceTh C NPEeabABICHUEM €AWHCTBEHHOW MPEACTABUTEIbCKON
BBEIOOPKH 3amyckaercs B okHe Run Single Pattern (3anycmump eOuHCcmeeHHblil
obpaseu) vimv B okae Run One-off Pattern (3anycmumb 0OUHOUHbLIL 00pazey He
6X00AMUIl 8 NPEOCMABUMEIbCKYIO 8bl00DKY).
TRAJAN cpaBHUBAET BBIXOJHYIO BEJIWUMHY CETH C NpEACiaMu JIOBEpUA U
OTIPEIEIISET:
" ECJIM BBIXOJA BHINIE YCTAHOBJCHHOTO BEPXHETO TMOPOTa, HCCIETYyEMBbIH
BEKTOP (00BEKT) KITaCCU(UIUPYETCA MOJIOKUTEHHO;
" ECJIM BBIXOJ| HM)KE YCTAaHOBJIEHHOTO HMXKHETO IOPOra, TO COO0ImaeTcs o
HETaTHBHOM KJTaCCH(PUKAITNN,
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" ©CJM 3HAQUCHHME BBIXOJA HAXOJUTCA MEXAY MOporamu, TO COOOIIAETCS O
TOM, UTO WCCIICTyEMBbIH BEKTOP (00BEKT) KIACCU(DHUITUPOBATH HE yAAJIOCh.
OO6mrast cratucTUKa PE3yJbTATOB KIACCH(PHMKAIUK OCYIECTBISETCA TPH

HakaTuu KHOTKM Run B oxue Statistic/Classification, koTopoe OTKPBHIBAETCS M3
mento Statistic/Classification. Ctatuctuka B 3TOM OKHE OTOOpaKkaeTcsi B BUJE
MaTpUlIbl, coAepkalleit oauH croyden Ajis Kaxaoro knacca. Kaxawiid ctondenn
comepkuT aABe cekmuu: «OOmas cratuctukay u  «CraTUcTHKa mpoliecca
Kiaccu(pukaumy, pa3aeaeHHbIe MTUPOKOH TOPU3OHTAITBHON YEPTOH.

Cexnus «O0Imas cTaTUCTHKA» COACPIKAT CIICIYIONTYIO HH(POPMAIIHIO:

= Total (Bcezo) — xonuuecTBO 00pA3IOB JAaHHOTO Kjlacca B Habope.

= Correct (Ilpasunvnvie) — KOMMUECTBO OOpPa3OB JAHHOTO Kiacca
MPaBWIIBHO KITACCU(PUIIMPOBAHHBIX HEHPOHHOHN CETHIO.

* Wrong (HenpagunbHple) — KOJWUYECTBO OOpa3IOB  HEMPABHIHHO
KJTaCCH(PHITMPOBAHHBIX CETHIO (KaK MPUHAUICIKAITUX K IPYTOMY KIIaccy).

» Unknown (Heu3zgecmnvie) — wxommdecTBO 0OpaslloB MaHHOTO KJacca,
KOTOpbIC HEUPOHHAS CETh HE CMOTJIa KJIaCCU(DUITUPOBATH.

Cexmus «CtatrcTHKa mporecca KiacCH(UKAIMM) TOKA3bIBAET, CKOJBKO
HUCCIICAYEMBIX BEKTOPOB (MPEJACTABUTEIBCKUX BBIOOPOK) OBLJIO OTHECEHO K
Kaxaomy kiaccy. [lpu sTom HexmaccupuIMmpoBaHHBIE BEKTOPHI B TAHHOW CEKITHH
HE 0TOOpa)XKaroTCHl.

Heiiponnasi ceTs 1151 onpeaesieHIsl HATPABJICHUS JBOUYHOTO CABUTA

JIist pellieHUst TOCTABJICHHOW 3a7a4M, CJEAYET MOCTPOUTh U OOYUUTH
HEHPOHHYIO CETh, KOTOpas AOHKHA OyAeT ONpenessATh HANpPaBJICHUE IBOWYHOTO
CIBUTA.

Oneparysi TBOWYHOTO CABUTA SBIIACTCA THUIUYHOW Ui MHOTHX SI3BIKOB
nporpammupoBanus. CymiHOCTR €€  3aKIoYaeTcs B TOM, YTO  YHCIO
MPEICTABIIACTCS B IBOMYHOM KOJIE, a 3aTEM C MOJIYYSHHOM TOCIEA0BATEIIEHOCTHIO
MPOU3BOJNUTCA OTEpaIlis [HUKIAYECKOTO CJIBHTa BMPaBO WM BieBo. Ecam
MPOM3BOJWUTCA CABUT BJIEBO, Y 4WCIAa camas TmiepBas (jemBas) 1udpa
MEPECTABISIETCS] B KOHEI[, a ©CJAW CABUT MPOW3BOJWUTCA BIPABO, TO TOCIETHSSA
(mpaBasi) mmdpa mepectaBisieTcss B Hadano. g MOCTPOCHWS HEWPOHHOM CETH
MPEJCTaBUM B UETHIPEXTO3UIIMOHHOM JMBOMYHOM Kojne uucna ot 0 go 15. Jlanee,
CIEMyeT OMPEACIUTh KOJHMYECTBO BXOJOB W BBIXOJOB HECHPOHHOW CETH,
HEOOXOMMMON JUIS  pEIIeHUs TOCTaBJICHHOW 3amadn. OUYeBHAHO, YTO JUIS
OTIPENICIICHAS] HATPABJICHHUS] CABUTA HAa BXOJbl HEHPOHHOW CETH HEOOXOIUMO
MPEJACTaBUTh MCXOAHYIO UYETHIPEXTIOZUIIMOHHYIO JBOWYHYIO TOCIICTIOBATEIIHPHOCTh
¥ YETHIPEXITO3UIIMOHHYIO JBOWYHYIO TIOCTEA0BATEIIEHOCT, KOTOPAs TMOJyYHJIacCh
B pe3yibpTare cABUra. BBIXOJHOW CJIOM HEWPOHHOW CETH MOXKET COCTOSATh W3
oaHoro HerpoHa. Ero 3nauenne Oyaer paBHo 0, eclii CABUT TIPOU3BECH BIICBO, U
I — ecnu casur mpowsBeneH BHpaBo. TakuM 00pa3oM, Ui PEIICHHS JTaHHOMN
JBYXKJIACCHOM 3a/1aui He0OX0IMMa HEMPOHHAS CETh C 80CEMbIO BXOJAMUA U OOHUM
BBIXOIOM.
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Ta6auua 6.2. Pe3yjibTaThl CABUra BJIEBO H BIIPABO Y€ThHIPEXNMO3HIHUOHHOT0 KOAA

Yucao JIBon4HbI KO Casur BJ1eBO Casur Brpaso
1 0001 0010 1000
2 0010 0100 0001
3 0011 0110 1001
4 0100 1000 0010
5 0101 1010 1010
6 0110 1100 0011
7 0111 1110 1011
8 1000 0001 0100
9 1001 0011 1100

OO0yueHue HelipoHHOI ceTH

OnpenenuB KOJWYECTBO BXOJOB B CETH, MPHUCTYNUM K CO3JaHHMIO Habopa
oOywarorux Tmap a1 oOydeHusa ceth. s SToro  BeIOEpEeM  IIECTh
YETHIPEXTIO3UIIMOHHBIX TBOMYHBIX KOJOB M BBHITIOJTHUM C HAMH OTIEPAllAX CJIBUTA
BpaBo ® BIeBo (tabn. 6.2). Crheayer 3amMeTuTh, YTO B  KauyeCTBE
MPEJACTaBUTEIICKMX  BBHIOOPOK  HENB3S  BBHIOMpATh dYWCIa C  JBOUYHBIM
npeacrasiaennem 0000, 1111, 1010, 0101, mockojibKy B HE3aBHCHMOCTH OT
HaIpaBJICHHS CBUTA (BJIEBO WJIM BIPABO) JUIS 3TUX YHCE OyAeT MOIydYeH OAWH U
TOT K€ PE3YyJIbTAT.

[Tocne moaroroBku HabOpa MPEACTABHTEIBCKHX BBHIOOPOK (00ydaromux
nap) U OOy4eHHs, CJIeAyeT MPOTECTUPOBATH TMOIYUYUBIIYIOCS HEHPOHHYIO CETh
(MpoBEpUTHh KauecTBO €¢ o0yueHwns). TecTupoBaHWE MPOBOIUTCS HA OCTABIIAXCS
TPEX UETHIPEXTO3UIIMOHHBIX JBOWYHBIX KoJaxX Tabja. 6.2, KOTOphIE HE BOILIA B
Ha0Op MPEACTaBUTEILCKIX BEIOOPOK, UCTIOB30BAHHbIN TIPA 00YUCHUH.

6.3. JlabopaTopuas padora Ne 3
Pacno3zHaBaHue CMMBOJIOB

IMeas — pazpabotaTh W  MCCAEAOBATH HEHPOHHYID CE€Thb  0OOpaTHOTO
pacnpocTpaHeHUs, MPeAHa3HAuYSHHYIO IS pacro3HaBaHus o0paz3os [1].
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3ananue

1. IToBTOPUTH COOTBETCTBYIOINTHI TeOpeTHUECKH MaTepra (1. 1.3).

2. TloctpouTh U OOyuHUTh HEHUPOHHYIO CE€Th, KOTOpas Morja Obl peuiaTh
3a/1a4y pacrno3HaBaHHs CUMBOJIOB.

3. IlpousBecTu TECTUPOBAHWE HEUPOHHOM CETH MPU JOOABJICHUH IITyMa.
Onucanue padcoTbl

Ha kauecTBO pellieHUSI MOCTABJIICHHOW 33/1aud B CWJIBHOW CTENEHU BJIMSIOT
OTpaHUYECHUS, KOTOPbIE HAKJIaIbIBAIOTCA MPOU3BOIUTEIAMHU Ha
JIEMOHCTPALMOHHBIE BEPCUM CBOMX MPOrPAMMHBLIX NPOAYyKTOB. Tak, B JeMo-
Bepcun mporpamMmmHoro mnpoaykta TRAJAN koaudecTBO HEHpPOHOB B CJIO€ HE
MOXET TPEBBINIATh 9, MO3TOMY TMpPU PACHO3HABAHMM CUMBOJIOB Oyaem
OTIEPUPOBATh MaTpHIICH 3 X 3.

OnpenesieHne CTPYKTYPbI HeHPOHHOI ceTH
[TpencraBum B BUae MaTpulibl 3 X 3 yeThipe JaTuHCKkue OykBol X, ¥, L, I u

00yYnuM HEHPOHHYIO CETh PAaClO3HABATh X MATPUUHOE MpEeaCcTaBlieHue (CM. TalII.
6.3).

Tabauua 6.3. Marpuunoe npeacrasiaenne 1ist Oyks X, ¥, Iu L

X Y 1 L
1 0 1 1 0 1 0 1 0 1 0 0
0 1 0 0 1 0 0 1 0 1 0 0
1 0 1 0 1 0 0 1 0 1 1 1

B cooTtBercTBUM ¢ Tada. 6.3 BXOAHON CHTHAN Uil HEMPOHHOM CETH MOMKET
ObITh TMPEJACTABJICH B BHUJIC PA3BEPHYTOrO0 pacTpa — BEKTOpa MAJUHHOH 9.
Hanpumep, nis OykBbl X 3TO

101010101

Teneps onpenenuMcs ¢ BBIXOJAaMH HeWpoHHOW cetH. OUeBHAHO, YTO IS
pacrio3HaBaHus oOpa3oB HEHPOHHAs CeTh JOJDKHA HMMETh BO3MOXKHOCTH
(opMHUPOBaTh CTOJBKO BBIXOJHBIX CHTHAJIOB, CKOJIBKO OOpa3oB OHA JOJKHA
YMETh PaCIIO3HABATh.
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B mnamem cnyuyae Takux 0Opa3oB UETHIPE, MO3TOMY BO3MOXHBI JIBA
BapHUaHTa MPEACTABJICHNUSA BIXOHBIX TAHHBIX HEUPOHHOW CETH:
" BBIXOAHOH CJIOW C IBYMS HEHpOHAMM (BBIXOAAMHM), T.€. KAXKIAOMY CHMBOIY
CTaBUTCA B COOTBETCTBUE JIBYXITO3UIMOHHBINA TBOMYHBIN KO/,
" BBRIXOJHOH CJIOW C YETHIPbMs HEHpoHaMH (BBIXOJAMH), T.€. KaXKIOMY
CHMBOJIY CBOM BBIXO/I.
IIpennaraercsi BoIOpaTh IIOOOH BapHaHT.

OO0yueHue HelipoHHOI ceTH

Habop oOyuaromux map, UCMONb3yeMbIX Jji1 0Oy4YeHHS HEHPOHHOU CeTH,
COCTaBIIACTCS C YYETOM TOTO, KakOW BapHaHT (HOPMHUPOBAHWSA BBIXOIHOTO CIIOS
BEIOpaH B mpensiayiieM paszzaene. Eciau BeiOpaH BapwaHT ¢ ABYMS BBIXOJAMH —
KaK0W OyKBE CTAaBUTCA B COOTBETCTBHE JBYXITO3HIIMOHHBIN NTBOWYHBIA KO, TO
BBIXOHOM CJI0# BBITJISNAT CIICAYIOIIUM 00pa3oM:

X-00 Y-01 I1-10 L-11
Ecnu BbIOpaH BapuaHT ¢ YETHIPbMS BbIXOJAMHU, TO BBIXOJHOM CJION TaKOM:
X-0001 Y-0010 I-0100 L-1000

[Toce Toro, kak HAOOp TPEACTABUTEIHCKAX BHIOOPOK (0Oydaromux map)
co3faH, HeoOXOauMO OOYyYHTh HEHPOHHYIO CE€Th W MPOBEPUTH, HACKOJIBKO
KOPPEKTHO OHA peIIaeT MOCTABICHHYIO 3aay.

IIpoBepka padoThl HEIipOHHOI ceTH

[Tocne kadecTBEHHOro OOyue€HHS HEHWPOHHOM CETH, CIEAYET BHECTU B
WCXOJHBIC JAHHBIE HEKOTOPBIH MIyM (XOTA 5TO CAENaTh HEMPOCTO, TaK KaK B
marpuily 3 X 3 oueHb TPYAHO JO0OABIATH IITYM).

Hanpumep, BMmecto pactpa OykBbl I —
010010010

nonpoOyiTe noaaTh

010110010
U TTOCMOTPETH. YJACTCSA JM HEHPOHHON CETH Paclo3HAaTh CHMBOJ, HECMOTPS Ha
BHECEHHBIE B JJAHHBIEC IITYM.

6.4. J1abopaTopuas padora Ne 4
HNckyccTBEHHBII HOC

IMeas — pazpabotaTh W  MCCAEAOBATH HEHPOHHYID CE€Thb  0OOpaTHOTO
pacrpoCTpaHeHusi Uil  MCKYCCTBEHHOTO  HOCA, MPEAHA3HAYEHHOTO IS
XUMUYECKOTO aHaIn3a BO3AyIHON cpeasbl [11].

3ananue
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1. TloBTOPUTH COOTBETCTBYIONMI TeopeTnueckmii Matepuan (. 1: m. 1.4;
rn2:m 2.1 -23;urm 3:m 3.2).

2. HUccnenoBarbh U MpPOAHAIM3UPOBATH UMEIOIIUECA SKCICPUMEHTAIbHBIC
nanabie (Tabnm. 6.4), W ONMpeaeTuTh KOJMYECTBO BBOJIOB M BBIBOJOB, TPEOYEMBIX
JU1Sl TOJTHOCBSI3AaHHOM HEMPOHHOW ceTH 00OpPaTHOTO PacHpOCTPAHCHMUS.

3. Co3natb W OOy4YuTh HEHUPOHHYIO CE€Th, KOTOpas OyAeT crnocoOHa
YKa3bIBaTh HAJIMUKE OMPEICIICHHBIX TPUMECEH B BO3yXE MPU aHAIN3E MOKA3aHUN
XUMUYECKUX JTATYNKOB.

4. OOyunTh HEHPOHHYIO CE€Th, PACIIMB KOJIMYECTBO MPEACTABUTEIHCKUX
BBEIOOPOK (0Oydarommx Tmap), NPUMEHSIEMBIX Ui OOy4YeHHS HEHPOHHON CEeTH
(Tabn. 6.5).

5. Onpenenuts ONTUMAJILHYIO CTPYKTYPY HEHUPOHHOW CETH C TOUKH 3PEHUS
MUHUMU3AIUN CPEAHEKBAAPATUUCCKON OMOKN 00YUEHUS.

6. O0yunTh HEHPOHHYIO CETh, U3MECHUB MAPAMETPHI AJITOPUTMA OOPATHOTO
pacrpoCTpaHEHUS.

7. Jna mm. 3, 4, 6 mocTpouTh TpaduUecKue 3aBUCHMOCTH
CpPeAHEKBAAPATUUECCKON  OMOKM  OOydeHHMS OT  KOJMYECTBA  HEHPOHOB,
UCIIOIb3YEMBIX B CKPBITHIX CJOSIX, U OT KOJMYECTBA UTEpalMh, MCIOJIb3yEMbIX
JU1sl OOYUYEHUH.

8. CpaBHUTH pe3ynbTaThl 00yueHus B 1. 3, 4, 6.

9. OTBeTHTH HA BOMPOCHI TA0OPATOPHOH PabOTHI.

OnpenesieHne KOJIM4YECTBA BBO/I0B U BbIBO/I0B HEliPOHHOI1 ceTH

CdopmupyiiTe TpeACTaBUTEIHLCKAE BBHIOOPKH (0OydJaronue mapbel) s
MPOBEJICHUSA OOYyUCHHUS.

JJist 3TOr0 UCIOJIB3YUTE CIICAYIOIINE PEKOMEHJAIINH.

1. KonuuecTBO BXOJOB HEUPOHHOU CETH JIOJXKHO COOTBETCTBOBATH
KOJIMUECTBY XUMHUUYECKHAX AATIYUKOB (puc. 6.1).

2. CymiecTByeT 1aBa OCHOBHBIX METOAAQ KOJWPOBKM BBIXOJAA HEHPOHHOU
cetu. [lepBbiif — 3TO MCMOMB30BaHUE OMHAPHOTO BEKTOpA: JJIA KAKJIOH MPUMECH
TOJIbKO OJIMH €IWHCTBEHHBIH BBHIXOJ] NMPUHUMAET 3HaueHue 1. B stom cimyuae
KOJIMYECTBO BHIXOJOB PABHO KOJIMYECTBY MPUMECEH, OMPEACIIeMbIX CHCTEMOH. B
JAPYrOM CjIydae BCE HOMHWHAJbHBIC M00ABKA TIPOHYMEPOBAHBI W WX YHCTA
MEPEHECECHBI B OMHAPHYIO CUCTEMY.

B »ToM naGopaTopHOM HCCIIEIOBAHUM CJICAYET WCIOJIb30BAaTh MEPBbIN
METO/I.

3. UcxoaHbie faHHBIE:

" HAYaJbHBIC SKCTICPUMCHTAJILHBIC TAHHBIC, B BHJE MOKA3aHUH XUMHUYECKUAX

CEHCOpPOB, MPEACTaBICHBI B Ta0. 6.4;

"  PEKOMEHIyeMOE€ YMCIIO BXOJI0B ceTH 11;
"  PEKOMEHJIYEMOE YUCIIO BHIXOJOB 0,
" PEKOMEHIYeMOE HAUaJbHOE YHCJIO HEHPOHOB CKPBITOTO (BHYTPEHHETO)

crnos 4.
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4. BropuuHbIE OKCIICPUMEHTANBHBIC JaHHBIE, B BHJAC TOKA3aHWH
XUMUYECKUX CEHCOPOB, MPEACTaBieHbl B Tadja. 6.5 HA0Op MpPeACTaBUTEIbCKUX
BBIOOPOK
BKJTIOUACT IMECTh OOYYArOMMX TMap, KOTOPBIE, €CTECTBEHHO, IMOATOTOBJICHBI B
dhopmare mepsoit oOyuaromeii mapsi (Tabm. 6.4).

OnpenesieHne TONOJIOruM HeliPOHHOII ceTH
IIpakTHueckne HCCIENOBAHUA ITOKA3BIBAIOT, YTO OJHOrO BHYTPEHHETO
(CKpPBITOTO) CII0Sl TOCTATOYHO.

OO0yueHue HelipoHHOI ceTH

Cnenyer MPOBOAUTH pH TTOMOIIA ajgropuT™Ma 00paTHOTO
pacrnpocTtpadenus. Ucnonp3yite mo00H TOCTYNMHBIA OpOrpaMMHBIA MPOAYKT ISt
MOJEIMPOBAHUA HEWPOHHBIX cerer (cm. Tabn. 1.1 mnpunoxkeHwit), KOTOPbIH
MOAACPKUBAET JAHHBIA ajaroput™ oOyueHus. Kak pesynabTar, MNOIy4YUTe
HAJIC)KHYI0 M OBICTPOJICUCTBYIONIYIO HEHPOHHYIO CE€Th HMCKYCCTBEHHOTO HOCA,
MPUMEHSAEMOTO ISl KOHTPOJIS aTMOCc(Eephl B BO3AYIITHONW CPEAE MPOMBIIIJICHHBIX,
O(pUCHBIX U TOMAITHUX TTIOMEIIECHUAX W B IPYTHX 3a7a49ax.

Bonpocs! aas npoBepku

1. Ha3oBuTe OCHOBHOE CBOMCTBO MHOTOCIOMHBIX HEUPOHHBIX CETEH
MPSAIMOTO PaclpPOCTPAHEHHUS.

2. Kakme  cymecTByIOT MoAu(UKaAWK  aJropuTMa  0OpPaTHOTO
pacnpocTpaHeHus ?

3. Hazosure pacrpoCTpPaHEHHbBIE HaIpaBJICHUS MPUMECHEHUS
HUCKYCCTBEHHOTO HOCA.

6.5. JlabopaTopuas padora Ne 5
IIpornosupoBanue

IMeas — pazpabotaTh W  MCCIAEAOBATH HEHPOHHYID CE€Th  0OpaTHOTO
pacnpoCcTpaHeHUs, MPEAHA3HAYECHHYIO /TSl MPOTHO3WPOBAHUS BPEMEHHBIX CEPHIA,
a TAKKe JIJI aHAJIM3a KauecTBa reHeparopa ciaydyainbix uncen [11].

3ananue

1. TloBTOPUTH COOTBETCTBYIONUI TeopeTnueckmii Matepuan (. 1: m. 1.5;
. 2:m 2.1 -23urn 3).

2. Co3nmarh U 0O0yUUTh HEWPOHHYIO CETh, MPEJAHA3HAUCHHYIO JJI1 aHajIu3a
BPEMEHHBIX CEpUN 3a/JaHHONW PA3MEPHOCTH W OTPAXKAIOUIYIO CTPYKTYPY AAHHBIX
Cepun.

3. OcylllecTBUTh MPOTHO3 3HAYEHUH OYAYIIUX 3JIEMEHTOB BPEMEHHbBIX
Cepun.
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Tabéauuna 6.5. Yucaa B amanasone ot 0 1o 10, monyyeHHble
€ HCMOJIb30BAHHEM reHepaTopa ciaydaiiHbix uynces TypOo-nmackaib

Homepa Yucsa, nosrydeHHBIE € HCIIOJb30BAHHEM

qHces ¢pyaxauu Random(10) Typ6o-nackann

1-10 0 0 8 2 2 6 3 1 3 4
11-20 0 4 0 8 0 2 9 3 7 3
21-30 6 8 7 3 1 3 4 2 8 2
31-40 4 1 8 2 7 9 4 8 8 0
41 -50 1 1 5 0 5 0 7 6 7 7
51 -60 5 2 6 5 9 6 9 2 6 2
61-70 0 7 4 8 5 5 9 6 3 0
71 - 80 7 9 7 7 1 1 9 7 5 8
81-90 6 2 0 6 2 8 1 2 5 9
91 -100 1 1 2 1 5 4 2 1 6 7

Hccaexyemble BpeMeHHbBIE Cepuu

OOBEKTOM HCCIICTOBAHUA SIBJISIFOTCS BPEMEHHBIC CEPHUH, TOJYUYCHHBIE C
MOMOIIBI0 TeHEpaTopa CIy4YalHBIX 4Yucell, (OPMHUPYIONIETO PaBHOMEPHO
pacrnpenesICHHBIC YNCIIOBBIC 3HAUCHWA.

3a OCHOBY PEKOMEH/IYETCS B3SITh CTO DJIEMCHTOB (YHCEIT) BPEMEHHOM CEpHH,
3HAUEHWA KOTOPHIX JIeKaT B auamnazoHe oT 0 10 9 u ¢To 37IEMEHTOB — B JUATIA30HE
ot 0 mo 99. JlanHble BPEMEHHBIC CEPUH CIICTYET TONYUYNTH C TIOMOIIBIO (DYHKITHH
reHepalui  CAy4alHBIX ducea JMoOO0TO  MPOTPaMMHOTO  TPOAYKTa IS
maremarndeckoro wmozaemmposanus (MathCAD, Matlab wm np.), cpeaspt
MPOrpaMMHUPOBaHUS Ha s3bike BHICOKOTO YpoBHS (Delphi, C Builder wimm ap.) nm
B3ATh K3 Ta0. 6.5 1 6.6.

BreiscHuM, ecTh 1 Kakas-mub0 3aKOHOMEPHOCTh B TIOSBJIICHHH JJICMEHTOB
JAHHBIX BPEMEHHBIX CEPUH W TEM CaMbIM OINpPEACIMM KadeCTBO TeHepaTopa
CIydyalHBIX YHMCEJ, KOTOPbIA TO0 HWaee JO/bKEH o00J1ajaTh CBOMCTBOM
HEKOPPETUPOBAHHOCTH 3HAYCHUH YHCITOBBIX TIOCTIE0BATEIEHOCTEMH,
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Tabauua 6.6. Yucaa B nmanasone ot 0 xo 100, nonyyeHHble
€ HCMOJIb30BAHHEM reHepaTopa ciaydaiiHbix uynces TypOo-nmackaib

Homepa Yucsa, nosryueHHBIE € HCIIOJb30BAHHEM

qHces ¢pyaxkuunu Random(100) Typ6o-nackajib

1-10 0 3 86 20 27 67 31 16 37 42
11-20 8 47 7 84 5 29 91 36 77 32
21-30 69 84 71 30 16 32 46 24 82 27
31-40 48 14 87 28 77 97 49 88 82 2
41 -50 14 14 50 2 59 0 77 65 77 70
51 -60 55 20 68 59 95 64 99 24 67 29
61-70 8 77 49 88 50 57 95 68 33 0
71 - 80 70 98 77 74 19 14 91 78 58 86
81-90 68 28 9 62 28 87 16 27 54 96
91 -100 17 15 26 17 57 49 28 15 60 73

OnpenesieHne HAYaIbHON CTPYKTYPbI HEIiPOHHOM ceTH

UTtoObl  CHHTE3UpPOBATh  ONTHUMAJIBHYIO  CTPYKTYpPy,  HE00XOIuMO
MOATOTOBUTh U OOYUWMTh HECKOJIbKO HEHPOHHBIX CETEH W MPOBEPUTH KAYECTBO
BBIMIOJIHEHUSA TpeOyeMbix omnepaiuii. Huxke npuBeaeM OCHOBHBIE 3Tambl CUHTE3a
Takoi cTpykTyps (. 1.5.1).

I.

2.

B kadecTBe HEHPOHHON CETH MOPEIIAracTCA BOCIOJIB30BATHCS CETHIO
THUIIA MHOTOCJIOWHBIA TIEPCENTPOH.

KonuuectBO  BXOJOB  COOTBETCTBYET  KOJMUYECTBY  BbIOMPAEMbIX
AJIEMEHTOB U3 BPEMEHHBIX cepurii (B HaIeM cirydae — N).

. Unucno HEWpPOHOB BO BHYTPEHHUX (CKPBITBIX) CIIOAX M YHCJIO TaKWAX

CJIOEB 3aBUCHUT OT CJIOKHOCTHM 3aJa4d aHajiu3a WIK NPOrHO3UPOBAHUA
BPEMEHHBIX CEPUM.

. BeixogHOW /IO HEUPOHHOM CETHM CIEAYyEeT COCTAaBUTh M3 OJHOIO

HEWpOHA, 3HAYECHHUE KOTOPOTO oyner COOTBETCTBOBATh
MIPOTHO3UPYEMOMY 3JIEMEHTY BPEMEHHBIX CEPUH.

OO0yueHue HelipoHHOI ceTH
Jlns oOydyeHuss HEMPOHHOW CETH MOJATOTOBUM OJIOK OOyuarolinX BbhIOOPOK
CIEAYIOIAM 00pa3oM.
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Bribepem kaap u3z N+1 uucna >A€MEHTOB, MAYLIMX OT KOHIA K Hayaly
BPEMEHHOUW cepuH, TAe TEepBbie N AIEMEHTOB — (DOPMHPYIOT BEKTOP BXOJHOTO
cnosa, a mocienuudt (N+1)-i — SIeMEHT BBIXOMHOTO CJI0sI HEHPOHHOW CETH.
Cnenyronyto 00ydarollyl0 BHIOOPKY TOJydaeMm, MEPEABUrasch OKHOM Ha OJWH
AJIEMEHT BJIEBO U T.I.

Takum o0OpazoM, uMess BpEeMEHHYIO CepHI0, cocTosIyto u3 100 amemMeHToB,
MOXxHO noarotoBuTh 100—N—1 oOyuaronux nap.

OnTumMusanus CTPYKTYPbl HelipoOHHOI1 ceTn

UToObl OLICHUTh KAYECTBO MPOrHO3UPOBAHUA, MOJYUUTE B COOTBETCTBUU C
pazaeniom «Mccaeayembie BPEMEHHbBIE CepUM» €lle 3 3JEMEHTa, CJCAYIOIUX 32
100 »nemMeHTaMu BPEMEHHOW CEpHUM, KOTOPBIE YXKE UCIOJb30BAJIUCh MpHU
oOyuenuu. Jlanee, 3anmycTUTe HEHPOHHYIO CE€Th, NPEABSIBUB €H 3 HOBBIX
WCCIICAYEMBIX BEKTOpPA, W CPAaBHUTE PE3YyJIbTaThl HEUPOHHOW CETU C YHUCIIAMH,
CUHTE3UPOBAHHBIMHA T€HEPATOPOM.

Pazauiy Mexnay 3HAYCHHSAMH, CHHTE3UPOBAHHBIMH TI'E€HEPATOPOM, U
pe3yibTaTaMu  padOThl HEHPOHHOHW CETH HCMOJIb3yHTe KaK KauyeCTBECHHBIH
MOKa3aTelib CEeTH. YMEHBIIUTE OTy pa3HUIy, MOAUPUIUPYS CTPYKTYPY
HEUPOHHOM ceTH [5].

3ameuanus

[Tonxon, ucnosib3yeMblii B TaHHOW Ja0opaTopHO paboTe AJid MPOBEPKHU
KauecTBa IeHEpPATopa CIYyYaWHBIX YHWCEJ, HABEPHOE, HE CaMblil IIOIMYJIAPHBIA U
3 PEKTHBHBIN.

B 10 xe Bpems, pazpaboTtanHas B adopatopHOi paboTe HEHMPOHHAA CETh
ABJIACTCS AHAJOTUYHONH HEWPOHHBIM CETSIM, TIPUMEHSIEMBIM B MHTEIICKTYaJbHBIX
CHUCTeMaX TPOTHO3UPOBAHMS PA3TUYHOTO HA3HAUCHWA, HANPHUMEDP CHUCTEM
MPOTHO3a 3HAKOB W3MEHEHHUS OWPIKEBBIX HWHACKCOB, CHCTEM TMPOTHO3a IICHBI,
CHCTEM pacueTa ONMTHUMAIFHOTO UCTIOJIb30BAHMS pecypcoB 1 T.1 (cM. 1. 1.5).

166



BOITPOCHI /11 CAMOITPOBEPKH

Jist pellieHus Kakux 3aJ1a4 TPUMEHAIOTCA HEUPOHHBIE CEeTH?

HckyccTBEHHBINM HEMPOH M €10 OCHOBHBIE CBOMCTBA.

Buabl akTiBanmmOHHBIX (QyHKITHAH.

Kakoe ocHOBHOE OTJIMUKE UCKYCCTBEHHBIX HEMPOHOB, KOTOPHIE MUCIOJIb3YIOTCA

JUISl TOCTPOSHUSI HEHPOHHBIX CETEH, MONYUMBIINX HA3BAHUE MTEPCENTPOHOB?

5. K kakomy Tuny aJroputMoB OOYYEHHUS OTHOCHUTCS aJIrOpUTM OOpaTHOro
PacrpoCTPAHEHUS, U B UEM OTJIUUYUTENbHAS YEPTA ITUX AJITOPUTMOB.

6. Jlaiite cBoe onpenenienne « MHOTOCIIOHHOMY MEPCENTPOHYY .

7. B dem 3akmodaercs 3amaya KiraccupruKaim?

8. Ilouemy, mo Bamemy MHeHHMIO, HamOoJie€ PacMpOCTPAHEHHOH TOIOJOTHEH
CETH SABJISETCS MOJECIH MPSAMOTO PacpOCTpaHeHUs HH(pOopMaIAn?

9. KakoB cwmbicm mapameTpa o — CKOpPOCTH OOydeHHs (WIH, TO-Apyromy,
koxdpunmenTa koppensmun)?

10. B yem 3akmodaeTcs SBIICHUE MEPETPEHUPOBAHHOCTH CETH?

11. Yro Takoe 0600IIEeHHE?

12. JIns pelieHust KakuWx 3a4ad MPUMEHSIOTCS CaMOOPTaHU3YIOIIMECS KapThbl
Koxonena?

13. KakoB cMbIcn mapaMeTpoB, iepeaaBaeMbix pyrkmmm o0yuenus Koxonena?

14. Yto 03HAUYaIOT TEPMUHBI «KOMIIOHEHTHAS KapTa» U «KapTa pacCTOSAHUI» ?

15. O6msacHuTe TOCTpOcHUE OmMHapHOW cetm Xondwima. Kakumu cBolicTBaMu
obJiaiaet ee BecoBad MaTpuiia?

16. O6pacaute cnoco0 ¢yHKIMOHUpoBaHUS cetn Xondwiaa. Kakue cragnmn
padoThl OHA UMEET?

17.01H0 W3 BaKHEWUITUX CBOWCTB ceTedt Xomduimaa COCTOUT B BOCCTAHOBJICHUH
KOPPEKTHbIX 00pa3oB. [l KakuX TOPWIOKEHHHA OHO MOXKET ObITh
UCIOIb30BaHO?

18. OnummuTe moBeIeHME OTHOT0 HelipoHa ceTH Xonduiaa.

19. B cmyuae cereti Xonduiaga Takke BO3HHKAeT MpodiieMa JIOKAJIbHBIX
MUHAMYMOB. [TosSicHUTE pa3nuuue JIOKaJbHBIX MUHUMYMOB B CeTsAX Xomduiaa
U CETAX, WUCHOJIb3YIOIIMX JITOPUTM OOPATHOrO PaCMpPOCTPAHEHUA OIIMOOK
(Backpropagation).

20. Kakue BxoaHble BEKTOPBI UCOJb3YIOT ART1-ceTn?

21. Kakyto paboTy OCYyIIECTBIISIIOT CJIOW CpaBHEHUS U pacno3HaBanus ART-cetu?

22. B yueM 3akimouaeTcss OCHOBHOM MPUHIIUIM PEIICHUS 33/1a4l PACcTO3HABAHUS
00pa3oB?

23. B yeM pa3zHUIa MEKIY HEUPOIPOIECCOPAaMU U HEHPOKOMITbIOTEPaAMU ?

24. IlpuBenute KIaccuUKAITUIO HEHPOKOMITHIOTEPOB TI0 THITY IPUMEHSIEMBIX

MPOLIECCOPOB U KOHCTPYKTUBHOM peajiu3allvu.

L=
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HPUWIOKEHUSA

Tabéauua I1.1. IlporpaMmmHbie NPOAYKTHI MOAETHPOBAHUSI HEHPOHHBIX ceTeH

HasBanue Pazpatoruux/ Ilnardo IHoanepsruBaemMble mapagurMol HNurepdeiic | Llena KommenTtapuu
NPOH3BOJUTEIb pMa H AJITOPUTMbI 00yYeHHs
2 3 4 5 6 7
[TopaepxrBacMbIC MAPAAUTMBL:
MEPCENTPOH, 0OPaTHOE PACHPOCTPAHCHHE,
Matlab Neural P pOoH, O°p pacupoctp
MathWorks, . paauanbHbIE 0a3uc, CeTH JabMaHa, CETH
Network Toolbox Win 93,
3.0 CLIA 03 Xomndunpaa, BEPOITHOCTHAS GUI gns L I'enepupyer ANSI-
) NT i o |® 00obIIeHHas perpeccust. Ms Windows COBMECTUMBIH KOX
‘ Henoaaepsxusaembie mapagurmer; Xe00,
Koxonena, kapTsl CBOMCTB,
http://www.mathworks.com CaMOOPTaHM3YIOMHECS KapThl
HHcTuTyT NapanneabHbIX OxuH U3 TydImux
U PaCIpPEACICHHBIX CHCTEM cuMyIsTopoB. Moxer
SNNS .
(IPVR) mipu LIryrrrapackom OoOpaTHOE pacnpocTpaHCHHE, pabdorars ¢ MS Windows
VHUBEPCUTETE Unix pazuanereii 6asuc, ART1, ART2, xapTst GUI nna becnma | mpu mcnionp3oBannH
. .. Koxonena, cetu Ixxopaana, X-Windows THO amyistopa X-Windows.
http://www.informatik.uni- ceTH DIbMaHa, aCCOLMATUBHAS MAMSTh C nporpammoii
stutgart.de/ipvt/bv/projekte/snns/announce. TIOCTABIISIOTCS HCXOIHBIC
html
xonpl Ha C++
Trajan Trajan Software Ltd., MHOroypoBHCBHH NCPCCITPOH, Hemo-Bepens mporpamMMel
BenmuxoOpuranns Win 3.x, | O6paTHOE pacnpocTpaHeHuHE, GUI nna 620§ | AocTyNHa Ha caiite
http://www.trajan-software.demon.co.uk/ 9x, NT | pagmansnerii 6asuc, kapter Koxonena, MS Windows KOMITAaHUU-
commerce. htm BEPOSITHOCTHAS ¥ 0000IICHHAS PerpeccHst MMPOU3BOAUTEIS
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[ponoxkernue Tada. I1.1

1 2 3 4 5 6 7
Artificial Intelligence
Group, ®pannus
Delta ’ HP-UX | MuoroypoBHeBsIii mepcenTpon TH
(Jemaprament YP P poH, obpatHoe GUI ans Becrina it
acrpoctpaHcHue, cetu [xoprana, cetu CMO-BCPCHSL
KOMIIBIOTCPHBIX HAYK) Sun OS | pacrpoctp ’ pAand, X-Windows THO p
4.1 Ensruna, kapter KoxoncHa
http://www-
inf.enst.fr/~milc/dnns/dnns.us.html
Pexxum
KOMAaHIHOMI
X-Sim IIC, Ucnanus (Maapux) . L. CTPOKH 1151
Unix MHOroCIOHHBIH MEPCENTPOH, 0OPATHOS Becrina
, OC Tuna Hemo-Bepens
Linux | pacmpocrpancHue, kaptel KoxoHncHa Unix THO
>
. . GUI gns
http://www.iic.uam.es/xsim/Welcome.html A
X-Windows
N Internet- PcammzoBan B BHIC
Brain Wave Yuupepcuter MHOrocnoiHbI#H nepeenTpoH, 00paTHOS 6p0vacn ¢ | Beerna | Tava-ammiera MI([WCT
Kyuncnanz, CIIA Jrobas | pacnpocTpaHeHue, ceTH XeOOnaHa, POY3ep € .
MO CPIKKOH THO | paboTatk ¢ moboi
) kaptel Koxonena o
http://www2.psv.ug.edu.au/~brainwav/ Java ONEPALTMOHHON CUCTEMBI
ABCTPUICKHHA HHCTHTYT DOS Pacripoctpansercs B
VieNet2 HCCICAOBAHUS TPOOICM MHOroCIOHHBIN MEPCENTPOH, 0OPATHOS Dopmupyere (hopME UCXOAHBIX KOJOB,
HUCKYCCTBCHHOTO Win pacmpoctpancHue, cetu JhbkopaaHa, a becnima | uTo MO3BOISIET AKTHBHO
WHTCIUICKTA Unix cetn JnpmaHa, kKapThl KoxoHeHa, TIOJTB30BATECIT THO HCIIONB30BATh CTO IS
- ] Li ACCOLMATHBHAS TAMSTh M HAIMKUCAHUS COOCTBEHHBIX
www.ai.univie.ac.at/oefai/nn/tool. html mux
porpamMm
. Heiipolpoexr, dopmupyerc bubGmuoteka
NeuroWindows 06 N
Poccus Win PaTHOC PACIIPOCTPAHCHHE, i 450§ | AMHAMITICCKOH
. accoIMaTUBHAS MaMsATh, KapThl KOXOHCHA | mosp3oBaTen komroHoBKH Visual Basic,
http://www.neuroproject.ru/ eM C++ u Delphi
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[ponoxkernue Tada. I1.1

1 2 3 4 5 6 7
Aspirin/ Mitre Corp Unix OO6patHoe pacnpocTpaHECHHUE GUI ans becruna st?I);I;ag:;;:gli?); c?eif(l){g
MIGRAINES X-Windows THO JHCKS B IOCTYIHOM (JOPMATE
Pexnm
Buin Apmctponr, KOMaHIHON
Atree VYHusepcuter Dos CTPOKH AT | .
> . Ja
r. AmsGepra, CIIIA . AJanTHBHBIC IOTUICCKUE ICPEBBS Unix- Hemo-Bepens
’ Unix THO
MOIO0HBIX
OC, oxna
alnl@cs.ualberta.ca g DOS
O0paTHOE pacnpoCTPAHCHUE, KaPTh ITpou3BOAUTEILHOCTH HPH
. . KoxoHeHa (0THOMEPHEIC U JBYMCPHBIC GUI nna o0yue 0 anro
Cnaps Adaptive Solutions Inc. SunOS (on p ABYMCPHEIC), A 68,75 $ YUICHILH TIO A1rOPUTAMY
LVQ2 u 4acToTHO-4yBCTBUTEIPHOC X-Windows 00paTHOro pacHpocTpaHCHUs
KOHKYPEHTHOE 0OYICHHE 1 6ummmon CUPS
MexayHapoaHbIH Shell
HHCTHTYT KOMIIBIOTCPHBIX . ’ Becnina
ICSIM Y p Unix IpexonpenencHAbIC CCTH GUI gns Hemo-Bepens
Hayk, bepkim, X-Windows THO
Kanudopuus, CLIA
JlaGopaTtopust SPANN, Ceru Xondwuapaa, ceth XCMMHHTA, Pexum
Neural JlenmapTaMeHT WHKCHCPHOM 00paTHOE PacIpoOCTPAHEHHUE, KaPThI KOMAaHIHOH
Shell JHEPTETUKH, Y HUBEPCHTET . Koxonena, agantuBHOE MEATICHHOE ctpokn, GUI | becnna
N Unix Hemo-Bepens
Oraiio, CILHA 00paTHOE PacIPOCTPAHCHHE, s X- THO
. JaCTOTHO-9YBCTBHTEIBHOS Windows u
fip://ftp.quanta.eng.ohio-state.edu/ KOHKYPEHTHOE OByHeHHE SUNTOOLS
Yausepcurer Jproka . TpexmepHas PCKOHCTPYHUPOBAHHAS GUI gns X- | becria
Neuron p A ’ Unix P pHai p ryHp e Hemo-Bepens
CIIA nupaMuaanbHas sachka, audgys3us Windows THO
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Oxonuanue Taoa. I1.1

1
2 3 4 5 6 7
HopT™MyHIackuin Peac becruta
Sankom pTMY Unix Kapter KoxoncHa KOMAaHIHOU Hemo-Bepens
yHUBEpCcuTeT, | epManms THO
croku Shell
SOM, JlabopaTopus
KOMIIBIOTEPHBIX U Dopmupyere
HH(POPMALTMOHHBIX HAVK Unix a Bbecrina
SOMPAK Bop JIayE ; CaMOOpraHU3YIOIIHECs KapTh Hemo-Bepens
XeapCHHKCKIH DOS TOJTE30BATET THO
YHHBEPCUTET eM
TEXHOIOTUN
Vuusepeuter TopoHTo, Oo6paTHOE pacnpocTpaHCHHE,
JlenapTaMenT PEKYPPEHTHOE 00paTHOS
Xerion KOMITBIOTEPHBIX HAyK pacmpocTpascHue, MamnHa boaeiMana, GUI B
i Unix TEOPHS CPETHETO IO, MAHUITYJILAIII A cenia Hemo-Bepens
CIIA N Lo X-Windows THO
CBOOOTHOM IHEPTHUCH, JKECTKOE U MITKOS
fip://ftp.cs.toronto.edu/pub/xerion KOHKYPEHTHOE OOYUEHHUE, KAPTHI
Koxonena
NETS COSMIC, YHuusepcurer DOS |
Jxopmxun, CLIA > 06 A .
> UNIX paTHOE pacIpOCTPaHEHHE KOMAaHIHOH Hemo-Bepcust
service@cossack.cosmic.uga.edu CTPOKH
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P.G. Krug

The Neural Networks and The Neural Computers. Moscow: Publishing
House of MPEL 2002 — 176 pp.

ISBN 5-7046-0832-9

The basics of the Neural Networks, popular solving problems, applications,
simulation software products, and also the modern neural processors and neural
computers are considered.

The book contains the practical course, which based on Trajan simulator.

The book reflects the experience of teaching foreign students in Neural
Networks in English at the Moscow Power Engineering Institute (Technical
University).

For students dealing with Computer Sciences.

Yuebnoe uzoanue
Kpyr Iletp ['epmanoBuu
HEWPOHHBIE CETU 1 HEUPOKOMIIbIOTEPBI

YuebHoe nocodue
1o Kypcy “Mukponporeccopbl’” i CTYACHTOB, 00YUaIOIIuXCs
o HanpasJieHuto “MHapopMaTika v BHIYUCIATEIbHAS TEXHAKA

Penakrop m3narensctea Yepueim H.JL
JIP Ne 020528 o1 05.06.97 r.

Temmnan m3ganns MOU 2002 (1), yueOn.
[Tonnucano k neuaru 10.08.02. ®dopmar 60x84/16
ITeu. m. 11,0 Tupax 100 3aka3 Nza. Ne 15 Ilena 33 p.

WMzparensctBo MOU, 111250 Mocksa, KpacHokazapmennas, a. 14
Tunorpadms [THUU «Onexrponnkay,
117415, Mocksa, npocn. Bepaaackoro, a. 39

177



