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IHOOPMAIIHI TEXHOJIOI'TI

YK 0049312
O.B. BYBEHIIHKOB, €.B. JIETIA

MEPCOHCEERTT HAIOHAILHHA TCXHIMHHI YHIBCPCHTET

BHKOPHCTAHHS 3rOPTAJIBHHX HE HPOHHHUX MEPEX /1115
INEHTH®IKALII OBJIHYYA JTHO/JHHH

B daniii potomi poeianyma Hediponna MepexNca, Iasdaniam Aol ¢ idenmugdinaiyia ot moduni.
fodenmuchixayin ocofu woduny Ie0dumsci do poisRIKY saedauni Kigcwbivawil, a modeis npedcmasiena v
GUIROl  Icopmatenol wetupownol sdepexct. Y axocmi npomomuny emmma weuponna mmepewca Lenet-3, mxa
rICMOocosyeana o8 idenmughivayil  pywonucanx yuhp.  Bpaxoeviounw, wo idenmucghivayin ocofu € Givel
CRIAANIEM FAGATHNAM, YIM IGEmughiKay iR PYKONUCHIY ighp, OVia IMINENT apXimexmypa Hepannol MepeNci.

Janpononosano mpu saplanmu Mepexct Piznol apximexmypu, 3potiene DXHe NASNaNHA Na 00N § il
2Hee SNOIPY F00PANCEND OOTLYYA Wodunl, RKa via cmeopena dis pode Ry qaedannn. e yeomy suxopicmant
piaml cynryil akmusayl @ demodu oyinen mourocmi idenmighivailt. Minivizayia dhvnenid novunkn npu
Idenmughixanyil aukonanag Memadauy cmaxacmuynoso 2padicimuozo cnveky (SGD) ma Adam. ¥ sxocmi oyinkn
HEHPONHILT MEPENC PITNOT QpXi MEKNTVEN GUKOPUCIANT YaC HOEYIHNR 11 MoyNicms ioenmuhixayii,

fepuini sapiaum smicmume 4 wapy szopmen, 2 wapu 3IHM nideudiprn (cvoduckpemuiayii), exionu
wap mg dsg NOsHoE WINLC Wapn, oouN 3 SKLY € suxidimo waposr. Yac naguanns ma moynicmes  Kiacugiikanii
afus A Todunn & Wit mepexnci sidnogione dopiewac 22,5 xawun § 300

Hpvewi gapianm  wicmume 3 wapu scopmey, 3 wapu mideutipku, makode exionuli wap ma osa
NOENOIE AIHI WaPL, OO0UN 3 AKUX € suxiony wapos. Yac nagyanns ma moynicms xracugiinauil & yil Mepeci
sidnogiono dopiemee 9,2 xewnun § 81,25%

Hatikpawiow, 3 mouxky 30py  moymocmi  Ktaocugikayil ma yacy Naeywdauus, © MPemili sapianm
apximexmypu weiponnol mepexci. Bona nofvdosana wa ochosl dpyeoso sapiauma MEPENC], aTe KiibKicmb
YEHPORIE & MEPioMy RoENoIs AINoMy wapl dopienoe 1024, zawicme 512 Yac naeyawusa ma mounicmb
wRACHHKauIT 00Uy Moounn 8 Yl mepenct sionosione doplenwe 91 xewnm § 93, 75%,

flodaree nideuyenia AKOCMI MONCE GVMI JOCRZHYME NPU 300bMENNT HaGopy Oanux I, HacaMneped,
SHOIPKU HOEYAHNR.

Kmouosi caosa: xracudgiayis, idenmugdinayis, Helponna MEpewca, 20pmaibig Reiponna Mepewcad,
wodenoasanns, Lenet-3, wap cybouckpemuzayli, noeno?s RINuG wap, suxionu wap.

A B BYEEHHIHKOB, EB. JIEITA

KepooH kil HAMOHAALHEN TeXHICcknil YHUBCPCHTET

HCMOJIB30BAHHE CBEPTOYHLIX HEHPOHHBIX CETEI 114
HIAEHTH®HEAITHH JIHIA YEJTOBEKA

B daunoii patome paccMompena HeUpoNias Cemb, 3a0aueil Komopoli AETemed udenmugdixayus 1ya
verosexa. Hoenmughuayus auunwocmu welosekd ceooumcs K PeWEnure 3a0aun KIGCCHPuRayuL, a Modes
npedcMasiena 8 aude caepmoynot neldiponnot cemuy. B kauecmee npomomuna gsama wetipounan cems Lenet-3,
KOMOPaA NPUMENAEMCR OI8 UOSHMUPUAGYUN PYKOMUCHEY yugip. Vuumsieas, ymo udenmuguxayus auynocmi
RETAEMCA DOTEE CIONCHOU A0auel, YeM NOSHMUUKAYIR PYRONUCHBIX WP, Obiia WIMEMERD aPXUMEKmMypa
YELDOMH O CENTI.

flpednoxceno mpu eapuanma Cemu PaiiuyHol GEXUMERTTYPE, PEATUI0SANG UX OOVHENNE N OOMOT U
MO HeE ERGOPKE UI0OPANCENLIT AUy Mo0ell, Komopas Gelig co3dana Ona peliehun dannoi radayu. pu amom
UCROIBIOEANE PAZIMMHBIE VHKLIL GKMUSaYUN 1 MeEModel oyenkl moynocmu udenmughuxayuu. Muntvuzays
drvmimyuy owndKu Py HdeHMUGUKAYNL SERGTHENT MEMODAMY cCOXdcMuNecKko20 spaduenmuozo cnyora (SGD)
u Adam. B xavecmee oyenku NEUPONNNE CEMEN PALTUNNON OPXUMEKMYPE NCROTLI0EAHE GPEMA OOVYENIA
MONHOCHE WoCHMUN Ty,

flepapit eapuanm codepweum 4 cron ceepmin, 2 cron CHC nodswmbopru  (cyfouckpemuzayiiny,
SXOOHON cAoll B 082 MOTHOCERINEIY CI0A, o0uN U3 KOMOpPeX A&WREeMcH SxXooNeM caoesm. Bpews ofyuenus o
MOUNOCHE KAACCUHURAYUL AUYa YeToRerd & Mo Cemu coomeemcmaenne paena 22,5 muwym u 50%

Bmopot sapuanm codepycum 3 cron cecpmiu, 3 clo8 nodeslfoprn, mMakdce &xodnodl cron u dea
NOMHOCERTNBIY  CHOR, 00uM M3 KOMOPEY SelfemcR  ebxodnsyM  cioedm. Bpewms ofyveennus w  mounocnis
krgccugburayun 8 3moil cemu coomaememeasnno paana 9,2 svunym u 81,25%
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Jlyuwieti, © MOuKU IPENUA  MOYNOCMN  KIACCH@URAYNN 1 GPEMENN OOVHEHWA, AEIREMICH  MPEmu
BAPUAKNT  APXWMEKmyPel  Hetiponnon cemu.  (ha nocmpoena Na OCHOSE BMOPOSO GApUANMA  CEM,  HO
KOTUNECED HEUPONOE & NepeoM notnocenzhiom cioe paana 024, amecmo 512, Bpevma o8yyenus u mounocns
KIGCCHPUKALUN THYA YeT08EKa & IMol cemu coomeememasino pasna 90 wuwym u 93,75%

Harsneiiiee nogsiienie KAYECMET MONCEM OblMs JOCMUZHYMO NPU VEETUNERUN HAfopa dantbx U,
npexcoe fcezo, exOopRN 00V YENUA.

Kmoueaste croea: Kagqecugusayus, uwoenmugburayus, ReipoNnas cems, CEEPMOUNIR NETPONNAR CEmb,
moderuposanue, Lenet-3, caoll cyBduckpemusayui, nOMocaR sl cAoil, asxoonom caoil.

OV, BUBENSHCHYRKOV, EV. LIEPA

Kherson Mational Technical University

USE OF CONVOLUTIONAL NEURAL NETWORKS FOR
HUMAN FACE IDENTIFICATION

In this work was considered a neural network, whose task is to identify a person’s face. Identification of
a person’s personality is reduced to the solution of the classification problem, and the model is represented as a
convolutional newral network. Lennet-3 newral network is used, as a prototype, to identify handwritten digits.
Considering that facial identification is a more complex task than identifving handwritten digits, the architecture
af the neural network has been changed,

Three variants of the network of different architecture was proposed, they trained on the same sample
af images of a person, which was created for solving the problem. In this case, lots of activation functions and
methods for assessing the accuracy of the identification was wsed. Minimization of the error function for
identification was performed using stochastic gradient descent (8GD) and Adam methods. As an estimation of
neural networks of different architecture, time of training and accuracy of identification was used.

The first variant contains 4 lavers of convolution, 2 lavers of CNN sub-sampling, an input laver and two
Jull lavers, one af which is the owtput laver. Training time and classification accuracy of a person’s face in this
network are 22.5 minutes and 50%

The second variant contains 3 lavers of convolution, 3 layers of the sub-sample, an input layer and two
Jfull layers, one af which is the output laver. The time of training and the accuracy of classification in this
network are 9.2 minutes and 81.25%

The third variant is the best option for the architecture of the neural network because of the accuracy of
the classification and the training time. It is based on the second version of the network, but the number of
neurons in the first full layer is 1024, instead of 512. The training time and the accuracy of the classification of a
person's face in this network are 9.1 minutes and 93.75%

Further quality improvement can be achieved by increasing the set of data and, the training sample.

Key words: classification, identification, newral nerwork, convolutional neural network, modeling,
Lenet-5, sub-sampling laver, full fayver, owtpur layer.

Mocranoska npodaemn

OcTanniv vacoM cHeTems iaeHTidikaull mognay #HadupawTs Bee GLIbILOT NONYIAPHOCTI HAMPHEIA,
A J0CTYIY [0 NEPCOHAIBHMX KOMN'WOTepls, cMaprdonis, s chepl Gesnekn pisaux yeranos., Oapuien 3
OCHOBHMX € cHeTema LaeHTndikauli no sobpamento moauan, Jlo nepesar JaHol CHCTEMH MOMKHE BIAHCCTH
npocToTy 1 MOGLIBHICTE 00naaHaHEA, 8 Takow MacosicTs gentndikani. Lnenmudikauia sofpasenns ssoauTLCA
0 poss'asky 3anaql SaratoMipHol Knacuixanii.

Jlna suplennds sagaql posnisHasanus ocld icHye Geiny METOAIE | ANTOPUTMIE, CCPEl AKMX MOMHA
EMAUINTH MIINOAM, 3ACHOBAHI HA HelPOHHUX MCPOKAX, HA FHYMKOMY NOpIBHSHHD rpadis, HA npHxoBaHHX
MaproscekHX MOTenax, Ha posknasannl Kapxynena-Jloesa, niHiax oqHakosol IHTeHCHBHOCT, 1 1.0 [1].

Anaaii oerannix qocaimsens i nyfaikaniii

Anami meromis podoTH 3 200PEKeHHAMH NOKA3AE, WO 18 BUPILCHHS JAHOID 3aB1AHHA e(CKTHEHIIIE
Oyoec BHKOPHCTOBYBATH wTyaul Heijponn mepexi (IHHM), B 3s'ssky 3 TvM, mo BOHM 3a0C3ncuayiorTs
MOMCIMBICTE OTPHMMAHHA Knacufikaropa, wo Ao0pe MOQemoe CrlaaHy yHEUI posnoguny  300pameHs
ofnuaia. (JCHOBHOKY NEPEBArOH BUKOPHCTAHHA HEAPOHHAX MEPEE A4 BUABICHHA Ta ineHTH(ikami ocobu, ¢
3AATHICTE [0 HABMAHHA JAHOT CHCTCMH 118 BHAUICHHA KIOMOBHX XAPAKTEPHUCTHE 000K 3 HABMANEHIX HABOpIB
JAHHX,

DopMyIHNBAHHA METH A0CTIIKEHNA

Merow podomn Gyna nodyaosa Mogenl 3HAHL ¥ BHIASD HEHpPOHHOT MepoKl o8 1IeHTHgMEa
OOUHHHA THIMHK, 3 ONTHMANBHOK CTPYKTYPO, Akd sabesneuysana § MakCHMAnbHY AKICT inenmudikami. Ax
OCHOBA, Oy1a BHEOPHCTAHA BAOME APXITCKTYPA 3ropTansHol Heltpornol mepexi Lenet-5 [3]
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Burnagenns 0cHOBHOTO MATEPiATY A0caiTKennn
FHM nasuacTeea 3podneHny HAOOPAX JaHMX, WO MICTATE N0 1STICCHT  300PaMCHE JECHTH JTHICH,
axux Tpeda wnackpixyearw. L sofpamenns zaznaneriae ofpodneni, Ta npeacraencHHl v opmant JPG, v
poasmipt 225x 150, Kpiv toro, € n'araecat  300pameHs THIWMXY MH0ACH 118 (POpMyBAHHA KIACY THJHHH, W0 HEe
MICTHTECH B 0a31. 300pascHHA 3UMTYETECH BXOJAMM HEHPOHHOT MCPCHI, & OOMH 3 BHXOOIE NOTpideH ans
BHBCIACHHA Pe3ynbTarTy (iM™a THOIMHI).

B axocri ocnosa ana 3HM ana knacudikawli ofamvdn moguan Gyno ofpano apxitestypy LeNet-5,
OCKUIBKH BOHA € JOCHTL NPOCTON B peanisaumil, 1 BHIAE BHCOKHI BIACOTOK TOMHOCT] NPH BHPILICH] 34084
knacuirani sodpaxens. [punan mkol apxitesrypr ana knacudirani pykonucHux uudp, NpEICTABICHO HA
puc. 1

C3: f. maps 16@10x10
C1: feature magps S4: 1. maps 16&5x5

INPUT BEPAx2E e .
Ay - aYer Fg s QUTPUT
129 5‘_ w 10

3232
G 14x1

| | Full connection | Gaussian connections
Comvolutions Subsampling Convolutions  Subsampling Full connection

Puc. 1. Apxitexkrypa 3HM pan kaacndikanii pyxonncnnx undgp

Lnes wiel apxiTekTypH nonarae B yeprysanyl mapis sropten (Convolutions) 1 wapis eyOanckper3ami
(Subsampling) ans BHSBICHHA KIHOMOBNY XAPAKTCPHCTHE HA 300PAKCHHIX T4 HASEHOCTI NOBHOZE'SIHUX LWAPIE
(Full connection) Ha suxom ma knackdigaul so0pakeHs.

Ao posrnsgate npouec OLIbI JeTATBHIE, TO MOKHA SE3IHAMHTH, WO WA 3rOPTKH BEI0YaE B cede
AN KOKHOTO KaHATY CBIR uasTp TA Agpo sropreR, ske obpobnae nonepensiii wap sa dparMestammu,
nmLyMUﬂ}'mqn PEIYILTATH ma‘rpnwnm noxigHol ana kosHoro gparmenta. Barosi Hooclznmurm AApa STOPTEM
HEB10MI | BCTAHOBMIOWTECA B npoueci nasuanna. lap cybauckpernsauii senne cobow HeniHifiHe YIULTLHEHHS
KAPTH O3HAK, OPH ULOMY TPYIa OIKCEME (3assauail posmipy 2%2) yIUIBHKETLCA 00 OZHOMO MIKCENS,
npoxogad Heniniiine nepersopedns. [licns KUBKOX NPOXODKECHL 3rOPTEM 1 VILUIBHCHHA 33 J0NOMOTOK
cyOIHCKpeTHIANI, JaH] 08'EAHYIOTECH 1| NEPEIAKITRCA BAHC HA JBHMANHY NOBHOIE TIHY HEHPOHHY MCPEHY.

Ane sugopucranns wiel 3HM B novaTkoBoMy BHIISRI HE € J0UUILHHM, OCKUIBKH ApXITERTYpa uie
3HM wanpasnexa Gunewe sa gnackdikanin undp. 3o0pamceHns obnuaus NHOOHHE € GLIBLE CEILTHHM 1
norpedye GUILL CEIZIHOT apXiTeETVPH HEHPOHHOT MEepPeE], 33 PAXYHOK IMIHK KUILKOCT] LWAPIE 3rOPTKM Ta
CYOIMCKPETHIALIT 18 MIBHIEHHA SHAXOKCHHA KUIBKOCT] KIMOBMX XAPAKTCPHCTHE HA 300PameHHI,

Tomy Gyno aminero crpyerypy 3HM, uumxom gogasss wapis sropted ta cyOamckpernzami.  Kpiu
TOro, Oya0 3MIHCHO BXIAHHIA AP, W0 MO0B 83dHO 3 POSMIPOM 300DameHHE, SKHI B PCIVILTAT] CKCNEPHMEHTIE
Gyno ssHadeHo pisaes 225x150 v mpeox rpasamax RGB (wepsonnii-senennii-Gnasuramit).  Axwo subpa
POIMIP 3AHAITO MATCHBEHH, TO MEPEEE HE 3MOKE BHABMTH KIOY0B] 03HaKn oci, Akwo posmip Oyae saHatro
BENMEHI, TO OOMMCMIOBANEHA CEAAHICTL MEPEH]T MABHIIATECA. 3I0INBIICHO Tako# KUILKICTE HEHPOHIB Ha
NOBHOGE TEHOMY AP, OCKUTBEH 3OLIBIIVETECH KIBKICTE KIKOMOBHX xapasTepueTuk,. Deranniit nossoss’ ssmmil
wiEp ¢ wapoM-E1acalETopoM, T4 BHARE BIACOTOK TOM0, AKA NHAMHA 300DLKeH HA BX1QHOMY sobpasenni. B
PeayALTAT] GY0 OTPHMAHO NEPLING BAPIAHT APXITEKTVPH MEPLE], SKA NPEICTABICHa Ha pue. 2.
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Frigno wiel apxiresTypr IHM crnagaersea 3 9 wapis. Tepumil wap € sxianum ta micturs 101250
neitponn (225%150%3). JIpyrail ta TpeTii wapn € 3ropTaAlsHEMHE T8 MICTATE 10 32 KAPTH OSHAK B KOAHOMY
wapl. Kapra osnakis — ue wadip mwapis HefpoHiB, KOMEH 3 AKMX BHKODHCTOBYVE PISHI SIDa 3rOpTEM, A
NOWYEY PISHEX NpH3IHAKIE Ha so0pawenl. Aapo sense cofow dinstp abo BIKHO, AKe KOBZaE no Belii obnacn
NONEPEIHEOT KAPTH 1 SHAXOOHTE NEBHI O3HAKKH o0'exTiE posmipos 3x3. Posmip sapa 3a3ssnaail BUIHAYACTLEA Bl
cuTyauii. Akwo posMip aapa QyHe MAICHBEHH, TO BOHD HE IMOME BHAUINTH OyIb-5KI 03HAKH, AKII0 3AHAOTO
BCJIMKHIL, TO 30LIBIYVETECS KUIBKICTE 3B'MIKIE MUK HefpoHaMu,

UeTBepTHil I14p € WAPoM CYOIHCKPETHIALN CKIataeThen ¢ 32 kapr osHak 1 agpom 2x2. Hoctaii ta
I ATHI Wapy — IropransHi 3 6d kapravu 03HaK v kosmHoMy 3 gapos 33, Ceomui wap - wap cydauckperisani
TakoEk 3 64 kapramu osHax Ta agpom 2x2. BockMuil WEp — NOBHOSE S3HMI Wwap, posMipom B 512 neiipouis,
Ocranuifi Aes ATHI Wap - NOBHOSE A3HHH BUXIIHU wap 3 11 neiipoHaMy, KOKEH 5 AKHX MOSHAMAE TY M HIIY
nEauHY 3 Gasm gaHux, abo 11 BACYTHICTE v Hiil.

Takum YHHOM, HA NCPIIOMY T4 APYTOMY Wmapax sropred ickye 364 (32 * (3*%3) = 3) se'nsem v
KOGKHOMY, HA NEpIoMy mwapl guckperinsanii — 384 (32 * (2*2) * 3). Ha tpethoMy Ta HETBEPTOMY LLIAPAX STOPTEH
- 1728 (64 * (3*3) * 3) 3’93518, HA ApyroMy wapl guckperisami — 768 (64 * (2*2) * 3). Ha nepwomy ta
OPYTOMY NOBHO3E #A3HMX wapax — 5632 (512 * 11) se'mkis. Y pesyasrari veiiponna mepesa mae 11968
3B'WIKIE.

Hacrynuum eranos mens nodygosn 3HM 1ae sasuanns wiel mepesl. J1ns usoro BHKOPHCTOBYETECH
Bubipka Haguanss 3 odpasie obowy mogeil. Ha Bxig HefipoHAOT Mepexl nogaoTeca o0pasn i Bari 38'83Kis Mix
HCIIPOHAMH HACTPOIIOTECH TAK, W00 HA BHXOA MCPEE] OTPUMaH] o00paiu sk HaiveHwe siapizuaaucs 0 Bl
THX, 8K Bae knacudixosanl v BUOIPLI HABYAHHA,

Bin pesyasTarie  HasuaHHA Hefiponnoi sepexi Oyae 3aneKaTH AKICTE PO3B'AIKY  SaBAdHHA
peHTudirawl ofmnaua  mogund, OulHka pesyiLTaTIE HABMAHHA Mome OyTn spofieHa 3a HACTYIHMMH
MORASHUEAMH;

- WBMAKICTE HABMAHHA]

- KUIBKICTE CN0X HABYAHHA

- kWi akrusami;

- ihyHELIT MIHIMIZAIIT MOMMTRN.

Jlna Toro wod momHa 0yno noMaTH HABYAHHA HEAPOHHOT Mepe#l noTpliHO BHIHAMMTHCA 3 THM, HSK
EMMIPIOBATH  HKOCTI posnizHasaeus so0pasexns. [[n8 UpOro MO#HA BHKOPHCTOBYBATH HAaiinoWMpeHimy B
Teopil HEHPOHHHX MEPeHE (IVHELI CepeIHBOKBAPATHYHOT noMunkn [5).

EP = = (DP - O("W))? (1)

ae £ - ue noMunka posnisHABAHHS 05 P-i HABMATLHOL MAPH,

IF - Bamanuil BHX1A Mepes,

(F, W) - Buxin MEpEK, WO HISKWTL BIA P-ro Bxogy 1 sarosux wociuicsTis W, kyan Bxoasrs agpa
ITOPTKH, IMILEHHES, BANOE] KOC(ILEHTH 5= 1 F- wapis,

JaBIAHHA HABYAHHA MOMATEE V BHIHAMCHHI TAKOrO HANAWTYBaHHS Bar W, wod Boxn ana OyobL-akoi
Haguanenoi napu (7, DF) nasann sispivanesy nosmungy £ 1od nopaxysatd noMuiky Q08 BCiel HABYAIEHOT
BnDIpEH GEPeTLCA COPEIHE APHHMETHHHE N0 ITOMWIKAX 18 BCIX HABMATEHAX Nap.

B npouect excnepumentie 3 3HM Oyvno sussneno, wo ana sidmcami dynxol nosmuansn £, B
KOHTCKCT]  pliieHna  sagadl  knacedixawli  sofpakens, HAfGDEKTHBHILMMKM € METON  CTONACTHMHOTO
rpamenTioro cnyeky (SGD) [ 7] ta meron Adam | 8],

Meroan CTOXECTHHMHOrO TPAQIEHTHOIO COYCKY OHOBIIOE KOMCH [APAMETP, BIAHIMAKMH IPIIeHT
drynkull, Ak onTUMITYETECE N0 BlAnoelaHOMY napamerpy. [lomim Teea fioro na weuakicrs nasvanss. Oaxax
metoa SGD mome posxoanTHes, SKIIO WEKIKICTE HABMAHHA HANAWToBaHA Hesipro. Meroa aganmusnol inepuii
(Adam) ssiaee macrral WBMAKOCT] HABYAHHA 118 KOWHOIO NAPAMETPE OKPEMO, 5 VPAXVBAHHAM BCIX MUHYIHX
rpameHTis a8 usoro. e efesTHEao SMeHINYE KPOK HABMAHHA 1A NAPAMETPIE, AKI MAKITE BETHKY BETHYHHY
rpamenra |8).

OnHMM 3 HARBAHENHBILMX ACOCKTIE HEAPOHHMX Mepes € QyvHELe acmusami (activation function), sxa
NPHEHOCHTE B MEPCHK] HCMIHIAHICTE, 8Ka poOMTE TN VHIBCPCANLHUME ANPOKCHMATOpaMu fryHkulil, $yaims
aKTHBami - ue cnocld Hopmamzami exiauux gaHux. Todro, sxmo Ha Bxig HTHM nogaerecs BeIHES MHCI0, TO
NPONYCTHELIN HOro Yepes dyHKLIN AKTHBALT, MOWHE OTPHMATH BMX1] B noTpidnomy nlanazon. Haiibimem
HACTO BHKOPHCTOBYIOTLCA HAcTynH dryrkuli axtusauii [10];

1. Jlimifina dwnkmnis - saiinpoctima 3 dyaruit axrneami. Mae Buxig Taxnil e, 8K 1 XL

2. TMoporosa drwuswis aktuBauli - npoeta miMiiHAa  QVHELS, 8K YACT0 BHKOPHCTOBYETRCH B
Heifponanx mepekax. Peayasrar npuiimae snauenns (0 Q08 HEraTHBHOIO apryMeHTy 1 1 008 no3MTHEHOND
APIrYMECHTY.
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3. CurmoipaneHa (iyHKIIA - MOHOTOHHO 3pOCTAKMa Hemuilina Qyvakms 3 sacnuennam. Carmoin
IO3BONAE MOCHITHBATH cNabrl CHIHANM | HE HACHYYBATHCE BIJ CHABHUX curHame, TIpuxnasamn curmoinanesod
fhyHKLIT AKTHRALIT MOMKE CITYRHTH noretuaHa GyHgwia ado rinepbomvuHmil TARMeHE.

4. Rectified linear umt (ReLU) abo «eunpamnauy (rectifier, 3a aHanoriew 3 oaHONOIYICPIOIHHM
EHIOPAMASHMEM B COCKTPOTEXHIN) € HAADIIBI ¥acT0 BUKOpHCTOBYBAHOD (ryvHrwien axrusami. Oyaxuia
BHIHAMAETHCH HACTYIHOW opMynom [9)

0, 0
o= %50 @)

@ynss axrueai Rell] akTHBHO BHKOPHCTOBRYIOTECA B IIMTAOOKHX HEAPOHHHX MEPEHax s #1ay
KOMITHOTEPHOrO 30pY | POAMIZHABAHHI MOBM. [i 34CTOCYBAHHA ICTOTHO MIABHINYE IMBMAKICTE 30DKHOCTI
CTOXACTHYMHOID IPAJIEHTHOND COVCKY, B JCHKMX BHDAgkax oo 6 pasne. Tawos dwaxms asrusami Rell ne
CXHIBHA 10 HACHYCHHA 1 BUMArAE BHKOHAHHA MCHLI PECYPCHOMICTEMX ONCPALIA B MOPIBHAHHL 3 CHIMOLI00 T4
rinepboniunum Tanredcom. Tosmy Gyno 8 akoen doynsmi asmusani B wapax sropred obpano dyakune RELLL

Ha suxignomy wapl suxopucTacthes Qe axtusauli Softmax [11]. Wo dyHKW0 A00UIEHO
BHKOPHCTOBYBATH B 3aJa4ax enacidikauli, OCKIIBKH BOHA NPeOcTABNfE co000 3BAMCHY | HOPMOBAHY Ha
OJIMHHUKY  CyMy  CcEcnodeHT.  Sxmo  BxXigHl  Jadl  OpeICcTABIATE  coDow  BadIpky 3 Ovib-AKOro
CKCMOHEHLIANEHOTG POSNOALTY, TO BUXOIH SIEMEHTIE MOMHA TPAKTYBATH K HMOBIPHOCTL, IO MIIXOIHTE 018
PILCHHA NOCTABNEHOT 3anatl.

Hapuanns neiponnol mepesl Oyno nposeacno va npouecopt Intel Core 17-4500 CPU @ 1.80 GHe.
PesyneraTi HABUAHHA MEpeE] nepwors sapiadTy apxirestypi 3HM (pue. 2), npenerasnen y radn. 1.

Tabmuua 1
XApAKTEPHCTHKH HABMAHHAA
DYHELIS MIHIMIALT Kinekicts enox HIsHaKICTE HABMAHHA Yac nasuanHA TounicTs
MOMBIEH HABMAHHSA {Ir) (XBHIHH) Enacuigami,
b
SGD 25 0.1 14,6 25
Adam 25 0.1 16,6 35
SGD 30 0.01 20 37
Adam 30 0.01 225 50
SGD 35 0.02 234 34
Adam 35 0.02 26,3 45

B npouect excnepuMenTis Gyno IHARICHO ONTHMANBHY BEAHYMMHY 118 WBHIKOCT] Haguanua 3JHM =
0,01 Ir. KinekicTe enoxX HABMAHHA SHAXOMWUTRECH B Manasorl Bia 25 o 35, [Tpn sHasMHOoMY 300UILIMEH] KITBKOCTI
Cnox NMoMHHAETRCE npouce nepenasyvanns JHM, npu axomy smepesa aobpe snacumikye JaHl 3 HABYANBHOT
BHOIPKH, a1¢ NOrano KnackplEye HOBl JaHl, 8K He Opanu yuactl B nassandl [py neaoctatilil KINBEOCT nox,
TAKOM SMCHINYETRCH TOMHICTE KnacHdnkami.

it samant apxirexrypr 3HM zadezneuye rounicrs knacudikauil va penn 45-50%. Iaa masuimenis
axocTl nackdueami Oyna 3MIHEHA aPXITEKTYPa MEPEKI ( Ipyriil BaplasT), AKa HaBeaeHa Ha pue. 3.
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Pue. 3. ApxiTtekTypa Apyroroe Bapiaury Mepeaxi

B HeifponHid Mepesl OyvIo BHAVMEHO TPeTiH Ta n'stvid mapu sropred. Jlogaso wap sropren 3 64
KAPTAMHA OGHAK Ta #apom 3x3, mwap cybouckperwsamli takox 3 64 kapramm o3uak, ane 3 agpos 2x2 nepen

MEPLUIMM NOBHOGE S3HHM IAPOM.
XAPAKTCPHCTHEN HABYMAHHA HEHPOHHOT MEPEE] HOBOT APXITEKTYPH npeicrasneqo y Tabn. 2.
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Tabmua 2
XApaKTEPHCTHEH HABYAHHS
DyHELIA MIHIMIZALNT Kinexiers enox HlsnakicTs HaBuaHHA Yac HapuaHHa Touniers
IOM HITER HABYAHHA {1r) (xBRIMH) EnacuiKani,
Yo
SGD 30 0.01 8.4 LE
Adam 30 0.01 9.2 81,25
SGD 25 0.01 6,7 62,50
Adam 25 0.01 7.4 56,25
SGD 35 0.01 11,6 LE
Adam 35 0.01 12,8 68,75

Touniers wnacudikami sdnmsmnace npakTyno Boegoe 10 $1%. Tawkom npudnuizno vy nsa pase
IMEHIIMBCH YAC HABMAHHA MCPEHI.

JIna noJansmoro miasMIEeHHA TOMHOCT] knacudikanni Gyna SMIHCHA apXITeKTYPa HEHPOHHOT MEPEK] B
Takuit cnocld. 30UIBILeH KINBKICTE HCAPOHIE B NEPIIOMY  NOBHOIB R3HOMY wapt 3 512 wa 1024, e 8 ceom
Yepry 30UBILHTE KUIBKICTE MIBHCAPOHHX 3B'3KIE, 10 MOKS NOSHTHEHO BLIOOPAIHTRCH HA Knacudikamitnmx
smbnocTax wel mepesl. Hacrynuy apxitesrypy Mepesl (TpeT1il BApanT), npeacTasneHo Ha puc. 4.

LEELAR
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Pue. 4. ApxiTekTypa TPeTLOIO BAPIAHTY Mepexi

XApPAKTCPHCTHEN HABYMAHHA HCHPOHHOT Mepe#l SMIHCHOT apXITEKTYRPH NPeIcTasneHo y tadn. 3.

Tabmmua 3
XApaKTEPHC THEH HABYAHHS
DyHKIIA MIHIMIZALT Kineriems enox HIsnaxicTs HaBuaHHS Yac HapuaHHA TounieTs
FI0M MITER HABYAHHA (lr) (xBHIMH) rnacudirani,

Yo
SGD 30 0.01 8.5 B7.6
Adam 30 0.01 9.1 93,75
SGD 25 0.01 6,7 i4
Adam 25 0.01 7.5 82
SGD 35 0.01 11,9 i4
Adam 35 0.01 12,7 91.3

Touniers knacudikanli supocna 10 94%, a Bel IHIN XAPAKTEPHCTHEN NPAKTHYHO HE SMIHIIHCH, ¥ TOMY
e i wac HagvanHd, Takusm YMHOM, BHKOPHCTOBYIOUMM JOCHTE NPOCTY APXITEKTYPY HElpOHHOT Mepexl,
OTPHMAHA BACOKA TOMHICTE Knacuijixkaui.

Bucnoskn

1. BHEOHAHO CTBOPCHHA 1 HABYAHHA 3MOPTANLHUN HEHPOHHMX MCPCH, SAATHHX PeamiiyvEATH 3AB1aHHA
KnacudiEani ofaHuYs THIHH.

2. HaseaeHl OCHOBHI CTANH CTEOPCHHA TA HABMAHHA POITMIAHYTHX HCHpOHHUX Mmepex. B pesyvnetar
Byno OTPHMAHO TPH BAPIAHTA APXITEKTYPH HEAPOHHOT MEPE#], KOWHHI 3 AKHX CEIAMAETRECR 3 9 wapis.

[Mepumit  sBapianT micture 4 wapn sropres, 2 wapa 3HM masudipen (cyGamckpeTusanii), sxigamii
LEAP Ta JB NOBHOYE S3HAX WEAPH, OOUH 3 SKHX € BUXLIHAM wapos. Yac HaBuaHHa Ta TOMHICTE  Knacuigawmi
OOMMYYA THVIHHA B L Mepesl BIINOBLIHO 10pMBHIOE 225 xBrnuH 1 50%.

Hpyruit sapiant  MICTHTE 3 Wapu 3ropted, 3 wapy nigeu0IpEd, TARoE BXIIHEE wap ta asa
NOBHOSE S3HHX IEAPH, OJIHH 3 SKHX € BUXIIHHM wapos. Yac HaBYanHA T4 TOMHICTE Knacuikauii B it Mmepesl
BLANOBIAHO qopiedne 9.2 xpunund 1 81, 25%.

3. Haiikpamow, 3 TOMKH 30PY TOUHOCTI KIacH(MEaull T4 4acy HABMAHHA, € TPETI BAPIAHT APXITEKTYPH
Heitponnoi Mepexl. Bona nodyaosana HA OCHOBL JPYToro BAPIAHTA MEPEK], AN¢ KUNBKICTE HEHPOHIB B NEPIIOM Y

141



BICHHK XHTY Xe 1{68), 2019 p. TH®OPMAITHHI TEXHOTOTTT

NOBHOIE A3HOMY wapl gopisars 1024, samicre 512, Yac wvasvanns 1a TounicT:  wnackdieaumi obnmyqus
TEYIHHA B L1 MEpesK] BLINOBLIHO JopieHe 9.1 xaunnn 1 93,75%.

4. Tlopansine mAasHIEHHA SKOCTI MOSKE DYTH JOCATHYTE NpH 3011s0eHH] Ha00PY JaHHX 1, HACAMIEpE,
BHOIPKH HABYAHHA.

Cnuecok BHROPHCTAHOT DiTEpaTypn

1. Habr.com [enekTponHni pecype] Amnanii MAXOIIE PORNITHAHHA obnne -
hitps:/‘habr com/company/synesis/blog/238 129/,

2. Habrcom [enexrponsmii  pecype] Omue  ocobnMBOCTEH  IrOPTANLHMX  HEAPOHHHX — MEpEK -
hittps:/‘habr com/post/ 309508/,

3. Deep Learning |enexTponHni pecype] Onme APXITCKTYPH Lenet-5 -
http://deeplearning net/tutorial/lenet html.

4., HHTYHT |enexrponnnii pecype| Busnadenna nounate Hasvanns HM 3 pumrenem ta Ges suwrens -
https./‘'www.intuit.rw/studies/courses/ 88/ 88/ lecture/ 20555,

5. Efficient BackProp [enextponnuii pecype] Onme dveruli cepenHbOKBaApaTHHMeckol NMOMHIKA -
http://yann_ lecun com/exdb/publis/pdflecun-98b pdf

6. Habr.com [enexTpontmi pecype] Onne ipyrrni NEPEXPECTHOL CHTPOI -
https://habr com/company/wunderfund/blog/314872.

7. Machinelearning.ru  [enexrponnanii peeype]  Onme  meroay  rpaaieHTHONO  COYCKY -
http:www machinelearning ru/wiki/'mdex phpfitle=Meroa rpaamesTHoro cnyeka

&  Habr.com  [enexrponnmii pecype]  Onune  ymsmi  sisiMizawi - posmunss Adam -
hitps:/‘habr com/post/3 18970,

9. DataReview.info |enexTponnnit pecype] Onue yrs AKTHBALL RELL -
http://datareview_info/article/eto-nuzhno-mmat-klyuchevyie-rekomendatsii-po-glubok omu-obucheniyu-
chast-2.

10 AlPortalru  [enexkrponnmil  pecype] @ymxmi axtuBami B HeHAPOHHHX  Mepesax -
http://www aiportal rw/articles/neural-networks/activation-function html.

11, levbras.ru | enexTpon i peeype] Onne dryngLni AKTHBALI Softmax -
http:/fwww ievbras. ruw/ecostat/ Kiril/Library/Book 1 /Content394/Content 394 htm
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