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Meto/iu napaJieJibHO-BEPTUKAJbHOTO OIIPAIIOBAHHS JIAHUX
y HelipoMeperKax

Bushaueno onepauyitinut 6a3uc Hetipomepesic, 062pynmosano JouiabHICMD PO3POOAEHHA ANa-
PAMHUL  HETUPOMEPEINC NAPAAEALHO-BEPTNUKAABHOZ20 MUNY, PO3POOAEHO OPIEHMOBANUT HA
HBIC-peanizauito napanresvro-6epmukasbHusl Memod onpayo8anti 0GHUT Y HeUPoeseMeHMax
(Hetipomepercax), axull 3abesnewye smerwenta Kiabkocmi 6ueodis inmepgeticy, pospadnocms
MINCHETUPORHUL 36 °A3KI6 1 3ampam obaadnarna ma 3anpononosaro npuruyunyu HBIC-peaniza-
Ui Hetupomepedic.

Ha cygacHoMmy erari po3BUTKY HEIIPOMEPEKEBUX TEXHOJIOTIH Bi/IOYBAETHCsI POIIUPEHHSI raJly3eil
3aCTOCYBAHHSI, B 3HAYHIN YaCTHHI 3 SIKUX MOTPIOHO PO3B’I3yBaTH 3aJadi y PeaibHOMY daci Ha
armapaTHuX 3acobax, IO BiJIIIOBIIAI0Th OOMEXKEHHSIM IIOJI0 €HEPrOCIIOXKUBAHHSI, rabapuTiB, dacy
Ta BapTOCTi po3pobiieHHsi. CTBOpEHHSI BUCOKOE(PEKTUBHIUX HEHpOMeperkeBUX 3aC00iB peaibHOrO
yacy norpedye MMPOKOr0 BUKOPUCTAHHSI CYy4YacHO! eJleMeHTHOI 6a3u (Ha/IBeJIMKUX 1HTerpajbHUX
cxem (HBIC)), po3pobiieHHsi HOBUX METOJIB 1 IrOPUTMIB ONpPAIIOBAHHS JAHUX Y DEAbHOMY
4Jacl, OpIEHTOBaHUX Ha allapaTHy peaJli3allilo.

Amagni3 onepariiitHoro 6a3mucy HelipoMepeXK MOKa3ye, 10 HelipOMepeXKeBl omepariil 3a KiJbKic-
TIO OIIEPAHJIIB, 1[0 OJTHOYACHO ONPAIBOBYIOThCsI, MOXKHA DO3JILIUTH Ha OJHO- (KOPiHb KBaIpaTHUIA,
nepejarHi GyHKI), ABO- (I01aBaHHs, JiJIeHHs, MHOYKeHHsI ) 1 6araroonepan (Hi (BU3HAYEHHST Mi-
HIMAJILHOTO Ta MaKCHMAJILHOI'O YHCeJI, DaraToonepaH IHe IIiCy MOBYBaHH, OOUNC/ICHHS CKAJISIP-
HOTO JIOOYTKY, O0UUC/IeHHsT CyME KBaJpaTiB pisuuib) |1, 2|. Bigomi amaparhi HeiipoesiemenTn Ta
HepoOMepeKi B OCHOBHOMY € OHO- i JIBOOIIEPAHIHIMU, I1€ TTOB’I3aHO 3 MOXKJINBOCTSIME €JIEMEHT-
HOT Oaszu. EBoJionisi po3BUTKY apxiTeKTypu HEHpOeJeMEHTIB Ta HeHpoMepexK TICHO MOB’sd3aHa
3 CTPYKTYPHOIO OIMHUIICIO OIPAIFOBAHHS, TOOTO 3 PO3PSIHICTIO i KIBKICTIO OMEPAH/IIB, sIKi OJI-
HOYACHO OIPAIBOBYE OlepaIiifHuil npucTpiii. 3 pO3BUTKOM IHTETrpajbHOI TEXHOJIOrIl 3’siBUIacs
TEHEHIlis] 3MIHI CTPYKTYPHOI OJMHUII OMPAIIOBAHHA 3 OJHO- Ta JBOOIEPAHIHOI Ha OaraToore-
PaHIHYy, sIKa BUKOHYETLCS IMapaJiebHo.

OcobJuBicTIO 6araToonepaHHIX HEPOOIIEpalliil € Te, 0 BOHA BUKOHYIOTHCS HaJ MHOYKHUHOIO
OTIEPAH/IiB 1 pe3y/IbTATOM OIepallil € ojlHe YncJ0. baraToonepan i Hefipoomnepariil TpOMOHYETHCS
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BUKOHYBAaTH HAa OCHOBI 6araToorepaHIHOro IiIX0o/y, MPHU SKOMY IIPOIeC O0YNCIeHHs Heiipoole-
parii po3JIsiIa€ThCs K BUKOHAHHSI €JIMHOI OIepallil, 10 IPYHTYETbCS HA €JIeMEHTAPHUX apud-
METHYHUX OIePaIliax.

[Tapasteibra HBIC-peanizartiis meiipoesieMeHTIB i HelipoMepeK Ha OCHOBI OaraToorepaH IHOro
mixoy moTpedye BeIUKUX 3aTpaT OO/IaHAHHS 1 3HAYHOI KiJbKiCTh BUBOAIB iHTepdeiicy, sKi
3aJ1eKaTh SK BiJl KLIBKOCTI OIepaH B, TaK i Bij IXHbOI po3psaHocTi. BapTicTh i MBUIKOMIS Ta-
pastesibaux HBIC-peadstizariiit HeiipoesieMeHTIB 1 HefipOMEpEXK iCTOTHO 3aJIEXKUTh SK BiJl piBHS
TEXHOJIOTII, Tak i Bij KiJbKOCTI BUBOIIB inTepdelicy, fKi BU3HAYAIOTH pO3Mip Kpuctasa. s
3abe3revueHHsT BUCOKOI IIBUJIKO/II, 3MEHIIEHHS KiJIbKOCTI BUBOJIB iHTepdeiicy Ta pO3psIHOCTI
Mi2KHEHPOHHUX 3B’sI3KiB IIPOIIOHYETHCS OMPAIIOBAHHS JAHUX Y HEHpOMepeXKax 3MiICHIOBATH IIa-
PAJIEJIBHO PO3PSHUME 3pi3aMU HA OCHOBI OAraTOONEPAHIHOIO IIiJIXOMy, TOOTO MmapaJiesibHO-Bep-
TuKasbHIMEU MeTozamu [3]. Ha ocHOBI Takux MeTOJB OlpaIfOBaHHSI JaHUX PO3POOJISIIOTHCS arla-
paTHi HeilpoesleMeHTH Ta HefIpOMepexKi, sKi MaloTh apXiTeKTypy MapajeabHO-BEPTUKAJILHOTO THU-
my. Tomy MeTOI0 HOCiIKeHHsT € PO3POOJIEHHST [TapaJIe/IbHO-BEPTUKAILHIX METOIIB OIIPAIIOBAHHSI
JIaHUX y peajibHOMY 4aci, opienroBanux #a HBIC-peasizarito.

Metoau nmapaJjie/ibHO-BEPTUKAJILHOTO ONPAIIOBAHHS JaHUX y Helipomepexkax. Oc-
HOBHUMU KOMIIOHEHTAMU, Ha 06a3l SKUX CHHTE3YIOThCS alapaTHi HefipoMepexKi, € HeilpoesieMeTH.
[Tpu napasebHO-BEPTUKAILHOMY ONpAIfOBaHHi JaHUX y HefipoeseMeHTi BXiaHi mani X; Ta Ba-
rosi koedinienrn W; (j = 1,...,N, ne N — kigbkicTh BxozaiB naHux i BaroBux koedirieHTiB)
[OJIAIOTHCS Y IIOPO3PSTHOMY BUIVISIIII 3TiIHO 3 (DOPMYJIOI0

n n
W= 27Wy,  X;=) 27X (1)
i=1 =1

ne Wi, Xj; — sHadeHHs 1-X po3psliB MHOxKHUKIB W; 1 X;; n — po3psaIHICTb MHOXKHUKIB.
V 3arajbHOMY BUIJIKY HEHPOEJIEMEHT 3/IiiCHIOE TIePEeTBOPEHHS Y BiITOBITHOCTI 3 POPMYI0I0

N
v =F{ D W;X; |, (2)
=1

Jie Yp — BHUXIJHUI CHUT'HAJI p-TO HelipoesieMeHTa; [ — (yHKIIiA akTHBAIi.
[TeperBopentst y p-my HeHpOeIeMEHTI 3 BUKOPUCTAHHSIM I1apaJie/IbHO-BEPTUKAJILHOIO OIpa-
[IOBAHHS JIAHUX 3allACYETHCI TaK:

N n N n N n
yp=f Z W;X; | =f Z 27 Z W;Xji | =f Z 27 Z Py |=f Z 27 Pui |, (3)
=1 -1 =1 -1 =1 =1

ne Pj; — ji-it qacTKoBHit pesyabraT; Py — i-if MaKpoJacTKOBUII pesynibTatT, sakuil popMyeThesa
nojaBanHsiM N 9acTKOBUX pe3ysbraTis [4].

3 dopmysu (3) BumIMBaE, 1O HapasielbHO-BEPTUKAJIbHE OIPAIIOBAHHS JIAHUX Y Heiipoesie-
MEHTaX 3BOJUTHCS JI0 BUKOHAHHS TaKUX €TaIliB:

opMyBaHHSA 1151 KOXKHOTO PO3PSJIHOTO 3Pi3y YacTKOBUX pe3y/brarTis Fji;

MiICYMOBYBAHHS YACTKOBUX PE3Y/IbTATIB Ta OTPUMAHHIA MAaKpPOIACTKOBOI'O PEIYILTATY Phsi;

MCyMOBYBaHHS MaKpPOYACTKOBUX PE3YJIHTATIB;

obuncienust QyHKINI akTuBarii f.

ISSN 1025-6415  Jlonoeidi Hauionansvroi axademii nayx Yxpainu, 2014, Ne10 41



Ananiz dopmysn (3) mokasye, 1110 OCHOBOIO I1apaJleIbHO-BEPTUKAIBHOIO OIPAIIOBAHHS JIAHUX
y HelipoeJIeMeHTi € ollepallisl I'PyHOBOIO IIJICYMOBYBaHHS

M
Z=3 0y (4)
j=1

e M — xinbkicTh yacTkoBuX pesynbraTis; Cj — j-it 4aCTKOBHUI pe3y/IbTar.
Hexait nomanku Cj € IBIKOBUME N-PO3PATHAMHA JIOJAATHIMH YHCIAMH, MEHITHME 32 OJ[IHI-
IO, SIKi 3aMMCYIOTHCS TaK:

Cj =Y 27Cy;. (5)
=1

[Migcrasusim 3uadenss (5) y dopmyiay (4), orpumaemo

M n ‘
Z=Y) > 2'Cp ©

j=1i=1

®opmysa (6) Bimobpazkae ropu30HTAJBbHY MOJEJb OOUUCIIEHHS OlEPATOPa IPYHOBOrO MiJICyMO-
ByBaHHs. 3aminusum y dopmysi (6) HOPSIOK IiJICyMOBYBaHHS, [EPEXOAUMO [0 BEPTHKAJIBLHOL
MOJIeJIi 0DYUC/IEHHS OllepaTopa I'PYIOBOrO MiJICYMOBYBAHHS

n M,;
2=y 2y o "
i=1 j=1

ne M; — KiJbKicTh JOJAHKIB y i-My PO3PSIHOMY 3Pi3i.

Y it Mozesi rpymnoBOTo IijICyMOBYBaHHs ITPOIIEC IiJICYMOBYBaHHSI 3BOJUTHCS JIO IEPETBO-
peHHsT 6araToOpsIHOTO KOy B OJHOPSIHUN.

Metomu peaJsiizaliil napaJie IbHO-BEPTUKAJIBLHOIO OIPAIIOBAHHS JAHUX Y HefpoeJeMeHTi 3aJe-
JKaTh BiJ TaKUX YUHHUKIB.

1. Cuoci6 HaIXOIKEeHHSI JAaHUX:

HapaJie/IbHO-II0PO3PsaHe HAIXO/KeHHs BXijHux ganux Xj; i Barosux koedimientis Wi;;

HOYeproBe I1apaJsie/IbHO-II0PO3PsiIHe HAIXO/IKeHHsl BXIHUX JaHux Xj; 1 Baropux Koedirien-
TiB Wji;

CyMillleHHsl IIpoIiecy HapaJieIbHOIO IOPO3PsIHOr0 HaIXO/KeHHsl BXigHux ganux Xj; 1 Bep-
THUKAJIbHO-TAOJIMIHOr0 (POPMYBaHHS 1 IMiICYMOBYBaHHS MaKpPOYaCTKOBUX PE3yIbTaTIB Pyy;.

2. @opmyBaHHA JIsl KOXKHOT'O PO3PSIJIHOIO 3Pi3y YacTKOBUX pes3ynbrarTiB Pj;:

3 IpsaMUM (POPMYBAHHSIM;

Ha 0a3i momepesHiX OOYMCIEHD.

3. @opMmyBaHHS MaKpOYaCTKOBUX Pe3yabTaTiB Ppy;:

TIOCJTiJIOBHE;

rnapaJieJibHe;

MTOCJTi TOBHO-ITapaJieIbHe.
n
4. ®opmyBaHHs pe3ysbrary ob4uciaeHHs y . 27 Py
i=1
TIOCJTiJIOBHE;
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TapaJiesIbHe;

MIOCJTi TOBHO-TapaJIeIbHe.

[TigBumenns mBuUAKOAIl HapaseIbHO-BEPTUKAJIHHOTO ONPAIIOBAHHS JAHUX Y HEHpOoe/eMeHTi
MOXKHA, JIOCSATHYTH TaKUMU Huisxamu [5]:

3MEHIIeHHsIM 4Jacy (popMyBaHHs JaCTKOBUX pe3y/bTaTis Fj;;

3MEHIIEHHSIM KIJIbKOCTI 9aCTKOBUX pe3y/bTaTiB FPj;;

3MEHIIEHHAM Yacy (OPMyBaHHS MaKpPOYACTKOBUX Pe3yJIbTaTiB Ph;;

3MEHIIEHHAM 9acy IiICyMOBYBaHHs MAKPOJaCTKOBUX Pe3ysIbTaTiB Pyy;.

[TapaJiesibHO-BEPTUKAJIBHIN METOJL ONPAIIOBAHHS JJAHUX Yy HelipoejieMeHTax (HefipoMeperkax )
3aB/IFKN BUKOPUCTAHHIO 0AraTOOMEePaHIHOIO IIiIX0y, ITOPO3PIHOIO HAIXOMKEHHS JAHUX Ta CY-
MIIIEHHS [TPOTIECIB HAJIXO/PKEHHSI JIAHUX 3 BUKOHAHHSM OOYUC/IEHDb 3a0e311e1y€e 3MEHINEeHHs KiJlb-
KOCTi BUBOIB inTepdeiicy, po3psa HOCTI MiKHEHPOHHUX 3B’¢3KiB i 3aTpar obJagHaHHS Ta IIif-
BUIILY€E IIBHUJIKO/IIO0 OOYNC/IEHD.

[Ipu HBIC-peaJizamii HelipoMepeK HapajielbHO-BEPTUKAJIBHOIO THITY JIOIIJIBHO BUKOPUCTO-
BYBATH TaKi IPUHIIAIINA: MOJIYJIBHOCTI, KU 1iepegdadae po3pob/IeHHs KOMIIOHEHTIB HEHpOMePexK
y BUDIAI] (DYyHKIIOHAIBHO 3aBEPIIEHUX IIPUCTPOIB (MOJLYIIIB); OJHOPITHOCT] Ta PeryssipHOCTI ap-
XITeKTYypH HellpoMepek; JIOKaJi3allil Ta CIPOIIEHHS 3B’SI3KiB MiXK eJleMeHTaMU HEeHPOCUCTEMU;
KOHBEEPU3AIII Ta ITPOCTOPOBOIO TapaJjesi3My OIPAIIOBAHHS JTAHUX; aJalTallil almapaTHUX 3aco-
6iB 10 CTPYKTYPHU AJITOPUTMIB OIPAIIOBAHHS Ta IHTEHCUBHOCTI HAIXOMKCHHS JTAHUX.

TaxuMm IUHOM, BUKOPUCTAHHS NapaseIbHO-BEPTUKAJIHHAX METO/IIB OMPAIIOBAHHS JAHUX TPU
HBIC-peaizariii HeiipoegeMeHTIB 1 HefipoMeperk 3abe31euye i IBAIEHHST IITBUIKO/IT, 3MEHIIEHHST
KIJIBKOCT1 BUBOJIIB iHTEpdECy, PO3PAIHOCTI MiXKHEPOHHUX 3B’sI3KiB Ta 3aTpar obJiaHAHHS.
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Meroapl nmapaJijieJbHO-BEPTUKAJILHOU 00pabOTKM JJaHHBIX B HelpoceTdax

Onpedenen onepayuorrviti bazuc Hetpocemeti, 000CHOBAHA UEAECO0OPAZHOCTIL PA3PGOOMEKY ANNG-
pamHLT HelUpocemetl NAPaAsLeAbHO-BEPMUKAALHO20 MUNG, PA3PAOOMAH OPUEHMUPOSAHHYIT HA
CBHC-peanru3auuto napaitesvho-6epmurasotsiti memod obpabomxu JaHHbr 8 HeUPOIAEMEHMAT
(netipocemax), Komopoili 06ecnevu8aem YMEHbUEHUE KOAUKECTNEA 661600068 unmepdetica, paspso-
HOCTU MEINHCHETUPOHHBT c8A3el U 3ampam 060pydosanus, u npedaosicenv, npunyuns, CBHC-pea-
auzayuy Hetipocemedi.
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Corresponding Member of the NAS of Ukraine V. V. Grytsyk, I. G. Tsmots,
0. V. Skorokhoda

Methods of parallel vertical data processing in neural networks

An operational basis of neural networks has been identified. The feasibility of development of
parallel-vertical hardware neural networks has been substantiated. A parallel-vertical data proces-
sing method in neural elements (neural networks) that is oriented to the VLSI implementation and
provides a reduction of the number of interface’s pins, the bitness of interneuron connection, and
equipment costs has been developed. The principles of the VLSI implementation of neural networks
have been proposed.
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