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Puc. 12. 3asucumocms yucna napamempoé om cnoeé HC ¢ mpemsa exooamu ®H

IMpennoxeH npuHUUI noBbimeHUs dpdexTuBHocTH U HaaexkHocTd HC Ha ocHoBe
U3MEHAEMBIX CHHANTHYECKUX CBA3€H, YTO I03BOJIAET IOBBICHTH (YHKIHOHAIbHbIE
BO3MOJKHOCTH M Ha/IeKHOCTh, M3MEHATh apxuTekTypy HC H KOJIMYeCTBO HEHpOHOB B
3aBHCHMOCTH OT JIaHHO# 3a1auHl, obecrneunTh 6osee 3G heKTHBHOE TeCTHPOBaHHE.

OCHOBHBIE BbIBO/IbI 110 TUCCEPTAIIMOHHOM PABOTE

1. IlopTBep>XmeHO, YTO /I MOBBILEHUA (GYHKUHOHAIBHBIX BO3MOXHOCTEH H
osicTpoaeiicTeuss HC Heo6xoaumo ucnosns3oBate MHoronoporossie ®H n ®H Ha ocHoBe
MYJIBTHILUIEKCOPOB [1-5].

2. Paspaborana MeroJMKa BBIOODKH M  I[peoOpa3oBaHHA CHHANTHYECKHX
B3aHMOJICHCTBHH, MO3BOJIAIONIAA BBIOpaTh KOMIIDOMHMCCHBIH BapuanT JID mma
CHHANTHYECKUX B3auMoAeucTBHi [7].

3. Pazpaboran Meroa cuHTe3a ®H M mpeanoxkeH KpUTEpUil ONTUMATbHOCTH MIJIS
OLIeHKH pa3pabOTaHHOIO METO/1a, MO3BOJIAIoNIHe cuHTe3upoBaTk ®H ¢ MabIM BpeMeHeM
M0 CPaBHEHMIO ¢ M3BECTHBIMU MeTo/iaMH [ §].

4. Pa3paboTaHbl HOBBIE MOJEIM MHOromoporoselx ®H M HX CXeMOTEXHHYECKHX
peanu3aiuii, YTO TMO3BOJIET HCKJIIOYWTH CHHANTHYECKOE B3aMMOJEHCTBHE, CHU3UTH
anmnapaTHble 3aTPaThl, MOTPEOJSIEMYIO0 MOLHOCTD, IUIOIA/b, IOBBICUTh OBICTPO/AEICTBUE
KakK pu 00y4yeHHH, Tak U npu pemenus HC 3amay [2,3].

5. Pa3paborana merojuka annapatHoi peainzauun ®H Ha ocHOBe MYJIBTUILIEKCODA,
ITOPUTM €ro 00y4eHHs, MO3BOJIAIOIIMI NPOM3BECTH aBTOMATHYECKOe MPOEKTHPOBAHHE
HC, cHU3UTH anmapaTHble 3aTpaThl, NOTPeONIIEMYIO MOLHOCTD U IUIOMAb [6].

6. IIpennoxennas Meroamka cuHte3a HC Ha ocHoBe BeIOOpkHM Mozaenu ®H, ymcia
CKpHBITBIX ci10eB 1 ®H B cKpBITOM CJ10€.

7. IlpemnoxkeHa MeToAMKa MNoBblIeHUs 3(dekTHBHOCTH M HajgexHoctn HC Ha
OCHOBE U3MEHSEMBIX CHHANITHYECKUX CBA3EH.
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Lbpnuwjhu gwugbpp (L8) hwunhuwunW U <<dwwin>> GLwjuwgywd
fuunhpubph nddwt wprymuwybinn dhong: Lbpluynwdu juyu tnnwpwdnud bu
qub) pwqdwbpn ninpn nwpwddwdp ULS-tpp, npp wupdwuwynpws k
npwug ppwjwiwgdwt wwpgnejudp, qupqugwd nwnigdwt  dbennubiph
wnlwynpjudp b hwynuiubph gqniquwhbn juwnwpdwdp: Uwlwis L3-bpmd
hwpynnwywt  pwpnmpnitt. wénd £ ndyuiubph  swihnnuwuniypjut
pwnwynwnitt hwdbdwwnwywu, npp pipnd £ wpwqugnpdnipjw ujuqiwt b
wwwpwwwihu dwiuubph wéhu:

b wwppbpnenit nhywiht  Swprnwpwwbnnejwdp  wpngbunpubph,
npunbin Spwghpu k <<hwpdwpynii>> nyju wpngbiunph
Swpunwpwwbunyuup b npuk hwugnygh juwthwunwp pbpnud £ wdpnng
hwiwlwpgh puwthwtdwup, ULS-h nbwypnd hbug guwug | <<hwpdwpynwi>>
njuy fuunphtt b huptwyuwquiwlbpwdwt hwnynysjwt sunphhy wwwhnyn £
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fuwthwugwsd wnwpph $niulyghnuwnipiut thnfuwphunwd dkly Ywd dh pwup wy
nwppbpny:  Pwgh  npwuhg, dwdwuwlwlhg wpngbunpubiph  uwwndwu
hgnpnyejniup Ywqunud £ 15-47 dip, hul dwpnne ninbinh uywndwu  wdpnng
hgnpniejniup Yuqgind | dnunwdnpuwtiu 254, npp dhuju inbnblwnynyejut
Jowldwl hwdwp Yuqinwd £ dnnwynpuytiu 104y: Puqudwdhoniywiht
wpngtiunpubipnd  hpwdwuubph hpwlwuwgdwt pupwgpnd wynpywund
wdpnne wpngbunph 3%-15% duwgwd dwup dund £ uywunnulwu Jhéwynud,
npp nbunipuubph  oquwgnpddwl  wbuwulnibhg  wpryniiwybn gk
dwlwuwlwlhg  wpngbiunpubpp  Gwhiwwnbujwsd  6U wphbunwywu
pwlwlwunejwt futnhpubph wpryniwybn moénd. wwywhnybine hwdwp b
wwhwuonwd Bu ulygpniuipwihtt Yuwwnwpbjwgnpénwiubp: Ybpght nwphubipht
wphbunwlwt pwlwlwunieywt  futnhpubpt wybh wpryniwybn  nstne
tywuwwynd wpunwnpynd i US-tph wywpwwwiht - hpwjwuwgnuiubn,
pwuh np Spwgpwiht bnwuwynd US-h wpluwwnwupp wwhwugnd £ dtd
nbunipuubp:  U8-tph  wwwpwwnwht  hpwlywtwgnuwiubpp  hhduwwund
oquiwgnpdynd Bu gpuhphlulwt wwwybpubph dawydwyu hwdwlywpgbpnud,
npp h hwdbdwn whywiht dwpunwpwwbnngejuwdp wypngbunpubipny L8-tph
Spwgpwihu  ppwlwtwgdwl, wwwhnynd £ gwdp uwwndwl hgnpnipinil,
wpryniwybunnyeywt pwpdpwgnd b UL8-tph wngwug Yhpwnnipyniu: Uwlwyu,
suwjwd Jbpghtu wwphubiph US-tph pwjwlwlu qupqugdwup, wnwidd ny
pwdwpwp £ dowlwd g $nilyghnuwy  huwpwynpnigniubipny,
wpwgwgnpd nwppwiht pwquih unbnddwu b hwdwlwpquiht twjuwgddw,
wuwihgh nu uptupbgh fuunhpubpp: Wn Uywuowyny  wnbuwfununipjui
onpswlwlubpnd wnwowpyyby Gu pwqdwbid $npdw ubpnup (HL) dnnbjubp b
gnyg bt wpyb), np Jbpghttbipu wwwhnynwd Gu $niuyghnuwy phynipiniup
wnwlg uptwwwhl thnjuwgnbgnipjul, husgwbu Lwl 3 dnunph nbwpnu
punipwgpynd B wybih phs wwpwdbnpbipng pwu wnhundhw $L-tipp [1-5):
Pwqiwotid U wlwinquihtt hpwlwtwgnuwit wwwhnynwd £ 37% uwywndwl
hgnpnipjw, 24% dwlbiptiuh b 8% hwwwndwu, huy pYwiht hpwlwlwgnuip
32% uwwndwu hgnpnipjwt b dwlbpbuph nt 8% hwwwndwl pwpbjwynuiubp
hwdbdwwwd unyu pniulghwt ppwlwiuwgunn wnihundhw $U-h htwn, npp
pwpdpwgunwd £ US-tiph wpryniiwybitnnyejniup huswybu nwnigdw, wjtwbu
fuunph (ndwu pupwgpnd [3-5]: Uswljwsd SU-tph uhuptigh dbpnnp, npp
punipwgpynud £ O(n) pwpnnipjwdp wwwhnynd b twhuwgddwt dwdwuwyh
nuwnbunwd hwdbdwwnwd gnjnipiniu niutignn uhupliqh dbpnnubph htiw, npnup
hhdujws Gu uhdybpu dtennh hhdwl Ypw, nph pwpnngniup dhohunw O(n®),
huly Jwwwgnyund' O(n?2"): Unwowplyyby & owywnhdwinipjut swihwuh2, npp
pnyl bt wwhu quwhwink) upupbqud SU-tpp wwwpwwnwhtu dwfuubiph
inbuwulyniuhg [6]:
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Uhtwuywnhly thnfuwqnbgnigyniuutiph thnfuwybpwdw dowyywsd
dbennhlywu  htwpwynpnipgmit £ wwihu  wugnd  Yuwwplp  dby
thnfuwgnbgnieiw whwhg nbwh dnwp: Snyg £ wupdb, np o uhtwwynhy
thnjuwgnbgnieniip - Ywpbh £ ppwluwtwgulp  <<bu>>,  <<bUU>>,
<<hdyhywghw>> b <<Pwgunnn-Ywd>> nwppbipny, npnup twhiwgdyb) Gu
284d  wbhuuninghwyny:  Ywwwpdly £ uhuwwyinhy thnfuwgnbignip)niuutiph
thnfughgnwiwghtt  wiwppbpwyh  puwpnegniu,  nph hwdwdwit  uywndwl
hgnpnipjwt  wbkuwllynithg  tywwnwywhwpdwp £ oquwgnpdtip <<G4y>>
wwppp, dwybpbiuh wbuwbyniuhg <<b4>> L <<4UU>> wwppbipp, huly
wpwqugnpdnipjwl nbuwulyniuhg <<4UU>> tnwppp [7]:

SU-tipp hpwlwtiwgiwt wywpwnwiht d6s dwhuubpp wwdwuwynpywsd
U Jwpbiwwnhywlwl dnnbih pwppnyzjudp, nwnh dbup wnwowpyty lup HL-
tph wwwpwwnwiht hpwlwiwgdwl depnnhlw  hhdudws  dnywhwitipunph
Yhpwnnipjwt Ypw, hugwbu bwl Jbpghtpu  nwnigdwt  wignphpedp, nph
woluwwnniwyniegniup - uwnnigyy £ pdbiph nuuwlwpgdwu - futnpnud:
Unyunhytpunph hhdwt dpw SU-p huwpwynpnieyniu £ nwihu opgwgbing
$U-h pwpn hpwywtwgnuwiubpp wuwwhnyby Yhipghuhu Sniuyghnuwineiniup b
huwpwynpnipintt £ tnwihu wdunndwin whiwgdt) L8-tip thnpp wwjwpwwnwiht
dwfuubipny: Hhuwplydty Bu dnyinhwblhunpubiph 3 Yunniggwépltip, npnup
uwfuwgdby bu 2844 wnbtuuninghwyny b dnnbjwynpyt) Gu HSPICE dpwgpwiht
thwpbph oqunipjwdp: Spyby Gu wyn 3 Ywnmgdwdpubiph thnfughonuught
puwpnipjwu uygpniupubipp [8]:

Uowlyb| £ LS-tiph uptpbgh dbennhyw’ hhdudws dnnbih, 2Gpntiph
jnipwpwitiginip 2Epnnud $L-tiph pwuwlubiph punpnpjwt Ypw:

Unwewplyby bu uptwwwhy Yuwbph thnnfudwu hhdwt ypw U3-tph
Yunnigiwt b wpfuwwnwlph ulgpniupubipp, npnup Jbdwgunwd Bu L3-ph
Syniuneniup,  nwmgdwt  wpryniuwybinngegniip b wdbh  G2gphin U
dnnbwynpnud dwpnnt nininh wpluwwnwupp:
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VARDAN GRIGORYANTS PYOTR

INVESTIGATION AND DESIGN OF NEURAL NETWORKS BASED ON
METAL-OXIDE-SEMICONDUCTOR STRUCTURES

SUMMARY

Neural Networks (NN) are the means for solving “bad” formalized
problems. Nowadays, multilayer feedforward NN has widespread due to
simplicity of their implementation, enhanced learning methods and parallel
calculation. But the complexity of the calculation in NN increases
proportionally to the input space dimension square, which leads to a
reduction of speed and hardware cost growth.

Unlike the processors with standart architecture, where software is
adjusted to the architecture of the processor and the failure of any cell can
lead to whole system failure, NN itself adjusts to the problem and provide
replacement of crashed cell functionality with one or more than one elements
due to its self-organization feature. In addition, power consumption of
modern processors is 15-47W, whereas whole power consumption of human
brain is 25W, which only for information processing can be reasonably
rounded to 10W. 3-15% of multicore processors are activated during
implementation of commands and the remaining part is in standby mode,
which from resources usage point of view isn’t efficient. Modern processors
aren't designed for solving artificial intelligence problems efficiently and
require principal enhancements, In recent years, NN hardware has become
manufactured in commercial purpose for solving artificial intelegance
problems more efficient, since NN software requires a lot of resources.

NN hardware is mostly used for graphical images processing, which in
comparison with NN software implementation by standard architecture
processors, provides low power consumption, efficiency growth and
possibility of offline use. However, despite the recent improvements of NN,
there are still not enough developed a wide range of functional capabilities,
high-performance elementary base and system design, analysis and synthesis
problems. For that reason, models of mutithreshold formal neurons (FN) are
suggested and functional completeness without synaptic interaction of the
models is shown, as well as in case of 3 inputs they are characterized by
fewer parameters compared with the polinomyal FN [1-5].

Multithreshold FN analog implementation provide improvement of power
consumtion by 37%, area by 24% and delay by 8%, and digital
implementation provide improvement of power consumtion and area by 32%
and delay by 8% compared with the polinomial FN with the same
functionality, which increase NN efeciency during learning and solving a
problem.
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The developed method of FN synthesis, which is characterized by O(n)
complexity, provide deign time save, compared with existing synthesis
methods, which are based on simplex method, which complexity in avarage
is O(n’) and in the worst case is O(n”2"): Optimality criterion is suggested,
which allows to estimate the synthesized FN from ‘hardware cost
perspectives [6]. -

The developed methods of synaptic interaction conversion allow
transferring from one type of interaction to another. It is shown, that
synaptic interaction can be implemented by AND, OR, Implication and XOR
gates, which were designed by 28nm technolgy. Trade-off choice of synaptic
interactions is performed, in accordance to which it is advisable to use AND
gate for power consumption, AND and OR gates for area, and OR gate for
speed point of views il

High cost of FN hardware implementation is conditioned by the
complexity of mathematical model, thus methods of FN hardware
implementation based on multiplexer and its learning algorithm are
suggested, which was tested in classification of digits. FN based on
multiplexer allows bypassing FN complex implementation, and providing
both the functionality of FN and automated deisgn of NN with hardware low
cost. Multiplexers with 3 diferent structures were investigated, which were

designed by 28nm technology and simulated by HSPICE software. Trade-off
choice of those 3 structures was provided [8].

NN synthesis methods are developed based on selection of FN model,
number of FN in each layer and number of layers. -

The construction and work principals of NN with variable synaptic
connections are suggested, which increase flexibility, learning efficiency of
NN and more precisely model the work principle of human brain.
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