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Performance Management Technique of Remote VR Service for Multiple
Users in Container-Based Cloud Environments Sharing GPU

Jihun Kang'

ABSTRACT

Virtual Reality(VR) technology is an interface technology that is actively used in various audio-visual-based applications by showing users
a virtual world composed of computer graphics. Since VR-based applications are graphic processing-based applications, expensive computing
devices equipped with Graphics Processing Unit(GPU) are essential for graphic processing. This incurs a cost burden on VR application users
for maintaining and managing computing devices, and as one of the solutions to this, a method of operating services in cloud environments
is being used. This paper proposes a performance management technique to address the problem of performance interference between
containers owing to GPU resource competition in container-based high-performance cloud environments in which multiple containers share
a single GPU. The proposed technique reduces performance deviation due to performance interference, helping provide uniform
performance-based remote VR services for users. In addition, this paper verifies the efficiency of the proposed technique through experiments.
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Algorithm 1: Performance Monitoring algorithm

1 | monitoring_count = 0;
T FPScheck_timer_period = 1 sec;
73 on_timer( FPScheck_timer_period )
T if frame_update
T frame_count++;
T sumFPS =+ frame_count;
7] endif
78 monitoring_count++;
T if monitoring_count == 0
TO MinFPS, MaxFPS = frame_count;
T else if 0 ¢ frame_count (5
T if frame_count ) MaxFPS
TS MaxFPS = frame_count;
7 else if frame_count < MinFPS
TS MinFPS = frame_count:
Y end if
T7 else if monitoring_count ==
18| devMax = MaxFPS - ( sumFPS / 5 ):
19| devMin = (sumFPS / 5 ) - MinFPS;
20| if devMax + devMin ) «
21 ] [l add new container
? Send monitoring information;
o end if
73 end if

Algorithm 18] 21¥# & o %2 FPS HA}o] Hist A%
07 3704 & HEolHolA VR -8 AT A 2
FEh o ¢ FHd, 24 FPSY ®AE 24| Y8 15
2 A4 sttt XS 33olA 3t AF 9 A7AY VR
580l FPS WA} A5 7+ 4o g WAlst= Ao] oty
g X&H o0& FPS WAL WAshs 4TS Hol7] o
VR S804 &35 FPS golAl Hof, 4 FPS Ato]9] #H
AkS TSt

2 =FEA Ajtel= BYEE 7HS 34 A9
Zo] BUHY -2 VR 383 SAE OS F @9
9 VR 58 WA= VR 389 FPSE &4t
E 0S 99A= GPU A AME=F VR 582 Adst
Aol g EH5HH, RE BUEHP HJE=
OSo|A #ejgict. o] oA At ZYEE 7Y

R U 4 Do .

1>

e

4
)
)
H
i
o,
ol
ox
Hr
rr
<
=
[e](e}

o P

°)
[H
)
dS
N
i)
filo
40
i)
o
Y

o= ARgE L FPS RYEHS 93t g<4= Unity3D <l
e Ae8) +EE 7 VR 389 &4 FEOA VR 3-89
UG Aok Update() T Wl & 3714, £ =
2ollA VR 3-89 A5 58S ol 71t & B &
VR S804 Z4H FPS AEE TAE 089 Asdch &
gk & =RolA Ajket BUEyg 72 oA Ag At



16 HBX2ISE|=2X|/ZRE U EA AIAR H11H H15(2022. 1)
Zol o, 4 FPS AL 4A & o)A vt d5s
7] &0 EE Attt BYUHY JH AL S HASSict

o3 AollA Age VR 589 FPS &g 71H2 VR &8
9] FPS, @A Ay F<1 HEolve 4 28] GPU 2
AREFS 7|HEC R VR $-80] 4¢3t FPSE 24T = U=
2 VR 289] FPSE Z&3t} VR 2-89] FPS #] 7|He
oS AollA ZAs] Ageict.

4.3 VR S89| =9 Zefgf & &2
2 =29 F8 2H;E o 79| AHelHolA A El
VR &89 GPU A A& oty 443 45
gote Aolt. olE sl ol oAM= e oy, GP
23l VR 58l Hiet BUEF 7Ho ) dgstoial o
FolAe e ZYEP JEE 7Ite® VR 589 FPS
7t LA =R A Hshs s o 7S dEtith
ol Aol A Y3t Ao '5H BRIt A} o] vho]
ZAE ol 7t FAlo] VR 3-8 AP 1 Bt FPS7t A5}s]
35, A4 FPSel BAE ARE, 54 2k PP 2
gt ol HMDY dhd AA wirroh 5ok AS5S JAsH=
e EARET. ZHeldolA VR 582 st 7IE
ojul 7|gt SeheE AolA= E=o GPU A 49 7le
o] AZHA] ek7] WEo] VR S-S WY IS et
‘ﬂ1 /‘}‘Q“‘ﬂ' T e GPU A 2T ARgsto] &S =+
o|Z I8} GPU 2Heie] Aol WASIT A &
2 593 1) GPU 492 B934 thE Adolo) ag
NCERERIEE wf’ e gt
@l GPUS FR3H: ZAeolut VR 382 £33 1
& GPU A& et AH83HA rau} w3, 94 At
2% 2ol G Ael AU ATHoLL SE AefolE
g0 GPU A+ A glo] GPUS Hthat o] AMgsH:
o)) 2] 718 Aol 212 B Yeetd .
oA A Fol LE ulolue] 4L Wt e B
7Fs3ith VR 3-89 #4 FPSE HMDO b A&y wle
ooz EYsy] AsiAe Eﬂ°M7} A8 Ade o
@ol Ay &= A== GPU Ad< o @ol AlssfoF 5,
ol& {siAE 718 GPU AUE g dfof gttt
ShA| gt A3t o] AHelHoM == VR 382
A4l *} & 4 A= GPU A4S S ARt oz
A3l FL FHL A Hdl FPSE H k= A& GPU
£ 3#dhe ZHeIW ] g &0l B fdle &7ks
Stet. E3E, o] ] Ad AdolA Hzo] VR 3-89 FH
FPSE= HMDO] 3h A Blz=Roh E4 52 329 "é“ =
245t dizoll Ao FPSe] 2 FojHlst, VR 88
o FPSe FA Aol A= g o9 Tt X}
JEolM 2AE = e Hd deelv] Wedl L A

g A Aol i FPSE 7= AL E7Fs0IH

LIFUKLFIF

ol

i

oeba & =7olA= VR $-89 4 FPSe 2 &3l
Fdi, 4 FPSO ®HAE HAAZ|AL 24 FPS7F HMDE]
SHA A W= o] H5g BN 5 Btttk

2 =EoA= ol AollA £3% A AoE S €<
St ZgoYollA Ag=EE VR 589 54 7stoz A
ololA APHE VR 322 FPS HAES #4317 A3
VR -89 [t FPSE Algtsto] £ Q% Adyg A4S 3
&35 o5 Fof 7HE A gEgE VR -89 FHd
FPSE AlgtslH VR 8-8&°l AMgst= GPU A ARG-o]

48 70]1 0|2 E3] Agoly Alo]9] GPU AL ARS

S 4 9om, AHoluEo] 718 A4S o B8Y %

fujrt
0

ﬂ.I

9014 VR $-89] 4ol AAHOR FYTT A FPSE
P4 % ek

B =504 A9sH= VR 3-89 A% &l 7¥e i
FPSE &Jot7] ¥all VR §-89 df FPSE HAT o=z
Agtsto] 718 XY FH VR 89 FPSE 7|20
= HMDY| 3 A4 ¥l=g o] A|g = olof girt.
o] Ao A VR -3-&°] FPS7F HMDO] 3hd A48 ¥l=9}
2od EZ83t A5y 2GS AAS = UARARE Ik
o7 nydE s gt deg AP T2 HEeR
AYE= AL BASHA] =t} 1§ E°] Fig. 83 Zo] 1
Z 3¢ o7 7] my}lo] BAE o RE ZEYdL &

]Z_ Zl— oz }\H/\-]E]x] J-};\:]- ﬁ-ﬂﬂ 10 AHA-]OL z]-?j
AREALS] 4E ZJolut g HlolE Aol wet A
FF '?:*—t—t}. ojZgt EHOZ ]l tfAEd o] X9 3}
o 2P BlEet 7B F2o) BAE AR gAto] MAE A|7F
Atol9] UW] Sk Zpol7t AT £k qlow, @A A-ET
= 52 A-d A4 ZEdS EYoHA € sk Utk

Sk Ay Riel m|Qlo] A4 Al Ate]9] Zpol= VR
3-89 FPS7F &vhd siZ2€ 4 Stk VR 3-89 FPS7t &
= A2 29 BA4Es A9 A4 1Mol Hrh= A2
Sobe, Sk A8 AT 7 F2el BAE =9

4
Aol Mol Sl oldink 4G AU A4S U
]_

N

o[r Mo rlo

I

;

|

h= o

=
o AgA7L Bt QurHQl AHY BAIAE B

Display Refresh Interval

: ! Time
1 ,’

' J

Time

Display Buffer
Update Interval

Fig. 8. Display Refresh and Graphic Rendering



GPUE SFol= ZEIOIH 7|Eh S2RL 2HE0M ol ABAE ffet B4 VR MHIAS g5 2| 71 17

|27 GPUE &E4-57] "ol VR -89 FPSE g
= fA6k= #ol antdo s &89 & YA, AR
ALE o] AR FRoke S5 04 VR $-&
9] FPSE gt =A FAskH= A2 Fig. 83 2ol AA| A
|57 gs T Hxgt o= Qs GPUE 3Rt
= gy Ae]9] A Aol Asixict. wEhA 2 =7
A VR 589 X FPSE AlRHE o g o< GPU &
A AgFS 1ste] o FPS Hdigh B4 AT 5 U=
& Xdf FPSE Algteto] zdEloly Ate]9] GPU A AAS
F4slsla o]E 3 4 FPSE P4t AL ZHE g
o} £ =704 AQtols 712 GPU A ARSHFE 118
sto] Hdf FPS Algkolr] W&o GPU A+ AAS &sfotd
A A A AT 2 Qo] A A ApolE Mg &
A &Y== AR GPU AY AHoA 24T 4 &=

3t =2 FPSE fA1Z & Ut

-

Algorithm 2: Performance managing algorithm

1 | while(
T if Receive monitoring information
T receive_counter++;
T receive_time = now,
T FPS[] = monitoring information;
T if now - receive_time ) 5
T && receive_counter == 1
T receive_counter ==
T else if receive_counter ==
10 | for each FPS[]
11 FPS_diff =+ max(FPS) - FPS]
12 | FPS_diff = FPS_diff / 4
13 FPS_avg = (max(FPS) + min(FPS)) / 2
14 | if FPS_diff ¢ FPS_avg
175 set VR app’s max_fps = FPS_avg;
16 | else if FPS_diff ) FPS_avg
17 | receive_counter ==
178 end if
179 end for
TO end if
21| endif
" 22| if add new container
TS Receive monitoring information
7 set all VR app’s max_fps = min(FPS);
TS set new VR app’s max_fps = min(FPS);
? end if
T7 if GPU resource usage < 100%
TS set all VR app’s max_fps =+ 5;
T9 end if
? end while
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Table 1. Experiment Environment
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Fig. 9. Reduction of FPS Deviation Through the Proposed Merhod
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Fig. 12. Performance with 1,500 3D Sphere Models
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