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YCKOPUTENW BbIYUCNEHWW

nocrpoeHve cCUCTeM MalMHHOro 3peHnna 1 HPEAHHTHBHDIT'I dHanMTHUKH
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Yckoputenu BblMMCIeHUA. BO3MOXHOCT
HEVPOHHbBIX CETEW, MPUMEHEHWE Ha NPaKTKe

\J) HUEHWAHL

YckopurtensiMu BEIMUCTICHUI O0bIU-
HO Ha3bIBAIOT IUIATHI PACIIMPEHMSI C MU-
kpocxemoir FPGA (field-programmable
gate array, K pyCCKOMY 3KBHUBAJICHTHOMY
Ha3BaHUIO MBI BEpHEMCS 9yTh ITO3XKe)
U ¢ HEOOXOAMMOI 17151 pabOThI 3TOM MUK-
POCXEeMBI «O0BSI3KOI», TPUMEPHO KaK
rpadugecKme yCKOPUTEIN — 3TO TUIATHI
pacipeHus ¢ TpapuIecKuM COIpo-
IIECCOPOM 1 HEOOXOMMMBIMH BCIIOMOTA-
TEJTILHBIMI MUKPOCXEMaMK ¥ HABECHBIMU
aneMeHTaMu. Ecim cpasy mepeiit K Tex-
HUYECKIM XapaKTepUCTUKAM, TO Ha3Ha-
YeHHe W TOJIE3HOCTh 3THX IUIAT OYOyT
HEOUYCBUIHEI TaXKe IS CIICIINAICTOB,
TI03TOMY HAdaTh HaM IIPUAETCS C TEO-
pun 1 ucropuu passutuss FPGA. A uro-
OBI 5Ta TeopHsl He Ka3ajlaCh OTOpPBaH-
HOI OT MPAaKTUKH, Cpa3y OTMETHUM, UTO
B 2015 romy omHOTO M3 OCHOBHBIX pa3-
pabotunkoB FPGA, kommanmio Altera
(«Anrepar), Kynuiaa Kopriopamus Intel
32 HEMAJIYIO CyMMY — 16,7 MIIpz JoJu1a-
poB CIIIA — 1 cerogHs Ha pbIHKE UMCH-
Ho Intel HanGoJlee aKTUBHO TTPOABUTA-
€T YCKOPUTETA BEIYKMCIICHUIA.

Hocnosusrit nepeson, FPGA Takos:
MACCHB BEHTWIEH (JIOTMIECKUX 2IeMCH-
TOB) C IPOTPAMMHPOBAHHUEM <«B TIOJIC»
(3a BopoTamMH 3aBOIa), YTO OOBIYHO Ha-
3BIBAIOT ITPOTPAMMMPYEMOI TTOJTE30Ba-
TeJieM BEHTWIbHOI MaTpulieii. B cBoio
ouepens, ASIC (application-specific in-
tegrated circuit — MHTerpagbHasg cxeMa
CITEIIMAIGHOTO HAa3HAYCHNST), HATIPOTHUB,
IIPOrpaMMUPYETCST Ha 3aBOIIC-U3TOTOBH -
Tele JIST OMpene/IeHHON 00IacTH IpH-
MEHEHHUS M3 OOIIMX OTWHAKOBBIX 3aro-
TOBOK, YTO TIO3BOJISIET CHU3UTD 3aTPaThHI
B cpelHe- M MEJIKOCEPUIHBIX TapTHsIX.
B oboux ciyyasix mon mporpaMmMupo-
BaHVEM ITOHMMAETCS 3arpy3Ka B TaKyIO
MUKPOCXEMY TTPOIINBKHA.

Ilocnemxee BpeMst OOJIbIINE HANEK-
OBl BO3JIATAIOT Ha alllapaTHYIO peai-

IN" ABTOMATYKA

3aL1I0 HEMPOHHBIX B3aMMOJICUCTBUIA Ha
ocHoBe FPGA, mpnaeM ASIC ¢ ux xecT-
KNMU BHYTPEHHUMM B3aUMOCBSI3SIMU
VK€ He TTOAXOIAT B IIPUHIINIIC.
[IpuBeneM HECKOJBKO IIMTAT Ha
3Ty TEMY M3 aHIVIOSI3BITHOM OPOIIIOPHI
xomrmanuu Intel “Efficient Implementa-
tion of Neural Network Systems Built on
FPGAs, and Programmed with Open-
CL™” («DbdeKTUBHOCTD pean3alun
CHCTEeM HEHPOHHBIX CETEH, MOCTPOCH-
HBIX Ha MUKpocxeMax FPGA 1 mporpam-
mupoBaHHBIX B OpenCL™»): «Cuc-
TeMbl HEHPOHHBIX CETEH C TIIYOOKUM
00y4eHHMEM CEeTOMHS IPeHOCTaBIISIIOT
HaWIy4IIIe CIIOCOOBI PEIIeHNS MHOTHX
3a1a4 ¢ OOJIbIIMM OOBEMOM BbIUKMCIIE-
HUI1 B 00JIACTSIX pacITo3HaBaHMS M300pa-
KeHUIA 1 00pabOTKM €CTECTBEHHBIX SI3bI-
KoOB <...>, TIpUYeM HanOOJIee JacTo It
VICHTU(OUKALIMY 1 pacIIO3HABAHUS M30-
OpakeHMIT NCITOIB3YIOTCS CBEPTOUYHBIC
HeliporHbie cett CNN (convolutional
neural network)». B HuX npumeHsercs
(bYHKIIMIST CBEPTKN U3 MAaTeMAaTUICCKOTO
(bYHKIIMOHAIBFHOTO aHAJIN3a, TTO3BOJISIIO-
IIasT OICHUTD «CXOXECTh» IBYX MaTeMa-
THYECKNX (DYHKIMI TTOCTIe OTPaKeHUS
WJIN CIBHUTA 110 ocy. Ha TpakTmke 310
03HAYaeT OIEHKY CXOXKECTH/TIOH00MS

B craThe pacckasaHo 06 0COGEHHOCTAX, BO3MOXHOCTAX W chepax IpuMere-
HUsl YCKOPUTENeit BEYUCIeHUi. BMecTe co cTaThen 0my6anKoBaHO UHTEPBbIO
c B. PaitueBbiM, MEHE)KEPOM IPOEKTOB 0T/e/1a TPOMBILIZIEHHHIX KOMITLIOTEPOB
KoMmmanuu «Huexurani-ABTOMaTUKa», KOTOPaA MPeACTaBAfeT Ha POCCUIICKOM
PHIHKE YCKOPUTENU BHIYUCIIEHUIA U3BECTHHIX MUPOBHLIX TPOU3BOANTENEN.

Kommanus «Huenurany-Asromarukay, r. Cankr-IleTepbypr

M300paXeHU TTOCIe TTOBOPOTa TOJI0-
BBI WIN M3MEHEHMS yIyia cheMKU. [1po-
JTOJDKMM [UTHPOBaHUE: «MMKPOCXEMEBI
FPGA ciyxat ecTeCTBEHHBIM BBEIOOPOM
IIJIS1 peai3alii HeHPOHHBIX ceTeid Oma-
romapsi OObCIMHEHNIO B OIHOM YCTPO¥i-
CTBE BBIYMCIMTEIBHBIX M JIOTHICCKUX
pecypcoB BMecTe ¢ mamsIThio. OTHAKO
npumeHeHne FPGA HenmpakTWUYHO IS
IIAPOKOMACINTAOHOTO HCITOIh30BAHUS
B CJIOXKHBIX aJITOPUTMIICCKIX CUCTEMAax
M3-3a TPANUIIMOHHBIX TSI 3TUX MHUKPO-
CXeM cpell pa3pabOoTKK Ha HU3KOYPOB-
HEBBIX SI3BIKAX aIllIapaTHOTO IIPOTpaM-
MMpPOBaHUSA. DTy MIPOOJIeMy YCTpaHsIeT
KOMITJIEKT pa3paboTtunka Intel FPGA
SDK for OpenCL <...>, TTO3BOJISTIOIINIA
pa3paboTymKaM oOpaIaThCs U3 SI3bIKA
nporpammupoBanns ypoBHSI C kK FPGA
B BUJE YCKOpUTee st oObrMHbBIX LIIT».

Ocraetcsa go6aButh, yTo OpenCL
(Open Computing Language — OTKpHI-
THII SI3BIK BBIYMCIICHUIT) — 3TO KapKac
pa3paboTku ((ppeMBOPK) KOMITBIO-
TEPHBIX MIPOTPaMM C MapajICTbHBIMHI
BBIYMCIICHUSMU IJISI OOBIYHBIX IICHT-
PaJTBbHBIX TIPOIIECCOPOB, TpahMICCKIX
npoueccopoB 1 FPGA. TNapannenusm
OpenCL oTIMYHO TTOAXOOUT IS TIPO-
rpaMMHUpPOBAHMS IIyTeil B MaTpHIIe
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Puc. 2. Yckopurens Beruncnenmii Mustang-V100, paspaboTaHHsrii

FPGA, ripyeM caMu 3T MUKPOCXEMBI
JIydIlle BCTPOUTD B CHCTEMY B BUIIE TUIa-
THl PacCIIMPEHMS, TO €CTh YCKOPUTEIS
BBIIMCIICHUI. A TIpUMEHEHUE YCKOPH-
TeJIe BBIYUCIICHWIA HE OrpaHUYMBACT-
CSl TOJIbKO 00pabOTKOI M300pasKeHUIA.
Mournsnii FPGA-yckopuTenb BBIYMC-
nenwuii ot 1EI Integration mpencrapieH
mwratoit Mustang™-F100-A10 (puc. 1),
Kotopas ocHamleHa FPGA-uumniom Intel
Arria 10 GX1150 u mamsiteio DDR4
oosemoM 8 I'B. Yckopurenab Moxer
onITh ycTaHosJieH B ¢ioT PCI Express x8
¥ 3aHMMAET IIBa CJIoTa B mmpuHy. [o-
TpebIIsieMast MOIIHOCTh — MeHee 60 Br.
C BepxXHHM CETrMEHTOM pBIHKA
¥ KomTaauei Intel MBI TO3HAKOMIITUCH:
COBPEMEHHO, COJIMTHO W OYeHb-OUYCHb
nmoporo. Ho ecii crout 3amada pacrio-
3HaBaHUS IIBETA IMMOHAIA Ha KOHBElie-
pe, 9TOOBI He IepernyTaTh STUKETKH,
a BOBCE He paco3HaBaHMSI JINII B TIOT-
HOM ITIOTOKE ITaCCaXXUpPOB METPO, TO
MOXHO BBIOpPAaTh HAMHOTO 00JIee 9KOHO-
MIYHYIO aJTTCPHATHBY, COXpAaHNB HEKO-
TOPYIO COBMECTUMOCTD C PacCMOTPEH-
HBIMU BBIIIIE «TSKEJIBIMIT» CUCTEMAaMHU.

kommanweii IEI Integration

B aTOM CMEICTIC MHTEpEC TIPEICTABIISIOT
VPU (Vision Processing Unit, He niepe-
myraiite ¢ Video/Visual Processing Unit,
HCIIOJIB3YeMBIMH IJIST (POPMUPOBAHMS,
a He aHaJM3a N300paxkeHNIT), KAKOBBIM
sapisterca Intel® Movidius™ Myriad™,
KOTOPBIC MOTYT OBITh pacIasiHbI Ha TIIa-
Tax PacCIIMpEeHUS pa3IMIHOTrO (popmara,
TIpUYEM JIy4Ille cpa3y MMeTh HECKOJIBKO
TaKUX MUKPOCXEM IIJIST pacIiapajuIeim-
BaHU 3amayn. VIMeHHO TakK ITOCTPOSH
YCKOPUTEIb BBIYMCICHMIT Mustang-
V100-MX8 (puc. 2) yIOMSHYTOI BHIIIIE
xommanuu 1EI Integration: Bocemb VPU-
nporeccopoB Intel Movidius Myriad X
MA2485, Tiata ycTaHaBIMBAeTCs B CJIOT
PCI Express x4 1 "MeeT KOMIIaKTHBIE
rabapuTHI: ITOJIOBMHHAS BEICOTA U I10-
JIOBMHHAS JTMHA, TTOTpeOIIsieMast MOIII-
HocThb MeHee 30 Br.

1 OnITMMM3ALIAN BEITIOTHEHMSI ajl-
TOPUTMOB, HCITONB3YIOIINX HEHPOHHEIC
cetr, Kommaawus Intel rmpenyaraer Habop
CpencTB pa3paboTKu (toolkit) mom Ha3Ba-
aueM OpenVINO (Open Visual Infer-
ence & Neural Network Optimization).
Hab6op BxiiouaeT B cebst psig 6ubiamo-

TEK, CpEACTB ONTUMM3AIINN 1 MHDOP-
MAaIIMOHHBIX PECYPCOB IS pa3pabOTKU
codTa, HCITOL3YIOIIETO MAIIMHHOE 3pe-
HUE U TJIyOOKOEe O0ydeHue.

MHBIME ClTOBaMHM, CPEICTBA TI03BO-
JITIOT ONITUMU3HAPOBATh/paciiapajuIe/ -
BaTh BHIUMCIMTEIBHYIO HArpy3Ky IIpU
o0cueTe HEMPOHHBIX CeTelt TT0 ammapar-
HBIM cpenctBaM Intel, B ToM 9mcie mc-
MOHAeMBIX Ha 00bIaHBIX LT, rpacdrue-
ckux nporieccopax GPU, VPU u FPGA.
K ToMy e B cocTaB KOMIUIEKTa BXOIWT
6osee 40 TOTOBBHIX K pa3BEePTHIBAHUIO
JIEMOHCTPALIMOHHBIX AJITOPUTMOB.

Bce cepum yckopuTeneii BBIYMCIIC-
Huii kommanuu 1EI Integration B Hamei
CTpaHe TIpeUTaraeT IeTepOypreKast KoM-
naHusl «HueHiaH-ABTOMaTUKa», KO-
Topasl CrielUaIM3UpPyeTCsl Ha MOCTaBKax
1 TEXHIMIECKOH IOAIepKKe 000pyaoBa-
HMSI IUTST TIPOMBIIUICHHOM aBTOMATH3a-
. Cpean 3aKa39MKOB TOM KOMITAHUN
ITAO «I'azmpom», [TAO «TpaHcHEDTE»,
ITAO <«Poctenekom», OAO «PXKI»,
I'VIT «MocKOBCKMIZ METPOIIOJUTEH»,
OAO «CeBepo-3amannabiii TereKom».
HecomHeHHo, komnanus «HueHiaHi-
ABTOMaTHKAa» TIOMOXET B JIIOOOM ITpOEK-
Te ¢ yckoputeasiMu Beraucienuii IEI In-
tegration Tpy peleHu JIIOOBIX BOMIPO-
COB: OT TIPEATIPONAKHBIX KOHCYJIBTALIAIA
0 MOHTaXa W CIAYd B 3KCIUIyaTaIlUIO
Ha 00BEKTE, OT PETYIIIPHBIX MHCITCKIIAIA
ITOCTIe TIPOIAXKM IO TIOCTABKHU 3aITJacTeid
U 00ydeHMsI TIepcoHaIa 3aKa3umka. Yro-
OBI ITOIPOOHEE Y3HATD O TAKOM ITOITYJISIP-
HOM CETOIHSI PEIIeHNH, KaK YCKOPUTEIN
BBIYMCJICHUI, MBI OOpaTHIIChH K TIpem-
cTaBUTENO KoMITaHUM «HueHmmaHII-
ABTOMAaTHKa», CIICITAATN3UPYIOIIEMYCST
Ha TIPOIBIDKCHIH YCKOPHUTEICH.

VIHTEepPBbLIO C Bnagummpom PanyeBsiM, MEHEOXEPOM
NPOEKTOB OTAEa NMPOMbBILLUNTEHHbBIX KOMMbIOTEPOB
KOMMNaHWW «HueHwaHu-ABTOMaTnKa»

WCVII: Bnapnmup! C momompio ycKo-
pUTENet BEIYUCIEHU MOXHO pelliaTh
60MbIION KPYT 3a/1a4: 5TO U MalINH-
Hoe 06yueHne, N TPAHCKOANPOBAHNE
BUEOTIOTOKOB, N (PUHAHCOBAA aHaNN-
TUKa, ® MHOT'O€ J,PYTO€, II03TOMY OHU
B HAaCTOALlEE BPEMA BbI3bIBAKOT OI'POM-

Hbl uuTepec. KTo ceitvac rnasHbIN
WUI'POK Ha 3TOM pbLIHKE?

B. Panues: Moxanyit, rasHoro urpo-
Ka CeromHsI Ha3BaTh CJIOKHO, €T0 IIPOCTO
HeT. Ha Mot B3misio, HauboJiee morry-
ngpHbl perieHust oT NVIDIA, nanpu-
Mep OBITOBEIC BUIEOKAPTHI. TakK MCTO-

PHUYECKH CIIOXKIIOCH, YTO KOPITOPAITUs
NVIDIA mnepBoit Hayajia 0cBauBaTh 3Ty
ob6mactp. TakKe TOIYJISIPHBI TIIATHI-
yckoputenu Intel, BHeapsisi KOTophle,
9Ta KOMITAHUSI 3aHsUIa TOBOJILHO arpec-
CUBHYIO no3uiuio. Y Intel nBa perieHus:
onHO — Ha yunax Movidius, KoTopbie
nepelw B moprdess Intel BMecTe ¢ U3-



PaWILCKOI KOMITAaHMEHN, N3HAYAJIBHO X
paspabartsiBatollieil. Bropoe penieHue —
Ha ITJIMC (FPGA), xotopslie Intel
prodpeTa BMecTe ¢ KOMITaHuel Altera
M Terepb BBITYCKAeT IO CBOMM OpeH-
noM. Bporme Obl 1Ba MOXOXMX peIlIeHus,
HO Y HIX OY€Hb MHOT'O Pa3JINIUiA, B TIep-
BYIO ouepeb M0 pelaeMbIM 3a1a4am.
Yuner Movidius™ npeaHa3HayeHbI 1151
3a/1a4, CBSI3aHHBIX C BUIEO00PaOOTKOIA.
HonyctuMm, TpeOyeTcsl pacro3HaBaTh
JIIONIEHA, TIOTIABIIMX B 30HY PaOOTHI CHCTe-
MBI BUIIeoHa0OmoaeHns1. MBI MOXXeM TaK-
K€ 3a/1aTh IOMOJHUTEIbHbIE TTapaMeTpPhI:
T10J1, BO3pacT, HacTpoeHKe. KOHTeHTOB
MHoro! BIuioTs 10 TOro, 4to MOXKHO
ONnpeneuTb, HOCUT JIU YeJIOBEK B IIPOU3-
BOICTBEHHBIX IIOMEIIICHUSIX CTICIIAITb-
HYIO aHTUCTATUYECKYIO 00YBb WJIU XOIUT
B OOBIUHOM ynuuHoi. [Tpryem anroput-
MBI MOXKHO OOYYMTH HE TOJILKO BBITION-
HEHUIO TaKuX 3a1a4, 00Jiee CJI0XKHbIE UM
Toxe mox cury. CyllecTByeT MHTepHa-
LIMOHAJIbHEIH TTpoekT Botkin.Al, koTo-
pbIii HalleJIeH Ha TO, YTOObI OOYYMTD aJi-
TOPUTM TIPOTHO3UPOBAThH PA3BUTUE paKa
JIETKUX 110 pEeHTTEHOBCKUM CHUMEKaM.
DTO MPOEKT ¢ KOJIOCCATIbHBIM 00BEMOM
paboThI, B KOTOPOM IMPUHUMAIOT YUacTue
HE TOJIbKO IIPOTPAMMHUCTBI, HO M Bpaym.
B ToM uncnie Han HUM paboTaloT ¥ HallU
cooTeyecTBeHHUKU. C OMHOM 13 KOM-
TMaHWI-YIaCTHUIL MBI HaJIaXKMBaeM CO-
TPYIHUYECTBO.

VICVII: CkaxunTe, ncxona u3 cBOEro
OTTbITa, KaK OFIMH U3 OCHOBHBIX INCTPYU-
6b10TOPOB B Poccun, mpepnaraommx
NOA06HbIE PellleHna: /1A Kaknx 1enei
yanle BCero MpuobpeTalnTca YCKopu-
TeJIN BLIYUCIIEHUN?

B. PanueB: B Poccum omHo3HauHO
JuaupyeT HanpasieHue Big Data, a oc-
HOBHBIMM 3aKa3urKamu BbicTymaooT IT-
koMmmaHuu. MHTepecHbI PakT: 0KOJI0
roja Ha3zaja I'oJIOCOBOI MOMOIIHUK OT
«SIHpekca», «Annca», Hay9nIach UCKaTh
nHdopMaluio o dororpadusiM ¢ Ka-
MEPbI WK JIIOOBIM APYTUM U300PaXEHH-
SIM. DTO CTaJI0 BO3MOXKHBIM OJ1aromapst
YCKOPUTEJISIM, pa3paboTaHHBIM KOMTIa-
Hueil Intel.

VCVII: Ecnu paccMaTpuBaTrh HOMeH-
KNaTypy M3Aenui, KOTOpbie BH IO-
CTaBJIfieTe HA OTEYECTBEHHBIN PLIHOK,
TO Ha KakOM W3 YWUIOB IOCTPOEHO
6onbine pemrennin? Ha Arria 10?

B. Panues: B naueii HOMEHKJIAType
npeobianaroT pemeHus ot Intel. OgHo

A B. Paitues, MeHeqKep IIPOEKTOB
KoMmauuu « Huenuiaxi-ABToMaTUKa»

pemenue ¢ Arria 10, Mustang-F100-A10,
TpeTHa3HAYCHO TS 3amad, CBSI3aHHBIX
C HEHPOHHBIMH CETSIMA U MCKYCCTBEH-
HBIM MHTEJUIEKTOM. M HECKOJIBKO pelie-
HUW JUIS MHTEJUIEKTYAJIbHOW BUICOAHa-
JINTUKU, UCTIOJIB3YIOLIUX BU3yaTbHbIN
npougeccop Intel Movidius Myriad X. Ha
CETOMHSIITHUI I€Hb JOCTYITHO OIHO pe-
meHue — Mustang-V100-MX8. OgHako
BO Bpemsi mposeneHuss Computex 2019
OyJeT aHOHCHMPOBAHO €Il YEeThIpe Iia-
ThI pa3IMYHbBIX HOPM-(PaKTOpPOB.

MCVII: A c NVIDIA Bul Toxe pa6o-
Taere?

B. Paiues: Ha, u pemennst or NVIDIA
Yy HaC TOXe eCTb, TIPMYEM B 3aLMLIEHHOM
ncnoaHeHnu IP67.

VCVII: Iasaiite morosopum 0 KOH-
KPETHDLIX MOLEJIAX, KOTOPLIE BLL ITPEN-
naraere CBOMM IOKYTATeNAM, Ha-
IIPUMED 06 YCKOPUTENE BHIYUCIEHWUI
Mustang-V100-MX8 ot IEI Integration.

B. Panues: Mustang-V100-MX8 —
He TIepBas JJacTouka. S mMmero B BULY,
YTO C JAHHOM TEXHOJIOTUEN yXKE MOX-
HO OBUTO TTO3HAKOMHUTECS B YCTPOIMCTBE
Movidius Neural Compute Stick, Ko-
TOpOE TIOJIb30BATE/IN IIPO3BATIA «HEi-
podrenmkoii» W3-3a BHEITHETO BUIA.

Haie peureHue BbIMOJHEHO B (op-
MaTe IUIaThl paclIMPEHUs ISl IUHbI
PCI-express, nMeeT «Ha OOpTy» BOCEMb
yuroB Myriad X 1 npeaHa3HaYeHO TS
MAaILIMHHOTO 3peHusl — 00pabOTKHU rpa-
(uyeckoil MHGOPMALIMK C TTOMOLIBIO
HEUPOHHBIX ceTeil. MbI ¢ HeTeprieHeM

XJIeM MOsIBJIeHUs T1aT B (hoopM-(hakTo-
pax mPCIE u M.2 o vcnoib30BaHUs
HX BO BCTPAUBAEMBIX KOMITbIOTEPAX.

WCVYII: Bnagumup, a ania Kakux 3apad
MOTYT MIOHAZ06UThCA BCTPaUBaeMble
KOMITHIOTEPHI C TTPe/lyCTaHOBIEHHBIMU
mnatamu Mustang?

B. Paitues: D10, BEPOSITHO, cCaMast MH-
TepecHas 4acTh — MpUMEHEHUE U BO3-
MOXHOCTU TaKUX KOMIbIOTEPOB MpU
NMEeIIEHTPAIN30BaHHBIX BBIYMCICHUSX.
Tak Kak Mbl TOBOPUM MPO pELIEHUsT Ha
0a3e BM3yalIbHBIX TIporieccopoB Intel
Movidius Myriad X, To ocHOBHYy10 chepy
MOXHO JIETKO 0003HAYUTh: BUICOaHA-
JIMTYKA C TIOMOILBIO HEMPOHHBIX CETEM
(MalIMHHOE 3peHue), Wil paboThl KO-
TOPBIX TPEOYIOTCS OOJIBIINE BBIYMCIIU-
TeJIbHbIE MOIIHOCTU. BU3yasbHbIi Mpo-
1IeCCOp KaK pa3 1 MPEIOCTABIISET TaKKe
MOIIIHOCTHM TPU MajoM IOTpebIeHur
sHeprun. To ecTh Tereph MBI MOXEM,
K IIpUMEPY, UCIOJIb30BaTh AJITOPUTM,
KOTOpBIM OyIeT MojydaTh M300pake-
HME ¢ KaMephbl M pacrio3HaBaTh Ha HEM
00BEKTHI. Y HAc ecTb pabouuii JeMo-
CTEHI C pacIlo3HAHMEM JIIOeil B Kai-
pe U ompeneseHUueM MX ToJja, Bo3pa-
CTa U HACTPOCHMSI.

VCVII: 3Byunt unrepecHo, ofgHako
KaK MalIMHHOE 3DeHNe MOXeT GhITh
MPUMEHEHO B aBTOMATU3alLN TEXHO-
JIOTMECKUX TIPOLLECCOB?

B. Paiues: Haw Bropoii nemocteHn
Kak pa3 ISl TPOMBINIJICHHOCTH, Ha
HEeM TpeacTaBiieHa oIMcbpoBKa MaH-
HBIX CTPEJJOYHOIO MHAMKATOPA, HaIlpU-
Mep MaHOMeTpa, C IIOMOIIIBIO BCTpam-
BaeMOI0 KOMIIblOTepa U BeO-KaMephl.
ITpuHIMIT paboTHI CEMYIONIMI: Kamepa
yCTaHABJIMBAETCS HAIIPOTUB MaHOMET-
pa ¥ TIOAKITIOYAETCS] K KOMITHIOTEPY CO
CIIELIMAJIbHO OOYYEHHBIM aJITOPUTMOM.
[Ipu mepBOM 3arTycKe orepaTopy HeoO-
XOIMMO ITPOM3BECTH KaJIMOPOBKY C I10-
MOIIIbIO Tpaduyeckoro uHrepdeiica
M yKa3ath LieHy aejeHus mKaibl. [Tocie
Yero ajJropMTM CMOXET OTCJIEXKUBATh
M3MEHEHHE TTOJIOKEHUS CTPEJIKH 1 TIpe-
JIOCTaBJISITh OLM(POBAaHHbBIE 3HAYESHUS
MaHOMeTpa. DTU TaHHBIC YKe MOXHO
otmpaBisiTh B SCADA-cuctemy. Ycko-
pUTENTs B TaHHOM TIPUMEPE ITO3BOJISICT
MPOBECTU 00PAOOTKY TaHHBIX TTOUTH Oe3
3anepxkek. JIpyrum HampaBiIeHUEM [Ist
MAIIIMHHOTO 3PEHUSI B IIPOMBIIIICHHO-
CTH SIBJISIETCSI KOHTPOJIb Ka4eCTBa BbI-
IyCKAaeMOM IIPOAYKIIVH.
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WUCVYIL: Kax Bb cuuTaeTe, mouemy
COBCEM HeJlaBHO, TONbLKO B 2018 ropy,
BOKPYT YCKOPWUTENEN BHIYUCIIEHUI Ha
PHIHKE Haua1CA HACTOALIMMA XKUOTAX?

B. Painues: 4 cuurato, 4to 310 GBHUIO
BIIOJIHE OXXMIIA€MO, aJITOPUTMBI C UC-
MOJIb30BaHMEM HEHPOHHBIX CeTeil Mo-
JIYYUJIA TOCTaTOYHYIO IMOMYJISIPHOCTD,
YTOOBI KPYITHBIC KOMITAHUY YBUICIU
MOTEHIMAIBLHYIO TIpUOLUIL. A TaK Kak
OCHOBHBIM 3aMeISTIOIINM (PaKTOpOM
ObLTa HEIOCTaTOYHAS TIPOU3BOIUTEITb-
HOCTb IIpU 00pabOTKe JNaHHBIX aJIro-
pUTMaMu, TO BIIOJHE JIOTUYHO, YTO
TIOSIBUJIVCH CIICIIMAIM3UPOBAHHBIC all-
mapatHble penreHus. K Tomy ke MHOTHE
KOMITAHWUH YIEJISIIOT OOJIbIIIOe BHUMAHWE
ONTUMHU3ALIMY AITTOPUTMOB U CPEICTB UX
pa3pabdoTku. B urore mMbI yxke momoopa-
JINCH K TAKOMY YPOBHIO ONITUMU3AITAN
¥ TIPOU3BOAUTEIIEHOCTH, YTO TPAKTH-
YeCKH KaXIbIit MOXKET IIPOBECTU CBOM
COOCTBEHHBI SKCITEPUMEHT M MOHSITh,
HACKOJIbKO 3TO €eMY MHTEPECHO, KaK 3TO
MPUMEHUMO K €ro 3amadyaM. BeisscHu-
JIOCh, UTO 3aa9M, KOTOPBIE MOXHO pe-
IIUTH C TIOMOIIBIO MAITMHHOTO 3PEHUSI,
OykBanbHO ToBcioay. Camoe mpocToe —
9TO aHAJIMTUKA BUAeonaHHbIX. Ho Takcke
OHM IIOMOTAIOT CTPOUTH 00JIee TOUHBIC
MOJIENIN IIPOTHO3UPOBAHUS Ha OCHOBE
JAHHBIX, KOTOPBIC PaHbIIE HEBO3MOX-
HO ObUTO cobpaTh Win 06padoraTh. [my-

6okoe ooyuenue (Deep lerning) — 3T0
HOBBII BUTOK Pa3BUTHSI TEOPUU O TIPU -
HSTHU PELIEeHWI, YTO TIO3BOJISIET TTOPY-
YUTb KOMITbIOTEPaM HOBBIE 3a]1a41, Ha
KOTOpbIC paHblIilie ObUT CITOCOOEH TOJTBKO
YeJIoBeK.

VCVII: A xonkpeTHo rae 3To ceityac
npumensetca? Hampumep, 8 IIO]], roe
aHANU3UPYIOTCA OAaHHBIE C JOPOX-
HBIX KaMep BULeOHabnoneHus, mpu-
MEHAOTCA I BO3MOXHOCTU HENPOH-
HOM ceTun?

B. Panues: Hackonbko MHe n3BecT-
HO M3 OTKPBITBIX ICTOYHUKOB, KAMEPBI
dotoBuaeopukcauru B MockBe yxke
noakatoueHbl K O/, ucnob3ytolie-
MY MCKYCCTBEHHYIO HEHpPOHHYIO CEThb
ISl pacTio3HaBaHUS MAapKKU U MOJETN
aBTOMOOUJIS.

VCVII: A B nedranoil mpoMbILINEH-
HOCTU?

B. Panues: Ja, xoneuno. B Hedts-
HOI1 TIPOMBILIIEHHOCTH B MEPBYIO OYe-
Pellb CTABUTCSI BOMPOC O BE30MACHOCTH
HepUMeTpa M KOHTPOJISI IOCTYTIA; KTO 13
TiepcoHasIa TTOIXOIMI K TOMY WJIM UHO-
My 00BEKTY, KaKylo TepPUTOPHUIO TIepe-
cekasl. VICKyccTBeHHas! HelipoHHasl CeTb
TO3BOJISIET «OT(IIBTPOBBIBATH» JAHHBIE,
TIOJIyJaeMble ¢ Kamep, TIPUMEHHTb K UX
K1accubuKaluy CIOXHBIE MpaBuUiIa
¥ TEM CaMbIM MOBBICUTb 3(heKTUBHOCTD

L LY L
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CHCTeMBI BUICOHAOTIONCHNST: N30eKaTh
JIOXKHBIX cpabaTblBaHUii OaXe Mpu He-
01aroNpUSITHLIX MOTOAHBIX YCIOBUSIX.
A TaKkxKe aJropuT™M MOXET CUTHAJIU3U-
poBaTh, HalpUMep, HOCUT JIX TTePCOHa
KaCKy, HaXoJsICb Ha OOBEKTE.

VCVII: A neiipodnenrku? Hampumep,
Intel mpennaraet ceouM nMoTpebUTENAM
Heitpodnenrky Movidius NCS ¢ mporo-
konoM USB 3.0. A 3Hato, uTO ee gocTa-
TOYHO aKTWUBHO UCIIOJIb3YIOT. ¥ HAC HET,
HO, HarpuMmep, B Ilonblire ee CTaBAT Ha
IPOHBI. JIETAmWIA IPOH CIOCOOEH B pe-
XUME PeIbHOT0 BpEMEHU BECTW 00pa-
00TKY LLaHHBIX, PUKCUPOBATL YTEUKY
rasa, IeCHbIe TOXapbl U T. A,

B. Panues: Heiipodienku xopoiio
TOIXOAAT JJISI TIPOTOTUTTMPOBAHUS, HO
He Bcerga — I pelleHUs pealbHBIX
3amad. Mustang-V100-MX8 1o mpo-
W3BOJUTEITHEHOCTH COITOCTaBUM C BOCE-
mbio Intel NCS u BMecTo BocbmMu NCS
MOXHO YCTaHOBUTbD JIUIIb OTHY KapTy
Mustang.

becenosan C. B. boapbiwwes,
rnaBHbIA peaakTop XypHana «MCYI».

Komnanus «HueHiuaHL-ABTOMaTHKa»,
r. CaHkT-IeTepbypr,

Ten.: +7(812) 326-5924,

e-mail: ipc@nnz.ru,

CaiiT: www.nnz-ipc.ru
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