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PO3POBKA APXITEKTYPU CUCTEMH JJ15SI MOJAEJIOBAHHSI 3rOPTOYHHUX
HEWMPOHHUX MEPEK

Posrnsimaetbest mporiec po3poOKU apXiTEKTYpU CHUCTEMH, IO JOMOMOXE y TMOOYAOBI 3rOPTOYHUX HEHPOHHUX
mepex (3HM), ix MomemoBaHHI Ta OTPUMaHHI 00pOOJIEHNX pe3yIbTaTiB.

The process of developing the system architecture, which will help in building of convolutional neural networks

(CNN), their modeling and getting the processed results.

BcTtyn

VY Hamr yac, KoJii Maiike y KO)KHOMY MOPTaTHB-
HOMY TIPUCTPOI € 1rdpoBa Kamepa 3 MOXKIUBICTIO
3iioMkH (POTO Ta Bijeo MarepiaiiB, 00caru iHPOpP-
MaIlii 3pOoCTalTh 3 BEIMYC3HOIO IIBUIKICTIO, TOMY
BUHHUKAE IMpoOJieMa y aBTOMaTHYHOMY pO3IMi3Ha-
BaHHI 300pakeHb Ta iX kiacugikamii. ['nobansHO
i MPOOJIEMH BITHOCATHCS JO TEPMIHY «MAaITUHHE
HaByaHHs» («Machine Learningy). Ilocriiini my6-
mikamii y maHiii cdepi miaTBEpIIKYIOTh aKTyallb-
HICTB 1aHOT MPOOIEMHU.

Sk mpuxnan, y xoBTHi 2012 poky BinOyBcs
koHKypc ImageNet [1], mo OyB nmpucBsYeHUI Kia-
cudikamii o0'exTiB Ha QoTorpadisx. Y KOHKypci
Oysio moTpiOHO po3mizHaBaHHs o060paszie B 1000
kareropiii. Komanna nepemosxus xedpi Xunro-
Ha BUKOPHCTOBYBaJla METOIU TMOTIIMOJIECHOTO BH-
BueHHs1 (Deep Learning) Ta 3ropTOYHUX HEUPOH-
Hux mepex (Convolutional Neural Networks) [2].

VY 6epesni 2013 poxy Google inBecTyBaB B 1po-
eKT XIHTOHA, 3aCHOBaHUW mpu yHiBepcuTeTi To-
ponto. IIporsrom miectu MicsiiB OyB po3podiie-
HUW  cepBic  momyky 1o  doTorpadiiax
photos.google.com. HameBHo, y KOXXHOTO € BEJU-
4ye3Hui apxiB ¢otorpadii, Tenep MoKHA 3 JIETKic-
TIO iX KJIacu@ikyBaTH, 110 AONOMOXE y MauiOyT-
HbOMY BUKOPHUCTAHHI IIUX MaTepiaiB.

Ta moBepHIMOCH 70 METOJIB, 3a JOINOMOTOIO
SIKHX IISI MOKJIMBICTB TeTIep € JOCSHKHOI0. 30Kpema,
LI 3rOpTOYHI HEHPOHHI MEpeki — OKPeMHH Kiiac
HEUPOHHUX MEPEXK, SKUHA HAWKpaIIUM YHHOM ITijI-
XOIMTh JJISl IHTEIEeKTyalIbHOI 0OpPOOKH Bi3yalabHUX
nauux. 3HM Oynu po3po6eni npodecopom SAnom
Jlexynom B kiHui 1990-x pokiB. Bxxe Toxi us Tex-
HOJIOTIsI J03BOJISIIa HAIIAHO BUPINIYBATH 3ajadl
pO3Mi3HABaHHS PYKONMHUCHUX TEKCTIB. 3 THX Iip
3HAYHO 30UIBIINJIACS TOTYXXHICTH KOMITHOTEPIB 1
3'SBUJIMCST HOBI QJITOPUTMHM HAaBYAHHS HEHPOHHUX
MEPEeK.

Takox Bapro 3azHauntd, mo [[xedpi XiHTOH
OyB OJHUM 3 JIOCIIIJHHKIB, XTO 3allPONIOHYBaB BH-
KOPHCTOBYBaTH METOJA 3BOPOTHOTO TMOIINPEHHS
MOMMUJIKH JUIS TPEHYBAHHSI HEMPOHHUX MEPEXK.

MeTa gocnigxeHHsA

O06’ekTOM TOCTIIKEHHS 1aHO1 poOOTH € TMpoIie-
CH po3mi3HaBaHHA Ta Kiacudikamii 300paxkeHs, a
MpeIMETOM JIOCIHIKeHHsI — BUKopucTaHnHa 3HM
JUTS pO3ITi3HaBaHH Ta Kiacu@ikarii 300pakeHb.

Merta nanoi po6otu — po3poOka iHCTpYMEHTa-
pito ans moxemtoBanHs 3HM. Jlns nocsrHeHHS
MOCTaBJICHOT METH BUKOHAHHMM TMONTYK 1 MOPIBHSH-
HS icHyrounx 6i0mioTtek ans podoru 3 3HM, Ha-
CTyITHUM KpOKOM OyB BHOIp J0JaTKOBUX KOMIIO-
HEHT, a MICJIs [LOTO — PO3po0Ka 3pyYHOro 1HTEp-
deticy, mo o0’ eaHy€e 00paHi IHCTPYMEHTH.

3HM Ta ii 3acTocyBaHHA

Icmopia eunHukHennsa. 3rOpTOYHA HEHPOHHA
Mepexa MpeJCcTaBisie 0COOIUBUM Kilac HEHPOHHUX
MEpPEK, SKUH HaWKpamyuM YWHOM MiAXOJWUTH IS
IHTENEeKTyanbHOi 00POOKHU Bi3yadbHUX JaHHX.

VY 1981 pomui nelipobionoru Topcren Bizen Ta
JeBin Xabenb AOCTIIKYBaJId 30POBY KOpPY T'OJOB-
HOTO MO3KY KIIIKH 1 BUSIBWIH, IO ICHYIOTH TaK
3BaHl MPOCTI KJIITHHHU, SIKI OCOOIUBO CHIIBHO pea-
T'YIOTh Ha TpsMi JIiHIT i pi3HUMH KyTaMH 1 CKJia-
JTH1 KJIITUHY, [0 PearyroTh Ha PyX JiHINA B OJHOMY
HaTpsMKY.

[Tiznime Su JlekyH 3ampornoHyBaB BUKOPHCTO-
BYBaTH TaK 3BaHi 3rOPTOYHI HEMPOHHI MEpexi, K
aHaJIOT 30pOBOi KOPHU T'OJIOBHOI'O MO3KY Ul pO3Ii-
3HaBaHHS 300pakeHs [3,4,5].

Sn JlexyH 1 oro criBpoOITHUKU 3pOOHIIN JTikiC-
HO TapHy poOOTYy IO PO3Ii3HAHHIO MMOYEPKY, BUKO-
pucroBytoun 3HM, 1o Oy 3acTocoBaHi Ha Mpak-
tui. [{e onuH 3 HEOaraTboX Ha TOW Yac MPUKIIAIIB



74 Bicauk HTVYYVY «KIll» Indopmarrka, ynpasiiHHS Ta 00UnCIOBaNIbHA TexHika No59

3 3aCTOCYBaHHSM KOMIT IOTe€pa Ui TPEHYBaHHS
HEHPOHHUX MEPEX, 10 MaJId JOOpHii pe3ybTaT.

LeNet-5. Ilepmmii Bpaskarouuii IPUKIIAJT BHUKO-
puctanus 3HM nanexuts Any JlekyHy Ta ioro
CHIBpOOITHUKAMU, $IKI CTBOPWIHM MIMCHO T0OpHiA
po3IMi3HaBay HamucaHuX Bix pyku mudp. Llsg mepe-
xa Oyna BukopucTana ais yutanus ~10% dekiB B
[TiBHiuHIN Amepuri [6, 8].

Po3pob6nena 3HM wmaia HacTynHi 0COOIMBOCTI:

— BEJIMKA KUTbKICTh IPUXOBAHUX IIAPIB;

— 0araro KapT 03HaK y KOXXHOMY IIapi;

— 00’€mHaHHA BUXONIB OJM3BKUX BHUIIIEHUX
O3HaK;

— BHUKOHYBaJa pO3Mi3HaBaHHs, HaBITh, AKIIO
CUMBOIIY TIEPEKPUBAIUCH;

— HaBYaHHS BUKOHYBAJIOCh HE OKPEMHUX CHM-
BOJIIB, @ TOBHOT'O HAIHUCY;

— y AKOCTI TPEHYBAJbHOTO AJITOPUTMY BHKO-
PUCTOBYBaBCS QJITOPUTM 3BOPOTHOTO IMOIIMPEHHS
TTOMUJIKH.

Ha puc.1. naBenena apxitexkrypa LeNet-5.

C3:1. maps 16@10x10

g:é: feature maps S4: 1. maps 16@5:5

2828

INPUT

2032 $2:1 mas

6@14x14

Full connection Gaussian

Convolutions Subsampling  Convolutions ~ Subsampling Full connegtion

Puc. 1. Apxitexkrypa LeNet-5

[Tpu mpoxomxkenni Tecty Ha 10000 300paxeHb
MMOMMJIKA BUHUKJIA JHIIe Y 82 BUMAAKaX, 1€ OUIbII
HiK 99% npaBuiIbHUX BianoBiaei. Tum He MeHIIe,
OULTBIIICTh MMOMUJIOK, IO podoutTh LeNet-5, mroam
JIOCUTH JIETKO PO3IMI3HAIOTh, OTXKE III BUMAJKH Ta-
KOX MOYHA MOJ0JaTH.

Ornap icHyoumnx 6i6niotek

PosrisiHeMo ocHOBHI 010J110TEKH JIJIs1 CTBOPCHHS
3HM.

CudaCnn. CudaCnn 0iomioreka nisg 3HM, Ha-
nucana Ha C++/CUDA 3 iatepdeiicom MATLAB.
[linTpuMye HacTymHI METOAM HaBYaHHS: CTOXac-
TAUYHUN TPaJIEHTHUH CITyCK, CTOXacTUYHUi JleBe-
HOepra — Mapksapara. ONmioHaNIbHO MIATPUMKA
CUDA. Mictuth npukiaj aas poOoTu 3 jparace-
toM MNIST. Bi0OmioTeka He OHOBIIOETLCSA 3 KIHIISA
2012 poky.

cuda-convnet. SIBnse co0010 MBUIKY (3aBJICHO
po3poonrkom) C++/CUDA peanizanito 3HM. Ha-

BYAHHS POBOJUTHCS 3 BUKOPUCTAHHSAM QJITOPHTMY
3BOPOTHOTO TOIIMPEHHs. bi0GmioTeka HE OHOBIIIO-
ethes 3 munHa 2012 poky.

nnForge. nnForge — ne 6i0mioTeka ans TpeHy-
BaHHS 3TOPTOYHHMX Ta MOBHO3B'S3HUX HEUPOHHUX
Mmepex. st o0unciIeHHsT MoKe BUKOPUCTOBYBATH
CPU i GPU (CUDA). /lana 6i6mioTexa HamucaHa
Ha MoBi C++. lle BimkpuTe mporpamue 3abesre-
YEHHS TOUIMPIOEThCA IiA  JineHsiero  Apache
License v2.0.

Convolupy. bibmioTeka HamucaHa Ha MOBI
Python mia po6oru 31 3HM. Ilintpumka obuuc-
nenb GPU BincytHsa. He onoBmtoetsest 3 2009 po-
Ky. CaM pPO3pOOHMK MOPAAMB BUKOPUCTOBYBATH
pillieHHs1, HaJ SKUM BiH 3apa3 mparoe — Pylearn2
(moxnajHile y HACTYITHOMY PO3JIiTi).

Pylearn2. Pylearn2 — 6i0mioTeka MamIduHHOTO
HaBYaHHA HamucaHa Ha MoBi Python [10]. MicTuth
y co0i Tak mopeni: 3HM, GaraTomapoBuii nepuen-
TPOH, softmax-perpecis (sIK BUIagoK OGararoiapo-
BOTO IMEPIENTPOHA), 0OMexxeHa mMamnHa bonbima-
Ha Ta iHmi. IlixTpuMye HACTymHI METOIU HaBYaH-
HS: CTOXAaCTUYHHH TPATI€HTHUN CITYCK, IMaKETHUH
TpaJieHTHUN CITyCK.

Jlana 0i0iioTeka BUKOPUCTOBYE IOAATKOBY iH-
crpymeHTapiii Theano mis ontumizarii Ta obuuc-
JIEHHS MaTeMaTHYHUX BHpa3iB, IO BKIIOYAIOTh
OaraToBUMipHI MacuBH e(peKTUBHO. Takox 1151 616-
mioTeka no3Bossie BukopuctoyBatu GPU nmis 00-
YHUCICHHS CKJIagHUX omepauiii. Po3poOHuK 3asB-
JIsi€, O Y MalOyTHBOMY IS IILOTO OYJ1€ BUKOPHC-
toByBatuch He jume CUDA, a i1 OpenCL. Ile
o3Hauae MoxumBy miaTpumMky GPU He Tinbku
xoMnadii Nvidia, a ¥ 1HIIUX KOMIIaHiH.

Takoxx BapTo 3a3HauuTH, 0 Theano mMicTUTh y
co01 peamnizauito 3HM, Ta HaBiTh icHye 6i0ai0TEKA
pynnet, o peamizye iHTepdeic 1y podoTH 3 HH-
MH, Ta BOHAa HE HIATPHUMYETHCS PO3POOHHKOM 3
2011 poky. Cam po3poOHUK Temep mnpuiiMae
y4acTh y nmokpaiieHHi Ta po3po6ii Theano.

3agBneHnMHu nepeBaramu Pylearn2 e 3po3ymina
CTPYKTypa 3 MOXJIMBICTIO CTBOpPEHHS  Iif-
KOMIIOHEHTIB Ta JOCTYMIHICTh AJI1 BUKOPUCTAHHS B
HaBYaJIbHOMY IIpolieci (BUKOPUCTOBY€EThCS B MOH-
peanbChKOMYy YHiBepcuTeTi). bibGmioreka 3Haxo-
JIUThCA y cTalii «OypXIMBOi» pO3POOKH.

MinycoM naHoi 610710T€KH € BIJCYTHICThH IOB-
HOI JIOKyMEHTallii, ane 1€l Hel0JIiK BUIIPABISETh-
csi. TakoX IUIs OCHOBHHMX MoOJeNed iCHYIOTh Ha-
BUaJIbHI Marepiasin y ¢opmari ipynb (IPython
Notebook).
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BpaxoBytoun OCHOBHI 0COOJIMBOCTI, OyJiO BHU-
pillIEHO BUKOPUCTOBYBATH caMe 1110 010110TeKy.

Mpouec po3pobku apxiTeKkTypu

Bumozu 00 cucmemu. HeoOXimHO CTBOpUTH
apxiTeKTypy, fKa I03BOJUTh BHKOHYBaTH MOJe-
moBanHs 3HM nans kopuctyBaua 6e3 0coOIMBUX
npoOyeM, peanizyBaTH 3pO3YyMUIMNA Ta MPOCTUN
inTepdeiic. Tak sk MallOyTHBOIO CHEPOI0 BUKOPH-
CTaHHs JaHOI CUCTEMHU € BUKOPHCTAHHS y HaBya-
JHHOMY KJaci Al MOYaTKOBOTO 3HAalOMCTBa 3i
3HM, BuHUKae HacTynmHa BHUMOIra — MOXJIMBICTb
BUKOPHCTOBYBaHHS KiJIbKOMa KOPUCTyBauyaMHu OJI-
HOYACHO. AJie 1€ He BUKJIIOYa€ BUKOPUCTAHHS CH-
CTeMH JUIs OUIBII Cepilo3HMX 3adad, TAKHX SIK 3HA-
XOJUKEHHSI ONTHUMalibHOT apxitektypu 3HM s
KOHKpPETHUX HaOOpiB JaHUX, BAOCKOHAJCHHS Tpe-
HyBaJIbHUX QJICOPUTMIB Ta 1HILE.

Knienm-cepgéepna apximexkmypa. CucreMa 1e-
pendadae KIIEHT-CEPBEPHY apXiTeKTypy (puc. 2).
MogentoBannss 3HM mnoknaaeHo Ha cepBep, €
BHKOHYIOTHCSI HE0OX11H1 o0uncienns. KopucryBau
Mpaimre 3 CUCTeMOK uepe3 web-Opaysep, 110
BCTAHOBJICHUN Ha TEPCOHATBLHOMY KOMII IOTEPI.
Yepes web-0paysep 3aar0ThCsl MapaMeTpu Mojie-
JIOBaHHS, Ta MEPETISAAETHCS OTPUMAHUN PE3YJib-
tat. HeoOxigHuit moctym 10 mepexi [HTepHer.

&

Kopuctyeaa

S
&

KopHcTyBag

Kopucrysag

Puc.2. Ilpuknan apxiTtekrypu

Jlana apxiTekTypa Mae Taki epeBaru:

- Jug pobOTH KOpUCTyBauy HEOOXIIHUH JIH-
e web-0pay3sep;

- BIJCYTHICTb KOPCTKUX TEXHIYHUX BUMOT J10
KOMIT I0TE€pa KOPUCTyBaya;

- MOJEpHi3allis Ta OHOBIEHHS MPOrPaMHOTO
MPOAYKTY BiAOyBaeThcs 0€3 BTPYyHaHHS KOPHUCTY-
Baua;

- Oesmeka Ta HUIICHICTh JAHUX IOKJIaJeHa Ha
cepsep.

Ta HacTynH1 HEJTOJIKU:

- IIOBHA 3aJIEKHICTH BiJ IAKIIOYEHHSI 10 1H-
TEpPHET;
- 0OMEXEHHICTh CEpBEPHHUX PECYPCIB.

Buoip OC. BpaxoByrouu o0paHy O0i0mioTeky
Pylearn2 gns 3HM, Ta KOMOOHEHTH, HEOOXiIgHI
ISt 1 pobOTH, omepaniiHy CUCTEMY JUIsl cepBepa
Oyno obpano CentOS 6.2 64-bit.

CentOS uyacrimie BCbOIO BHUKOPUCTOBYIOTb, SIK
CepBepHyY OmepaliifHy CUCTeMy A7 BeO-XOCTHHTY.
baraTo BelIMKMX XOCTMHIOBUX KOMIIaHIN BHUKOpHUC-
ToBytI0Th CentOS nns 3abe3nedeHHs CTaOUIbHOT
poboTtu ansa cBoix BeO-3acTocyHkiB. [lanuii nmwmc-
TpuOyTHB Linux 06a3yeThcs Ha OCHOBI KOMEpIIiii-
Horo nuctpuOytuBy Red Hat Enterprise Linux
komnanii Red Hat, mo rapantye 6e3mneky i crali-
JpHICTH poboTH. KutteBuil ukn CentOS cknanae
10 poxkiB, migTpuMka 6-01 Bepcii Oye BinOyBaTHCh
10 2020 poky.

®Dpeiimeopk  01a  po3podku web-cucmemu.
BpaxoBytoun, mo obpana 6i0xioreka Ay podoTH
31 3HM nanucana Ha Python, ¢peiimBopk OyB 00-
paHMil Tex HanMCcaHu Ha 11 MOBI.

Opnun 3 BapianrtiB — Flask, mo e mikpodpeiim-
BOPKOM JUIsl CTBOpPEHHS web-caliTiB MOBOIO
Python. OcHoBHa npuunna yomy Flask HazuBaeTh-
cs "mikpogpeitmBopkoM" - 11 imes 30epertu Sapo
MPOCTUM, ajie PO3LIMPIOBAHUM. Y HBOMY HEMae
a0CTpakTHOTO PiBHA 0a3u NaHWUX, HEMae€ Baiigamii
¢bopm abo BCHOTO TAaKOro, IO BXKE € B 1HIIMX 010-
JTOTEKax N0 SIKUX BU MOXeTe 3Bepratucs. OmHax
Flask mingTpumMye po3mupeHHs, ki MOXYTb JOJaTH
HEOOX11HY (QYHKIIOHAJIBHICTb.

Ane Bubip OyB 3ynuHenuit Ha Django, mo mae
ycl HeoOX1/JHI KOMIIOHEHTH «3 KOpOOKW» Ta Taki
OCHOBHI ocoOnuBocTi [11]:

- ORM, API nmoctyny no B/l 3 miaTpumkoro
TpaH3aKIliH;

- BOyznoBaHuil iHTepdeiic aamiHicTpaTopa, 3
y>Ke HasBHUMH IE€peKIaiaMy Ha OlIbIIiCTh MOB;

- mucrietaep URL Ha OCHOBI perynsipHUX BH-
pasis;

- PpO3IIMpIOBaHa cMCTEeMa I1a0JOHIB 3 TeraMu
Ta HACIliJyBaHHSIM;

- cHcTeMa KellyBaHHS.

Buoip CKB/]. Ob6pana Oi6miorexka ans web-
cuctemu Django 103BOJIsiE BUKOPUCTOBYBAaTH Ha-
crymHi CKB/I: PostgreSQL (8.2 ta Bumie), MySQL
(5.0 ta Bume), SQLite, Oracle Database Server (91
Ta Buile). OCKUTbKA OYiKyBaHE HABAaHTAXKCHHS Ha
CKB/] mae OyTu HEBeTUKHM Ta (QYHKIIIT TOKIaICHI
Ha Hel He mua MoxemoBands 3HM, a Tinpku s
3abe3nedyeHHss poOOTH 3 web-cucTemMor, 0yio 00-
paHo HaWmoUIMpeHime pimeHHs It web-
mwiatdopm — MySQL 5.5 [12].
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Web-cepeep. JInsi obGpanoi OC po3risgaioch
nBa HaumonyJsipHimi web-cepBepu: Apache Ta
nginx. O0uaBa pimieHHs HANAIOTh HAAIMHICTH Ta
THYYKICTh y KOHQirypaumii. Ajie Toj1oBHa 0co0Ju-
BiCTh, B eIy Yepry B TOMYy, 110 Apache mpariitoe
3a MIPUHLMIIOM: HOBUH 3allUT - HOBUH MOTIK; nginx
MPaIlo€ 3 BUKOPUCTAHHSAM MOJIENI MO, BiIOBI-
JTHO HOBHWIl 3allUT HE MOPO/KYE HOBUX MOTOKIB.
3aBasKkM 1id 0COOJMBOCTI, wWeb-cepBep moTpedye
MEHIIIE OINEPAaTUBHOI Mam'siTi, a IIBUAKICTh HOTO
pobotu crae Bumoro [13].

Gateway Interface HTTP-cepeepa. BpaxoByto-
yn oOpaHi BuIle pimeHHs, B skocTi Python web-
cepBepa, OO0 SKOTO BiOyBaeTbCS 3BEPHEHHS 3
nginx, OyJ0 BUpilIeHO BUKOpUcTOBYBaTt Gunicorn
[14]. Bin mae HacTymHI 0COOIMBOCTI:

- marpuMka Django 3 KopoOku;
- aBTOMAaTHYHE YIPaBIiHHSI pOoOOYUM Ipolie-

cCoM;
- npocta KoHpirypaiis Python;
- MOXIUBICTb  BHKOPUCTOBYBAaTH  KiJIbKa
KOHiryparii;
- pi3Hi hooks /1t pO3MIUPIOBAHOCTI;
- cyMicHicTh 3 Python 2.x >=2.5.
@onosuit npoyec mooenioeanna. OCKUTbKU

MPOLIEC MOJIECIIOBAHHS JOCUTh PECYPCHOMICTKUH,
oro HeoOXiAHO BUKOHYBaTH y ()OHI Ta aCHHXPOH-
HO, Oa)kaHO HaBITh Ha OKpeMoMmy cepBepi. Tomy
OyJsio o6pano 6i0moTreky ZeroMQ [15].

ZeroMQ (takox HazuBaoTb OMQ) — BUCOKOII-
poayKTHBHA 010/110TeKa, 110 MpU3HAYEHA JJIST aCH-
HXPOHHOTO 0OMiHY moBigomieHHsAMH. Lls 6i6mio-
TeKa MpU3HAYCHA /I BUKOPUCTAaHHS B MacmTabo-
BaHUX PO3MOJUICHUX CHCTEMax Yd B MapajielbHUX
JOJIaTKaXx.

Cxema oTpuMaHoOi apXiTeKkTypu

Ha puc. 3. npexacrasiena cxema OTpUMaHoi ap-

xitektypu I13.
Yepra
Web-Gpayaep

Puc.3. Orpumana apxitekrypa

Backend,
Django

UYepe3 web-Opay3ep KOpHCTyBay MOXKE CTBOPIO-
BaTW 3ajaadi, Mo OyayTe 3mojaenboBaHi. [licis
CTBOpEHHS 3aJ1adi, BOHA JIOAA€THCS 10 YEePTH, 3Bil-
KM 1i Ha MojentoBaHHS oTpumae ZeroMQ. Ilicms
MOJICTIIOBAHHS, PE3YyJIbTaTH 3alHCYIOThCS 10 0a3u
JAaHUX, 3BIJIKM KOPUCTYBAa4 MOXKE 1X MEperJisIaTy.

Mpuknaa moaentoBaHHA

Jlnst mepeBipKy Mpane3JaTHOCTI OTpUMaHoi ap-
XiTeKTypu OyJo 3AiiCHEHO HACTYNHUN eKCIepH-
MeHT [16].

TpenyBanpauii matacer MNIST — nabip Hamnu-
CaHUX Bil pyku 1mudp, ckiaamaerbes 3 60 Tucad
300paxxeHb JUIsl TpeHyBaHHs, Ta 10 Tucay 11 Tec-
TyBaHHS, BIAMOBIAHO 11e ckiuanae 85% Tta 15% Bin
3aranbHOro o0csAry 300paxenn. KoHdiryparis
mIapis: BXITHUHT map [28, 28],
ConvRectifiedLinear (kinbKiCTh BUXIJTHHX KaHaIiB
64, dbopma siapa 3roptku [5, 5], hopma BikHa IS
pospimkeHoro max pooling [4, 4], BiacTaHb MiX
MOYAaTKOM KOXHOTO BiKHA 3TOPTKU [2, 2], HOpMa
anpa sroptku 1.9365), ConvRectifiedLinear - 1y0-
JI0€ TapaMeTpH TOMepeaHbOTo Immapy, Softmax
(HOpMa KOXKHOTO CTOBMII MaTpHIl Bar 1.9365).

0,4
0,3
0,2
0,1

0
Puc.4. I'padix noMmuiaiku po3nizHaAaHHS

1 2 3 4 5 6 7 8 L 10

—— Momunku | pogy = Momunku Il pogy

Puc.5. I'padix momunku I Ta I1 poxy

PesynbraT MOJenoBaHHS Uil TECTOBOT BUOIPKH
- momuika 3Hu3minacs a0 0.74% (puc. 4). dns 10
TECTOBUX BHOIPOK CepelHE 3HAYECHHS MOMMIKHU |
pony ckiamgae 6,89% Bim 3arajJbHOI NMOMUJIKH, a
nomuiiku II poxny 93,1% (puc. 5).

BucHoBKU

B nmaniit po6oti Oyio onucaHo mporec po3poo-
KU apXiTeKTypH CHUCTEMH JJIsi MOJIEIIOBAHHS 3rop-
TOYHUX HEUPOHHUX MEPEK.
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Tema nganoi poOOTH € aKkTyallbHOIO, IO MiJATBe- OTtpumane pilleHHS Ma€ TMepeBard y BUTISAL

PIUKYETBCSI BEJIMKOIO KUIBKICTIO HOBHMH Ta ITyONi-  JOCTYHMHOCTI Ta MPOCTOTH y KOPUCTYBaHHI, alie
Karfiii 3a 2012-2013 poxkwu. iCHy€e HeloMIK, TaKMi SIK 3aJI€XKHICTh Bi pecypcis

Ha ocHoBi BHKOHaHOTrO aHammisy, Oyao OOpaHO  ceppepa. 3 iHImIOro GOKy, CEpPBEPOM MOXKE BHCTY-

6ibmiorexy pylearn2, Hamucany Ha MoBi Python. pary Oyab-sxkuil komm’torep 3 OC Linux, abo Ha-
BpaxoByroun nocraBieHy BHMOTHM, OOpPaHO JONO-  pirp GPU-knacrep.

MDKHI KOMIIOHEHTH [UIs  peami3amii KJI€HT-
CEpBEPHOI apXITEKTYPH.
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