JIOJIATOK A

['padiunuii matepian kBanidikamiiinoi poooTu
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XapKIBCEKHI HalllOHAJIBHHH YHIBEPCHTET PajllOeIeKTPOHIKH

«MeToau anmapaTHOro NPUCKOPEeHHsI
IITYYHUX HEHPOHHUX MepeK Ha

FPGA»

Keanigikaniiina pobora

Buronag: KepiBuuk:
ct. rp. KCMam-22-1 1o, Kosnos 10.B.
benanor ALA.

Mera Ta 3aBaaHHs KBamdikaiiiHoi podoTH

Mera kpanidikauiiinoi poborn:  aHamiz ICHYHHMX MeETOIIB

anapaTHoro NPUCKOPEHHA IITYYMHUX HeHpoHHHX mepex Ha FPGA.

O0’exkT JochaiKeHB: INTY4HI HEHpPOHHI Mepexi, 30Kpema

3TOPTKOBI HEHMPOHHI Mepexki.

JapaHHuA:

- @Hai3 TOMOMOriH 3rOPTKOBHX HEHPOHHMX MEPEK:

- aHal3 ICHYIOMHX AJITOPUTMIB HABYAHHS 3TOPTKOBHUX HEHPOHHHUX
MEPEIK;

- po3pobka METOAMKH anapaTHOro [PHUCKOPEHHH  IUITY4HHX
Heiiponuux mepexk Ha FPGA;

- JOCIKEHHA ICHYIOUHX pillleHb anapaTHOro NpUCKOPeHHS;

po3pobka inctpymenTy renepauii VHDL,
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LTyuni HeiiponHl Mepesxi. HaBuaHHs 3ropTKOBUX
Heiiponaux Mepesk 3 Bukopuctanusam CIFAR-10

4
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Ornsiz icHylouux pimens. CTpyKTypHa cxema .
Heitpomepesxi Ha FPGA 3 mapanensuuM o0uHCIEHHIM
Bar

Pospobka | noGyaoea HelipoHHIX Mepes v
ITUIC  FPGA  nosonse

npouect X QVHKHIOHYBAHHA | HABYAHHA 34

IHIMHO  MPHCKOPHTH

PAXVHOK BHKOPHCTAHHA MOACIHBOCTI TApatelnbHOT

oOpodKN  BLI  COTEHB 00  JeKUTBKOX — THCAH
ofrmemopankENX  notokie.  Jlanmii  papianT
CTPYKTYPH  HeilpoHHOT — Mepemi  BLIPI3HACTHCA

BHCOKIM KOeillie HTOM BHKOPHCTAHEA KPHCTANA i

MOKTHBICTIO  3ACTOCYBAHHA 104 peanizami

STOPTKOBIT HeHPOHHIIX MEpPEk.

Crpouiena apxirekrypa FPGA. FPGA cepii Xilinx
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MeTo1Mka anaparHOro NPUCKOPEHHS ;

MeTomuka anapataoro npuckopenss HHTHM na FPGA 3 pukopucTaniayg

np] BHAUCHHA HeHpOHHITX Mepesk 3 BHEopHcTanngy FPGA mmmoon

THCTPYMEHTY TeHEpatlii Komay

: Briposasenns mcrpyuem'y renepami VHDL #a ocrosl
31\[1{;]‘ FPGA 4 peanizamii 2ropTkosi Hefipomm Mepea. 11
Po3potiI BREOIC TOBYETRCE MOBA NPOrpay BaHHA Java.

MeTon mprIHATIEHITH 119 NO0eNIeHHE TPOHecy
ANAPATHOTO TPICKOPEHEA MOIeTei 3r0pTROBIY

TAPAMETIITIALIT PeaTi Jil ey Moxensii,

IrcTpyMeHT Mac MICTHTH padisHii intepreiic
KODHCTYBIMA, 33 INNOMOTOH SKOT0 MOATIRE

HATAITY BAHHA CBOET ITBORCT MO SCOPTROBOT

B HefIPoHHO] MePe], BTaRmit crenudikanii Motem.
HMOTH TRCTPYMEHT NOBHHEH GYTH OITIMI30BAH VI CTBOPEHHA

MOTYIRHOL, MACHITADOBAHOI, perondiryposanol Ta
NAPANETRHOT PEai3ami MOJETER S OPTROBIE Heftpo HEITS

MEPE

[Tepesarn

Inctpyment renepamnii VHDL. [Iporec BnpoBamkeHHs 8

Kondirypanie soneni

Tenspamin VHDL

Tesr Evmi

MOJICTi 3TOPTKOBOI HEHPOHHOT MEPEIKi

Eironmi o
m ]
' |
"

g VHIHL




TecToBa MOIEIIb 3rOPTKOBOT HEHPOHHOT MEpPEKI Ta ii .

peasizaris

Timsoea MOOETh EHROPHCTOBYETRCH IR
rrachiant sodpagent pyromacenm: O i 1. Bxinpe
SO EHHE AAE BUITIHER cipore posgipy 28 = 28,

¥ Depimowy  IropTeoBoMy  mapi  {Cowe-1)
2B BHTAIVEOTECA TPH  pitHi EAPTH  O3HAK  [OCISN0M
IrOPTAHAL EBXLEHOID s0lpakeHIR 3
Anpasi’dinsTpade poadipost 3 = 3. Kpow
STOPTROBOTO  RiTETpa  J0pIEHKE OTHEEIL 10
mxigHOro  soffpaseHHS  He  I8CTOCOBYETHCA
TAMOEHAEHA, & 3aCTOCOBAA (YHKTI ARTHEALI].
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[Tpuknann 3HimMkiB 3redepoBanoro VHDL koay s
NEepUIOro piBHA 3TOPTKH
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BucHoBkHu 13

[MpoananizoBaHo METOIH ANAPATHOID MPHCKOPEHHA LITYYHHX HEHPOHHHX
smepesxi Ha FPGA 3 sukopucranuam mosn VHDL. TMposeaeno anams rononorii
AFOPTKOBHX  HEHPOHHMX  MEpex; AHAMIZ  ICHYHYHX  all'OPHTMIE  HABYUAHHA
OPTKOBHX  HelponHux wMepexk. JocniumeHo icHyodl pllleHHH  anaparHoro

NPHCKOPEHHA.

JANpoNOHOBAHO  METOAMKY  anaparHoro  npuckopenus  ITHM  sa
aonoMorowy FPGA. Pospobnennii incrpyment renepauii VHDL. Bukopueranuns
pozpofiieHol METOMMKHM 3HAYHO IMEHIHTE 4ac po3pobku, HeobxigHuil jum
BIPOBAJUKEHHA 3TOPTKOBOT HelpOHHOT Mepeki, TAKOM MIHIMIZYe HeM0oNiKH, 1o

BHHHKAKTE Yepes CKIAHICTE POIPoDKN MOB OIIMCY alapaTHUX 3acodis.
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JIOJIATOK B

Tes3u momnoBial

Problems of Informatization: the eleventh international scientific and technical conference

METOJH ATTAPATHOT'O ITPHCKOPEHHA
IMTYYHAX HEHPOHHIX MEPEAK

Bemaroe A A | Kozmor FOB.
XapriECEEHE HAMOHATEHENH VHIBEPCHTET PATIOSTeKTPOMIER, Xaprie, VEpaina

HelpoHH] Mepe&i € OJHHM 3 KIIOY0BHX elIeMEHTIE CYIacHHs CHCTEM IITVd-
HOTO 1HTETeETY. 3 MogB0R TTHOOKHX Hefipoummx Mepex (I HM)[1.2] Ta ix nmpo-
EHM 33CTOCYEAHHAM V PIZHHX OOMACTAX, TAKHX AK POMMIHAEAHHA 200pIKCHB,
00po0OKa MOBH T4 aETOHOMHI TPAHCIOPTHL 3aC00H, CTANI0 AKTYANEHEM IMHTAHHA PO
edeKTHEHRICTE 00THCTeHE. OOHAE 00YHCMIOEATEHA CEIATHICTE TAKHY Mepek JacTo
noTpedve BeHKHK 00MHCIOBARHHS pecypcit. [IoMHpeHAME NITX0IaMH J0 IpH-
CEOpeHHT HefipOHHHX MepeE © BHEOPHCTAaHHA TpadidHix mpouecopie (ITI) T2
COEINATIZ0EAHNY 1HTerpoEannux cxeM (CIC). 3aEN96H BeNHEOMY THCIY Napaneis-
mmx A7ep, ITI go0pe mIKonsTs And o09HCIeHs, IO IOE #2381 3 HeHpOHHIME Mepe-
#an. CIC ke, v CEOK 9epry, ONTHMIZOE3HI AT KOHKPETHHX ZaEJaHb, TAKHX 4K
00po0Ka IMTHOOKHX Mepeik.

MeTor Jonoeigi € aHami2 MeTOTIE aNapaTHOTO IPHCKOPEHET INTYIHEY Hefi-
POHHHX MEDEek 33 JOIIOMOT0K TPATIRHIK MIX0MIE, 3 TAKOE Pealisamid 2a ,]OIIOMD—
rowo Field-Programmable Gate Array (FPGA). FPGA HaOVERIOTE DOMVIIPHOCTL SK
IHCTPYMEHT 71T ANapaTHOTO NPHCKOPEHHE HeHPOHHHEX MEPEK 33B]AKH [X THYIKOCTL
Ta eerTHEHOCTL. Ilepeparavu FPGA e rEvEEicTs, ToOTO FPGA MoZHA nepenpo-
[PaMyEATH, cHeproedeKTHEHICTE, Komd FPGA E nopierssHl 3 GPU, MO%e BHEOHY-
EA4TH ODYHCIEHHS NPH MEHIIOMY CIOHEHEAHHI eHEeprii; napaneﬁa\i o FPGA
MO%E BHKOHYEATH SHCIEHH] ONepaii 0THOIACHO 2AETTKH ap:m:em'ypi mo m,urpn—
MYE napanemm Xo4a FPGA mpoNoHYIOTE Dararo TepeEar, ICHVIOTE IIEEHI BH-
KJTHEH TAKi AK CETATHICTE, EAPTICTE T4 00MeKeHa KITEKICTE pecypcole. Pozpodra ama
FPGA mome OVTH OUIBII CEIATHOK ncpmnaHo 2 TPATHITEHEM OPOrPayEaHHAN.
FPGA MoEyTE OVIH AOPOATTHMH 33 Fizinni] pu:uem{n 0COOMHEC HA MOYATKOEHY €T3~
nax pozpodEd. Tarox € neEHl 00MEHEHHE HA KITEKICTE JTOTITHNX OIIOKIE T3 MAM AT
ma FPGA. MoETHEO, EHpIINIEHHTM JaHoi Opobienn Mo&e OYTH AMApaTHE NPHCO-
penHa Ha Tensor Processing Units (TPU) - me 1HIIEG BHY CHEIIATIZ0EAHOTO ANapa-
THOTO IPHCEOpeHH:, pozpobrenud Google cnemansHO 114 [HOOKOTD HABTAHHT
Lle & npemMeToM NOTATEIIHY JOCTILECHE. ATNApaTHe NPHCEOPEHHA € BLEUTHEHM
EIEMEHTOM B pO3po0I T4 PO3ropTaHH! edekTHEHAX HeAPOHHHX Mepes 3 piiHo-
MAHITHICTIO JOCTVIIHEX TeXHOIOT1H, Tarex 25 [ 11, CIC, FPGA 1a TPU, 0CT1IHHER
T3 IEKEHEPH MOAYTh BHOHPATH HAaHKDAIMHH MITX1T B 3ATe#HOCTI BIT KOHKDETHHX
noTped Ta o0MeKeHE.
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