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B Abstract =

This paper considers service deployment and priority optimization for multiple service-oriented applications sharing
reusable services, which are deployed as multiple instances in the cloud. In order to handle variations in the workloads
of the multiple applications, service instances of the individual reusable services are dynamically provisioned in the
cloud. Also service priorities for each application in a particular reusable service are dynamically adjusted. In this paper,
we propose an analytic performance model, based on a queueing network model, to predict the expected sojourn times
of multiple service-oriented applications, given the number of service instances and priority disciplines in individual
reusable services. We also propose a simple heuristic algorithm to search an optimal number of service instances
in the cloud and service priority disciplines for each application in individual reusable services. A numerical example
is also presented to demonstrate the applicability of the proposed performance model and algorithm to the proposed
optimal decision problem.
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woll gk ojoje} dAE AAETE £ nysiAe gton, giiE AlEdeld 7Rk
o] A% A RAE ]88t tHBrebner, 2009
2. A& o+t Brebner et al., 2009; Chudov et al., 2011; Teixeira
et al, 2009) 11t A 4golA & F dxo] A
A =7HA4] SOA 304 882 s A Wt A2 Wl Q1B 2o} 9] 23] Bl E T
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4 ek 283 7F ¢8-S <Figure 1>3} 2] E]*?
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flow) 2 EAFH, 4455 BPEL(OASIS, 2007)
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The workflow of Application 1
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The workflow of Application 2

{Figure 1> Typical Examples of the Workflows of
Service-Oriented Applications(Adapted
from Kim(2013b))
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(Table 2) The Total Cost under Various Numbers of Service Instances and Priority Rules Generated by the
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wn
=
w
)
05}
w
wn
b
wm
a

Iteration w! w? Total Cost

The number of Instances
0 App 1 Priority
App 2 Priority

2.8904926 | 1.669231 75.68003

The number of Instances
1 App 1 Priority
App 2 Priority

1.646073 | 1.420787 57.9804

The number of Instances
2 App 1 Priority
App 2 Priority

1.330099 | 1.355298 54.18345

The number of Instances
3 App 1 Priority
App 2 Priority

1.330099 | 1.198155 51.25487

The number of Instances
4 App 1 Priority
App 2 Priority

1.330099 | 1.089822 49.54654

The number of Instances
5 App 1 Priority
App 2 Priority
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1.114169 | 1.063706 4873435

N R R N R R T S T N S S S N e N R N
HIN | W[~ | NN [P NN~ NN~ [N |||~
HIN | N[~ N[P NN~ NN~ NN~ NP
=t R N e T e N R N R N e e e
Lt R N T e e e N R R N N N R N




214

Kilhwan Kim - Changsup Keum - Hyun Joo Bae

[e)

shala) ke,
<Table 2>

wRE s e Q)

L
.

-

IR ENEPRE PR

pSye)
28 dadss

Aol A & 63 2]

(Table 3) The Optimum Service Instances Deployment and Priority

oj-gato] & Aol 27] &
g A AH|

2 QIAEl A Z71E

r— 11— O

under Various Unit Costs

Unit Costs

up uz

Optimum

wn
puie

wm
N

wm
w

wm
B~

w
a1

wt

2

w?

Total
Cost

The number of Instances

1 10

App 1 Priority

App 2 Priority

1.646073

1.155311

21.19918

The number of Instances

App 1 Priority

App 2 Priority

1.330099

1.198155

21.4436

The number of Instances

App 1 Priority

App 2 Priority

1.330099

1.198155

21.57554

The number of Instances

App 1 Priority

App 2 Priority

1.330099

1.198155

21.70748

The number of Instances

ol
[ep}

App 1 Priority

App 2 Priority

1.330099

1.355298

21.78228

The number of Instances

App 1 Priority

App 2 Priority

1.307613

1.377784

21.7346

The number of Instances

App 1 Priority

App 2 Priority

1.15047

1.377784

21.56443

The number of Instances

App 1 Priority

App 2 Priority

1.15047

1.377784

21.33711

The number of Instances

App 1 Priority

App 2 Priority

1.15047

1.377784

21.1098

The number of Instances

10 1

App 1 Priority

App 2 Priority

el e R e e e T e B e e e

N | =[N =[N =[N

N | =[N =[N =[N

e T e N e e e e e e el e i e N B N B SN I I I NG R IS IS I NG IS I B )

e T e N e e e e e e el e e e N e N B T I I e S S I IS IS N B )

1.15047

1.377784

20.83248




Service Deployment and Priority Optimization for Multiple Service-Oriented Applications in the Cloud 215

ARA Ao FAEE AH|Z IAE2 HjA| e oS HoErh vhi Ak FEag W
b A TAE AABEATE Aol A Bol ol AA&E Z Bok Ze ALk dkEg e
e DA &8 29 Al Al Aol gk o gl A7k AAY ] 0.126%9 0.130%% A
9] Hlgo] FomF & 19 SAFEHE B e stk
o2 HA M9 HAS Foith aga
& 139 8 29 FA FR3He Aulxs 29 (Table 4> Comparison of the Proposed Algorithm
Mu 2~ 32 718 SXH oz 7 E7bEE= AN with the Enumeration Algorithm
22 QIAHAE el Clg) I;Jtts Identical Greedy Enumeration
N s ;
Oi;’;?b}ﬂi;ixlg%fi;—;afszt;ﬁxfi j;]— ul | u2 Optimurm Iteration | Time |Iteration| Time
A S WS AR B el 1 10| Yes 651 | 016 | 425984 | 94.27
= = RSO e e 219 Yes 651 | 015 | 448512 | 915
TEH R o] §H= Al 29 Auls 3ol -4 38| Yes | 61 | 015456704 | 10011
Mo Auls QIZEAS A s Fds KAl 41 7] Yes | 651 | 015456704 | 10092
o & 19 Ay A v]go] & 20 Hls| 5|6 | Yes 496 | 011 | 440320 | 97.11
A oRE wol WASHH &8 19 ARE3hE A 65| Yes 496 | 0.11 | 440,320 | 97.28
H 2 o= A2 QaBlAs o wix|Etgla, uk 704| Yes 651 | 014 | 564,224 | 1271
2 28 20 n|go] AH oz AW 3-& oul 83| Yes 651 | 015 | 564,224 [127.35
ALEBF= A2 49F AJH] 2 ol AH] 2 91 Bl A 91 2] Yes 651 | 015 | 564,224 [ 12696
Z |l ATS BHotl Ay A o8 10] 1 Yes 651 0.16 | 564,224 | 126.93
1] Mz] Alzbel] thak HLo] S& 2o Bl A Average| 100% | 620 |0.143 | 492,544 |109.818
Ao AAH FEAOR AREsh= A2 29 A
122 3014 $-4 29] $AEE FEAa, 4 2 T 24 a5l tieto] AAE Felag &
o] A Azl sk A A H]go] AXW A agFol Ao HAsE WA= Ag=E g
20} MMz 3ol4] S 19 SHE9E WET) Aak7] g, S8l 7= 2 AAE Ansef
vlx|ato 2 A 5ol A A3 etag]Zo] H = 5% Aol 7 589 AYEE e A=
AR 2 M ARES A2y B A% 1007 A7dskel EAM < HAs)ok A
sl @Al ofsf HH Az Az~ F darefFe] HHsE vaskArh. <Table 5>+=
$HEY 4 2FS Fe T AANE Fozy delw A 10074 A3 55 Aol A S8
o y1) &7} v wslgth <Table 4> <Table 3> Aulz o8 HIES HolFa gl dF S, &
o] do] skl &7 (Enumeration® EA))3} A & 19 10071¢] A 552 AHl= 15 W &
ohel FelaE G| H(Greedy EADC AL AotslaL, &8 29 10070e] 29 S5 Al 1
HHEZol A|7FS W melal, T ootaglEe] o3 S 549 Egkepgich e i 10070¢) A 55 4
2o A7} BAFA S v|wst Ajo|th IA A F &89 AYsE BF An|= —% TEL
Hell A Au|2 QlzaElzo] S 33 o) 3 = olg Age 29 st BuHem
o] Aol oo XA ow dAE FUSES S8 19 A4 55 26670 Hw; 745
alqith Aol d Bio] U Y BEF dlol AL, S8 29 ARYBEL 286709 Mu| 2z F
A 10709 A& thE n1g Tz giete] A S BEATk shte] AYsF o] FEOE AT
Fa) 28 guEZe] dAMY s A HA AR 2= HyrA o2 15570} <Table 6> <



216 A7g -

o2 AdE 100709 #AisE Aol i) Alekd
freleag duefsd I/l os) e H A
S Wug Aotk 100719 AHsFel thatol
100% HAsl7t AR eolet. webA Aokl 34
a7k e AHaE el getshl etk A
& AR el FaA A 4 Ak ARE uks
gl rob B4 AR AW 0.136%2 B A

z [

(Table 5> The Distribution of the Services Used
by 100 Randomly Generated Workflows

Optimum | 1| 2| 53| 54 g5 | Mean number of
Ao 1 |5 | 5153|4958 2,66
Aop 2 | 5463|5061 58 286
Common | 32| 35 | 26 | 29| 33 15

(Table 6y Comparison of the Proposed Algorithm
with the Enumeration Algorithm for 100
Randomly Generated Workflows

Identical Greedy Enumeration
Optimum | TYteration | Time | Iteration | Time

100% 7216 0.16 528,660 1172

7.2 &

o] =il A= SOAS] dsle] whe} v §-8-0]
MRS AARE 7Hs AulAaEo] Sehes @7l

A5 Ao, Aul2l A Qs ot $

A9l A A WS AR, o) 9]
o Al Ql2® 2 Sroh $4%9) Aol mre) &
89 A A5 BUT 5 JE U P 2
29 AL A Y 2D o] §ato] 2
430 P Bew FosY QadIE A
Algtgleh, TR)a g 2R dlg B A
Nggo] =RAA gold BAld 43 o4

!
F e dAsan

SOA%t Zehf-&= 374 Al=dle] wE i

= el ,

43 = duelEe a9y Yudios
@ate wa A BaZe] Hggel s
AR oE BN AFAet FF AN &
melFel] B FEH AF R AF ol §
S By AZo] $aslolof Sk EH A4 &
EEER R R R ESEECREE R
g Ba Mngonn ¥ o 449 dueEe 3
= AT} astth A, B ATE 4 B
93} QmelEee s, Al 339 <Figure
8>3 e A Al AAUES Tkl A
WS B S8 485 AT FF e
o EE A 4] A% B4 mYe A4l Asw
of do] obg B e Fejel A A A
of 488 A% B4 7]

1 .
tlo
2,

>
=
2
4
©

References

Armbrust, M., A. Fox, R. Griffith, A.D. Joseph,
R. Katz, A. Konwinski, G. Lee, D. Patter—
son, A. Rabkin, I. Stoica, and M. Zaharia,
“A view of cloud computing”, Communica-
tions of the ACM, Vol.53, No.4, 2010, 50-58.

Brebner, P., L. OBrien, and J. Gray, “Performance

modeling evolving Enterprise Service Orien—



Ze}e o] Mulxa A 88 9

ted Architectures”, in Sqoftware Architecture,
2009 and European Conference on Software
Architecture. WICSA/ECSA, Joint Working
IEEE/IFIP Conference on, 2009, 71-80.

Brebner, P., “Service-oriented performance mod-—
eling the MULE enterprise service bus(ESB)
loan broker application”, in Software Engi-
neering and Advanced Applications, SEAA
35th Euromicro Conference on, 2009, 404-
411.

Chudov, A., Y. Rebrova, and A. Pastsyak, “Per-
formance Modeling of Worldwide Distributed
IT Support System at Siemens I'T Solutions
and Services”, in Computer Modeling and
Simulation(EMS), Fifth UKSim European
Symposium on, 2011, 415-417.

Buyya, R., C.S. Yeo, S. Venugopal, J. Broberg,
and L. Brandic, “Cloud computing and emer-
ging IT platforms : Vision, hype, and real-
ity for delivering computing as the 5th util-
ity”, Future Generation computer systems,
Vol.25, No.6, 2009, 599-616.

Dejun, J., G. Pierre, and C.-H. Chi, “EC2 perfor-
mance analysis for resource provisioning of
service-oriented applications”, in Service-
Oriented Computing, ICSOC/Service Wave
Workshops, 2010, 197-207.

Erl, T., Service-oriented architecture. Prentice
Hall, Englewood Cliffs, 2004.

Espadas, J., A. Molina, G. Jiménez, M. Molina, R.
Ramirez, and D. Concha, “A tenant-based
resource allocation model for scaling Soft-
ware—as—a—Service applications over cloud
computing infrastructures”, Future Genera-
tion Computer Systems, Vol.29, No.1, 2013,
273-286.

Gao, T., H. Ma, L.-L. Yen, F. Bastani, and W.-T.
Tsai, “Toward QoS analysis of adaptive

A A Ao} A 24 71 217

service-oriented architecture”, in Service-
Oriented System Engineering, SOSE IEEE
International Workshop, 2005, 219-226.

Gross, D. and C.M. Harris, Fundamentals of
queuing theory. Wiley, New York, 1998.

Hillier, F.S. and G.J. Lieberman, Introduction to
Operations Research, 9ed ed., McGraw-
Hill, New York, 2010.

Huang, K-C., B.-]J. Shen, T.-]J. Lee, H-Y. Chang,
Y.-H. Tung, and P.-Z. Shih, “Resource al-
location and dynamic provisioning for Ser—
vice-Oriented applications in cloud environ—
ment”, in Cloud Computing Technology and
Science (CloudCom), IEEE 4th International
Conference on, 2012, 839-844.

Huhns, M.N. and M.P. Singh, “Service-oriented
computing : Key concepts and principles”,
Internet Computing, IEEE, Vol.9, No.1, 2005,
75-81.

Jackson, J.R., “Jobshop-like queueing systems”,
Management science, Vol.10, No.1, 1963,
131-142.

Jackson, JR., “Networks of waiting lines”, Ope-
rations Research, Vol.5, No.4, 1957, 518-521.

Kim, K., “Performance Analysis for Multiple Ser—
vice-Oriented Applications Sharing Reusable
Services in the Cloud”, International Jour-
nal of Advancements in Computing Tech—
nology, Vol.5, No.12, 2013a, 387-39%.

Kim, K., “Priority Disciplines for Service-Ori—
ented Applications Sharing Common Reu-
sable Services”, in The 3rd International
Conference on Convergence Technology,
2013b, 1227-1228.

Liu, Y., I Gorton, and L. Zhu, “Performance
prediction of service-oriented applications
based on an enterprise service bus”, in

Computer Software and Applications Con-



218 Kilhwan Kim - Changsup Keum - Hyun Joo Bae

ference, COMPSAC 3lst Annual Interna—
tional, Vol.1, 2007, 327-334.

OASIS, “Web services business process execu-
tion language version 2.0”, OASIS Standard,
Vol.11, 2007.

Papazoglou, M.P. and W.J. Van Den Heuvel,
“Service oriented architectures : approaches,
technologies and research issues”, The
VLDB journal, Vol.16, No.3, 2007, 389-415.

Park, Y. and Y. Kim, “A Study on the Factors
Affecting the Adoption of Cloud Computing
Service : Focused on the Technology Accep—
tance Model(TAM) and Resistance”, Korea
Society of IT Services Journal, Vol.12, No.4,
2013, 1-23.

Pautasso, C., O. Zimmermann, and F. Leymann,

“Restful web services vs. big'web services
: making the right architectural decision”,
in Proceedings of the 17th international
conference on World Wide Web, 2008, 805
814.

Richards, M., R. Monson-Haefel, and D.A. Chap—
pell, Java message service. O'Reilly Media,

Inc., 2000.

Ryu, JH.,, HY. Moon and J. Choi, “Analysis of
Influence Factors on the Intention to Use
Personal Cloud Computing”, Korea Society
of IT Services Journal, Vol.12, No.4, 2013,
319-33%.

Teixeira, M., R. Lima, C. Oliveira, and P. Maciel,
“Performance evaluation of service-oriented
architecture through stochastic Petri nets”,
in Systems, Man and Cybernetics, SMC,
IEEE International Conference on, 2009,
2831-2836.

Wada, H., J. Suzuki, and K. Oba, “Queuing the-
oretic and evolutionary deployment optimi-
zation with probabilistic SLAs for service
oriented clouds”, in Services—I, World Con-
ference on, 2009, 661-669.

Yuan, X. and C. Ji, “Performance analysis of
service-oriented architectures with multi-
factor sensitivity analysis”, in Electro/In-
formation Technology, IEEE International
Conference on, 2007, 198-203.



Service Deployment and Priority Optimization for Multiple Service-Oriented Applications in the Cloud 219

<4 About the Authors <

Kilhwan Kim (khkim@smu.ac.kr)

Kilhwan Kim received his master’s degree and Ph.D. from KAIST, Daejeon,
Korea. Currently, he is an assistant professor in Department of Manage-
ment Engineering at Sangmyung University. His main research interests
include stochastic modeling, queueing theory, and the performance analy-
sis of cloud computing and converged services platforms.

Changsup Keum (cskeum@etri.re.kr)

Changsup Keum is a research director at ETRI, South Korea. He received
his Ph. D. degree from Korea Advanced Institute of Science and Techno-
logy (KAIST) in 2013. He received his BS. degree in Computer Science
from University of Seoul, Korea in 1992 and received his M.E. degree in
Software Engineering from Carnegie Mellon University (CMU) in 2005.
He joined ETRI as a member of research staff in 1994. Since 2000 to 2003
he was engaged in research and development of softswitch systems. Since
2004, he has been engaged in research and development of various mobile
service platforms. His interests include 5G mobile service platform, mobile
cloud architecture, and software engineering. He is a member of KIPS
(Korea Information Processing Society) and KIISE (Korean Institute of
Information Scientists and Engineers).

Hyunjoo Bae (hjbae@etri.re.kr)

Hyunjoo Bae received her master’s degree in Computer Science. from
PNU, Pusan, Korea. Currently, she is working as a principal member of
engineering staff in Smart Network Research Lab., ETRI (Electronics and
Telecommunications Research Institute), Daejeon, Korea. Her main research
interests include network service, service computing, and cloud computing.




