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Metosiu napaJieJibHO-BEPTUKAJIBHOIO ONPAIIOBAaHHS JaHUX
Yy HelipoMmepezKax

Busnauerno onepayitinut 6asuc netdpomepesic, 062pynmosaro douiibHicms po3pobieHHs ana-
DAMHUT  HETUPOMEDENHC NAPAAEALHO-BEPMUKANDHO20 MUNY, PO3POOAEHO OPIEHMOBAHUT, HA
HBIC-peanizayito napasesvHo-6epmuKasbHUl MEMOOD ONPAUIOEAHHA 0GHUT Y HEUPOEACMEHTAT
(netipomepesicax), sxull 3a06e3nevye smenwerns Kiavkocmi eusodie inmepdeticy, po3padnocmsi
MIDHCHETPOHHUT 36°A3K16 1 3ampam 0baadnarns ma 3anponorosano npunyuny HBIC-peaniza-
ULl Hetpomepestc.

Ha cygacnomy eramni po3BuUTKy HefipoMepeKeBUX TEXHOJIOTiH Bi/IOYBAETHCH PO3IMIUPEHHS rasTy3eil
3aCTOCYBaHHSI, B 3HAUHII YacTUHI 3 dKUX MOTPIOHO PO3B’si3yBaTH 3ajadi y peajbHOMY Yaci Ha
arapaTHuX 3acobax, IO BiJIIIOBI/IAIOTH OOMEXKEHHSM II[0/I0 €HEPrOCIIOKUBAHHS, rabapuTiB, Yacy
Ta, BapTOCTi po3pobsennsi. CTBOPEHHST BUCOKOEMDEKTUBHUX HEHPOMEPEKEBUX 3aCO0IB peabHOTO
qacy noTpebye MIMPOKOr0 BUKOPHCTAHHS Cy9acHOI esleMeHTHOI 6a3u (HaBEeIUKIX IHTErpaabHIX
cxem (HBIC)), po3pobiientst HOBUX METOJIB 1 AJrOPUTMIB ONPAIIOBAHHS JIAHUX Y DPEATHLHOMY
Jaci, OPIEHTOBaHWX Ha alapaTHY peaJsli3alliio.

Amnauiz onepariitnoro 6asucy HepoMepexK IOKa3ye, 10 HelpoMepeXKeBi onepariil 3a KiabKic-
TIO ONIEPAH/IIB, 110 OJIHOYACHO OIPAIILOBYIOTHCS, MOYKHA PO3/ILINTH Ha OJHO- (KOPIHb KBaJIpATHHUIA,
nepenarHi GyHKI), ABO- (IomaBaHHs, [iTeHHs, MHOYKEHHs1) 1 6araroonepan iHi (BU3HAYEHHST Mi-
HIMAJILHOTO Ta MaKCUMAaJIbHOT'O YHCeJI, DaraToorepaH/iHe i/ ICyMOBYBAHHSI, OOIUCICHHS CKAJIsAP-
HOTO JOOYTKY, 00YKMCIIeHHsT CyMu KBaapaTie pisauip) [1, 2|. Bizomi anaparni Heiipoesementu ta
HelipoMepexKi B OCHOBHOMY € OJIHO- 1 JIBOOIIEPAHTHUMH, I1€ IIOB SI3aHO0 3 MOYKJIMBOCTSIMU €JIEMEHT-
ol 6a3u. EBosioniss po3BUTKY apXiTEeKTypu HeilpoesieMeHTIB Ta HefipoMepek TICHO OB s3aHa
3 CTPYKTYPHOIO OJMHUIICIO OIPAIOBAHHS, TOOTO 3 PO3PSIHICTIO 1 KIBKICTIO OTIEpaH/IiB, siKi O/
HOYACHO OIPAIbOBYE OlepalliiiHuil mpucTpiii. 3 pO3BUTKOM IHTErpaJibHOI TEXHOJIOTI 3’siBUIacs
TEHJICHIIis 3MIHU CTPYKTYPHOI OJMHUII OIPAIIOBAHHS 3 OJIHO- Ta JBOOIIEPAHJIHOI Ha bararoorre-
PaHIHY, sIKa BUKOHYETHCH ITapaJjesbHO.

OcobuBicTio baraToorepaHHUX HEHPOOIIEPAIIiil € Te, 0 BOHU BUKOHYIOTHCS HaJ| MHOXKHUHOIO
OTIEPAaH/IIB 1 pe3y/IbTaTOM OIEepAaIlil € OjlHe YnC/I0. BaraToorepan ini Heifipooreparlil MPOIOHYEThCS
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BUKOHYBATHU Ha OCHOBI 6AaraToomepaHIHOTO MiIXOy, IPU SKOMY IIPOIeC OOUYUCIeHHS Helpoolre-
pariii po3IJIsaeThCs K BUKOHAHHS €IUHOI OMeparii, Mo IPyHTYETHCI HA eJIeMEeHTAPHUX apud-
METUYHUX OIEePAaITisIX.

[Tapanenbra HBIC-peaJiizariist Helipoe/ieMeHTIB 1 HelipoMepexK Ha OCHOBI baraToolepaHHOro
migxory morpedye BeJUKHX 3aTpar OOJIaJHAHHA 1 3HAYHOI KiJbKICTh BHBOMIB iHTepdeiicy, dKi
3aJ1eXKaTh K Bif KIJBKOCTI OIepaHIiB, TakK i Bifl IXHBOI po3psianocTi. BapTicTs i mBuAKOiS ma-
pastesibnux HBIC-peaustizariit mefipoeseMeHTiB i HefipoMepek iCTOTHO 3ajIeXKUTh SK BiJl PiBHS
TEXHOJIOTil, TaK i BiJl KiJbKOCTI BUBOMIB iHTepdeiicy, fKi BH3HAYAIOTH PO3Mip Kpuctasa. s
3abe3ITeveHHsT BUCOKOI IIBUIKO/II, 3MEHITEHHS KiJbKOCTI BUBOIB iHTepdeiicy Ta pO3psaHOCTI
Mi>KHEHPOHHUX 3B’s13KiB IIPOIIOHYETHCS OIPAIIOBAHHS JAHUX Y HefipoMepexkax 3CHIOBATH T1a-
paJeIbHO PO3PSATHUMHE 3pi3aMu Ha OCHOBI OaraToorepaHHOrO IiaX0mLy, TOOTO mapaJjelbHO-Bep-
TukagbHuME MeTojiaMu [3]. Ha ocHOBI Takux MeTOJIIB ONpAIIOBAHHSI JIAHUX PO3POOJISIIOTHCSI arla-
paTHI HeffpoeJIeMeHTH Ta HelfpoMepeXKi, IKi MaloTh apXiTeKTYPy MapaJse/bHO-BePTHKAJILHOTO TH-
y. ToMy MeTOr0 HOCIiIPKeHHST € PO3POOJIEHHS TIaPAJIeIbHO-BEPTUKAIBHAX METOJIIB OIPAITIOBAHHS
JTaHUX y peajibHOMY d1aci, opienroBanux Ha HBIC-peasizariro.

MeToau napaeibHO-BEPTUKAJIBHOTO ONPAIIOBAHHS JaHUX y Helipomepexkax. Oc-
HOBHMMU KOMIIOHEHTaMU, Ha 0a3i SKUX CHHTE3yIOThCs allapaTHi HelipoMepexi, € HefipoeseMeTH.
IIpu mapasenbHO-BepTUKAILHOMY OIPAIIOBAHHI JAaHUX y HelfipoeseMeHTi BXiaHi Jani X; Ta Ba-
rosi koedinjentn W; (j = 1,...,N, ge N — kiabkicTs BxoziB naHux i BaroBux koedirieHTiB)
[IO/IAIOTHCA Y TOPO3PSIHOMY BUTVISIL 3rifHO 3 (hOpMYII0o

n n
W= W %= 3 0
i=1 i=1

e Wi;, Xj; — sHauenns i-xX pospsis Muoxnukis W; i X;; n — po3psaIHicTh MHOKHUKIB.
V 3araJibHOMY BHIIQJIKy HeipOoe/JeMeHT 3 Ii/iCHIOE IIEPETBOPEHHSI Y BiIIIOBIAHOCTI 3 POPMYII0I0

N
v =F| D WiX; ), 2)
J=1

Jie yp — BUXIJHHN curHas p-ro HeifpoeseMenta; f — QyHKIiS aKTHBAIIL.
IlepeTBOopenns y p-mMmy HelipoejleMeHTI 3 BUKOPHUCTAHHSIM IapaJIeIbHO-BEPTHKAJILHOTO OIpa-
[IOBAHHS JIAHUX 3allUCYEThCS TaK:

N n N n N n
yp=f ZWij =f ZQ_iZWijz‘ =f ZQ_iZsz‘ =f 22_iPMi ; (3)
=1 =1 =1 =1 =1 =1

ne Pj; — ji-it acrkoBuii pesynbrar; Py — 1-if MaKpo4acTKOBUi pe3ysbTarT, siKuii (popMyeThes
nomaBaiHsM N 9acTKOBUX pe3y/abraTis [4].

3 dopmysnn (3) BumMBaE, 10 HapasebHO-BEPTHKAJIbHE ONPAIOBAHHS JIAHUX Y Heifpoesie-
MEHTaX 3BOJUTLCA JI0 BUKOHAHHS TAKHX eTalliB:

opMyBaHHS 7T KOJKHOI'O PO3PsAIHOIO 3pi3y YaCTKOBUX Pe3ysnbTariB Pj;

iJICyMOBYBaHHSI YaCTKOBHUX PE3YJIbTATIB Ta OTPUMAHHS MAKPOUYACTKOBOIO Pe3yabTaTy Pprq;

iJICyMOBYBaHHSI MAKPOYACTKOBUX PE3y/IbTATIB;

obuncenust GyHkiii aktuBarmii f.
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Anaiz dpopmyinu (3) nokasye, 1Mo 0CHOBOIO apaJieIbHO-BEPTUKAIBHOIO OIPAIIOBAHHS JIAHIX
y HellpoeJIeMeHTi € omepariisi IpyIoBOrO IIi/ICyMOBYBAHHSI

M
Z=>Y Cj (4)
j=1

Jie M — KinbKicTh 9acTKOBUX pesynabTaTis; Cj — j-if 4aCTKOBHIT pe3y/IbTarT.
Hexait nonanku C)j € IBIMKOBIMEI N-PO3PSATHAME JOAATHUMI YHCIAMHI, MEHITUME 32 OJUHHU-
IO, $Ki 3aIMCyIOTHCA TaK:

Cj =Y 27'Cy. (5)
i=1

[Mincrasusimn 3uadenus (5) y dopmyay (4), orpuMaemo

Z=3 > 27Cy. (6)

j=1i=1

®opmyna (6) Bimobpazkae TOPU30OHTATIBHY MOJETL OOUHCICHHS OepaTopa TPYIOBOrO MiICyMO-
ByBaHHsl. 3aMmiauBim y (opmysi (6) mopsiIoK HijCyMOBYBaHHsI, IIEPEXOIUMO JI0 BEPTUKAJBHOI
MOJIeJIi ODYMCIIEHHST OIIEPATOPA I'PYIIOBOTO IIi/ICyMOBYBAHHS

n M;
Z:ZQiiZCji, (7)
i=1 j=1

ne M; — KiTbKICTb JOMAHKIB Y i-My PO3PLATHOMY 3pi3i.

V miit Moje i TPYIOBOrO MiACYMOBYBaHHS IIPOIEC ITiACYMOBYBaHHS 3BOJUTLCA IO IIEPETBO-
peHHs 0araTopsiTHONO KOIY B OXHOPSIHIUIA.

Meromu peaJiizariii mapaJeabHO-BEPTUKAJIBLHOTO OIPAIIOBAHHS JTIAHUX Y HeHpoeJeMeHTi 3aJ1e-
KaTh BlJI TaKNX YUHHHUKIB.

1. Cuoci6 HaJIXOIKEeHHs JaHUX:

napaJIeTbHO-IIOPO3PAIHE HAIXO/PKeHHs BXiHIX Jannx Xj; 1 Barosux koedimientis Wj;;

HI0Yeprose I1apaJiesibHO-II0PO3PsiHe HAJIXOIXKeHHA BXIIHUX JaHuX Xj; 1 Baropux Koedimien-
TiB Wji;

CyMillleHHsI IIPOIeCY HapaJiebHOTO MOPO3PSIHOIO HaJXOIKeHHs BXiIHMX JaHux Xj; 1 Bep-
TUKAJIBLHO-TA0INIHOTO (DOPMYBAHHS 1 IiICyMOBYBaHHS MAKPOIACTKOBUX PE3YIbTATIB Phy;.

2. ®opmyBaHHs JJIsl KOYKHOI'O PO3PSAIHOIO 3pi3y YaCTKOBUX pe3ysbrarTib Pj;:

3 npaMuM (HOPMYBAHHSIM;

Ha 6a3i momepeaHix 0OYNC/IEHD.

3. @opMmyBaHHSI MaKpPOUYACTKOBUX PE3y/abTaTIB Ppr;:

IIOCJIi JOBHE;

rapaJiejibHe;

[IOCJIi JOBHO-ITapaJie/IbHE.
n

4. @opMyBaHHA pe3yabTaTy obumciaenus Y. 27 Py
i=1
IIOCJIi JIOBHE;
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rapaJieJIibHe;

IIOCJTITIOBHO-TIapaJie/IbHE.

[linBuinennst MBUAKOMII apaJiesIbHO-BEPTUKAILHOTO OIPAIIOBAHHS JAHUX Y HeiffpoeseMeHTi
MOXKHA JIOCSITHYTU TaKUME nuisixamu [5]:

3MEHIIeHHAM Jacy (opMyBaHHA JaCTKOBUX Pe3yIbTarTi Fjj;

3MEHIIeHHSM KiTbKOCTI 9aCTKOBUX pe3y/abTaTis Pj;;

3MEHINEHHAM Yacy (pOPMyBaHHS MAaKpOYaCTKOBUX PE3YIbTATIB Phy;

3MEHIIIEHHSIM Yacy HiJICyMOBYBAHHA MAaKPOUYaCTKOBUX Pe3yabTaTiB Pyy;.

[TapasenbHO-BepTUKAIBHIIT METOJ ONIPAIIOBAHHS TAHUX Y HelfpoeseMeHTax (HefipoMeperkax)
3aBJ/IFAKU BUKOPUCTAHHIO OAraToOmepaHIHOrO MiIX0Ty, TOPO3PAIHOIO HAIXOMKEHHST JAHUX Ta CY-
MIIIEHHS POIIECIB HAJXOJPKEHHS JIAHNX 3 BUKOHAHHAM O0YHCJIeHD 3a0e31euye 3MeHIIeHHs Kilhb-
KOCT1 BUBO/IIB iHTepdeiicy, PO3PsIHOCTI MiKHEHPOHHUX 3B’S3KiB 1 3arpar obJaJHAHHS Ta IIij-
BUIIYE IIBUIKO/IIO OOIUCICHbD.

[Ipu HBIC-peautizatil zHeitpoMepek napaJebHO-BePTUKAIBHOIO THILY JIOIIJIBHO BUKOPUCTO-
BYBATHU TaKi IPUHIIUIIN: MOIYJILHOCTI, AKUil mepeadatiac po3pobIeHHsT KOMIIOHEHTIB HepoMepeK
y BUIJIsiZ (DYHKIOHAJIBHO 3aBEPIIEHUX IPUCTPOIB (MOJLYJIIB); OJHOPITHOCTI Ta PEryJIsIPHOCTI ap-
XITEeKTypH HeWpOMepekK; JIOKaJIi3allil Ta CIPOIIEHHs 3B SI3KiB MiXK eJeMeHTaMUi HEHPOCHUCTEMU;
KOHBeEpHU3aIlil Ta TPOCTOPOBOrO MapaJsieli3My OMpAITIOBAHHS JAaHWUX; aflalTallil alrapaTHIX 3aco-
0iB 0 CTPYKTYPH AJTOPUTMIB OIPAIIOBAHHS Ta 1HTEHCUBHOCTI HAJIXOIKEHHSI TAHUX.

Takum 9uHOM, BUKOPUCTAHHS TAapaJIeIbHO-BEPTUKAJIBHIX METO/IIB OIPAIIOBAHHS JAHUX IIPH
HBIC-peamnizarii HeitpoesieMeHTIB i HeifpoMepesk 3abe31evye i BUTIEHHS MBUIKOJIIT, 3MEHITIEHHST
KUJIbKOCTI BUBOIIB iHTEepdeiicy, PO3PsiIHOCTI MiKHEHPOHHUX 3B sI3KiB Ta 3aTpaTr 00/ THAHHSI.
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Metop1 mapasiieIbHO-BEPTUKAJIbHON 00pabOTKM JITAHHBIX B HelpOCeTax

Onpedenen onepayuonmnsili bazuc netdpocemet, 060CHOBANG UEAECO0OPAZHOCTIL PA3PAOOMEKL ANNa-
pamHuT Helpocemeli NaAPaANeNbHO-BEPMUKAAGHO20 MUNG, DPA3PAOOMAH, OPUEHMUPOBAHHbIT HA
CBHUC-peanusayuro napaiiesvho-6EPMuUKaIoHT Memod 00pabomky daHHE 8 HeUPOINEMEHMAL
(netipocemax), komopoili obecnenusaem YMmMerbuehue KoAuUecmsa 6u160006 unmepdetica, paspsio-
HOCTAU MENHCHETPOHHBLL c8a3el u 3ampam 0bopydosanus, u npedaosicerv. npunyuns, CBHUC-pea-
ausayuy Hetipocemedi.
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Corresponding Member of the NAS of Ukraine V. V. Grytsyk, I. G. Tsmots,
O.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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