2019 FA et L E3| ==F H26H M25 (2019, 11)

RPC 7|49+ GPU 7133} 37 o A
GPU 2] 23 AbE Al BA 8= 7 Al

Atole] de =t d A 47

>

FAET, ol A, dERT
aE g AFE
T rbEY g ekl 1T e
e-mail : {k2j23h, smreodmlvl}@korea.ac.kr, jmgil@cu.ac.kr

Analyzing performance imbalance between virtual
machines caused by excessive use of GPU memory In
RPC-based GPU virtualization environments

Jihun Kang®, Jachak Lee", Joon-Min Gil**
“Dept. of Computer Science and Engineering, Korea University
“*School of IT Engineering, Catholic University of Daegu

@ o

Fee-= sAoE TP Al nAE dAAE A9 7] 918 Graphic Processing Unit(GPU)E A}
ot THEHAES 3HAAS Al S8AHQ A 2AEYHE AR dEel AFE A
I Abgo® Qg Ao Adrt TANE T4 AEE FHE MEHAIE Ao EEsHA 54
#}. ekA "k GPU ﬁ*&«] BT us Z]'ua T3 w st=do] 7wk 2AEHE AR JPd
o] 4=y #YdE& AT stolFHutol A9 First In First Out(FIFO) 7|8t 2A1E7 7Moo Qs 7wl
aiv‘r w =wolME GPU W E 23 AREshe A0 Tl Ee
g BAE A e

= Q1%

Be ofo

™ o

1. MB Ao gkt R GPGPU #S AMgs] GPU
AN A FolE ALEF FE HEAYZ E4 e 29 ARS ARl wE JPEeAl Abele] AT =

1AS A4S A Y3F= Graphic Processing Unit(GPU) g wAE 2T
 Fees GYAE AgRAeI] s AW A
Ask7] 18l ArgEoih AR AgAL AgvIAl A} 2. 718 7=
olo] THAL ZaAFE ZEes AN ALY T& 2 =FoAE GPU WREY 23 AM§o=Z A% 7MY
& IHskA @& GPUS st=9o] 7|9k FIFO =A% Al Alele]l Ae EdE EAE B487] 9 929
WA 3EAAS AFsted Akl wadh 7HdE 34 ol AFE T3 LEL2 7N 7E ZYE Xen[2]9
ol A thgrol Mg Ale]l GPUE Ffsts #4oA9 A 4% RPC 719k GPU 743t 84S A&t &
GPU taske] 393 ~A=8gS E3 234 Ast LA =o A AFEE RPC 7]4F GPU 7H3sl @7 AA T
N Ast7] fg ikt ?[1]5 ﬂ]OFEl%iD‘r A vt GPU ZE (2" Dy 2
task 2AlE"HE 3 71E E2 GPGPU Zgjol A
GPU dAF AZo ZH4Ho =z zsg = GPU #H®2F 9 | G:::i?‘__ . Virtual Machine Virtual Machine

Jol8] &9 el @ ~AEYS welsty A @ | e crcrunpptcaton | | | [ cparuapptcation
ow GPU Wmele] 23 A4S meaA et [ ororan | —

® B g el el GRUS T3 o et || [ e

31 9l RPC 714 GPU 713F st A th4e 7k : }
Aol A3 %= General Purpose Graphic Processing Pass-Through RPC Communication
unit(GPGPU) #41¢] GPU wlxe 2 o] 714 GPU | Hypervisor |
Mree 2349< W 3 A5e SPan w3 ehu |
T o] mRe 0199% AR(AH)] AYoR FaATAEe] A (29 1) ¥ =2 RPC 7|8 GPU 71438 A2~

Ae wol #=3E 7|2 A4 2 (No. NRF-2019R1F1A1062039).

-113 -



2019 FA et L E3| ==F H26H M25 (2019, 11)

2 =% RPC 7|8k GPU 7Hd3h AlZelol A Abg

4 744 Aol RPCE %3l 843 GPGPU 2g1S 7 e
~ ~ 40 Oole Y% mePu @M OGHOE &Y
2l5t7] 918 RPC AW 938 Fast= GPGPUvmel &} B e a6
‘_ . _ 32 il 30501 33 30444
iogels wEe NS Agdt Anase . |
GPGPU #4s 3 GPGPUvm¥ RPC EAlS& & ra24 ‘
20
dl APIE H$% 4 =% 549 OpenCLI3]S AH8-3} L — —
HGPGPUvmm< Direct Pass-through[4] =4S %3 1z |
GPU°l =x# o= g 4
GPGPU 2l orH W@ 23t go] GPU A4t "Twr wz s owe wes
T2 fgoly 4&F YL F3y3. GPU o7l ALt (717 3) 8192x8192 &A@ F A A=
S FHs7] e E Aatel AHEE = dlolE 7 GPU v
welol Ealalor kAW GPU vmelol dolEE A3 3 (29 29 (2§ DE DS IS AES e
AsAY AH oS 4 glormz e R GPU H 7168x7168 1€l 8192x8192 719 qE FAS FAl
wel Apolel dlolEl A4S Fal el g dejgs S UWE W AT Loldrh TIGSTIGE R A
Uﬂ?_]_ U‘]]Lj_ﬂoﬂ*ﬂ GPU Uﬂ}lj_a]i %/\]'—85_7. 01_:]_/1\} 7331]_%}\_% 8192x8192 6§E‘ﬂi 'T}:lr_)\{‘j]% 57H‘0/] 7]'}2}1]1}1\_1% }\}'%%H %}\]oﬂ
GPU dlmelol s wal dime BApshs g&d gqg 007171 SISAE = 2040 MB, 3840 MBS GPU ]
WA oz g e}, wEl7t destes GPGPU A< +3stA =™ GPU
W Ee B% Aol wAGth ol& <l GPU H =9
3. Alg dole d&9 Ao s Z7te) sdviEe As
. =
Aol 7k wAs 55 AAEA L] B 7}z
olul oA ARE Ea GPU Wmale]l za AL Zpol 7k W AYsHA =W, 53], GPU ARk A 247t
- N § § = . o] 7pdw el Z AolE Holx FAIRE dHolH P&
ALS [e] A o Al &
o ooﬂ 1 E]——,—,] 7}'0‘}]}1\_]0] GPGPU Xﬁ(\}:}a o}‘]oﬂ aag &]'CSQ] 7§‘?" = }‘é}é "]-0]% i_']_?_@_ 2= O]D]—
g o GPU Wiz FAAS=ZE Qs HAst= A 503
ZAE BAS 18] 1AL <H 1
<#E 1> A2y &4 2 =idAe A8Ss 3 GPUY 71E =AEY W
Host Machine GPGPUvm VM A2 GPU Wixgs 23 AHEE A9l o345 248
CPU Intel Xeon 4 VCPU 4 VCPU o Z&HolA frhe RS FAsATE AP At A
Wepy) BB wolFEo] 7 sbgviAleld Adsis GPGPU A9
Memory 32 GB 5 GB 4 GB = -
Radeon HD 6750 GPU AXAIZFe dd AT GPU WEE 9 =2 A|z7H
GPU : (1GB GPU - o gl Alelol A A Aok EAlEE AS BAW
M .
0s Ubuntu 14.04 Winedn;:/rsy}7 Windows 7 o dvela s A i EaAldn Ads s GPGPU
Hypervisor Xen 4.4.1 - - e e 458 Ay 2AEL Ve 4 A
o]

How=Re A¥Ss 98 579 MgHAS AFEEd
RPC F4l& &3 dAdd 7w iE9 GPGPU #<d&
Al Aty 9Jsl RPC AW 9aS Fass= 149

ol

. PN gy
GPGPUvm< A&t} 7HdH2lE9] % SAHS 96 0 7h Hush G T 4c L
bl Aol A OpenCLE AHgsl FdE 98 F42 29 o TUShens, TUANEMO  Tong, and wong
s} "GPES: A preemptive execution system for GPGPU
T computing.” 21st IEEE Real-Time and Embedded
) Cools) AW mePu HA Coole 4N Technology and Applications Symposium. IEEE, 2015.
16 o [2] Barham P, Dragovic B, Fraser K, Hand S, Harris T,
] 12.812 = Ho A, Neugebauer R, Pratt I, Warfield A. “Xen and the art
"’ 2631 of virtualization”. In Proceedings of the nineteenth acm
- — - " 8.941
“?Js — —_— symposium on operating systems principles, SOSP ’03.
L1 | ACM:New York, NY, USA, 2003; 164 - 177.
4 | [3] OpenCL: Open Computing Language. https://www.
khronos.org/opencl/.
o —L— 1t 1 1 —-l: S I SR S E— . o .
e s s i Vs [4] VGA Passthrough. https://wiki.xen.org/wiki/Xen_VGA
(g 2) 7168x7168 dE H4 A= _Passthrough.

- 114 -





