Joooboboboooooobogooooon
ooobobbbodoooobbboogooobibn

oo oogf oo oogff oo oof

100000000 01128610 00000000 2-1-1
17T00000 0163877 000000000 1-24-2
E-mail: fshiori@ogl.is.ocha.ac.jp, ttsane@cc.kogakuin.ac.jp, t1foguchi@computer.org

gooo ooIToooboooocoboobooobooo ITocobooooboooobooooobooboobOooobog
goboobooboobobooobboobooboboobboobobooobooboobboooboobooboboon

goboooobobobooboobooboobooboobooboboobbobboobboobooboobooon
googoboobooobooboobooboobooboobobobbobobobobooboobooboobooon
goooooooooo0o0oooooooooooooOoooO0OoOoooo cCcpUOOODOODOOOOUOODOOO
gobooboobobooboobobooobooboobbooboobboobooboooboobooboo
ooo0oooooool/oo0o0ooo0o0ooUo0oOoUoO0o0oUoOU0Oo0DDOoULO0DOoOoULOOoOOoo
O Amazon EC20000000000D0COCO000O0DCOOOO0OODOOOOO0OODODODOOOOODODOO
gbooboobooboobooboobobbobbobooboobooboobooboobo

Development of middleware for data processing

load distribution using cloud computing resource
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Abstract In recent years, data management and IT cost have become serious problem as the advanced IT society
progresses. Cloud computing is introduced in order to save the construction cost of local cluster at each organization.
This mechanism is suitable for supplying insufficient CPU power to a computing system. However, data-intensive
applications have a totally different feature from CPU-intensive applications. Thus, execution of data-intensive
applications making use of cloud computing resources is discussed in this paper.Since a data processing system
with better cost/performance ratio is required, we have constructed middleware for load distribution among cloud
computing resources and a local cluster. Scalable resource management is achieved by monitoring resource usage of
a local cluster and insufficient resources are acquired dynamically from a cloud service. Our middleware allocates
injected jobs optimally among the local cluster and commercial cloud service Amazon EC2, based on the result of
the I/O disk load conditions. According to the evaluation using a data-intensive benchmark, our middleware has

achieved an excellent job allocation, which is close to an ideal case in terms of the cost of the cloud service.

0000000000000 00000000000000

0000000000000000000000000000
poiToooooooooooopoooooobiill  ppopoooOOO0O0000C0C0O0C0O000000000000
0000000000000000000000000000 gopoooooooo0ooooo0oooooooooooonn
0000000000000000000000000000  gpopooo0o0o000ooo0oo0oooooooooon
0000000000000000000000000000  gopoooooodoo0ooooo0ooooooooooonn

1. 0D OO0

11—



gooooboooooboooooboooooOooooooooooo
goooooboodooboooooboooboooboooooooo
goooooooooboooooooooOooboooooooo
goooooboooobooooobooooboooboooooooo
goooooooooooobooooboboobooooooooboo
gooooobooooboooooboooooOooobooOooobooOoo
goooooboooooooooooon
gbooooobooooobooooobooobooooboooooo
gboboooooooooooooOoooobooboooooOooon
goooooboooooboooooboooooOoooobooooboooo
gooooooooboooooooooooooooooaoo
goooooboooooboooooboooooOoooooooooo
gooooobooooboooooboooooooooooooaoo
goooobooboooooooooboooboooboooooooboono
gboooooboodooboooooooooboooooooooOoo
gooooobooooon
gbooooooooobooooobobooobooooboooooo
gooooooooobooooobooooooooooooboooo
00o00oo00oo0oooooooooooRjooooooo
ooo0ooooocepUOOOOOODOOOODOOOODOOOO
gooooobooooboooooboooooOoooboooobooOoo
oboboooooooooooooooooooboooooon
ooo0oooo ceUOOODOOOODOOOOOOOOODOO
gooooobooooboooooooooooooooooao
oOocCcpUO I/O00OD0OOUOOOUOOUOODOOCPUOOOO
goooooooooobobobOobobOobooboobogon
gooooooooooooon
gooooooooooooobobooobbooooooooo
gooooooooobooooobooooooooboobooooooo
gbooooboooooocoooooooooon

2. 0DOo0O0ooOOoboOobOobOooboob

2.1 00000 PCOOOO

ITOO0O0000D0OO000O00O0O0O0O00ObO0bObO00Db
goooooboooooboooooboooooOoooboooooboooo
ooo0o0ooo0o0ooOo0o0ooO00 pCcODOOOOOOO
0000000000 Xen4 OUODOOOOXen OO 1000
gooooo oSUooooUooooooooooooooo
goooooboooobooooobooooooooboooooboooo
goooobooooboooboobooobooboooo. ooo
gooooobooooobooooooooboooboobooooooo
goooobooooocoboodooo. oocoooboooooooboa
goooo0oooboDDO0O00 Domain 0 0OOOO0O0DODOOO
OoO0o0oo.0ooooSOUoo0oooooOd Domain0O O
00 oOSOO0O0OC0COO0O0O000O DomainU OO Domain0 O
goooooboooooboooooboooobOooboobooooooo
gooo0.00b00o0oooooooobooboboooooooon
goooooboooooooooboooboboobooooooboo
gbooooboooobobooooooooo

Domain0 | DomainU DomainU Sener

(Initiator)

Virtual Machine Monitor

Hardware

01 XenOOO 02

iscsi0OOO0O

2.2 TP-SANOO000000000
000000000oo0oOo SANOOODOOOoOOooOo

gooooooooobooooobooooboooooooooo
ooooooO0ooooOooooooooopCcOoOOOOOO
0000 SsANOOOO0OOO0OOooooooooO. SANOOOOo
goboooobooooboooooboooboooobooooooo
0000000oUoO0oOoO0O0oOoO0oUOoooOO. 0O IP-SAN
O Ethernet 00000000 TCP/IPOOOOOOOOOO
goooooooobooobooobooobooo Ip0ODOOOOO
gobooooboooooooobobooobooooobooooooo
oooo000o0oO0o000o0O00bOO0O0OO0O00b0Oo0O0o0n
goboooobooooboocoooooboooooon

IP-SANOO0D0DO0O0ODDO iSCSI (Internet Small Com-
puter System Interface) [5] D000 O00iSCSIOOOOO 2
OO0OO04SCSIO sCcsIoooono TCp/lIpO0O000OOOOAO
ooooOo0O0OD0O0O00OCoOO0OD0O0000000. Gigabit
Ethernet/10Gigabit Ethernet 000 00000000000
00000ooOoIP-SANOOOOOODOOOO PCOOODO
gobooooooobooooooooboo.

2.3 0D00OO0O0OOO0OO0OOOODOOOOOODbOObOODO

gooooo
oooo0o00o0o0ooooooooOooo cpuOOoooOoO

do0o0o0ooooOooUoooOooOoOoUoOOooOoI/ODOO
000000000000 30 pgbenchOOOO0OO0OOO0OO
O0oooOoO0oODoO0O00OooOoOoDOO0O0O00OO0O0 Disk-Read O
gboooood ioroobooobooboobooooooo
goooooooooooooboooobooobooooooo
0l/o0000oobooo0oooooooooooooooo
oo

- Disk
1 3273 29000
2 3248 33666
3 3932 32000
4 4568 35000
5 5048 38000
6 \ 5391 J 38333
7 5440 33000
8 5327 28666
o 5484 42500
10 7093 42000

03 0o0ooooooooo



3. Jbooboobooboobouobog
g

3.1 0O d
gooboooobobooobobooobboobooooboog

ooooooooo/oooooooooooooooooa
gooooooooboooooooooooooooooaoa
gooooooooboooooon
gooooobooooooooboboooboooooboooooo
goooooooooboooooboooooOoooboooooboooo
goooooboooobooboooobooooooobooooobooOoo
goooooooooboooooboooooooobooooooo
goooooboooooboooooboooooOoooobooOooobooOoo
gooooooooboooooooobooobooooooo
gooooobooooboooooboooobOoooboobooooboooo
goooooboobob4000000DOODOODOO
goboo400000000000O0O0O00OCOODOOOO
gooooboooobooooooooooobooooooao
goooooocpuOOOOOO0ODOOOOOOOOOODO
oo0o00ooOoo0ooooOog ECc20000

Amazon EC2

o] (=
] —
04 0O0O0OO0OOOOO0OO0OOOODOOOOOOOOO0

3.2 O0OOOOO
gooooooooooooobobooobobooooboooooo

goooooboooooboooooboooooOooobooooboooo
goooooooooboooooooobooboboooooog
gboooboooooooooobooobooboobooooooboo
0000000000000 0000 Amazon EC2[9) 000
gbooooooooboooobooooooooobooooooo
gooooobooooboooooooooooooooooaoo
gooooobooooooooobooobooboobooooooboo
gbooooooooooooooo
gooooooooooooobobooobobooooboooooo
goooooboodooboooooboooooOooooboooooboooo
gbO 3000000000000

(a) ODODOODOODOOUDUOODOUOODOUDOOO
gooooooooobooooooobboooooo

(b) DOOOODOOUOOOOOUDOUOOOOOUODOOO
goooooooboooboooboboooobbooooooo

(¢ DOO0OODOUOOODODUOUDOODOLDOOOODOO
gboooooooooooooooooooon

(p)000000000000000O0O00UOOO0DOO
poobobooobooobobuoobobboobobooobo
godo0Dboo0ooOoOooDobOoOooboOoooboboooooo
pgoobobooobooobboobbboobobooobo
JodoboOoobOooobobOoOoboboooooobooooao
goooboooooboooo

(bh)OODODOODOODOODO0O0O0O0DO00o0O0o00o0oooo
goobobooobooooboboobbboooobooooo
oooooooooooad

(gO0O00O0OD0O0DODO0O0ODO0O0DOOOUOOOUDOO
pgoooobobbobbooobbooobobooobbooog
godobooobOoooobooobobooooboooooo
0 Google ODDODDODODOODODOODOOO Google Apps
00000 Secure Data Connector 0 OO0 OO0OOODOO
podooobboooobooobobooobbooooboobog
JodoooOo0oobOoOooooboboOoobboOoooooa
oooooboooooobobbobboboboboboboboooooooo
Jodo0bOoO0oobOo0oO0o0obObOoOoboDbOoOoOooobooOoooba
godobooboooobooobobooobobooooboog
Oo0o0o0oOooodooooooooooooobobooooo
godobooobooooobooobobooboboooooo
00000 0o0o0o0oooooooooooooboooooa
godoboooboooooboooboooooboooooo
goobobooobooobobuoobbboobobooobo
goooooDoOoooOoobooobDooooboooboobooo
podobobooobooobobuoobbboobobooobo
god0Dboo0obOoOoooDbOoOoobOoOoooboooooo
gooboboooboooboboobbboobobooobo
JoobooooOobobOoOobO110b0 2000000000
goobobooobooobobooboboboooobooobo
godo0DDOo0o0obOoOo0ooDbOooooOoOoOoooooooo
goobobooobooooboboobbboooobooooo
oo0o0oooO()yDoOoO0oOO0OoOo0OOUO0ooOoooo
gooobhoooooooooo

4. Dodgboobooobbodoboooboboan
goo

4.1 00OO0OO0OO0OO
gobooobooobooobooboooboobooooo

gooooooooobooobboooboboooobooooooo
gooooobooooboooooboooobOoooboobooooooo
O0Opgbench 0000000000 O0DOOOOODOOOOODO
ceuOO0OO0OO0OO0OOO0OO0OOOOO0OOOOOODOOOO0O0DO
gooooboooobooooboooboooooooooo
gobobooooooooooboooobooooobooooooo
gooooboooobooooobooooboooooooooao
goooooboooooooobboooboooobooooooo
gobooooboooooooobboouoboocOooobooooooo
goboooooooooooboooboboooooooooo
gobooooboooooooobobooobOoOoooOooOooooo

— 3 —



gobooooooooobobooboooboooboooooooo
goooooboodooboooooboooooooobooooooaoo
gooooooooooooooooboobooooooooonbo
gooooobooooboooooboooooboooboooooooo
goooooooooboooooooobooobooooooo
gooooobooooboooooboooooOooOobooOoOoobooOoo
gooooooooobooooooooooobbooobooo
gooooooooooooboooobobooooboooooo
gooooobooooooooboboooboboobooooooboo
goboooooooooooooooooooooooooonoo
gooooboooooooboooboooooooooood
gbooooooooon

e [J0IDO0ODOOOODOOOODO (Limit time)

e [O0O0OCOOODOOOOOOODOOODOOODOO

e NO0UIO0OOOODO LimittimeOOOOOOO EC20
oo

e JOO0OO0OODDOO LimittimeOOOOO0OOOOOO
000000000000 (000D 0o0ooUOoooOx0oO
gooooobooooboooobobooobooooboooooo
go00000 Limit tmeJD0O0O0O00O00O00O0O0OO0O
gooooobooooboooooboooooOoooobooOooobooOoo
goooooboooooooooboouoobooboobooooooboo
0000000000000 Limit time0JO00OO0O0000OO
goooooooobooooboooobooOoOo000 Limit time
goooooboooooooboooobooooooooooboog

gbobooooboooooooooooooboooonon
4.2 J0O00O0O0OD0OOOOOO
goooooooooocoo cpUOOOOOOOOOOD

oooOooOooOoooooooOorI/oooouoooooooo
gooooocpubOOOODOODOOCPUOOOOOOOO
gooooobooooboooooboooooboooboooooooo
gooooooooooooobooooooooooooooo
oooooOoooooor/ooooUoUoUoooooooa
goo0o0OQ0000O0O0O EC2O00000000O0OC0O00O0DO
oo sbooooboooobooboood

APP o,

Dispatch

Measure ’l'louitor

'O traffic .
4 L .
Estimating job Optimum placement

termination time minimizing cost

05 00o0ooog

e [JO0DOUOOOOOUOOI/OOOUDO

e [/O0000D0OUODOODODDOUOODOUDOOO

e (JUOUOOOOOOODOOOOOOOOODOOODOO
gooooboooooooboooooDo

e [JUOOOOOOUOOOODOOOODOOOODOOOOOO
oo

dstat 00 0O0O0000OOCOOO0ODOOOOO0OOOOOOO0
ooooooooooOoUoooOooooOoooI/oooooo
goooooboooooooooboooobOoboOooOobooooooo
goooO ssobocoooboobooooooooobooooobooboooo
oooooOo0oooooOooooooOooooOoon eEc20
goood

goooo 30oo0obooooorybooo0ooooobooo
gooooboobooobooboooobobooooooooboo
goooooooooobboorobbo0oobboOooboooo
goooooooODbOOO0OO0OO000000000EC200000
goooooooo

EC20000000000000000O0OCOCOODOOOO
gooboooooobooooboooobooooooooooo
gobooooooooooobobooobooboooobooooooo
goooooboodoobooooooooxoobooooooo

goooooooooooooooboooobooooooo
gobooooboooooooobbooobooooooooooo
o0ooo0o0ooooooooooOoOo EC20000000O
000000ooooooooooooooooooo EC2
0000 pgbenchOOOOOOO0OOOOODOOOOODOO
gobooOooooooooooooooooboobocOoOooooon

5. Jobouooooobooooo

5.1 0000000

0000000000 000000 200000000 6
000.0000000000000 DomainU(virtual ma-
chine) 000000000 Amazon EC2O00000000O
0 High-CPU Medium 000000000000

gooooooooboooooboooboooooonD40000
000000000 (High-CPU Medium) 0000000
00o0o0o00000o00000000o0o0oiscsIonnn
000000EC20000000C0O0O000O0O0O0O0O0OO
ooo0o0ooo0oo0oo (hooooooooooooooo
Ooooo0o0ooo0oo0ooooooooooooon

0 1 Experimental setupl PCs
(O1] Linux 2.6.18-128.el5(Cent0S5.3)
CPU Intel (R) Xeon(TM) 3.6GHz
Target : Intel (R) Xeon(TM) 2.66GHz
Initiator(DomainU) : 1GB

Initiator :

Main Memory

Target : 8GB
iSCSI Initiator : iscsi-initiator-utils
Target : iISCSI-Enterprise-Target
Monitoring Tool | O dstat

gooooooobbooooooooooboboobboooooo
000000000000 0000000o000n PostgreSQL
oooO0O0O0O0000 pghenchOODOOODOOOOOOOO
00 75GByte0 00 00000O0DOOOO 10000000
gooooooiwooeobooOn



APP
Dispatch | Middleware

Monitor

Amazon EC2

06 0OOO0OO

5.2 O00O0OO0OO0OO0OOOOO

goboooooooooooooooooooboooooon
goboooooooooboooboboooboobobooobooo
gooooooooooocboooooooos0on0oo 400
0o0o0doD 100000 (0D nHOl10o00DoDOoOoOoOooooo
EC200000000000O000O000OOO0DOOO0OOOO
gooooooooocoobooooboobooooooOoloo
00000 100 pgbenchOOOOOOOOODODODOOODOO
goooooooooboooooboooobooobooooooo
gooooobooooboooooboooobOoOobobooooooo
gooooobooooooooboooobbooooooobooooboo
goooobOoxgoooooooooobooooooooooo
goooooooooon

00000 EC2000000000000000000O
gooooooooboooooooooooooooooaon
0000000000 00O00 EC20000 pgbenchOOO
gooooooooboooooooooboooooooooOoo
goooooobooooo

5second

9EE | |
10 E | J

07 000000000

5.3 000OO0OO0O0OO0OO0O0O00O0

0000000000000 EC20000 pghbench OO0
gooooooOooOoOoEC20C0C0OO0OODOOOOOOOOO
00000 EC20000000000000O

00000000000 4client 00 5000000000
ooooUooooUooOoooooUoooooo (o 8o
gboboooooooooooooooooooboooooon

goooooo
00090 EC20000 100000000000 OOO

poooooooOoOoOOOOO0OO0OO0O0O00 EC200000
0000000000000000000O0O0O00O0O00O0O0

1200 11485

394.75
310666

1 2 3 4 5 6 7 8 9 10
Number of iterations

0 8 Indication of time limit

gooooooooboooo 2400000000000
oo

Number of iterations

0 9 execution time on Amazon EC2

oo

gobooooobeco0OOODOOODOOOOODDODO
oo0ooo0oDbD 400000000 5s50000 10000000
goooooogbobosbooooooooooooboboooo
gbobooebOO0OO0OO0ODOOOOOOOOOOOOO®eGOOODOOO
0o0o0000000Dbo0O0s00000500EC200000
gooooo

EC200050x 40000000 20000000000
goooooobooooobooooobooooobon 2000
gboooobooboooboobooobooboOo 2000000
goboooooooobooobo0oob 10000000
gbobooooooooooooooobooo9onobboOonoboo
10000 3000000000000 0000DO00DODbOO
oooOoooooe00Od0U0OODOOO0OO (0 8)DoOOO
OOxoooboooobobooooboooooboooboon 1o
gobOz20000C0000C0C00000O0O0OO00OO0OCOO0
oooood

gobooooogboecooobobOOoOoOoooboOCOIoOoOn
gooooooosboboboooobooooooobooooaoo
Os50010000 2000000001 00000000
oo



5.4 00O0O0OO0OO

0100000000000 EC2000000000000
goooooooooboooooboooooOoooboooooboooo
goboobooooooboboooooooboOooobooboboolod
0000oooooooo eEc2000O0OoOoOoOg

EC200 pghench0 100000000000 DOOOOO
00264000000 (0900000 2640000000
000000000000000C000 100 pgbench O OO
gooooooobo 20000000000DO00O0O0OOOO
grooooooocoooooobooooboooooooo
gobooooobooooboboosgoooooooooooao
oooad

goboooooooooo soooooooooooood
goooooooooboooooooooooboooooooo
gbooooboooooooooooon

Limit time(seconds) | 264-310 | 310-394 | 394-544 | 544-643 | 643-733 | 733-

sorting of ideal 2:81 3:7| 4:6| 5:5| 6:4]7:3
sortingusingmiddleware| 1 :9 | 1:9 ] 3:7| 5:5 | 6:4] 7:3

010 000000000 Ec20000000

01ngoec20doooooooooon

goooooooobooooooooobooooooood
gb0z204000000000000000000000O00
EC20000000000000000O0OOOOODOOO
goooooooooooooooooOoooboooooooo
sa7o00000000C0O0OO0O0DOOO0O0O0O0O00000000
O000000O0OooooOO0OO0OpghenchOOOOOOODODO
goboooooobooobooooboouobboOoooooooboo
gooooooobooboobobooo nnoooooooo
goooooboooobooooobooooboooboobooooooo
goooooboog

ideal sorting 2:8 | 3:7 [ 4:6 | 5.5 6:4]7:3
sorting of ideal G144)  5180] 5136 20000 224 1680
sorting using middeware 7668 7776 71400 2680 2144 1620

{ ost=executon tie *number of m achines

011 EC20000000

6. DOOOODODOODO

goooooooboboboooooooboooooooo
gooooobooooboooooboooooOoooobooOooobooOoo
goooooooobodoobooooboooooooooaoo
gooooobooooooooobooooooobooooboooo
goooooboodooboobooooboooooOoooooooooOoo
00o00o0o00oooOoOo0oooOoO EC200000000
goooooboodooboooooboooooOoooboooobooOoo
goooooooooboooooboooooboooboobooooooo
goooooboodooboooooboooooOooobooOoooboooo
OEC200000000000D0O0QCO00O0OO0O0OODOO

goooooooooooooboooobOooboooooooo
gobooooooobooooobooooobooooobooooooo
goooooooooboooooooobOobooobooooooo
goooooodood

u u

gbobooooooobooooooooooboooooog

18049013 000000000
O g

[1] G. Jung, K. R. Joshi, M. A. Hiltunen, R. D. Schlichting, and
C. Pu: ”Generating Adaptation policies for Multi-Tier Ap-
plications in Consolidated Server Environments,” In Proc.
5th IEEE International Conference on Autonomic Comput-
ing (ICAC2008), pp.23-32, June 2008.

2] E. Kalyvianaki, T. Charalambous, and S. Hand: ”Self-
Adaptive and Self-Configured CPU Resource Provisioning
for Virtualized Servers Using Kalman Filters,” In Proc.
6th International Conference on Autonomic Computing and
Communications (ICAC2009), June 2009.

3] pegbench: http://www.postgresql.jp/

4] Xen : http://www.xen.org/

5] iSCSI RFC: http://www.ietf.org/rfc/rfc3722.txt

6] Asuka Hara, Kikuko Kamisaka, Saneyasu Yamaguchi, and
Masato Oguchi: ”Analyzing Characteristics of PC Clus-
ter Consolidated with IP-SAN using Data-Intensive Ap-
plications,” In Proc. 20th TASTED International Confer-
ence on Parallel and Distributed Computing and Systems
(PDCS2008), No0.631-042, November 2008.

[7] Masato Oguchi and Masaru Kitsuregawa:” Using Available
Remote Memory Dynamically for Parallels Data Mining Ap-
plication on ATM-Connected PC Cluster,”14th IEEE In-
ternational Parallel and Distributed Processing Symposium
(IPDPS2000), pp.411-420, May 2000.

[8] mpiBLAST:http://zach.asmallorange.com/suspended.page/

[9] Amazon Web Service: http://aws.amazon.com/

[10] Google Apps:http://www.google.co.jp/apps/intl/ja/business/inde¢

[11] Shiori Toyoshima,
Oguchi: ”Storage Access Optimization with Virtual Ma-
chine Migration and Basic Performance Analysis of Ama-
zon EC2,” In Proc. the Fourth International Workshop
on Telecommunication Networking, Applications and Sys-
tems (TeNAS2010) in conjunction with the 24th IEEE In-
ternational Conference on Advanced Information Network-
ing and Applications (AINA2010), pp.905-910, Perth, Aus-
tralia, April 2010.

[12] Aravind Menon,Alan L.Cox,Willy Zwaenepoel: ”Optimiz-
ing Network Virtualization in Xen,” 2006 USENIX Annual
Technical Conference, pp.15-28, May 2006.

[13] Jose Renato Santos,Yoshio Turner,G.(John)Janakiraman,lan
Pratt:” Bridging the Gap between Software and Hardware
Techniques for I/O Virtualization,” 2008 USENIX Annual
Technical Conference, pp.29-42, June 2008.

[14] Tanimura Yusuke, Ogawa Hirotaka, Nakada Hidemoto,
Tanaka Yoshio, Sekiguchi Satoshi: ” Comparison of Methods
for Providing An IP Storage to A Virtual Cluster System,”
IPSJ SIG Notes 2007, pp.109-114, March 2007.

Saneyasu Yamaguchi, and Masato



