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Abstract In this paper, we propose a new dynamic reconfiguration method using application—level
checkpointing in a grid computing environment with Cactus and Globus. The existing dynamic
reconfiguration methods have been dependent on a specific hardware and operating system. But the
proposed method performs a dynamic reconfiguration without supporting specific hardwares and operating
systems and, an application is programmed without considering a dynamic reconfiguration. In the
proposed method, the job starts with an initial configuration of computing resources and the job restarts
including new resources dynamically found at run-time. The proposed method determines whether to
include the newly found idle sites by considering processor performance and évailable memory of the
sites. Our method writes the intermediate results of the job on the disks using system-independent
application-level checkpointing for real-time visualization during the job runs. After reconfiguring idle
sites and idle processors newly found, the job resumes using checkpointing files. The proposed dynamic
reconfiguration method is proved to be valid by decreasing total execution time in K*Grid.
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(count=4)
(label="subjob 0”)

(arguments="Euler3D2.par”)

( &(resourceManagerContact="venus.gridcenter.or.kr")
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(directory="/home/kgrid/kgrid021/reconfiguration/”)

(executable="/home/kgrid/kgrid021/reconfiguration/cactus_m9")

// Indicate start of RSL script
// where to run the job

// this selects 4 CPUs
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//what to run
//which argument
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( &(resourceManagerContact="Site A")
(count=1)

( &(resourceManagerContact="Site B")
(count=2)

//ndicate start of RSL script
//where to run the job
this selects 1 CPUs

//where to run the job
//this selects 2 CPUs

a2¥ 8 53 A7 o)He] RSL

( &(resourceManagerContact="Site A")
(count=1)

( &(resourceManagerContact="Site B")
(count=2)

( &(resourceManagerContact="Site D")
(count=16)

//Indicate start of RSL script
//where to run the job
//this selects 1 CPUs

//where to run the job
this selects 2 CPUs

//where to run the job
//this selects 16 CPUs
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¢, freememory Sr frPPdrsL
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Step 1:Repeat

Step 3¢ CntOfProcessor < Neepu
Step 4: For each m € L Do

Begin
Step 5:
Step 6: Compute Pm from Step 5.
Step Tt
Step 8
Step 9 Begin

Step 10: Else

Step 11:
Step 12:

End if
End for

Step 2: L « { all of available sites in a grid computing }

Get current site and new finding site’s CPU load value,
available processors, free memory size(main memory and disk).

CntOfProcessor = CntOfProcessor + Num,cou
If (Pm = 1) And (CntOfProcesspr < MaxOQOfProcessor) Then

Checkpointing current job’s state to files.

Terminate current cactus job.

Append site m into RSL file.

Restarts the job from checkpoint files using new RSL file.

CntOfProcessor = CntOfProcessor - Nm,cpu

Step 13 Until CFD computation terminates.
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Resource Selectort= Reconfiguration AgentZHE A
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] Newcluster Al2¥19] X2 Aeld # 13 2.

¥ 1 K*Grid®] Venus, Newcluster Al2=®2] 7|25kl

e AEAS

R KISTI Venus KonKuk Univ.
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SCI;\.I
(22 AN Zg4TE) 20 4.0(2.0x2)
NCDLI
U1 =AM AE) 0~63 0~14
Mfreemernury 0~10 o0
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AY AL Globus 2249 MPICH-G2 1.25-1a&
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KxGride] KISTI Venus, =819 Newcluster Al
28] Aleke F 294 Zo] Linux Cluster24] #e] =
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Age] Abge KxGride] Venus Fe|AE Al2#HS
¥ 129 ol KISTIWG A3 Newclustere
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Venus$} Newclustere= 1Gbpsd WEHZ(WAN)E A
Zxo] 9lon Venusts KxGrid Gateway 2t 100Mbps
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Newcluster A48

Organization KISTI KonKuk Univ.
Model Venus Newcluster
Architecture Linux Cluster Linux Cluster
0s Redhat Linux 7.3| Redhat Linux 7.3
CPU Intel Pentium®IV | Intel Pentium®V
Clock 2.0 GHz 2.0GHz
CPU | CPU/Node 1 2
Node 63 7
Total 63 14
RAM/Nod 512MB 1GB
RAM /Node
Total 31.5GB 7GB
Hard Har;IIOdD;Sk/ 40GB 16GB
Disk
" Total | 40GB+500GB(nfs) 16GB
Login node venus newcluster
Host name | ve001 ~ ve063 nodeZ ~ node8
Network Domain gridcenter.or.kr konkuk.ac.kr
name
Interf Fast Ethernet Gigabit Ethernet
niertace (100Mbps) (1Gbps)
K*Grid
160Mbps L 1Gbps
* 0.1Km iﬁ 140K m
k K'G.rid Venus

KonKuk Univ,

Gateway Cluster New Cluster

KISTI (se0ul)
(Baejeon)

¥ 12 B4 AFA Ao A3 KxGrid®] Venus,
Newcluster A]2x¥l

A AT AN ARS 143X33X65MY BA =
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BN oy 49 g & s =77) A4 37
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Reconfiguration P
Sites L Nepu a=0.7,8=0.2,y=0.1 AR A9 AZE
(a=10.5,3=0.3,y=0.2)
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Venus(8) L.=0.17 Necpa=8 1.68(1.67) 715%
Lm,venus:04005y
Venus(4)+Newcluster(4) Ninepu=8 21.06(20.39) 7044
Lm,newcluster:o.ol ’
Venus(8)+Newcluster(8) Lo venus=0.002, Numepu=16 42.08(41.02) 688%
Lm newctuster=0.001 ’
%5 24 29 e ARIEY 4F Z2AAg TsE 58 AT
Reconfiguration Pon
Sites L Neou a=07,=02,v=01 At 28 ATE
(a=05,8=0.3,vy=0.2)
Venus(4) L.=0.014 Necpu=4 0.57(0.415) 2384850%
Venus(R) L.=0.009 Neops=8 1.93(1.96) 1429%37=
; L =0.01
Venus(4)+Newcluster(4 venns T = E10%
en ewcluster(4) Lo newetuster=0,001 N cpu=8 20.81(20.34) 1411810%
. . Lum,venus=0.1, _ N
Venus(8)+Newcluster(8) Nimcou=16 41.40(39.53) 1395853%
Lm newcluster=0.001 ’

Reconfiguration Sites @59 B3 oF9] $xl= ¢k
g A AolEY £F Z2AAMY AFE S
T Po @59 23 ol £24E a=05,4=03,7y=02
d o] gozA AAAR B¢l & AoVt §SE
@ & Uk

A WA A¥L Venus FE2HAA FF Z2AA
N A8 ditel 29 A7 54 9T F A
A APL Venus FH2HAAN FF ZIAAN SME
ARg-Ete] At Ad A7 27 dTh A HAE
Venus® #F Z=2AAM 4709} Newclusterd] #F =
ZAM 1S ARESIETE Wl A Venusy §F =
ZAA 87h9 Newcluster 87), & 16718 Z2AME
ALEE AF Adfolth # 404 ©EE AL 7ro] B
oF FA g AL Venus(8)d H&to] 27} FHe
ZAgol7] WEolth B3 2t & Ao A Ay
A= HES AXA "9tk & 58 &Y 29 5HATAS
BT ok Venus4)E 4719 T2 AMTE AL
7%, Venus(8)2 4709 ZZANE F71 93 249
olth, Bt} 948 f£F ZEAME ZI e AIEE
FIFEE ATATo2M HPAgto] 38.7%, 41.4%
9E2EE @ F gtk '

6. 28 Y g% 17

=R K«Grid 87304 53 A74e Ad
A3l S E&=2aY FE AZIXYHE AHESHSY
el 43 FA AFA EHE FFALE A
ZYgell Aoz ¥ £ J=F X3 W
of Wis) A7 stolth ALH WHY AL V1Y F

Ot

2o
o N

i3

A A7 g8 B4 st=dols $3AA A ¢
o] Z@wag} Cactus?t AP He FREAA 28715
sttt w3 28 =g £ glo] ATAdE ALY
o8A FF AlojES AP S Fs&HoE FY
Z the Aolth B 7¥e 1= AFHT Zol F
Aoz Aazlgoe] Walse @A Hoh ds3ow
AARLE AFEE F UESE dha, A A4 2
AR AtE @EFE 2Yoh ¥, BH ATAEE F
3o MRS e == AASE BF F49 )
wk oluld) 9} AClEE Tt vt oitRe] 4
2 AL AHgste 539 18s AFE MM F
7te) A7t #3E Lart itk

[1] Luis Fabricio Wanderley Goes, Carlos Augusto
Paiva da Silva Martins, "Reconfigurable Gang
Scheduling Algorithm,” 10th workshop on Job
Scheduling Strategies for parallel processing in
conjunction with SIGMETRICS 2004, columbia
university, NewYork, NY June 13, 2004.

[2]1 J. E. Moreira, V. K. Naik, "Dynamic resource
management on  distributed systems  using
reconfigurable  applications,” IBM J. RES.
DEVELOP. VOL. 41 NO. 3 MAY 1997

[3] Nicholas T. Karonis, Brian Toonen, Ian Foster,
"MPICH-G2: A Grid-Enabled Implementations of
the Message Passing Interface,” In Proceedings of
ASCM/IEEE SC’98 Conference, ACM press, 1993.

[41 Grabrielle Allen, Werner Benger, Thomas
Dramlitsch, Tom Goodale, Hans-Christian Hege,
Gerd Lanfermann, Andre Merzky, Thomas Radke,



476

[5]

(6]

[7]

[8]

{91

[10]

[11]

[12]

[13]

(141

[15]

[16]

171

AEAGH=EA FF

Edward Seidel, John Shalf, "Cactus Tools for Grid
Applications,” Cluster Computing, Vol.4(3), Pages
179-188, 2001.

J. Rose, A. El Gamal, and A. Sangiovanni-
Vincentelli, "Architecture of Field Programmable
Gate Arrays,” Proceedings of the IEEE, July 1993.
Kiran Bondalapati, Viktor K. Prasanna,
"Reconfigurable Computing Systems,” Proceedings
of the IEEE, 90(7):1201-17, July 2002.

Kiran Bondalapati and Viktor K. Prasanna,
"Reconfigurable Computing: Architectures, Models
and Algorithms,” CURRENT SCIENCE: Special
Section on Computational Science, Vol. 78, no. 7,
pp. 828-837, April. 2000.

K. Whisnant, Z. T. Kalbarczyk, R. K. lyer, "A
system model for dynamically reconfigurable
software,” IBM SYSTEMS JOURNAL, VOL 42,
NO 1, 2003.

Compton, K., Hauck, S. "Reconfigurable Computing:
A survey of Systems and Software,” ACM
Computing Survey.(2002)

Dehon, A. "The Density Advantage of Configurable
Computing,” IEEE Computer, Vol. 33, No.4.(2000).
Goes, L. F. W., Martins, C. A. P. S. RJSSim, "A
Reconfigurable Job Scheduling Simulator for
Parallel Processing Learning,” 33rd ASEE/IEEE
Frontiers in Education Conference. Colorado(2003).
J. Jann, L. M. Browning, R. S. Burugula,
"Dynamic reconfiguration: Basic building blocks
for autonomic computing on IBM pSeries servers,”
IBM SYSTEMS JOURNAL, VOL 42. NO 1, 2003.
Sriram Krishnan, Dennis Gannon, "Checkpoint and
Restart for Distributed Components in XCAT3,” In
Proceedings of the fifth IEEE/ACM International
Workshop ‘on Grid Computing, pp. 281-288,
Pittsburgh, Pennsylvania, 8 November, 2004.
Garbrielle Allen, David Angulo, lan Foster, Gerd
Lanfermann, Chuang - Liu, Thomas Radke, Ed
Seidel, John Shalf, "The Cactus Worm:
Experiments with Dynamic Resource Discovery
and- Allocation in a Grid Envrionment,” The
International Journal of High-Performance Computing
Applications and Supercomputing 15(4), Winter,
2001.

Sathish- S. Vadhiyar and Jack J. Dongarra, "Self
Adaptivity in Grid Computing,” Concurrency and
Computation: PRACTICE AND EXPERIENCE
2004; 00:1-26.

Carsten Ernemann, Volker Hamscher, Achim
Streit, Ramin Yahyapour, "Enhanced Algorithms
for Multi-Site Scheduling,” In 3rd Int’l Workshop
on Grid Computing, pp. 219-231, 2002.

Chuang Liu, Lingyun Yang, Ian Foster, Dave
Angulo, "Design and Evaluation of a Resource
Selection Framework for Grid Applications,” In
Proceedings of the 1lith IEEE Symposium oh

[18]

2ol A4 A 11 ¥ Al 6 (20012

High-Performance Distributed Computing, 2002.

Karl Czajkowski, Ian Foster, Carl Kesselman,
Stuart Martin, Warren Smith, Steven Tuecke, "A
Resource Management Architecture for Metacomputing
Systems,” Proc. 4th Workshop on Job Scheduling

Strategies for Parallel Processing,  pp. 62-82,
Springer-Velag, 1998.

A A

A gA) - AFE 47

A=

AN FAALE

243
CLEL LRSS
AlAALIZE

HAF A

Az

284
AEAGI =R - FAFL AA
AlABA4LE F=2

A

20019 wWiAHEE S8 AL
20048 FogRtE HESEFAF A}
20038 ~8A  FRASISHRATF
(KISTD 9% 479 B 33
43 CFD, #A814, PSE 7%



