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BBepgeHue

B moxymeHTe onuchiBaeTcs MporpaMMHas peanusanus paboTsl HEHPOHHOM
cetu Ha nporieccope NM6403 [1]. [Iporpamma HOCUT XapakTep mpuMepa.
[IpenHazHaueHue npuMepa — ykazanue crnoco0oB 3 pekTUBHOM
peanu3anuy HeHpPOCeTEBBIX BRIYMCICHUN Ha JAHHOM MPOIECCOPE U OIICHKA
IPOU3BOIUTENILHOCTH MPOIIeccopa Ha 3a7auax JaHHOTO kiacca. Heliponnas
ceTh [4], HaJ KOTOPOIl TPOU3BOSITCS BBIYUCICHHS IO CXEME MPSMOTO
pacrpocTpaHeHHsl, 00JaaeT CIeIyIOIUMUA 0COOCHHOCTSIMU:

® ceTh uMeeT 12 BXO0B, IEPBBIN MPOMEKYTOUHBIN CIION U3 HEKOTOPOTO
00Jb1I0TO (TOPsIIKa HECKOJIBKUX COTEH) KOJMYECTBA HEHPOHOB U
BBIXOJAHOM CJ10M U3 12 HEHPOHOB;

® BXOIHBIC U BBIXOJHBIC 3HAUYCHUA HeﬁPOHOB npeaACTaBJICHBI 64-
paspAAHbIMHA LCJIBbIMU YUCIIAMU CO 3HAKOM;

e BecoBble KOOPPUIIUEHTHI HEHPOHOB MpeACTaBIEHBI 16-pa3paIHbIMU
LEJNBIMU YHCIaMH CO 3HAKOM, YIIAaKOBAaHHBIMU IO YETHIpE B 64-
pa3psIHBIX CIIOBAX;

® BBIXO/IHAS XapaKTEPUCTHKA HEMpoHa (3aBUCUMOCTh BBIXOHOTO
3HAuEHUs OT B3BEIICHHOI CyMMBI BXOJIOB) OMpEesaeTcs
HEeNOoYHCIeHHOW PyHKIIMEH ¢ HEMTUHENHBIM (CUTMOHIaTIbHBIM)
BEIIECTBEHHBIM MPOTOTUIIOM, 00JIaCTh 3HAUEHUN KOTOPOU JIEKUT B
nuana3one ot -32767 no 32767. llpu 3Ha4eHUsAX apryMeHTa MEHbIIINX
-32768 wnu 6onbimx 32767 GyHKIUSA TpUHUMAET KpallHUE 3HAYCHHUS,
-32767 nnu 32767 COOTBETCTBEHHO.

OnenuBaetcs ObICTpoIeHCTBHE pabOTHI MPOTPaMMBbl, BEIYUCIIAIONIEH
BBIXO/IHbIE 3HAUeHUs ceTU. OCHOBHBIE MPOIIETyphl HATUCAHBI HA SI3bIKE
accemOJepa ¥ ONITUMU3UPOBAHBI BPYUHYIO JJIsl JOCTHKEHUSI HaOOIbIIIeiH
IPOU3BOIUTENILHOCTH MPOIIECcCopa.
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KpaTtkoe onucaHme pyHKLMOHMPOBaAHUA HEMPOHHOMN CEeTH

MHorocnoiiHas HeMpOHHAsI CeTh TUIA MEPIENTPOHA MPEACTABISAET U3 ceOs
HECKOJILKO CJIO€B OJTHOTUIIHBIX Hetiporos (Puc. 1). HelipoH MOXHO
IPEJICTaBUTh B BUJE YUCIECHHOM (CKaNsIpHON) (PYHKIIMH OT BEKTOpa
YHCIIEHHBIX BXOJIHBIX 3HaYeHUI. BeixoHOE 3HaUEHNE HEepoHa
BBIUMCIISIETCS CIEAYIOIIUM 00pa3oM: BXOHbIE 3HAYCHHUS] YMHOXKAIOTCS Ha
COOTBETCTBYIOIIUE BXOJAM 8ecogvle Koaghghuyuenmol, MOIydeHHBIC
3HaueHUsi CyMMUpYIOTcs. [Io cymMe BBIYUCIIAETCS BBIXOJAHOE 3HAYCHHE T10
HEKOTOPOU (DYHKIINH, HA3bIBAEMOU 10p0o206oll hyHKyuel NI (yHKyuetl
axmueayuu. Kak npaBuino, GyHKIUS BEIOUpaeTcs MOHOTOHHO
HEeYyOBIBaIOIIEH U OTPaHUYEHHON B HEKOTOpOM auana3oHe. [Ipu sTtom oHa
CXOAMUTCS K KpalfHUM 3HaU€HUSIM IIPU yIaJIeHUH 3HAUEHUsI apTyMEeHTa OT
HEKOTOPOU IEHTPATbHON TOUKH. B mensx mgydiieir 00ydaeMocTH
TpaJueHTHBIMU METOJaMH (PYHKIUIO (WM, IPH BBIYUCICHUU JUCKPETHBIX
3HAYEHMH, €€ BEIIECTBCHHBIN MPooOpa3) ACIAOT TIagKON U HETMHEHHOM.
Heiiponsl ogHOTO C105, HAapUMep, MEPCENTPOHA, MOIYYAIOT OJIUH U TOT XKe
BEKTOP BX0/I0B. I3MeHeHue BBIXOIHBIX XapaKTEPUCTHK CETH JOCTUTAETCS
3a CYEeT HACTPOMKH BECOBBIX KOA((UIIMEHTOB, Ha3bIBAEMOU 00YUECHHEM.

BEKTOP p—— BbIXOJ,

BXOAOB  yejipoHoB X

BXOAbl Beca

Puc. 1. Cxema HelipOHHOTO cJ10s.
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NMporpammupoBaHue 3apgayum ansa npoueccopa NM6403

BblyucneHue 838eWeHHbIX CyMmMm

MatpudHo-BEeKTOpHOE yCTpOMCTBO mporieccopa NM6403 [1] obnamaet
CIOCOOHOCTHIO MTPOU3BOIUTH OTEpPAIH B3BEIIEHHOTO CyMMHUPOBAHHS,
XapaKTepHBbIE I MAaTPUUHBIX BBIUMCICHU, HAJ JAHHBIMU C U3MEHSAEMOM
pa3psAHOCTHIO. B HalieM mpuMepe B MaTpUIly MHOKUTENEH BEKTOPHOTO
YCTPOMCTBA 3arpy>karoTcs Ha BCIO "MUPUHY" 64-pa3psigHbIe BXOAHBIC
3HAuUEHUSs, MPECTABIAIONINE COOOM CErMEHTHI BXOJHOTO BEKTOpA 10
YeThIpe 3HAUCHUS:

rep 4 wfifo = [ ar4d++ ], ftw;

wtw;

Ha >Tu 3HaueHus: yMHOXKal0TCs ¢ y4ETOM 3HAKOB COOTBETCTBYIOIINE
CErMEHThI MaTPUIIbl BECOB U3 YEThIpeX 16-pa3psiiHbIX 3HAUEHUH,
YIIaKOBAHHBIX B 64-pa3psiiHble cioBa. YeTblpe Ipou3BeieHus
CYMMUDYIOTCS B 64-pa3psiHOE 3HaAUYEHUE, KOTOPOE T00ABISAETCS K yXKe
BBIUMCJIEHHON YacTU4HOU cymMme (Puc. 2). OTu yeTbipe yMHOKEHUS U
CJIOKEHHE IATU 3HAYEHUI MPOUCXOAT B TEUEHHUE OJIHOTO I11ara BEKTOPHOM
orepaluu, Kotopasi, Oyay4s MHOTOIIIArOBOM, BBIYUCISET HECKOIBKO (/10 32)
TaKUX YaCTUYHBIX CYMM JUIsl HECKOJIBKUX HEHPOHOB Onarosapsi TOMy, 4TO
BEKTOP BXO/IHBIX 3HaU€HUH OOIIUI y BCETO CII0:

rep 32 data = [ ar0 += gr0 ] with vsum ,data, O;
(1 IepBBIX YETHIPEX BXOJHBIX 3HAYCHU),
rep 32 data = [ ar0 += gr0 ] with vsum ,data, afifo;

(175 mocaenyroMMX BXOJHBIX 3HaYEHUM, TPUOABIAIOTCA YK€ BBIYMCIEHHBIE
CYMMBI U3 O4epean pe3yabTaToB).
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MaTpuua Becos

Puc. 2. Cxema BbI4HC/ICHHS! B3BELLIEHHbIX CYMM HEHPOHHOIO ¢JI051.

YroObl n30ekaTh MOTEPh HA COXPAHEHUE U YTEHUE YACTUYHBIX CYMM H3
aMsITH, CYMMBI BCeX 00pabaThIBaEMBIX 32 OJJHY TaKYIO OMEPAITHIO
HEIPOHOB HMCIIONB3YIOTCS KaK CcllaraéMble B CIEAYIOLIEH UTepallui U He
IIOKHJIA0T BEKTOPHOT'O YCTPOKCTBA.

TakuMm oOpa3om, OOYEPETHO CMEHSS YETBEPKU BXO/IHBIX 3HAUECHUH B
MaTpHUILIe MHOKUTENEH, BEIUNCIISIIOTCS TIOJHBIE B3BEIIEHHBIE CyMMBI JIJI4,
HOJIOKUM I OIPEJICNIEHHOCTH, 32 HEHPOHOB. 3arpy3ka MaTpuIbl —
JIOpOroCcTOosIIasl ONepals, HO B OOJBIIMHCTBE CIY4aeB y1aeTCs 3arpykaTh
HOBbIE KOA(PUITMEHTH HAa (OHE OCHOBHBIX BBIYMCICHUHU. [[i1st 3TOTO B
IPOLIECCOPE CYILECTBYET “TEHEBasl” MaTpHIla, KOTOpas 3a OJIUH TaKT MOKET
OBITH CKOMIMPOBAHA B pabouyIo.

B cnenyromuii mpoxo/1 Mo BX0/AaM BBIUHUCIISIOTCS CYMMBI elle 32 HeHpPOHOB,
U T.J., TOKa HE OKaXXyTCs BBIYUCICHHBIMU CYMMBbI HEPOHOB BCETO CIIOSI.

BbiyucneHue nopoz2osol hyHKyuu

B cuity Toro, uto moporosas GyHKIHS IPU OOIBIINX IO MOJTYITIO
3HAYCHUAX apIyMEHTa IIPAKTUYECKU IIPEBPAIIAECTCSA B IIOCTOSHHYIO, MBI
MO>KE€M BBIUUCIISITH €€ 3HAUYEHUS B HEKOTOPOM JIMarna3oHe Mo TalauIle, a Ha
SHAYCHHUA apTryMCHTA, BBIXOAAIINEC 3a I'PaHUIblI AaIla30Ha, paClipoOCTPAHUTD
3HaueHUs QYHKIIMHU B COOTBETCTBYIOIIMX KpallHUX TOUKax Auana3oHa. J{is
3TOTO YA0OHO BOCIOJIB30BATHCS ANIapaTHOW (hyHKyuell HacbiujeHus
BEKTOPHOT'O YCTPOMCTBA:

rep 32 with activate afifo + 0;
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Ypapisoomuye perucTpbl HACTPaAUBAKOTCS TAKUM 00pa3oM, 4TO IpU
NPUMEHEHHUHU ATOH (PYHKIIMH K B3BEIIEHHBIM CyMMaM 3HA4YEHUS B THATIa30HE
oT -32768 o 32767 ocraroTcsa 0e3 H3MEHEHUS, 3HAYCHUS, MCHbIIHE -32768
WM 6oabine 32767, 3amensarorcsd Ha -32768 u 32767 cOOTBETCTBEHHO.
3HaveHus: GYHKIUU A7 KaKJ0T0 HeMpOHa 3aTeM BBIUMCIIAIOTCS Ha
CKaJIIPHOM TIpolieccope 1o Tadnuiie s 65536 BO3SMOKHBIX 3HaYECHU N
apryMeHTa. B Hamem npumepe umciia B TabauIE NPEACTaBIAIOT COO0H
npeoOpa3oBaHHBIE K IIETIOMY 3HAYCHUSI CUTMOMTAIBHON (DYHKIIHH:

1—¢' ‘e X
2048

=32767-
/ l+e'’
, TJIe X mpo0eraeT 1esbie 3Ha4eHus oT -32768 mo 32767.
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UHTepdelic Ha si3bike C++ U CTPYKTypa TeCTOBOM NporpamMmbil

Brruncienue 3HaueHU HEMPOHHOM CETH MPOU3BOAAT TPHU MPOLETYPHI,
HaIlMCaHHbBIE Ha s3bIKe accemOepa [2, 3]. OHU BBI3BIBAIOTCS U3 OCHOBHOM
C++-nporpammbl. Hiske nepeynciieHbl MPOTOTUIIBI BEIZOBOB IS SI3bIKA
C++ u onucanue paboThl ITUX MPOLIETY.

void SumLayer ( size t nInput, size t nNeurons,

const long *input,

const unsigned long *weights,

long *output );
[Ipornieaypa BBIYUCISET BEKTOP B3BEIICHHBIX CYMM CJIOSI HEHPOHOB
IPOU3BOIBHOTO pazMepa. K BEIYHCIEHHBIM CyMMaM IPUMEHSIETCS (QyHKITUS
HaCBILIEHMS, TPUBOAIIAS X K Juana3zoHy ot -32768 no 32767.
KonnuecTBO HEHPOHOB B CIIOE 3a4AE€TCA MMApaMEeTPOM nNeurons,
KOJIMYECTBO BXOJIOB — IMapaMeTpoM nInput. YKa3zareib input ccbulaercs
Ha MaccuB 64-pa3psIHBIX BXOJHBIX 3HAYEHHH, weights yKa3bIBaeT Ha
Hayajo MaTpullbl 16-pa3psiAHBIX BECOB, YITAKOBAHHBIX 11O YETHIPE B 64-
paspsiIHbIE CIIOBA, output yKa3bIBaeT HAa MacCuB 64-pa3psIHbIX
B3BEIICHHBIX CYMM, BBIYUCIISIEMBIX B XO/I€ BBIIOJIHEHUS MPOIeayphl. B cuiy
MHOTOIIIArOBOI'0 XapakTepa BEKTOPHBIX ONEpaIfili Ha pa3Mepbl MACCUBOB B
NaMsATH HaJlararoTcs TPeOOBaHUS KPATHOCTH, JIOCTUTAEMOM MpHU
HEO0OXOIMMOCTH JIOMOJIHEHUEM HYJIEBBIMU 3JieMeHTaMu. Pa3mep maccuBa
BXOJIOB JIOJDKEH OBITh HE MEHbBIIE nInput U KpaTeH YeThipeM 64-
pa3psaHbIM ciioBaM. Kaxksias cTpoka u3 noApsia uaymux 16-pa3psaaHeix
3HaUEHUHN MaTPUIIBl BECOB (Takasi CTPOKa COOTBETCTBYET BeCaM OJTHOTO
HellpoHa) 3aHUMAeT 1eN0e Ynucio 64-pa3paaHbix cioB. KonnyecTBo 3THX
CTPOK ¥ KOJIMYECTBO IEMEHTOB BBIXOJHOTO MacCcHBa JJOJKHO OBITH HE
MEHbIIIE nNeurons U KpaTHO 32.

void SumLayerl2 ( size t nInput,

const long *input,

const unsigned long *weights,

long *output );
[Iponenypa anamornyHa SumLayer 3a TEM UCKIIOUEHHEM, YTO KOJIUYECTBO
HEHPOHOB B CJIOE 33J]JaHO PAaBHBIM 12, COOTBETCTBEHHO OIYILIEH IMapaMeTp
nNeurons. B Takoll cienuaan3upoBaHHOM JUIsl KOHKPETHOM CETH BEPCUU
MPOIEAYPHl OTCYTCTBYET BHEITHUN IIUKJI 1O TPYIIaM U3 32 HEHPOHOB, U
oTepaiuy B3BEIIEHHOTO0 CyMMUPOBaHUsI paboTaroT 1o 12 maros.
COOTBETCTBEHHO, YHCIIO BBIXOJHBIX 3HAYEHHUI 1 CTPOK MAaTPHUILIbI BECOB
paBHO 12.

void ApplyNeuroFunc ( size t nInput,

const long *input,

long *output );
[Tpornieaypa BEIYUCISET 3HaYECHUE TTOPOTOBON (DYHKIIMH /TSI BEKTOPA
YaCTUYHBIX CYMM CJIOSI HEHPOHOB. 3HAUYCHUSI YaCTUYHBIX CYMM, KakK ObLIO
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CKa3aHO BBIIIE, IPUBEACHBI K IHANA30HY OT 2" 110 2"°-1. 3nauenue
GbyHKIIUY omnpenersieTcs mo Tabmaume u3 65536 3HaUeHUH,
COOTBETCTBYIOLIUX BO3MOXHBIM 3HAYEHUSM apryMeHTa.

Hwuxe nmpuBeieHo T€J10 OCHOBHOM MPOLIEAYPBI TECTOBOU IPOTPaMMBI U
HEKOTOpbIE€ OOBABICHUS OTHOCSILUXCS K HEM TaHHBIX.

// number of neurons in the hidden layer

static const size t nHidden = 1024;

extern "C" {
long inputl];
long hidden[];
long output[];
unsigned long weightsl[];
unsigned long weights2[];

int main ()

// initialize data
Init();

// get the starting clock value
clock t tl = clock();

// evaluate the sums of the first layer
SumLayer ( 12, nHidden, input, weightsl, hidden );

// evaluate the outputs of the first layer
ApplyNeuroFunc( nHidden, hidden, hidden );

// evaluate the sums of the second layer
SumLayerl2 ( nHidden, hidden, weights2, output );

// evaluate the outputs of the second layer
ApplyNeuroFunc( 12, output, output );

// get the final clock value
clock t t2 = clock();

// return elapsed processor clocks

return t2 - tl;

}

CeTb COCTOUT U3 ABYX CIIOEB, MEPBbIN, T.H. CKPBITHINA, UMeET 12 BXOJI0OB,
KOJINYECTBO HEMPOHOB ATOTO CJI0S1 OMpPEAeIIsIeTCss KOHCTaHTOM nHidden.
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BbIX0/1pI THX HEHPOHOB MOCTYIAIOT HA BXOJ BTOPOTO ¢jos nu3 12
HEWPOHOB. Bpewmsi, 3aTpaueHHOE Ha BEIYMCIIEHNUE BBIXOHBIX 3HAYEHUH CETH,
OILICHUBACTCA C MOMOIIBIO BBI30BOB clock (), BO3BpallalOIIMX 3HAYCHMUS C
JUCKPETHOCTBIO TAKTOB MPOLIECCOPA.

OcHoBHas npolierypa nporpaMmbl onrcaxa B daiine main.cpp, Tena
BBIUMCIIUTENBHBIX IPOLEAYpP HAXOATCs B dailie layers.asm, ux
npotoTtuiibl Ha C++ — B 3arojoBouHoM aiine layers.h. B daiine
nfunctab.asm onucana Tabiuia 3HaYeHUH TOPOTOBOK (DYHKIIMHM HEHpOHA.
@aiin data.asm coaep>KUT OMKCATENN MACCUBOB, UCIIOJIB3yEMBIX TTPH
paboTe mporpaMmel.
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VlsmepeHMe npoun3soauMTernibHOCTU

1o 3HaueHunI0, BO3BpaIIa€MOMY TECTOBOU MMPOTPAMMOH, JI€TIAeTCs OLIEHKA
BpPEMEHU, 3aTPAYMBAEMOTI0 ITPOLIECCOPOM HA BBIIIOTHEHUE BBIUUCIUTEIbHBIX
npoueayp. B Tabnuie nanbl pe3ynbTaThl BHIIOTHEHUS TPOTPaMMBbI ITPH
JIBYX Pa3IMYHBIX 3HAYEHUSIX KOHCTaHThl nHidden (3aBUCUMOCTh BpeMeHHU
BBITIOJIHEHHS OT YUCJIa HEUPOHOB CJIOSI UMEET JTUHEHHBIN XapaKTep).
[Iporpamma 3amyckainacek Ha riporieccope NM6403 mater M114.01 ¢
TakToBOU yactorou 40 MI'11.

3HaueHue Yucno Bpewms Bpewms
nHidden SKBUBAJICHTHBIX BBIIIOJIHEHIS B BBIIOJIHEHIS B
orepanui TaKTax MUJUTACEKYH IaX
YMHOXECHHS mporieccopa
DJIEMEHTOB
512 12288 13150 0,33 mcex
1024 24576 25800 0,65 mcex
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