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Technology Trends of Digital Holography Companies in the Medical Care
and Automotive Industries

=54 Nam, Hyunsuk I MRS Senior Researcher, SPRi I hnam@spri.kr
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Recently, holography technology has been actively researched to overcome the limitations
of 3 drawbacks(glasses, dizziness, and spatial distortion). Digital holographic technology is a
fusion system of hardware optical elements, such as holographic optical elements(HOE), spatial
photovoltaic modulato(SLM), and backlight, and software technology for rendering, measuring
and visualizing for three-dimensional images. To make this technology practical, global digital
holography companies are trying to develop related products in the medical, automotive, and
commercial sectors based on the holography inventor Dennis Gabor's three-dimensional
image recording holography theory.
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SW Industry Labor Union Trends

O|5Z Lee, Jongju 1 H7L2 Researcher, SPRi 1 ljj@spri.kr
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Interest in labor unions is increasing as the chairman of the SW company's labor union enters politics.
Until now, the SW industry had virtually no labor union activity due to its employment structure and
job characteristics. However, labor unions of large corporations and foreign corporate branches have
recently been established, operating in solidarity with the Federation of Korean Trade Unions. Even if
they are labor unions in a corporate unit, they have united to represent the voices of workers in the field
of SW regarding policies recently pursued by the government. In the future, the administration and
businesses will have to pay attention to and prepare for the joint movement of these corporate-level

unions and other labor unions in the SW industry.
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Edutech Industry Trends and Implications

A2l Kong, Youngil 1 2417124 Principal Researcher, SPRi 1 kong01@spri.kr

Al, AR/VR, 2EXI2l 52 712 7IE w0 =S HiFHI7 258 21 Aot HiFEIE
CIX[ZHat0] CE EAHH0| 2 AZ22 F7I=L QU 22 Z2LN9 AEIZ ReMel= 2242
et S HIH w02t g 4= Gl MEnt 06| EUC WIFE2| CXIZHS0)| Chet
Yot Meld S &, US| ZHGHZS et tIREIE S| Tt A, 12|41 012 -8
=+ U= M= 7H40] HEol = 2l T2LHM9 MEIZ QIgt W9l 275 W=|EF0f|

o
fe]
X[EHes Mg+ U= 7182 TS 4 QUS AOIH

N

Edutech, combining education with such technologies as artificial intelligence(Al), augmented
reality(AR), virtual reality(VR) and blockchains, has been gaining attention. Edutech is
considered a market with huge potential as its digitalization is slow in progress. The recent
Covid-19 crisis has led our society to make an inevitable choice of contactless education
by reopening schools online. It can be an opportunity for the country to take the lead in
transforming education into a digitalized one, if we find common ground in society toward
digitalization of education, make various edutech to tackle problems in education, and improve

institutions to make those changes happen.
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Global Education & Training Expenditure. Trillions USD Global Education Technology Expenditure. Billions USD
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% 12 1 Holon 1Q(2020.1.28)
Ol WSFEO| CIXZH20| THE 220 Hloh SUHO= HOA TR ASS AARSHT
CiZ2l JZ0IM & 4 AX0| X0 Al TUSE HHE Z0f0f| HloH STHXCZ W2 RS & +

UL

T3 2] FQ 2O0PE Al =9 Skt My

Future Al demand
% ~Al spending 2017-20
15

Frontier sectors

Finance @ [}

10 Tech and telco

Transport

Automotive

Energy °

Media

L L
25 30

Current Al adoption

% of firms who are early adopters

% K= : McKinsey Global Institute(2018)
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Advanced Education Technology Expenditure 2018-2025, USD Billions
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71010 5 =0 e 2 71|
= i = aeE | agciER | WM
ByJu's India Tutoring Jan 2020 PE Round $8B
. . Corporate
VIPKid China Language Sep 2019 Round $4.5B
Yuanfudao China Tutoring Dec 2018 Series F $3.0B
Duolingo us Language Dec 2019 Series F $1.5B
Guild Education us UpSkilling Nov 2019 Series D $1.0B+
Knowbox China Tutoring May 2019 Series D $1.0B+
Coursera us MOOC Apr 2019 Series E $1.0B+
. . Corporate
iTutorGroup China Language Feb 2019 Round $1.0B
Zhangmen China Tutoring Jan 2019 Series E $1.0B+
Huike China OPM May 2018 Series D $1.0B
17zuoye . . .
(—i2fRdl) China Tutoring Mar 2018 Series E $1.08
Age of Learning us Or_]hne May 2016 Series A $1.0B
Curriculum
. Proprietary .
Udacity us Online Nov 2015 Series D $1.1B
Hudiang China Online Oct 2015 Series D $1.08
Curriculum

% AI& : Holon 1Q(2020.1.), Wikipedia2| AI2E 7[HIQ 2 X

Ct29l [ 3JofiMet 20 tIFHZ FUZ2| 2t 7|Y7IXIS LHE 20kt HlwoiEH i
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FHEICES

3 https://en.wikipedia.org/wiki/BYJU%27S

4 https://tech.economictimes.indiatimes.com/news/internet/tiger-global-invests—200m-in-byjus—at-8-billion—

valuation/73169591
5 https://www.holonig.com/edtech—unicomns/
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Time to Broaden the Horizons of the Immersive Industry

20163 EAIE 7Hsa(Virtual Reality, VR) SllEAI, @E2{A 2|ZE(Oculus Rift)2t HTC
BIO|E(Vive)= 1 FTH= XH2I0| T2, SHOfCI2 “AE0| ZR RIS £2E0l 23S MABIHT
TR AR 7 HOKSEITL. 0[0A ST 2sH(Augmented Realty, AR) 715to)
BHE D(Pokémon GO) HIUE SA| ¥ B &5 LI22E 4 69f 312 HAsHs B0l
Q7|2 &=L HIOFSR 41247 2x(immersive Technology) TS AICHO] 20| SIHCH= 7|7} 372
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Current State and Future Directions of GPU Virtualization Technology in

the Cloud Computing for Improving Al Performance

Executive Summary

GPU(Graphic Processing Unit)2 S2tRE A% | EEol= et M8t Hit
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Research into using GPU(Graphic Processing Unit) for cloud computing and its commercialization
is gradually spreading. AS Al gains attention, cloud computing that is the infrastructure to operate
Al and the storage for providing data is also increasing in demand and services. The performance
of Al depends on the amount of data learned and the computing power required to learn, which is
why Al requires high performing cloud computing. GPU has multiple cores, which makes it more
advantageous for parallel processing, and its price per core is lower than that of CPU. This has led to
GPU being used as cloud computing resources. Since cloud computing is a technology for which
virtualization is a prerequisite, virtualization is required to make the most of GPU for cloud computing.
GPU virtualization has been a difficult and complex technology, but after many researches, products
that support virtualization in hardware have been released. This paper examines the background
and the current state of GPU virtualization technology, and discusses the challenges and directions
to advance the level of technology in cloud GPU virtualization research.
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HE22IE AHEot0 =t Z2IHO| X|HAZES E0l= XS FHZ SHRCH Ol2et A= &
FOOIM =XHOZ A= TEO| AR AZIS Z017] 218 201 ZXelE|0] A2 it
T2 MM IH7 [X[0f| M2 07+ ETH=h= il 2F F00f| SEE2 S7totA 2l B2t CPU2|
THEBE 2017] 2I5 Lt SH2 8K 71&2 7om37}H SHA0IH, 11 0[5t 2tz0= TxiS & FQ
70| 2o 9S0] ZO{EIC,

EESE CPUS| AMEIE S LIEHE 22i(Clock) = 4Ghz LHQ| &8 842 SHXZ 1
IEZENIE oiiZok= A0
Z=0i| CICH M, 2ol
H0| Z6{Q\C}. 22,

| :IO-l =3 7}745

ULt 11 Olf= T e & 23 o g0l ME HHAH[0| 712t

> X
A g

SHAZE U7| R2O|CE. 0= Qlal SHxe| CPUS| H 20 & ds2 e
EAMElE CPUE ZUE 02 7if F= A2 Sdll 952 =0
O1Ts| SRSt 128 H= 1ds 0|0 [2 2-1]01M A

HIMCY.

.

'_+§
o of
—lO

o A5 HEE WRICrUC] #5}: CPU + GPU
E[2 DS HEEHPCIY) HPAISS D2 T20] 43 ARKS HHEAPI| I3t o2 225t
M50/ ¥8 CPU T0I7}h QU= TE| T0f IRAAQL THASHAIZ B2 TS JHXs DTz
7447191 GPUS| 5 74| O [EIXS 238t ZHES £ 75k It 2| 0] ZRMASL GPUS

6 General Purpose computing on GPU, ZHEH I X2|E SXOZ dt= GPUS MEXMOZ CPUZ} 2ot
SEELZTHO| 7Lt 883tk= 7IE

7 CPU, HIZ2], HIEXS, *‘IU'I AE2[X], OHE2AHIO0KE S HREOIM 7188 Q4

8 Level of Integration, 2|2 E(HZA)0| TEE 5= U= HOIEAXNS| =2 tte| A2|2 &l =2| AKXt JHL
TS| UEKIE LfEfLH" qe

9 Nanometer(Lt=0|E{), 10 22| 10/E{(m)

10 High Performance Computing
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35 075 AIAIS HIO| ZOE T4 QA9 MEO| HOE Y T4 QA BE 25T A0

=2-
D5 #EE S8 D2 0| LR 97 ARIZ SFAR 4 Uk (18 2-4l= GPUSt CPUS
Z

I [T 2-4] GPU + CPU OF7 [EiRX{2] Ziia-aHl A

)
#AIEQI CPU HY
1=
CPU
—
o= 39

SELZIHS AT O HFOf ALt Z0| Tt At TRl 225 GPU=Z g7,
LiHX|S] Z== CPUOIM X2lotz AC= E2=TMO| £HELS HIQHMOZ FIHAIZ 4= ULt

2
712 OlHE 2lol %A OIZE CHSHH/RAIFYS] Al THAl S8oK 2AL T2 FE=0f X0
02 2H HE ECt LEEQ HXISE 500715 TS, THA| 2XHEEA 62HIE F= LT
IHOZ |0 UL 71YRICt 4FO| THSHAY0| 0] Y20l IFES 25 ORXI=H| E= A2 Mg
ZE AO[C}. 7+ B2 ARZIO| 22F= E57172 HAISFH| RE=017| A=, 1?_|'<:>*1257H9|

BXIZE0]| 242t QES 20{0} BiT}. 0] KDt [ HO{A 100B2] SAIRMSHP LirZECI
Of OF= E

e

GPUZ AIS5Hs ZEE! AIABO| HRE SHMET QICH= HS HA Top500 SR LIEHT,

ST HIHZTEQ| 27% O|A110] CPULE GPUE ZEtst A|ARIOICE, & 0[2{8H M2t
753K19% o1 — 27%o9) =l UL

11 nVIDIA(2019.11.19.), “Record 136 NVIDIA GPU-Accelerated Supercomputers Feature in TOP500 Ranking”
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Top500 109 L F+HZFE]

« Top500 55 & 10913 LHe] #HARESS| 20| GPUE 8otz A= LIEHH(Summit, Sierra,
Piz Daint, ABCI, Lassen )

[E 2-2] Z MiA| Top10 +IHEFE

0lIE =7t AAE 20| =(7H)) | 4S(TFlop/s)
IBM Power System AC922, IBM POWER9

0|= | 22C 3.07GHz, NVIDIA Volta GV100, Dual- | 2,414,592| 148,600.0
Rail Mellanox EDR Infiniband

IBM Power System AC922, IBM POWER9
2 Sierra 0|= | 22C 3.1GHz, NVIDIA Volta GV100, Dual- | 1,572,480 94,640.0
Rail Mellanox EDR Infiniband

Sunway MPP, Sunway SW26010 260C
1.45GHz, Sunway

) —~— | TH-IVB-FEP Cluster, Intel Xeon E5-2692v2
4| Tenhe=2A | E= | 120 2.2GHz, TH Express-2, Matix-2000 | +981:760] 61:4445

Dell C6420, Xeon Platinum 8280 28C
2.7GHz, Mellanox Infiniband HDR

Cray XC50, Xeon E5-2690v3 12C 2.6GHz,
Avries interconnect, NVIDIA Tesla P100

Cray XC40, Xeon E5-2698v3 16C 2.3GHz,

A
o0

w
c
3
3

Sunway ~

TaihuLight 10,649,600, 93,014.6

5 Frontera 0= 448448| 23516.4

6 Piz Daint | AfIA 387,872| 21,230.0

7 Trinity 0J= | Intel Xeon Phi 7250 68C 1.4GHz, Aries 979,072 20,158.7
interconnect
Al Bridging Cloud PRIMERGY CX2570 M4, Xeon Gold 6148
8 Infrastructure | Y= | 20C 2.4GHz, NVIDIA Tesla V100 SXM2, 391,680, 19,880.0
(ABCI) Infiniband EDR

ThinkSystem SD650, Xeon Platinum 8174
24C 3.1GHz, Intel Omni—Path

IBM Power System AC922, IBM POWER9
10 Lassen 0|= | 22C 3.1GHz, Dual-rail Mellanox EDR 288,288| 18,200.0
Infiniband, NVIDIA Tesla V100

9 | SuperMUC-NG | =¢ 305,856| 19,476.6

% Xt : Tops00.0rg
X AAE L GPU 282 2 O[2iH| 27|
% TFlop/s : HIZISEA, #1 ZRE(Q| (kS M2, 1TRop/s= X 1X(1012) 22| REAE(Flop) S 43

2.3. 210 GPUZRE0| T3 0/
o RALC QITmRf0) 3t £2 57 Y TIN5 87

Al NICHE 015101 ZE| HIZE, MHIAY) 7IISE CIXIY HEIg £I5H= A= 0fo] 20|

UL B FXISO| I2E ZHRAS 27| SoH TUSE MHIAS MEH HB3HALE 21z

st

{HE FLlok= A= B
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£5|, Al MH|AS| RFE E0|1 o5 ds5 20122 2dk U= AAES &Eol| o=
S2RE7} BHOCt. Hl2{d(Machine Learning, 7|A18H5)2] & oLl He{d(Deep

Leaming)2 242 HOIEI| XI4XQ! H=s16S Sof 532 B
A

OII

TLs ]

— =]
OP7|M H=atE AYS +Uohs s H2 AMSEE B B S2REE o2 7He| Al

AMESS FOM 288 + U] M=ol S0 2+5= 2 AlsHE B dRE 20 g
HEY =+ AT 0] R0 SHRE ATt tigh 2= F&0| S7totl ULt Eot, ZO0tKl=

BIHOEIS FHlol1l H2lotH, OIS 7|22 M2 Al MH|AS| SHEUREOZ HESk= A7t

7t S22 HB5H| YA 7IE| CPUZEH TYE DASS S8lets
. QA I3 B=sts HelT ois| A/ 1071 Li9le) 012 3= CPU

245 74| 1S 2H= GPU7HEA| CHIKIOR Kii2 435t 00| Q2I5HC,

o 7}2iTiH| M50l E2Y &L

SoIPES| &2 ARE S8 LTAME UEAPP| 2l GPU +=£2| +8 7 K= 0|0
AMARS CPU 2T TRoHHH MESPMQI HIEO0| #EHEC). Xt 20124 =22 F2242
(Google Brain)0[2t= H1AY AIARS JHUACE. O] AIAR2 1Y0| O|0|X] 1M 7HE SHEohA
TY0|E BEcl e QX S22 HOFUCL T30 0] A|IAHE CPU AMH 1M JHE HWH=
Zgt gaid S2RE QTS HESIACt YAl Q122 £RHIE2 50 ¥ 0[40|Ue,

HADE= 602 AEW) HotK F=1 20 ‘Eg% HIZ0| AQE ULt 0l GPU M= &X2I
QAlIHICIOHNVIDIA)AIM GPUS %*03._ MH 3UE SYe H5s HIE + ASS BT,

TEH|SS 33000t & 470 X ADYT 4% A0 SIYCY,

re

I'_>.'_

AHEOE =X PSS 2= CPUS 210 99 2Hi 2 SSIHRIS 9Ist AlARl| 73
EEB 012 U0ICH LA, CPU AERRIR! Q1Intelo Xeon Phitses: 7274(4KICh 7))
CPU Z0|2 0|01l H2IMR2| M2 MZS A8t SIOL, HHHEE Aol GPU HZ Cht|

=
S84 ZHO| ZH0IM LM, HIZ Mits FTHS LR 20| HAO|CH

A oKDt BIGIO|EIS MA2[6tL 7tSoks Yut 22 AU F09 2 27t =2
7 5O}, F0Q| X7t HOtoF R2[8H 20| &3t GPU 02| 23 47t $i2| CPU Z 0 CHH|
LTS FO{Q] APt QIEMOZ w1 212 EA|E)= GPU T02] 231 £(1.6Ghz)15= 4L O

CPU 23 = X2 5= 7HXILL ULt 0|22 SI=09] &2 £ TiH| 7142 dtiXez

L9

8
I

12 NVIDIA/AEH=(2013), “Deep Learning with COTS HPC Systems”, ICML

13 Intelof|A HIZFSHEZE A 00|52 T2 MM

14 TechPowerUp(2018.7.), “Intel is Giving up on Xeon Phi — Eight More Models Declared End-Of-Life”
15  nVidia Geforce RTX 2080 Ti 22! 7|&(Z|CH 2214~ : 1635 Mhz)
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20Xz F0io BAlS MELY & = ULt 2B ZIZ S0 ot=20 2T 29| S717+ 7049
St

BZIE oML, 05| 2 SEMM st 7H49| Bitfdl= MEEM.

o 12, MS, IBM, Apple S &iXlf Al A|&S 2|H5k= S2HRE 7|IS2 25 GPUE &8
501 RS N9 g

=2Y ScIRL 7|YS0| MM SSHRE QE2H| GPUS 28 Aldl= &4l ZotE == AUCL
=2Y ARIX| &9 Topdlll E= 7|HE2 SUBAT 25 S2HRE AZE EFotl AL
MEIA B3 QUi 7I”S0IH, 0152 Al AR 2(36ta ULt [H 2-3]2 228 7|7IX| &1
LIERHCE. 2915 E] 4217HX12] 7| RS2 At S2tRE QS ERofdl /W, 0|5 &8¢t Ciefet
MHIAZ HMSBICE 1912 59121 OHF, HO|AS2| FR= X5 HEL, A QIZ2tE EEsity|
HOH= Ef 2lAlQ| 22HRE QTS HES MHIAS MSo QUCt I8t 2Z20l= S4RE
MH|IAE MiSsoh= BRI 21 =olAL, 23 FHIE ot ScRE 2OatE 2Esh=
YYo= AUFGHS 2ot UL OS2 RIA| S2HRE Q02 A3 Pl QS MEdt= S
AE FEI6HT 2U20H(2020.2), HO|ASS| ZL 22 Al S2REE 752 floh S=2| LI
24(2019.9)5111 REQ| S2HRE AIUAIR! Z2(017|7+E 9000]| 21~(2019.12.) 5t7 | FACH.

[T 2-3] M MAH| 7|7 HX| 22| Topb

=2 71 =7t A7HEAH(HA F2) SERE QlIat/MH|A
1 Apple o= 1,190 iCloud
2 Microsoft 0= 1,155 Azure
3 | Google(Alphabet) 0|2 905 Google Cloud Platform(GCP)
4 Amazon o= 901 AWS
5 Facebook o= 576 Intel, AWS, MS 22t &8

X% 3:2019.11.30. 7|

% Xt : PWC(2019.7.), “Global Top100 companies by market capitalisation”
Weblists(2019.11.30.), “US commerce Stock Market Capitalization of the 50 Largest American Companies”
Corporatelnformation(2019), Top100 list

Apple?| S2tRE AEZ|X[0|X} MH|AQ! iCloud= Azure, AWS, GCPZ 7|HtO 2 MH|A G},
iCloud= O|=9| Z[cH 178 = 5HLIO|Ct MSQ| 2RI Azure= NAR|IRZ E8iM GPU ZEEIS
HZ5I1 QICt Google2 UM HA| GPU SHAES S2}MOM, GPUL QAISH 8- X9

BIMEZEZ2(TensorFlow)1® & TPU(Tensor Processing Unit)S 7HS10] S2HRE0| X510

16 20155 1€ 220AM 274, AlRY T2 724918 ZIHSW7 B 210|=2{2]
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MHIAQF S| AAXILL ULt SAREE SSA SHO| HRE Ao §2X &1 X FHY
EQ Al ERY Xt Hofets S40 S JHEat SA0|, THEXQ! HEZ

2851 U,

© GPu JRME BT BR

3.1. GPU 7|Als}e| QM) S2RE X2

o GPULE XjHe| 22Xl #ES flol| 7Hd=t 22

SUREE 7I2XHOZ IS Virtualization)'” 71&8 7|HO2 =], GPU HEEIS
28XO=Z ol M= 7Hdst 7|50] E5H. GPU XS 7Hdstol= 01fRE AHa2
28X E&02t= FHOM 7tyst 7152 SHI W20 LX(SIC. LEHO! HL, AA-OIA

al
GPUQ| #8E2 Tt 16% +&0 E1H85t 227t 2F UL, X9 277t 255h= SEARKPeak

Time)Olli= ZFE AHRI0] RE3 A7 LS,

GPU XIRIS 7HASH 5171 EIBH OH LRsH B0t XIRIS FXE5I0] 2 =
Rrio| HE SOl WH| e PEMAS FAsHs 4 QUL F3t, QEXOR T HEE 52
r

DAl 2 ERI0] X0 MAS SAIARICE THASHE S 710 FHIDHVirtual

<

achine,

V)Rt BB S 4 QIC

0 GPU 7hdeh= 180t o2 ¢
182t GPUS| 7hedek= MIE M| SI=HO(HW) H AZEOSW) XIZ0] oM iR
0fet2 ZHIRLE 7hehs ATEJOHOZ FHE|N SEoh= 7t HRZ0[X(Z, SI=RI0RIES

S20| YTHH 10| 042 O|770ICt. SI=/UE Miholks YRt ol St=RI02] 25 71

17 7H43t 7122 71E SHEQ0] HHIS O1X| 02f 7He] MRt S&i6k= JME =2IXo= LI, 012 7HO| SH=R0f
FHIE |0 otLtel FXIQ WM S5 St SEEQI0 HX|7H 71X 1-E 58S 2Ot RS &85t0]
THE2HEE =0I= 7 IS (HAILIE - ATEQOIEMATA(2018.12), “SRIRE 7HSH 7|&2| Hal EX)

18  TowardsDataScience(2019.3.), “Monitor and Improve GPU Usage for Training Deep Learning Models”

19 HWO| 7HA3HE Solf 2R A4S 0lS20|M Sh= 2R MH| HWEE SARSHAl SEfSHH, OSLE S8X2 TS MR Y
MU 2= U, B0 [t TR VMO| S| FX| 40l SEE = AUSEMUE - ATEQ0P-ANETA(2018.12),
‘SR TSt 7 [E0| Hal AX)
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ZH Q1 QI SHEYI07 & SEIGIAIE HYI0{(firmware)202 EXNSIALE, AIAR! LHOIA SSGIA|
S5t 4= UEE S210|H(Driver)?! AZEQE HIESE7| IHRO|CH &, MIZ0IM XIGHK| &=
TSt 7|58 ZHIZ 786t | SlolAl= MIZQ| SIEQOAQ! SEF QAL FAXE B 2U0I0F ofH,
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UEF 7HSSE X[HoH | ARAICE

3.2. GPU 7Hd3} 71E2| SR/

GPU 7hdet 7|52 713t oTiof Feiot=Liofl et IA| M| 7HK] 7[e2 2R 4= UL 0]
J1&S2 242 API 2|2, B RSt B T7RSE, SH=RUI0 AR 7 HSHo SHFEICE.

(1] AP 2IBE) : GPU HITi7} 7H3H2 XIRISHR 012 T 7HaHE Fatehs

S2RE AN GPUE 7HSkol=s A2 LIEQT 7t E= CIATIRL 22 I/0% HRIE
7hdsloh= AEC 2L 02t 0ICt 1 0lR= TSt 2T XM, NVIDIA?H 22 GPU
= GHIS2 4YUARI 0IRE GPU E210|H2| NI 7134 Aféo 1 AA FEE S| 41T AL
PUZ 7AlsIeH=0| GPU E2I0|HQ] AATEL TAMO| HHO|DZ 0= 2 MQIAISI0| SICt
S, 2JHA AX|L|0{Z!(Reverse Engineering)?31t Zt2 HHOZ GPU CIHIO|A E20[HE 210
EM6H0] $EAO0Z MA|IZ OHECHD i, GPU SEYHE2 ME2 GPU E2I0[HE F7|%o=2
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DHSOIT! CHHIO|A E2{0|H= AJlZH0| SE0| M2t 72| GPUZH X|5HA ElCt. DiX[ez, us
DAL 7Hdst £ HHE YRIS2 7SS K[Hoh= SFEAQ! GPU E2t0[HE HHELSE =
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HZEXQI QIEHO|AZL 17| WhZ0], GPU CIHI0|A E2{0[H2| HIZH0| 0@, GPUE 7Hdatsh=
70| Of24QITICE APIZ4 2|2E A2 HXHIIX| GPU 7Ha3t0f 7HE 0| M0j= BHXQI it
O|ACH, AUM AZE MGt ArtS F=E = U= LHOZ SHSIUCL [1 3-1]2 7Hdst

SHE0IM APl 2|28 44{0] SEfSh= HEIS TASet A0IC.

OH

©

rir
Jis

20 HWOI| Z3HE SWE HWHIZEAIIA MIZSHH, sHie HW2 17|71 0121 7|58 23t = TS S0l : 2|23, H7|E,
WA ). 7I2MoE SBOZ MO 2 27ts6t, RIH0IET} 7|:3._* d2=US.

21 EXHWE Hiofot7| Lloh AIARIC] 2HHMIHI(OS) Liol MX|/SE6h= 2273

22 Input/Output, U= EX|

23  o3st PXEMS Soll AL 22|E W7dsk= 2y

24 API(Application Programming Interface)= 2GHMMI(OS)Lt 2243 AOM HSst= 7Is2 SEEZI30|
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(02 3-1] kst 2HZ0lM AP 2|2E 7[E

S£E08 VMAIZE0S) * SHOITIEHOI : SAE EEIIM Chal It

Ag 2etn Bejsts SWEOR JRTIIEL
EVMMIZHILE 3

Backend <
¢ f * SAE 05 SAE(S20]H SHRN0 AXIE 05
GPURI0I = v A *HAE 03 FHYB{AVMI 2R1E1 05
s 2 GPUE}0[H2{2] *Backend : SAE 087} /A0S EAISH] €]
¢ (CUDA/OpenCL) 3t QIEMm0|A
¢ ﬁ «Frontend : /IAE 0S7} SAE0S SAI6t7| 9

> - 3 QIEIH0|A

- I|1E GPU 2t

API2|2Y

— > HOE/ROEE 55
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Zdo|Ct. 2 2t0|=22l= GPU 22 20| GPUO]| CHSH oMt &hrE S5 If 11 SE0| 21
GPU E2}0|to| =Ef6t7| Hoj| 7}§IH'.: oots B ECt O[ZA| 71201l 352 37 HZEE
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API 2|28} HtAlo] GPU 7Hds}
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VOCL, DS-CUDA 50| %2((= 3-1))

[ 3-1] API 2|25 #Ajo| GPU 713} 71
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GVIM | 31501 7}AIDIAIAION CUDA SEI2 72(App) 2 APIZ EHXY

+ GPU AppO| HIO[E{S CHEOZ M&E 4= = 3RHZ2|(Xenstore) 2
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GVirtuS |« HAE-SAE 7I0| EA HISIAS OH 4517 2loh 2t SHO|HHI0 X7 MISth= 1% S
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