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Abstract Linux Cgroups takes a fundamental role for sharing system resources among multiple containers
on container-based cloud computing environment. Especially for I/O resource, Linux Cgroups supports
a mechanism for sharing 1/O bandwidth in proportion to I/O weight. However, the current mechanism
of Linux Cgroups using BFQ 1/O scheduler seriously degrades the I/O performance with high bandwidth
storage device such as NVMe SSDs. In this paper, we proposed a new feedback based I/O bandwidth
sharing scheme for Linux Cgroups which allocates I/O credits to containers according to I/O weights
and adjusts the amount of credits to performance fluctuation of NVMe SSDs. The proposed scheme is
implemented on Linux kernel 5.3 and evaluated. The evaluation results show that it can share the I/O
bandwidth among multiple containers proportionally to I/O weights while improving I/O performance

more than twice as high as the existing scheme.

Key Words : Cloud service, Linux Cgroups, BFQ scheduler, Proportional I/O bandwidth sharing, NVMe

SSD
239, BAEln PRAFEFEE Received: 9 May, 2020 / Revised: 30 May, 2020 /
" ZJE]"-] Fatdstn A EAFE TR (WAIARD Accepted: 5 June, 2020
AR 20204 59 9Y, +¥Y=E 20209 5¢ 30 "Corresponding Author: sungyong.ahn@pusan.ac.kr
ARG LA; 20208 6¢¥ 5 School of Computer Science and Engineering, Pusan National

University, Korea

_97_



Dynamic Bandwidth Distribution Method for High Performance
Non-volatile Memory in Cloud Computing Environment

.M B

sy Zeer  #ARYY @AdME  aas
(Infrastructures-as-a-Service)?S 0|83 Es=o] A}
BAEA AMH|A £F FA  (Service Level
Agreement)®l Tt CPU, HEg], AR} 22 A|
AF LS AlTotal AHAES AR Aol wEt
H8-2 A EAHY. B3] NVMe SSD2 22 H] 9]
e 718k 145 AR 7 5F6HHAl 4 GB/s
9 =2 dEY HY9EE Bicle AV 52
Il 213}[5].

2% Cgroups(Control groups)®S Z2AA 1
F E& CPU, WEY, AR} 22 AAE A&
dFok= fwmi ALY Y dF ZHAYAE H o]
Y 7|5ke] SR AH|A LS4 ARl 9T
G5k U} 2lA CgroupsollAls AEZR] 9] tjY
EZ 7} ol olA Eulisty] s 7HsA] vlE A
g 7]H(Proportional I/O Sharing Scheme)& A
StaL Qlet. @A 252 CgroupsOlAls BFQ &A1&
"2 ol gsf 7154 HlE AY G /M ALl 9
o I8y BFQ AAEE = AAEE QHdErt U&E
#A 15 AZZA ] HidolA] Ark= FAF] Utk

oA 2 =golAds GE-F 7I9e 15 At
Ag A 2L 7154 vlE 428 A4 @9 78S
Aokt AQKet 7S 7FeA] 719 54 AR &
g= &9l 185 AEHAY HIEE 7 Kool A
Fedos Jufgith & =RolA Aokt 7 gsa
Adol 2y FA=YeH 5 7t Ao I2H 7}
FA vE 4EE Y92 dFE FAcstHEAE Ve
BFQ 2AIEZet H|ud of 28 o]} =2 45 TS
s

£ =79 A2 thet 2k 20N E V1€ g
2 Cgrpups?] ¥&8 A &9 71¥9 A= 716t
I EAREE Ao oA & =wolA At

e 4 APPAES 9Iet TS Sute] 42 A

2 1. 48 &4
Table 1. Experimental environment
CPU Intel Xeon E5-2620v4 2.1GHz, 8 core x 2
Memory 32G

Intel® SSD DC P4500 Series (1.0TB, 2.5in
PCle 3.1 x4, 3D1, TLC)

oS Ubuntu 18.04, Linux Kernel 5.3.11
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Table 2. The queue status of BFQ scheduler according
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