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Abstract

In this paper, we propose an efficient dynamic workload balancing strategy which improves the

performance of high—performance computing system. The key idea of this dynamic workload balancing

strategy 1S to minimize execution time of each job and to maximize the system throughput by

effectively using system resource such as CPU, memory. Also, this strategy dynamically allocates job

by considering demanded memory size of executing job and workload status of each node. If an

overload node occurs due to allocated job, the proposed scheme migrates job, executing in overload

nodes, to another free nodes and reduces the waiting time and execution time of job by balancing

workload of each node. Through simulation, we show that the proposed dynamic workload balancing

strategy based on CPU, memory improves the performance of high-performance computing system

compared to previous strategies.

» Keyword : Allocation, Workload, Migration, Load balancing, Simulation

[. Introduction

W Holy, | 2y, v 7Pl TeEE Qs 7
9] SATA SIE#o]2 Bt} o % ME &0
wHAskaL itk o] & $18 PCl-express B2~
o]291 NVMeZ} 5433tk NVMe: thge 98 F& o]&
ated shubel FE o83 SATA QEFo]~RT) v we
Q1&2S A F38l namespace, end-to-end data protection,
reservation, data set management 52| T3 715 AF
g}, AR 7]Ee] QEE AR E U SATA QIE|#|o] 2~}
9 NVMe® A&aA A= 71sEo] /ML= 7] Wi
o 7)ol digk AAA AFe] ozt [1].

ol& {3 th¥st NVMe 715 A5 HIAE EE0] EAlg
th UEACE tnvmeds LE4AS HAE Fo| EAHAT
tnvmeE linux-2.6.352] Ao Fatelths wdo] E4)
gt} [2]. ES thvmes A2 HZAE AU 25 F71617)
AeA A Zed el gk ols7t B asty] wjitel] %
o] g Aeleh= TAlHe] EAlsh 1E]a HAE AvE
dE, A A FZ5 xds] wEel 7s el tigk A

BAo] Br1s3slth NVMed] 7)%50] A&AH o=
3o A NVMe HIZE & J
o]

- S a8kt 3],

L

ol ol B =Rl E H4, A 7t
[e]

F7heE
o g4, A8 P, BAT BY

)

Mol 7V5dt fEE HAE Zedas Aok, B =k
A A’k ZeEd9lae ] H2E Aue|e A A7
EEE pAHgon HAE AUt T v HH o
2AHER o]FR 9l v W] ~AYEELS NVMe

QIEHlol~ WHolE

Management Command

A&s=  NVMe-cli  (NVMe

Line Interface)& o]-&3to 723151

T AR ek A
e %

3} 2 7ksAe] S Holu v
AT} ) ool g ol galed AEE
44 AFshn A% Ang 2an

e First Author: Jung Kyu Park, Corresponding Author: Jaeho Kim
*Jung Kyu Park (smartjkpark@swu.ac.kr), Dept. of Digital Media Design and Applications, Seoul Women's University
**Jaejo Kim (jh.kim@unist.ac.kr), School of Electrical and Computer Engineering, UNIST

* Received: 2017. 02. 23, Revised: 2017. 03. 24, Accepted: 2017. 04. 18.



18 Journal of The Korea Society of Computer and Information

wge] FAL ged} 2u. 2gel B el Fa Y
%l SATA, NVMe9] zto] 3 NVMeZt Al&sle 71 5ES 4
SR 3o B R A HAE Zeg9a
F2E AR 49NN E AAE TAYN2E T 3
£ O s Aele el Wl dstel Meta
54 Al NVMes] 71558 ¥ =Rl 4 Algkehs vl
E mq9aR HAE # 45 BAs rA o 64
A AEE Pen,

=

[I. Related Works

1. SSD

FA W B A AR Aol = tjaAE= CPU
o} wQl welel HlE] Fgs] W JEY AT Sz Q3
AR Al =Hle] s atete] Fa Agloldrt [4]. w3 H
= ¢ 7] M) 25 woigh o] vl AT FEE O?La
Oi”q MEL AR Ae] FaAo] diFEHIAT [5]. o
Al1717] 918h XVJ%P]% ]#301 ZJﬁr
+ SSD (Solid State

Al ] e [A
J3HA gadE wE
T AMSEWA 145 e

= o A
SSDE b ARG oh]ek A AGlHE A 4

o 72 olf $4 7189 e tlae] A 3

A7) el AgAEOIA EAe] A

o Solt). it 7)4o] WA wel

2o] YA} wolAn £ du] 714 E=E e

7] wlgol )% cheke Rofolq SSD7) el AMEE
7

[¢]

2. SATA SSD, NVMe SSD
H 9 dleld, Held, v Al 59 VEES
3] =& dolE A £5& aTFgr) AN 7|Ee] EAlE
SSDE SATA Qg #Ho] A5 AL&-3}7] w&ol] Ea]2<l o
o] @AZF EAlst a2 A3 Aee dAE Ak
SATA IE]H|o] == AlolE i PCB (914 32 7]3h
A A4S A3k whﬂ_ Qe o] 22N e HT= o
QIEjFo]20]7] wWiEe] AT e

o o
LU R S

obo o rkn‘- 12

M X

PCle W29} NVMe QIEHo|~E
A}E-31= NVMe SSDelth. SATA SSD9F NVMe SSD %e
ol AU gk, 7|EH o2 QlEHo]~9] xpo]=A PCle
QAE|H|o]2~= SATA Qe H o] 2ol Ha] 1] 52 A S A
&3t} SATAZF A ) 600MB/s¢] dlolg A2|&LE Aest
= Aol W) PCle QE Alo]~%= A 1GB/se] HEEEE A

Fl

‘
i

1| System Hast Bus

' Memory

\

! Hardware AHCI HBA
[ saTA controller | [ NvaMe Controller | ‘
Device : 3
[ satassb  |[ ~vMessp | !
Fig. 1. Difference of Hardware Layer of SATA

SSD and NVMe SSD

23t} 3 SATA SSD9F NVMe SSDE AT E o] A3}
tEdo] ASNME 2 Apo] e Holy o]& 19 13} Pt
A A0 SATA QIE|Ho]2 7|¥re] SSD& S4E ‘ﬂ/\e E
a4 Alz=dlel]l AZAEE Fejeolth. SATA SSDe| /0
AHCI (Advanced Host Controller Interface) E?/}Ohﬂ I
E A, AHCI 32E #2 ogE (HBA)S Az A9
SATA HEEH | =28 du. whde] NVMe SSD9| 1/0
2738 PCle FE YEZ E3] NVMe AEZE# | vl =235}

rlo ol

Al =8 SATA QIE]go] 2o Whal ©eet 725 A YA )
ol 3t st=9o] AZe FxZ el o] 2l NVMe SSDE=

SATA SSDETU}
[10,11,12.13].

Ug me EY 4EE wan

[1l. Motivation

2 NVMe: SATA <lElgo]29t g /e Qe o
Aol 7]&dl §ld MZL 75ES AFs] Wil o]
gk A 2 715 A T8 ARE HAFE F de 2
A7t sttt ol $l8) U9 NVMe 7|5 #3 HAE
EE°] EAG AW 7]Ee] EAEE NVMe 715 415 H|
2E 524 dEAe 59 thvme®} oakgate conformance
HAE E52 4, 48 7164, g 24 7FsAdel o
ato] @AAES AU At [2]. NVMe® MER 7]5E°] 7
EaA F7EE L 7] wWlEel NVMe HZE 9] 7442 v

$- SO AR AT 2FE 429 thvmet EE

NVMe HW#Ho7l C++2  FaHYoH  linux-2.6.35,
Ubuntu 10.10 ®WAANMT  F2Fskt}  Linux-2.6.35%+
NVMe =efolss x3betar QA 471 wiiel A<

NVMe E=glo]H 9l dnvmeE A&},
ol g F W] Adoln dA AL AA LR =



Development of Full Coverage Test Framework for NVMe Based Storage 19

Zolulz waali A7) wEel 221 A¥e] NVMe =2fo]
o4 HlAES T 4 gl BARS AT E8 NVMed] A
28 Tl FAE 9o A 44 Aze Bl

Age e s =T AHaok 39 tvmes] AAH<
d

s st e AAlE AYa o] wiiel ols £

Astal A2 a2 IES FTlelE 2ol A4 & [14

”

—

T N2 H2E AYZE st A F9ol=
tnvme$} dnvme®] BE AAFEo] tdh o]s|w} Zlojok 3t
o} ol tnvmeZ} Y A& sl WS- 2 HAE A
Yal 9SS gn)3ith 3 tnvmes YH 9 HAEE] s
o] IFS olFL glom sl IF <t EAlgtE HAEE
< A& ol oEE AL Yt mHeF HAES Y EF

.

A
1 Qe sfube] H2EV Asek A o|EA0 R 3 |
EE AgHE tA] Fa3)oF gt EH 2
s|dstr] flste] EAE ATt AR mlg- E3sh A=
& HZE AU s st 4L A9dE &y #AE
sAdsorit k= shAA o] EAIg [2].
7 2% tnvmed] AAToIt) 19 2(a) W3] A

o AP es & 5 Uk

o END TEST:
Iteration SUMMARY passed : 166
failed : @
skipped: 6
total : 172
Stop loop execution #1

(a) Test Result 1

tnvme: Parsing cmd Uine: ../tnvme/tnvme —log=./Logs —k skiptest.cfg —detail=3:0

tnvme: Execution will skip test case(s): 1:ALL.ALL.ALL,

tovme binary: v/2.0

tnvme compiled against dnvme API: v/1.1.0

dnvme API residing within kernel: v/1.1.0

3: Group:Basic Initialization

0.0.5: Test:Delete contiguous 10CQ and 10SQ's
Compliance: revision 1.0b, section 7

Issue the admin commands Delete I/0 SQ and Delete 1/Q CQto the ASQ and
reap the resulting CE's from the ACQ to certify those the contiguous
100's have been deleted. Dumping driver metrics before and after the
deletion will prove the dnvme/hdw has removed those Q's

(b) Test Result 2

Fig. 2. Test Results of tnvme
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* NVMe-cli command
* micro command validity check

# Macro script

* Test environment check
a. Target device check
b. Command support check
* Test environment initialization
a. Deleting all namespace
b. Creating/attaching namespace
» Test scenario (Set of micro script)
* Device fault check
a. Target device check after NPOR
b. 1/O verify

Fig. 4. Structure of Micro and Macro Script

2
S
ol
ol
rlr

}Olii ZIYE, 38 A3
o] 2= 7|E BEY EA-INH
s 21  mlo] R AT YES} v
a8 49} 23, O foAE A3 Y
th npe] A2 AAHENNE T HH
ol WP ol AT v} ol
= Algsto 2% NVMe-cliZ} ¥t
golo] A it of

A Weole] FaAHT} it

N
M
ot X
m
1201
ox,
?NJH‘IUQ
(o 1
o

s

2
lo
N
olf
Cooml
of\
[o
4y M
1o oot
g
r‘l

of
~ o
of —Q

n= g

rlot
ot
rir
tlo
-
i)
_O‘L
£
an)
mO

off A4 ggar Al
FHAA=AE HE

s
i
i
L
=2

gt} 9 E9] NVMed create " H o]

B 1 AREAN G A] B2 namespace’t ZEEH
AdE e olE gRlste] T WEHo 9] V)5S HAFdth

AR ~239ES] A9 HEE Augoznt A5 &

Functionality Device File & Command
Start Support check

yes

Micro
Script
Success?

micro-script
iteration

Scenario end &
Device Fault Verify
Device
Fault?

yes

Functionality Test
Success

Functionality Test
Fail

Fig. 5. Flowchart Of Macro Script Execution

deh 37 4 FReg H2E 874 AR
;73 2718}, HAE AUEle, NVMe 449+
Azom oo, HAE 94 A e HAEE
A o] o] lEAE AT WA HAE &
3AFER= NVMe FAstde] EAjo)5-2 gletal A EE
A BB A ARgataLAtehs ol S AdsheA] of ¥

¢

il

A =
£ B NVMe| 4$ @ Waolsl A Qo is AES
g Ul EAshs Asaree] 3 MpRA 48] wiol
7} wejolo] sjutshs Mg Ak HHo] A9r-E B
i,

H2E 34 Z7]stolr= o] H=Ed A A=A

[¢]
namespaceES B AHAEIAL Al A4
Z718}3it}, o] 3o A ©d WHolEe ZFoR o]Fo]
H2E AlUg|ort FaHr). HAE A o
*3351 o] ol &= NVMe &= 9] 7‘%@% AZ3th NVMe 33|
of 4% HFL Eﬂ*E "Wrﬂ = '6}7] R
o) u

namespace 2} E
IS o /\V\E“O] B 7§—°r7P 74 Riwst
ok Eg o] A3 %2 | e
& A5-5 dirlste /07 A3A o s FaEEA] o
t}, o]& 1Y HolA SAER %
g w3z 23 HEAN 747 7%
sHAl ASetal ol 2 ddw
NVMe 7159 gt gk £4¢] 7453,

ok

booff B
4
o
iin)
o o
o
%



Development of Full Coverage Test Framework for NVMe Based Storage 21

V. Implementation
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Table 2. Device Defect Verification Items

Verification items Test scenario

Check whether the system's device file

check device_1 )
exists
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I/O verification |check 1/0 availability of namespace
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Table 4. Namespace Management and Combination of
Other Commands
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> le
el

(create 8 namesapce —> delete 8 namesapce)
create-ns: Success, created nsid:
Success, created nsid:2
Success, created nsid:3
Success, created nsid:d
Success, created nsid:5
Success, created nsid:6
Success, created nsid:7
Success, created nsid:8
: Success, deleted nsid:1
: Success, deleted nsid:2
Success, deleted nsid:3
Success, deleted nsid:4
Success, deleted nsid:5
Success, deleted nsid:6
e-ns: Success, deleted nsid:7
delete-ns: Success, deleted nsid:8

<Device fault verify>
{ Rescanning /dev/nvme@n1
: 1 SPOR Time : 8.326 seconds [ 2016. 11. 15. (81) 23:03:47 KST 1} (g
i NVMe device detected success (device check 1) \
i NVMe device detected success (device check 2)
i NVMe I/0 verify test success (device check 3)

.........

Fig. 6. Results of Test Scenario
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dev/nvmed i/o verify test fail

Fig. 7. Result of Devide Fault
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VI. Results
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dev/nvme®@nl out of range write commad success —> test fail

Fig. 8. Result of Function Fail
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Table 5. Test Results of M.2 MVMe SSD

Verification items Test scenario

Namespace test

N namespace format —> format verify

21
Namespace test | N namespaceE format —> power cycle
22 —> namespace, device check

Namespace test —> namespace size
23 check by nsze

Generate more namespace than device

namespace create

Namespace test

capacity ->
25 pacity

power cycle —> device

check
Namespace + | N namespace write —> power cycle —>
1/0 test 14 1/0O verify
Namespace + | N namespace write —> flush —> power
1/0 test 16 cycle —> 1/0 verify
Namespace + | N namespace write—uncorrectable —>
1/0O test 17 read —> 1/O verify
Namespace + | N namespace write—uncorrectable —>
1/0 test 18 read —> power cycle —> 1/O verify
Namespace + | N namespace write—zeros —> read —>
1/O test 20 power cycle —> 1/0 verify

N namespace create —-> namespace
Attempts to | / O over a LBA range —>

1/0 verify

Namespace +
1/0 test 23
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