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Abstract In recent years, Grid computing that integrates geographically distributed computing resources through commu-
nication networks captures the spotlight. Unlike parallel computing using conventional cluster computer systems, wide-area
Grid computing must resolve the following issues for effectively utilizing geographically distributed computing resources.
First, since computing resources are shared by multiple users, the amount of available resources in a site changes over time.
Second, since sites are geographically distributed, the transfer delay between sites cannot be neglected for computing resource
management. For utilizing computing resources effectively, the amount of jobs injected into a site must be dynamically con-
trolled according to the dynamically changing amount of available resourcesin sites. However, the transfer delay of anetwork
issignificant, so that it is not trivial for aresource allocation controller to quickly and dynamically adopt to the changein the
amount of available resources in sites. In this paper, a dynamic resources management mechanism for wide-area Grid com-
puting called DRM-DC (Dynamic Resource Management with Delay Compensator) based on control theory is proposed. The
main feature of our DRM-DC isthat it realizes high steady state and transient state performance in wide-area Grid computing
using adelay compensator called Smith predictor. Moreover, several discrete-time simulations using a Simgrid simulator are
performed, and the effectiveness of our DRM-DC is demonstrated.

Key words Grid Computing, Dynamic Resource Management, Control Theory, Transfer Delay, Delay Compensator, Smith

Predictor
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Table3 Simulation resultsin Scenario 1

0000 r[mg OOOOOO S[M] OOOOOOO([g§ 0OOO0OO [% 0000 [9
LAN-S2  DRM-DC 10 2 0.016 05 0.012
LAN-S2 P 1.0 2 0.016 0.5 0.008
LAN-S20 DRM-DC 1.0 20 0.4 5 0.8
LAN-S20 Pl 1.0 20 0.4 5 0.8
WAN-S2 DRM-DC 100.0 2 0.20 46 0.11
WAN-S2 Pl 100.0 2 16 79 17
WAN-S20 DRM-DC 100.0 20 0.16 55 0.3
WAN-S20 PI 100.0 20 1.62 85 16
delay 1ms delay 100ms
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Fig.3 Case LAN-S2: Queue dynamics for varying amoung of available
resourcesin LAN environemnt (7 = 1.0 [ms], S = 2 [MI])
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Fig.4 Case LAN-S20: Queue dynamics for varying amoung of available
resourcesin LAN environemnt (7 = 1.0 [mg], S = 20 [MI])

00000 DRM-DCOOOO0O00000000000000O
0000000000000000000000000000
00005%00000000000000000 1[s]00
000 (0 3000000000000 t=4,10[5000
0000000000000000000000000000
000 S$=20[M]00000000000 (@O0000000
000D0D000000)00000000000000000
00000000000000000000000000000
O0D0OOWANDOOOOOOOOOOOO0O0O00O0O0000
0000000 POO00000000000000000
WANOOOODODOOOOOOOO0OO0000000000
00000 5(WAN-S2) 0000 6(WAN-S200 00000 5
(WAN-S2) 00000000 000000 (S=2[MI))000
00000000 6(WAN-S2000 000000000000
(S=20[MI)00000OO
0000000000000000WANOOOOOPI OO
000 DRM-DCOOODOOOODOOOODOOOOOOODO
000000000D0D00000¢t=4,10[s0000000
00000000000000000P 000 DRM-DCOO
00000000000000000000DRM-DCOOO0O
0000000000000000 (0 3)0000DRM-DCO
0000000PO00O0O0O0DD0O0O00000000000
000000POO00D0O00000000000000 (¢=11
[00)000000000000000000000000
oooo

time(second)

05 WAN-S2 WANODOOOODODODODDOoOOoooooooooo
(7 =100.0 [mg], S = 2 [MI])
Fig.5 Case WAN-S2: Queue dynamics for varying amoung of available
resourcesin WAN environemnt (7 = 100.0 [mg], S = 2 [MI])
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Table4 Parameter configuration in Scenario 2
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Table5 Simulation resultsin Scenario 2

0000 r[mg OOOOOO S[M] OOOOOOO([g§ 0OOO0OO [% 0000 [9
LAN-S20 DRM-DC 10 20 0.06 5 0.08
LAN-S20 Pl 1.0 20 0.06 5 0.08
WAN-S20 DRM-DC 100.0 20 0.1 100 0.24
WAN-S20 Pl 100.0 20 0.52 100 0.7
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