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O01pyHmMo8ano HeoOXIOHICMb AHANIZY | MOOENIO8AHHS NPOYECy NOEOHAHHS 00-
YUCTEeHb HA 2PAIUHUX NPOYECcopPax ma NPOSPAMHUX KAPKACAX 2TUOUHHO20 HABYAHHS
071 po3nizHasants 300pasicensv. LLnaxom mamemamuunoeo Mooeno8ants susHaye-
HI OCHOBHI 0COOIUBOCTI NAPANENbHUX 00YUCIEHb HA epagiunux npoyecopax. [Ipo-
aAHAani308anH0 NpodIeMU BUKOPUCIANHS NpocpamHux kapxacie. Ha npuxnadi npode-
MOHCMPOBAHO NPOYeC HABUAHHA MOOeNi , siKa N06Y008ana Ha 6A3i KOHBOMIOYINIHO20
Kaacugixamopa 3 060Ma CMpPYKmypHUMU OIOKAMU. KOHBOJIOYIUHUL OIOK 8UOLLEHHS
03HaK ma Kaacugikamop.

Knrouosi cnosa: epagiuni npoyecopu, npoepamui kaprkacu, po3nizHaeanHs 0opasis,
2MUOUHHE HAGUANHS, WINYYHULL IHMELEKM, HABYAHHSA MOOET, NPOSPAMHI KAPKACU.

[ocTtanoBka mpodiaemu. 3 icHyIOUMX 3ac00iB 11 KOHCTPYIOBAHHSI €JIEMEHTIB
IITYYHOTO iHTENIEKTY Pi3HUX THIIIB MOXXKHA BUOKPEMHTH KiJIbKa THUIIIB HaBYaHHS,
AKi KJIacu(iKylOTh BCi CydyacHi allOPUTMHM MAIIMHHOTO HABYaHHS Ta €JIEMEHTIB
HITYYHOTO 1HTEJIEKTY:
1. HaBUaHHSA 3 BUMTENEM (IPALIOE 32 MPUHIMIIOM OPIBHSAHHS BUXOLY aJTOPHT-
MY 3 €TaJOHHUM Ta MiHiMi3alii MOXUOKH 3a IEBHUM 3aKOHOM);

2. HaB4aHHA 0e3 BUMTENs (IesiKi alrTOPUTMH KilacTepu3aLii);

3. HaBYaHHSA 3 MIAKPIIUICHHSIM (Cy4acHHH MigXiJ], 110 BUKOPUCTOBYETHCS IS Te-
Hepallii 300pakeHb, BiTHOBICHHS 300pa)keHb Ta BiZ€o Ta iH.).

Hiis cTBOpeHHs, MIATPUMKH Ta OOCIYroByBaHHS MOJeNeHd TNIMOMHHOTO
HaBYaHHA [Js 0araTb0X MOB IPOrpaMyBaHHA PO3PO0JIEHO Cy4acHi KapKacw,
AKi HAAamTh 3MOTYy NPOBOIUTH JOCTI/KEHHs Oe3 3HayHUX 3aTpaT dacy,
OCKINIbKM BOHH MPOMNOHYIOTH BIACHY OpraHi3alilo omepaliil Ta LIMPOKUI CIEKTp
BUKOPHCTOBYBaHUX QyHKIIH. /1)1 mpoBeACHHS OCIII)KEHb 00paHo J1Ba IOMYJISpHi
nporpamui kapkacu — tensorflow (3 obroptkoro Keras), PyTorch Ta moBy Python,
sIKa € OCHOBHOIO Y Wit chepi.

AHaJi3 ocTaHHIX JoCHimKeHb Ta myoaikamiid. s moBu Python, sik ogniei 3
OCHOBHHUX MOB JJIsl aHAJli3y JaHUX Ta TAMOMHHOTO HaBYaHHS, PO3POOJICHO BEIUKY
KUJIBKICTh TpOrpaMHUX KapkaciB. Kapkacu po3poOIsiOTBCS Ta MiITPUMYIOTHCS
HanoOinpmMu KoMmmaHisMu 3 SIG rmbunnoro HaBuanHs (Facebook, Twitter,
Microsoft, Google, Amazon Ta iH.), a TAKO)XK OKpeMHUMH yHiBepcuTeTaMu. OCKiIbKH
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BCi Taki 010;T10TeKH MiATPUMYIOTh OOUHCIIEHHS Ha TpaivHrX KapTaxX, TO Ha TIEPITAi
TJIaH BUXOIUTE 1HIITHH (yHKITIOHAI:

* miarpuMka Bimkputux 6i0morek (OpenMP, OpenCL, OpenCV);

* HasBHICTH MMONIEPETHRO HATPCHOBAHUX MOJIEIIEH, Ha OCHOBI STKMX MOYKHA BHPI-
IITyBaTH BIacHI OOUMCITIOBAIbHI 33]1a41;

* MATPUMKA aBTOMATHYHOTO nuepeHIlitoBaHHS (aJTOPUTMIB YHUCIOBOTO BH-
3HAYCHHS TOX1THHX);

* (yHKITIOHAJ TSI CTBOPEHHS, HABUYAHHS Ta BUKOPUCTAHHS Pi3HUX THITIB MEPEK
(DBN, CNN, RNN) [5];

* MATPUMKA MapayeTbHOTO BUKOHAHHSA (TTapaJIeTbHUX CECiit);

* i"Tepdetic LI 00paHOT MOBH MPOTPaMyBaHHS;

* THIT OOYHCITIOBAILHOTO Tpada: (67J09YHI eIeMEHTH - MTOBHICTIO HAJIAMITOBAaHI
OJIOKH CKITaatOThCSl Y MEPEKY), CTaTUIHUH (TICIIsT KOMITUIAIT HEMOMITHBO
3MIHUTH MOJETH), TUHAMITHHH (MOIETh MOYKHA 3MIHIOBATH ITiJT 9ac 3aITyCKy ).

TensorFlow [3] — mporpaMuuii Kapkac, sIKAii po3po0IIE€THCS Ta MATPUMYETHCS

komrariero Google i mpomoHye MoBHUH (DyHKITIOHAT 71 KOHCTPYIOBaHHS, HABYAHHS,
MOJIATTBIIIOTO TIEPETBOPEHHS 1 BHKOPUCTAHHS MOJIeNIeii Ha OCHOBI HEMPOHHHUX MEPEXK
pi3HEX THITIB. BiH MICTUTE y c00i TOCTaTHIO KiUTBKICT MOMIEPETHHO HATPEHOBAHUX
Mojelel, a TaKoXK aTanTOBaHUM T BUKOPUCTAHHS Ha pizHuX 1mwiardopmax (CPU,
GPU, TPU). Po3pobinsieTbes Ta miarpuMyeThbest komauaoro Google Brain ta 3 2015
POKY BHITYCKA€ETHCS IMiJ JiIeH3i€r0 Biakpuroro tumy Apache 2.0. Ha manwmii gac €
HaUTIOMYJIAPHIIIO0 0i01I0TEKO0 It poOOTH 3 CHCTEMaMHt TTHOWHHOTO HaBYAHHS,
a BeJNMKA PI3HOMAHITHICTH TOMEPEIHHO HATPCHOBAHWX MOJCICH MOMYJIIPHHUX
apxiTeKTyp O3BOJISE 3 HE3HAYHUMH 3aTpaTaMH 4acy Ta pecypciB CKOHCTPYIOBATH
e(hekTUBHY cucTeMy Il 00paHoi 3amadi. Taki Moemi MiCTATh Baru JIsl HEUPOHHHUX
MEpeX 13 HaUTOMYJIAPHIIIMX 3Maranb 3 MamuHHOro HaB4daHHs (Pascal VOC, MS
COCO, ImageNet). Y cBoro 4epry Ii MOIENTI € TOCTAaTHHO 3aralbHUMH VIS TOTO,
o0 MOkHa OyJI0 aganTyBaTH BIIACHY MOJENb I MAPOKHH Kjac 3ajad i3 3acTo-
CyBaHHSM 70 HaBdaHHS MeTogoM Transfer Learning. Mogeni TensorFlow OymyroTs-
csl Ha BJIACHUX THIIAX JIAHUX — TEH30PaXx, SKI MOXKHA JIETKO MEPETBOPUTH Y 3BHYHI
gucioBi 6i10mioTexu (numpy). Mogaem TensorFlow mopTyroTsCs IS TAKUX MOB, SIK
C++, Python, Haskel, Java, Go Ta € moBHICTIO Kpoc-TaThOpMHUMH. J[OITyCKa€eThCS
MIATPUMKA JUHAMIYHUX TpadiB I BUKOHAHHS OOYHCICHb i3 BHKOPHUCTAHHSIM
6i6miorexn TensorFlow Fold.

Keras — mporpamua 6i0ioTeka Iy pO3pOOKH Ta MATPUMKH CHCTEM TTTHOMHHO-

TO HaBYaHHJ, IO po3podiieHa imkeHepoM Google ®dpancya lllomre. Ha manwmii gac
MIATPUMYEThCA Y sapi tensorflow. Moske 3ammyckaTucs K oOTopTka 10 0i0moTek
Theano, TensorFlow Tta Microsoft Cognitive Toolkit i BUITycCKaeThCS Ty JIIICH31-
eto MIT. ['o1oBHUMH XapaKTepUCTUKAMH 010JTIOTEKH € TPOCTOTa BUKOPUCTAHHS JIJIs
KOHCTPYIOBaHHSI Ta MIATPUMKH CUCTEM ITTHOMHHOTO HABYAHHS, @ TAKOXK MOITYJTbHICTh
Ta po3MHpProBaHiCTh. KpiMm ToT0, 010ITi0TEKA MICTUTE BEIHUKY KUTBKICTH TTOTIEPEIHBO
HATPCHOBAHUX Ta ONTUMI30BaHUX MOJIEIICi NIMOMHHOTO HABYaHHS. MiCTUTh BEITUKY
KUTBKICTh peai3oBaHUX aKTUBAIIHHUX (YHKITIH, ONTHMI3aToOpiB Ta 6araro iHIIOTO.
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[TinTpumye sk BuKoHaHHs oOumcieHsb Ha LI, Tak i Ha rpadidaux mpomecopax. Y
i poboTi Keras BUKOPHUCTOBYETHCS K ONWH i3 OCHOBHHUX 1HCTPYMEHTIB JJIST KOH-
CTPYIOBaHHS HEHPOHHUX MEPEXK, IX HABYAHHSI Ta IMiJTPUMKH.

PyTorch [6] — mporpamumii kapkac mis Python, mpusHadeHuit 1iss CTBOPEHHS,
HaBYAHHS Ta MIATPUMKH CHCTEM TIHMOWHHOTO HABYAHHS, IO PO3POOISETHCS Ta TIia-
TpuMyeThcs komaHnot Facebook Al Research. I'omoBHOMO fioro miepeBaroro Haj iH-
[IMMH TIPOTPAMHUMHU KapKacaMH € WOTro JTMHAMIYHHN KapKac OOYMCIICHb Ta BHCOKA
OTITHMI30BaHICTh, IO TO3BOJISIE CTBOPIOBATH Ta PEAaryBaTH CHCTEMH ITif Jac ix 3ammyc-
Ky 0e3 HeoOXiTHOCTI IX TOMATKOBOI KOMITUIAIII. Takwii miaxix J03BOJIsTE PO3pOOIATH
MIBUJIKi, PO3IIMPIOBaHI Ta JUHAMIYHI CHCTEMH IS OTIPAITFOBAHHS BEIMKOI KITBKOCTI
JTAHUX MEHIITIMH 3aTpaTaMy OITePaTUBHOI IIaM’ SITi Ta IaM’ sITi TpagiaHOTOo IpoIiecopa.
Taxox KOpHUCTYBau MOKE SIK 3aBTOTHO 3MIHIOBATH (DYHKITIi aKTHBAIIIi Ta ONITHUMIi3aTopH
ITiJ] 9ac 3aImycKy MOoJIei Ha BiaMiHy Bix tensorflow, ne oGurcoBaapHMiA Tpad Bikcy-
€THCSI TICIIST KOMITUIAIIT Ta MPOTpaMHUX KapKaciB 31 CTaTHIHUME Tpadamu, sk Keras,
nie OJIOKW € BKe TOTOBMIMH 1 TIOTaHO IMiIafOThCS 3MiHaM. bibmioTeka mopTyeThes Ha
Windows, Linux Ta MacOS i BumyckaeThcs mmif Jiiren3iero BSD.

IloBHMIA TIepeNiK TPOTPaMHUX KapKaciB Uisi TIIMOWHHOTO HaBYaHHSI Ta ix
TTOPIBHSIHHS HaBEICHO 3a MmocuianasaM [1].

SIx OCHOBHUH IHCTPYMEHT TOIIEPEAHBOI 00pOOKH 300pakeHb 0YJI0 BUKOPHCTAHO
6iomotexy OpenCV [4], sika € OTHUM i3 HAUTTOTYKHITIHX 1HCTPYMEHTIB I pOOOTH
13 300pakeHHsAMH. L1151 30ipKa MiCTHTD SIK aJTOPUTMH KOMIT FOTEPHOTO 30PY, TaK i 00-
pOOKH 300pakeHb, 1 YUCIIOBI aANTOPUTMH. bi0ioTeka J0CTaTHRO MPOCTO HABYAETHCS
gepe3 3B’s30K iHTepdelicy mist Python 3 6i0mioTekoro YHCENbHUX OOYHCIICHB
numpy. BoHa po3po0IsieTbesl Ta MATPUMYEThCS TpyIoro Inseez 3a minTpumku Intel
1 MicTuUTh y cobi monam 2500 onTHMi30BaHUX AJITOPUTMIB Ta YHCIIOBUX METOIIB
00p00OKH 300pakeHb.

Mera crarTi. [IpoananizyBatu iCHyt0Ui 3aCO0H JJIT KOHCTPYIOBAHHS CIIEMEHTIB
MITYYHOTO I1HTENEKTy pi3HUX THIB. BuOpartun TexHosorito i mmiardopmy ms
MPOBEICHHS 00YUCIICHB, BUXOJISIYH 3 YMOBH iX CYMICHOCTI 3 CyYaCHHMU ITPOTPAMHUAMHU
Kapkacamu. [IpoBecTr HaBYaHHS 1 TECTYBaHHSI MOJETi. 3pOOUTH aHAJIi3 Pe3yIbTaTIB
HAaBYaHHS MOJIE 32 IOTIOMOTOF0 00paHOT0 POrPaMHOT0 KapKacy.

Buknan ocHoBHOro martepiany gociaixkeHHsi. B poOoTi mpomoHyeTbes st
MpoIlecy HaBYaHHS MOJIEJIi BUKOPHUCTATH METOINKY 00p0oOKH 300pakeHb Ha Tpadid-
HuX nporecopax Texuomorii CUDA ta OpenCL .

CUDA (Compute Unified Device Architecture) [2]— me po3mmproBana anapar-
HO-TIpOoTpaMHa Iiardopma IisT BUKOHAHHS TapajieIbHIX 00UNCIeHb Ha TpadiaHmx
KapTax, Brepire BumyiieHa koMianieto Nvidia y 2006 porti. Lls TexHOMIOTIS T03BO-
JrIa 3poOUTH MPOPUB y TTapaJIeTFHUX OOUHUCIICHHAX Ta BIAKPUTH BUKOHAHHS 009¥IC-
JIeHb Ha TpadivHUX MPoIIecopax.

[puHIWMI TakuX 0OYMCIICHD TIOJISITAE Y TOMY, IO JIOJATKOBO JI0 MPOIECOPHUX SIep
3amitoThes meinepHi sapa (AJIII) rpadiuHoro mporecopa, siki 32 paxXyHOK BEIHKO] iX
KUTBKOCTI JIO3BOJISIFOTH CYTTEBO MPHCKOPUTH BUKOHAHHS OOYHCIICHB, [0 BUMAraroTh
BEJIMKOI KUTBKOCTI TIPOIIECOPHOTO Yacy. Bzaemomiss Midk IEHTPATLHAM Ta TpadidaHIM
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MIPOIIECOPOM BiZTOYBAETHCS Uepe3 KOIIOBAHHS TAaHHUX 3T1aM’SITi IIEHTPAIBHOTO IPOIIecopa
(kemr-raM’sITi) y T1am’sITh Tpadigraoro nporecopa. [Ipu oMy BUPI3HSIOTE 1AM’ STh, 10
SIKOT Ma€ JOCTYT TUTEKH TIPOIIECOP; TIaM STk, IO K01 Ma€ JTOCTYII JIUIIIE Bificoamantep Ta
CIUTHHY TIaM’ SITh, Yepe3 sIKY 1 3HCHIOETHCS B3aEMOIIS MK IIEHTPATLHAM Ta TpadiTHIM
nporiecopamu. [Tam’sTe rpadigHOTO TIpoIIecopa € CIUTEHOIO IS BCiX HOT0 MeHIepHIX
SITIEp, a oTeparii BAKOHYFOTHCS TTapaieIbHO Ha BCIX spax.

ITepeBaroto GPU mam CPU e #ioro mBuaka mam’siTh Ta MYJIbTHIIPOIECOD, SIKAH
JTO3BOJISIE CEPHO3HO TTPUCKOPIOBAaTH BUKOHAHHS onepariid. CydacHi GPU Takox miz-
TPUMYIOTE OTIeparlii Yrcell 3 IJIaBalovd0l0 KOMOIO OAMHAPHOI, MOABIHHOI Ta I0JI0-
BHHHOI TOYHOCTI. Omieparii MoOJIOBHHHOT TOYHOCTI TSI HOBOTIPEACTABICHUX TSH30P-
HUX sJIep J03BOJIIOTH MTPUCKOPUTH 00UIHCIICHHS Otbie, HiK ¥ 10 pasiB. OCHOBHOIO
xapakTeprucTukoio cydacHuX GPU € KUTbKICTh BUKOHYBaHHX OTICpAIlild 3 YHCIIaMH 3
miaBatouoro komoro (FLOPS) (Floating Point Operations Per Second). CydacHi rpa-
¢bivHi aganTepu 3 TEH30PHUMH sIpaMu HOBOI MiKpoapxiTekTypu Volta mocsraroTh
noryxaocTi moHan 100 TFLOPS, Toxi sk Ha knacuaanx CUDA snpax mOTyXHICTh
Ha amanTepax crapmoi cepii 1080 Ti ve gocsrae 15 TFLOPS. BigmiaHocTi 004mc-
nenb Ha CPU ta GPU npuBeneni B Tabmutti 1.

Tabnuys

IopiBHsAbHA XapakTepucTUKa o0unciaeHns Ha CPU ta GPU

CPU GPU
BararosinepHuit npouecop MynsTHIpoLecop
MIMD SIMD

OJIHOIIOTOKOBICTE

BararomnorokoBicThb

Benukwuii ke

HeBenukuii kemn

[IBuaka mam’sITh

[ToBinpHa aM’ITh

BumnazakoBuit noctym 1o mam’sTi

TlocninoBHMit nocTym 10 mam’siTi

32006 poky 1151 mIaTdopma MOCTIHHO BIOCKOHAIIOBAIACH Ta OYJIO0 BUITYIIIEHO IITICTh
MIKpOapXiTeKTyp, SIKi JJoHaBalik CBOI BIOCKOHAJICHHSI Y OOUMCIIOBaIBHUI mpotiec. [1a-
pajienbHO BUITyCKaJIMCs HOBI BUAaHHS mporpamuoro kapkacy CUDA, sik 0CHOBHOTO iH-
tepdeiicy B3aemonii 3 GPU. Ha croronsi akryansHa Bepcist 10-ro nakety iHCTpyMEHTIB.

Komnanis AMD y maHi BUKOHAHHS O04YHCIIeHb Ha TpadiuyHuX Mpoliecopax miiuia
cBoiM nuisixoM. OCHOBHI cepii cydacHux BigeonpoiecopiB AMD MoxyTh mpaiitoBa-
TH y pexxumi cymicHocti 3 TexHonorisMu CUDA yepe3 ceoro HoBy HPC mnardopmy
ROCm. BoHa cymicHa 3 4aCTHHOIO Cy4YaCHHX MPOrPAMHUX KapKaciB (HAmpHKIAg 3
tensorflow uepe3 tensorflow image y cuctemi ynpasininHs KoHTeitHepamu Docker, siki
JOCTYIHI JJ1s1 pO3pOOHUKIB Uepe3 NOCHiAHUIBKUI penozutopiit GitHub). KomyHnika-
st MDXK BiIGOKAPTOIO Ta MPOTPaMHUMHE Kapkacamu (Ha ceorofHi noctymHi PyTorch,
nounHarouu 3 Bepcii 1.0), Tensorflow (mounnaroun 3 Bepcii 1.14) ta Bigkpura 6i0mio-
TeKa JUIsl BUKOHAaHHS rpadiuyaux oburcieHs Big AMD — MI Open) 3ailicHIOETBCS 32
noromororo 6i6miorek RCCL (ROCm Communication Collectives Library).

st MoJieTIoBaHHS Ta BUKOHAHHS MPOBEACHUX JOCTIKEHb 0yI0 BUKOPHCTAHO
MEPCOHANBHUI KOMII'IOTEP 3 TAKMMHU XapaKTEePUCTHKAMH:
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XapakTeprcTHKa Nvidia GTX 1050 Notebook
SAnpa CUDA 640
bazosa gactora sapa (MHz) 999-1354
Po3srinna yacrora (MHz) 1139-1493
CrnoxuBaHa HOTyXHICTE (W) 34-53
Buakicts mam’sati (Gbps) 7.0
Koudiryparis mam’siti 4 GB GDDRS
PozpsanicTs iHTepdeticy nam’ari (bit) 128
IMpomyckua 3narHicTs mam’sti (GB/sec) 112
IMokoniHHS MIKPOApXITEKTypH Pascal

VG G-16 Architecture

Conv2D,3x3,256

It

Pooling 2x2

Conv2D,3x3,612 ‘

|Conv2D,3x3,512

Convz2D,3x3,512 ‘

Pooling 2x2 |

—_—

Puc 1. Tunosa apxitexTypa po3pobieHoi Ta JOCIiKyBaHOT MOziei

SIk mpuKnaz, 1 HaBYaHHS BUKOPHCTAHO JIBA THIIM MOJIEINEH: BIACHY MOJIEIb,
sKa T00y/noBaHa Ha 0a3i KOHBOJIOWIMHOTO Kiacu]ikaTtopa 3 ABOMa CTPYKTYPHUMH
OnoKaMK: KOHBOJIOWIMHUK 070K (BUIiIEHHS O03HAK) Ta Kiacudikarop. Tunosa apxi-
TEKTypa po3pobIiIeHOi Ta JOCIiKyBaHO1 MoJeli mpuBeaeHa Ha Puc. 1

s HaBYaHHS Ta TecTyBaHHs Oyno 0OpaHo 4acTKoBUi HaOip manux 3 10 kiacis 3
Bigkputoro Haoopy Caltech101. 3a ocHOBHUIT Iporpamuuii kapkac Oyiio oopano Keras

g s 1 e

__C T __T W

|

\

Puc. 2. Pe3ysnpraT HaBYaHHS MOJIENII 3a IOMIOMOTOI0 ITporpaMHoro kapkacy Keras



62 KOMIT'IOTEPHI TEXHOJIOT'IT JIPYKAPCTBA 2019/2 (42)

Pesynbratu HaB4aHHS MOjedl 3a JOMOMOIOK TporpaMHOro kapkacy Keras
(Puc.2.) 300pakeHi y BUIVIsAI rpadika TOYHOCTI IEPEeBipKH (KpruBa 2) MOPIBHIHO 3
TOYHICTIO HAaBYAJIbHIM TTOCTIIOBHOCTI (kpuBa 1) Ta rpadika cnaganas QyHKII mmo-
XHUOKHY Ha HaBYaNbHIN (KpuBa 1) Ta Ha mepeBiprOBAIBHIN MOCITiTOBHOCTI (KprBa 2).
TounicTs Mozemni mix gac nepeBipku: 75%.

TouHicTh po3mi3HaBaHHS 300pakeHb 3a KjlacaMH 300paKeHb CTAHOBHTH:

» Kiac plane: 78%

» Kiac car: 87%

» Kimac bird: 63%

» Kiac cat: 56%

» Kiac deer: 72%

* Kiac dog: 64%

» Kiac frog: 80%

» Kimac horse: 79%

» Kiac ship: 84%

» Kiac truck: 83%

BucnoBok. 3pobieHo aHami3 iCHYIOUHMX 3aco0iB I KOHCTPYIOBaHHS
€JIEMEHTIB MITYYHOTO 1HTEJIEKTY Pi3HUX THUIIIB. [IpuBemeHi pe3ynbTaTH TOCITIIKEHb
po3Ii3HaBaHHS 300pa’keHb 3a JOITOMOTOI0 KOMIT FOTEpHUX TeXHOIOT1H. Ha mpukiami
HaBYAHHS MOJICNI MUITXOM 3aCTOCYBaHHS MPOTrpamMHOro kapkacy Keras s MoBH
Python oOumncieHHs BUKOHYBAIHCS IIITXOM KOMIT FOTEPHOTO MOJCTIOBAHHS 3
MMOETHAHHAM IapajiellbHOlI po0oTH Tpadiyamx mporecopiB kKommaHiii Nvidia Ta
AMD i nporpamMHuX KapKacis.
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The necessity of analysis and modeling of the process of combining calculations
on GPUs and software frameworks of deep learning for image recognition has been
substantiated. The basic features of parallel computing on GPUs are determined
by mathematical modeling. Problems of using software frames are considered. The
training model, built on the basis of a revolutionary classifier with two structural
blocks: a block for choosing revolutionary features and a classifier, has been
implemented.
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DESIGNING OF MULTILEVEL SYSTEM THE DISTRIBUTED
RESOURCES ADMINISTRATION IN POLYGRAPHICALLY
ORIENTED NETWORK INFRASTRUCTURE
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Advantages of innovative progress of polygraphy machine industry in the context
of modern directions of rendering of printing services are analyzed. The importance
of development of establishments of operative polygraphy with publication of limited
edition and individual approach to customer according to the existing market
situation is substantiated.

The review of home and world trends in transformation of printing industry
and organization of production showed the lack of production facilities for flexible
order support throughout the life cycle and imperfect functionality of information
flows profiling in run of completed out a work tasks. Research methodological basis
are principles of design theory and simulation modeling, focused in accordance
with the formulated criteria on attributes determination of extended work task
and flows profiling of personalized data in according to stipulated entities of
technological process.

The scientific novelty of the obtained results is to develop an original infological
model of target structuring in data hierarchy on work tasks for different stages order
preparation with accompanying visualization of profiled content. Obtained research
results will allow to expand the industry format for the exchange of production
data, at the same time ensuring close integration with existing systems of through
management of printing production and their gradual unification. The presented
infological model will provide the deployment of a multilevel administration system
of distributed resources of polygraphically oriented network infrastructure based
on the software engine to support the formation of workflows and corporate record
keeping in enterprise management.

Keywords: operative polygraphy, network infrastructure, printing services
providing, technological process.

Formulation of the problem. Innovative development of printing industry
together with a specialization in computer technology opened a variety of polygraphy
services, while expanding the nomenclature and reducing the minimum volume of
private orders down to singled copies. Remained in the past a difficulties of preparing
for printing of form, advertising, souvenir and packaging products of limited edition,
caused by the high cost, complexity and time consuming execution of such orders,
including manually adjusting the equipment to parameters of current work task.
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In addition to printing processes, pre-printing technologies are also rapidly
evolving, which today mostly boil down to customer’s layout original processing,
page positioning, and final color separation of polygraphy order. The efficiency of
post-print order processing, further distribution and delivery of finished products also
favorably differentiate small and medium-sized printing establishments from their
classical competitors. The incompleteness of described scheme of the production
task passage makes the refinement of modern business processes of enterprises of
operative printing, imposes specific requirements on hardware and software, network
infrastructure, communication web resources and strategic management according
to the current market situation, as well as domestic and global trends in the provision
of polygraphy services.

Analysis of recent research and publications. To issue of printing
industry development and production organization, in particular, digital printing
establishments, control of equipment and quality of manufactured products
in manufacture of individual orders are devoted to the research of number of
scientists. Computerization of logistics the limited edition with the construction
of a commercial print model and targeted publications is highlighted in [1],
promising technologies for the implementation of equipment and functional
materials are shown in [2]. In [3-5] are presented the typical scenarios on applying
a production paradigm for improving competitiveness and modeling the dynamics
of production system efficiency. The integrated concept of production systems
with representation of separate technological stages as a single holistic system is
developed in [6-8].

However, in domestic and foreign open sources are not fully described the
characteristics of production means, that would accompany orders throughout in
lifecycle from author’s concept clarification and inquiry registration and concluded
a targeted delivery of the finished product. The performed analysis (table 1.) by
stipulated criteria [9] showed that the available service supply environments of
technological stages the operational printing as native applications — focused
on reconciling printing equipment interfaces, and as web services — maintain a
limited dialogue with the customers. Therefore, partially or completely is absent
here telemetry processing functionality and profile information flows during the
development of the production task, mechanisms for detecting the accumulation of
disparate orders at a certain technological stage, tracking insufficient raw materials
and supplies, generation of technological map for adjustment of equipment to other
production, search engine optimization for web resources.

For other processes of firm, including business records, accounting, corporate
budget planning, and more the problem is the harmonization of interoperable struc-
tures of information flows and crossplatform interaction protocols, which causes the
use of additional converters and as a result of the accumulation of cumbersome soft-
ware in enterprise with inefficient duplication of feasibled services and compulsory
human factor, which performs algorithmically implemented operations and presents
unforeseen risks.
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The purpose of the article — localization of basic stages of qualitative and
prompt of individual order fulfilment and the further deployment of unified distribut-
ed polygraphic services administering system with integrated flexible mechanism of
redistribution of server load of the main nodes to dynamically tracking the produc-
tion task performance degree together with monitoring the status of individual tool-
kit means and interactive accompanying visualization of profiled content at end-user
terminal of operational polygraphy network infrastructure.

Presentation of the main research material. The organization of network in-
frastructure of the publishing and printing corporation should be carried out in view
of peculiarities of its administration. In this case the overriding difficulty lies in rec-
onciling the information flows of disparate computerized platforms, active network-
ing equipment, service and application software (Fig. 1). In designed polygraphical-
ly oriented network infrastructure one of artworker end-terminals receives a inquiry
3T from customer registered in the database. This inquiry can be a ready-made file or
a set of customer desires in view of enterprise services list on corporate web portal,
for what a file is prepared in one of the data structures of respective publishing sys-
tem component [10]. Next is the color correction, the location of markup and control
scales, trapping arrangement, layouting in accordance with paper format together
with circulation amplification, other stages of the necessary printing preparation.

Thus, after adjusting the query on an automated workplace with a specific
operating system and desktop publishing application software suite, an order 3M
is registered for the relevant entity from the customer date base. The data structure
of this order contains a direct link to corrected file, and also covers details of cus-
tomer’s desires regarding a quality, specified circulation, material of media, con-
sumables, terms of preparation of finished printing product and its delivery, etc. The
prepared order is interpreted on print server in commands list of target equipment
driver — a prints work task 3H, which is also stored in production order database,
separately allocated for this purpose.

Therefore, itself the work task contains a PostScript description of the polygraphic
product in terms of printing device profile and possible post-print processing and ship-
ping information. The work task arrives at target equipment, which, under the super-
vision and involvement of operator, directly manufactures the production. Printered
order can be delivered to other accessories, such as folding, then gluing, trimming,
laminating, etc. and at all composition stages, the task 3H is expanded and refined to
include details of the resources involved, raw materials, supplies and specifications of
the current process with automatic report 3B generation about work done.

Based on this generalized customer order lifecycle report the analytical appara-
tus of presented information system for managing the institution of operative print-
ing generates profiled reports for conditioned entities of polygraphically oriented
network infrastructure in the form of process monitoring, management reporting,
financial records, accounting, asf. So, entity supervisor (Fig. 1) is able to observe in
real time the change in telemetry of sensors and actuators. The entity engineer-tech-
nologist inspects production outturn of equipment involved, list of orders in queue,



KOMIT'IOTEPHI TEXHOJIOT'IT JIPYKAPCTBA 2019/2 (42)

68

uononpoud oryderd4jod jo uoneredard ay ur smoy uonewojur 3urjyold | ‘31

PP S S S S —

ST (oo x) (xnury) xs0) (smopuim)
u# Jepio 14 19plo Z# J8pio L# Japio

osE \
swojsha)
«

S el

.

ase
mv_m.m“

| UBMSEINIOM  IENSBINIOM  Z# YSEIOM  L# 3SE) diom |
W 424428 qurad |

sabeys yuswiyiny Jopio
:o_E,:Ommu_ Auenb ?o_gm_su_wo

‘ -
uoneinbyuoo i " I
sepio Buguud > ! ‘ﬂﬂgv " _
S i Vo
1 ’ " |
1 ol

B Q SA2UI0ISND . 1s150p0uyoa)

w ' i22uiSua i | aospaaadns Pt ~ wuowivdap
A Q i i et | N e e e et T P e e e e ~ PR iyt fiatipogat] -

-]

A28pupu




COMPUTER TECHNOLOGIES OF PRINTING 2019/2 (42) 69

nomenclature of raw materials and consumables necessary for organization of tech-
nological process and interactive make the needed adjustments. Profiled information
on the value of material, physical and intellectual resources, those were spent on
each order in accordance with production standards and including depreciation of
hardware and software, arrive at end-terminal of entity accountant. Indexed report-
ing of described entities with some confidential production information is provided
to entity department manager.

Attached to work task such structured extended report for all target equipment
for pre-print, print and post-print order processing together with the individual con-
tribution of all the specified entities it is decided to keep an separate original hyper-
tag [11] in the structure of JDF production format [12], that will ensure close integra-
tion with existing systems of through management of polygraphical production and
their gradual unification. The hierarchy of such a hypertag fully covers production
tasks for the various stages of order preparation, acting as algorithmic support of
software engine the designed system that forms workflows, transmits the attributes
of the manufacturing equipment setting and maintains documentation and financial
reporting in enterprise management process.

Conclusions. Deployment of projected multilevel system of administration
of distributed resources of polygraphically oriented network infrastructure will pro-
vide a unified control of the life cycle of order execution in all categories of produc-
tion processes from registration to delivery with the accompanying visualization of
profiled content at end-terminal of communication web resources of enterprise of the
printing industry regardless of the data display device and its location. Also it allows
one to avoid the accumulation of disparate orders in one device or stage due to in-
consistency of information flows, ensuring that work task is automatically re-routed
to the optimal or free area, and inform in a timely manner about the completion of
relevant consumables or means of production.

Further development of the project will be in the direction of expanding the client
functionality of the dynamic web portal, which will facilitate the automation
of production tasks, and the refinement of corporate database according to the
stipulated attributes of technological stages. Due attention also should also be paid to
formalizing the criteria of a fuzzy artificial neural network algorithm [13] to analyze
and harmonize the main aspects of management activities and making decisions to
coordinate the totality of equipment and communications between them, reducing the
number of administrative and technical services and realizing unimpeded and high-
quality preparation of printing order while reducing the complexity of production
process.

LIST OF USED SOURCES
1. Wilson-Higgins S. The Impact of Print-On-Demand on Academic. Cambridge:
Chandos, 2017. 216 p.

2. Kwok T.-H., Li Y., Chen Y. A structural topology design method based on principal
stress line. Computer-Aided Design, Vol. 80, 2016. P. 19-31.



70

KOMIT'IOTEPHI TEXHOJIOT'IT JIPYKAPCTBA 2019/2 (42)

Litwin P., Stadnicka D. Value stream mapping and system dynamics integration
for manufacturing line modelling and analysis. International Journal of Production
Economics. Vol. 208, 2019. P. 400-411.

Tao F., Qi Q., Liu A., Kusiak A. Data-driven smart manufacturing. Journal of Manu-
facturing Systems. Vol. 48, Part C, 2018. P. 157-169.

Antonelli D., Litwin P., Stadnicka D. Multiple System Dynamics and Discrete Event
Simulation for manufacturing System Performance Evaluation. Procedia CIRP.
Vol. 78, 2018. P. 178-183.

Sprock T., McGinnis L.F. A Conceptual Model for Operational Control in Smart Man-
ufacturing Systems. IFAC-PapersOnLine. Vol. 48, Iss. 3, 2015. P. 1865-1869.
Esmaeilian B, Behdad S, Wang B. The evolution and future of manufacturing: a re-
view. Journal of Manufacturing Systems. Vol. 39, 2016. P. 79-100.
Saucedo-Martinez J.A., Pérez-Lara M., Marmolejo-Saucedo J.A., T. E. Salais-Fierro,
P. Vasant. Industry 4.0 framework for management and operations. Journal of Ambi-
ent Intelligence and Humanized Computing. Vol. 9, Iss. 3, 2018. P. 789-801.

Neroda T. Criteria appreciation for implementation the analytical apparatus of operative
polygraphy. Modern Methods, Information, Software and Technical Support of Control
Systems for Organizational, Technical and Technological Complexes. 2019. P. 231-233.

10. Neroda T. Methodology of designing of the specialized application software for desk-

11.

top publishing. Technical Sciences: Modern Issues and Development Prospects. 2013.
P. 62-64.

Neroda T., Shepita P. Techniques of designing of client-server platform for learning
experiment with integration of the manufacturing telemetry. Computer technologies
of printing. Vol. 38, 2017. P. 70-76

12. Meissner S. Exchange Job Definition Format. Regensburg: Aumiiller Druck GmbH&-

13.

Co, 2017. 220 p.
Shepita P. Modeling of an artificial neural network for prognosis the work of
polygraphic equipment in Matlab system. Automation and computer-integrated tech-

nologies in industry and education: state, achievements, prospects of development.
2018. P. 82-84.

REFERENCES

. Wilson-Higgins S. (2017), «The Impact of Print-On-Demand on Academicy, 216 p.

(in English)

Kwok T.-H., Li Y., Chen Y. (2016), «A structural topology design method based on
principal stress line», Computer-Aided Design, Vol. 80, PP. 19-31. (in English)
Litwin P., Stadnicka D. (2019), «Value stream mapping and system dynamics
integration for manufacturing line modelling and analysis», International Journal of
Production Economics. Vol. 208, PP. 400-411. (in English)

Tao F., Qi Q., Liu A., Kusiak A. (2018), «Data-driven smart manufacturing», Journal
of Manufacturing Systems. Vol. 48, Part C, PP. 157-169. (in English)

. Antonelli D., Litwin P., Stadnicka D. (2018), «Multiple System Dynamics and

Discrete Event Simulation for manufacturing System Performance Evaluationy,
Procedia CIRP. Vol. 78, PP. 178-183. (in English)

Sprock T., McGinnis L.F. (2015), «A Conceptual Model for Operational Control in
Smart Manufacturing Systemsy», IFAC-PapersOnLine. Vol. 48, Iss. 3, PP. 1865-1869.
(in English)



COMPUTER TECHNOLOGIES OF PRINTING 2019/2 (42) 71

7. Esmaeilian B, Behdad S, Wang B. (2016), «The evolution and future of manufacturing:
a reviewy, Journal of Manufacturing Systems. Vol. 39, PP. 79-100. (in English)

8. Saucedo-Martinez J.A., Pérez-Lara M., Marmolejo-Saucedo J.A., T. E. Salais-Fierro,
P. Vasant. (2018), «Industry 4.0 framework for management and operations» Journal
of Ambient Intelligence and Humanized Computing. Vol. 9, Iss. 3, 2018, PP. 789-801.
(in English)

9. Neroda T. (2019), «Criteria appreciation for implementation the analytical apparatus
of operative polygraphy», Modern methods, information, software and technical
support of control systems for organizational, technical and technological complexes,
PP. 231-233. (in English)

10. Neroda T. (2013), «Methodology of designing of the specialized application software
for desktop publishing», Technical sciences: modern issues and development
prospects, PP. 62-64. (in English)

11. Neroda T., Shepita P. (2017), «Techniques of designing of client-server platform for
learning experiment with integration of the manufacturing telemetry», Computer
technologies of printing. Vol. 38, PP. 70-76. (in English)

12. Meissner S. (2017). «Exchange Job Definition Formaty, 220 p. (in English)

13. Shepita P. (2018). «Modeling of an artificial neural network for prognosis the work
of polygraphic equipment in Matlab system», Automation and computer-integrated
technologies in industry and education: state, achievements, prospects of development,
PP. 82-84. (in English)

DOI: 10.32403/2411-9210-2019-2-42-64-72

IPOEKTYBAHHS BATATOPIBHEBOI CUCTEMHU
AIMIHICTPYBAHHA PO3IIOAIVIEHUX PECYPCIB ITIOJIIT'PA®IYHO
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Ilpoananizosano nepesacu iHHOBAYIUHO20 NOCHIYRY RONICPAPIYHO2O MAWUHO-
0y0ysanHs 8 KOHMEKCMI CYUACHUX HANPAMKI8 Hadanus notiepagiunux nocaye. 06-
IPYHMOBAHO BANCIUBICTND PO3GUMKY 3AKAA0I8 ONePamuHoi nonicpaii 3 eunyckom
00MedCEHUX HAKNAOI8 MA IHOUBIOYAILHOIO POOOMOIO 3 3AMOBHUKOM 8I0N0BIOHO 00
HAABHOI pUHKOBOI cumyayii.

Bukonano oensad gimuusnsanux ma ceimosux menoenyiti mpanchopmayii noni-
epaghiunoi eanysi 1 opeanizayii UPOOHUYMEA, AKUL NOKA3a8 8I0CYMHICMb 3ac00i8
8€0eHHsT BUPOOHUYMBA 011 CYRPOBOOY 3AMOBIEHHS BNPOO0BIHC YCbO2O HCUMMEBO-
20 YUKY Ma HeOOCKOHANUU (DYHKYIOHAN NPohiniosants iHgpopmayitinux nOmoKie y
X00i 8i0npayio8anis GUPOOHUY020 3a80anHs. Memoodonociuny 6asy 00CHiOHCeHHS
CMAHO08IAMb NPUHYURU MeOPii NPOEeKMY8AHHA MA IMIMAYIliIHO20 MOOeT08AHHS, 30~
cepedoceni 8ION0BIOHO 00 COPMYTLOBAHUX KpUMepiie Ha 6U3HAYeHHI ampuoymis
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POUUPEHO020 BUPOOHUH020 3A80AHHS | NPOPINIOBAHHT NOMOKIE NePCOHIPIKOBANHUX
O0anux 32i0H0 3 00YMOBIEHUMU CYMHOCMAMU MEXHOLO2IYHO20 NPOoYecy.

Hayxosa nosusna odepocanux pesynomamis noiseae y po3pooieHHi opucinaib-
HOI IHghono2IYHOI MOOei YiNb08020 CIMPYKMYPYBAHHSA IEPAPXII OQHUX NO BUPOOHUYUX
3A680AHHAX O/ PI3HUX CMAOlll NI020MOBKU 3aMOGIeHHs i3 CYNPOBIOHONW 8i3yanisa-
yieto npoginbosarnoeo konmenmy. Pezynvmamu uKoHaHux 00CHiOH#CeHb 003801AMb
po3wupumu 2any3esuti popmam oOMiHy BUPOOHUYUMY OAHUMU, 3a0e3ne usLiy mic-
HY iHmezpayiio 3 iCHYIOUUMU CUCTeMAMU HACKPIZHO20 YNPABIiHHA noliepadivnum
8UPOOHUYMBOM ma nocmynogy ix yHigixayiro. Hasedena inghonociuna moodens 3a-
be3neuums po32opmanHs bazamopieHesoi cucmemu AOMIHICMPY8aHHsA po3noodiie-
HUX pecypcie nonicpag)iuno opieHmosanoi mepesicegoi inppacmpyxmypu Ha 0cHO8I
NPO2PAMHO20 pYWLisi REOMPUMKU DOPMYBAHHI pOOOUUX NOMOKIE Ma KOPNOPAMUBHO-
20 0110800cm8a y npoyeci YnpasiiHHa NiONPUEMCIBOM.

Kntouosi cnosa: onepamusna noniepagis, mepescesa ingpacmpykmypa, Ha-
O0aHHA noniepagiyHux nociye, MmexHono2iYHuL npoyec.
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