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{ Executive Summary )

Research and commercialization of using GPU(Graphic Processing Unit) for cloud
computing is gradually spreading. AS Al rises, Cloud computing that is the
infrastructure to operate Al and the storage that supplies 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 it, then it require high
performance Cloud computing. GPUs have a large number of cores, which are
advantageous for parallel processing, and are cheaper per core than CPUs. This has
led to the emergence of leveraging GPUs as Cloud computing resources. Cloud
computing is a technology on which virtualization is fundamental. Therefore,
virtualization is also required to utilize the GPU as a complete cloud resource. GPU
virtualization has been a difficult and complex technology, but many researches
have recently released products that support virtualization in hardware. 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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Difference between the core of CPU & GPU
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Fast Serial Processing Scalable Parallel Processing

Latency-optimized  Throughput-optimized
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HARE| 77t $EE Boop @k o AW wE wojx 100%e)
FHAASNA HHZEGR 199 AT HED B2, AgEss Y5

wehdTh, WE PR Ag] Azte]l B%E Wak ojue, AU SEE
o= B HIAASS UmA P4 FAE Ex QoW Hrh @A

il 9w Azke] FA ©EE F ok

GPUE A &3te HAFE Alx"o] Azl gaxa Qs A HA Top500
EEZ A Yeldtt dAA FHAFEY 27% o]/d1Do] CPUL GPUE ZAHsH
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:lu

Top500 10$] Ul <73} 7 F¢

o TopS0 %5 % 10919 el #RARE S Aol CPUS B8she
O 2 YES (Summit, Sierra, Piz Daint, ABCI, Lassen 5)

#* 2-2> ™ MA Topl0 wiHZAFFH
oS =7t NENE!

IBM Power System AC922, IBM POWER9 22C
1 Summit o]= |3.07GHz, NVIDIA Volta GVI100, Dual-rail| 2,414,592|148,600.0
Mellanox EDR Infiniband ,
IBM Power System AC922, IBM POWER9 22C
2 Sierra o]= |3.1GHz, NVIDIA Volta GVI100, Dual-rail| 1,572,480 94,640.0
Mellanox EDR Infiniband
3 Sunway - Sunway MPP, Sunway SW26010 260C
TaihuLight | ® 7 |1.45GHz, Sunway |,

. = TH-IVB-FEP Cluster, Intel Xeon E5-2692v2
4 | Tanhe-2A | 3= 1150 9 9GHy, TH Express-2, Matrix-2000
Dell (C6420, Xeon Platinum 8280 28C
2.7GHz, Mellanox InfiniBand HDR
Cray XC50, Xeon E5-2690v3 12C 2.6GHz,
Aries interconnect, NVIDIA Tesla P100

Cray XC40, Xeon Eb5-2698v3 16C 2.3GHz,

0| s
(&) (TFlop/S)

i
o

10,649,600 93,014.6

4,981,760| 61,444.5

5 Frontera o] =+ 448,448| 23,516.4

6 Piz Daint |2A$2 387,872 21,230.0

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

o1 |ThinkSystem SD650, Xeon Platinum 8174
= |24C 3.1GHz, Intel Omni-Path

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

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

%&A] © Topb00.org
%% 1 A28 Y] GPU 282 2 o2 17|

2o v =2—

*TFlop/s : Hl2tE§2, 8 AFEY s AE2HK, 1TFlop/st £F 1£(107) 39| B54527(Flop)date 53

11) nVIDIA, “Record 136 NVIDIA GPU-Accelerated Supercomputers Feature in TOP500 Ranking” , 2019.11.19.
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1 Apple o] = 1,190 iCloud
2 Microsoft o) = 1,155 Azure
3 Google (Alphabet) o] = 905 | Google Cloud Platform(GCP)
4 Amazon o) = 901 AWS
5 Facebook o) = 576 |Intel, AWS, MS 229t =8

%2 2019.11.30.71&
%AtgAFT : PWC, “Global Top 100 companies by market capitalisation”, 2019.07.

iWeblists, “US commerce Stock Market Capitalization of the 50 Largest American Companies®,
2019.11.30.
Corporatelnformation, Top 100 list, 2019.
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3.1. GPU 7133l 3847 S¢E 4 &

[1 GPU=R Ao E&AQ &&& S 743t 24

e e 7B F o7 yPsK(Virtualization)l? 7|Eg 7|Ho g FHAE =T,
GPU A#FEE A&HoE F&sly] dsixx 7H33 7leo] Fesit. GPU
e ‘Ade 5284 &8 olgte SFHolA 7S
719 FA 3 o] JX gt IurHl g, A=EHAA GPUSY &EE&EL
By 15% gl B A9t FF U3, Ad L87UF FFse

578 A1ZHpeak time)oll= HFE Aol F57 A5-7F TR,

[ GPU /M8t 15< ol8ld o
TEe GPUS Jhdste AE AzAAC] SEOIHW) L AZELEW)
Aol glold WS ofele RAGL EE aZedolror FHHM
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