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A Distributed and Cooperative Load Balancing Method
for Large-scale Computing Environments

YOSHITOMO MURATA, ! Tsutomu INABA,™ HIROYUKI TAKIZAWAT!
and HIROAKI KOBAYASHIT?

There are many studies that aggregate idle computing resources connected to networks
and exploit their computing power for large-scale distributed computing. In a distributed
computing environment with idle computing resources, the computing power devoted by each
peer is likely to dynamically change during the computation, and causes load-imbalance that
increases the execution time. Therefore, dynamic load balancing by monitoring the load of
each peer and appropriately reassigning tasks is required. In this paper, we propose a dis-
tributed and cooperative dynamic load balancing method to achieve an appropriate dynamic
load balancing among a huge number of peers. The proposed mechanism parallelizes and
assigns load balancing processes to all available peers, though the conventional one usually
assumes the processes are performed by a single concentrative server. Since each computing
resource participating in the distributed computing simultaneously performs both computing
and load balancing, the proposed mechanism can achieve higher scalability than the conven-
tional ones. We simulate a distributed computing environment consisting of many peers, and
evaluate the dynamic load balancing performance of the proposed mechanism in comparison
with that of the conventional ones. The evaluation results indicate that the proposed mecha-
nism can effectively perform dynamic load balancing irrespective of the number of peers, and
can accelerate the distributed computing.
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Fig.1 Scheduling modules in a resource.
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Fig.2 An example of P2P overlay network.
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Fig.3 Sub-overlay networks.
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Table 1 Simulation parameters.
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Fig.4 Effectiveness of dynamic load-balancing (Task size:

10'° floating-point instructions).

4.3 000DO0OOOODOOO
00000000000 0000000DOoooon
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 2000000000000
O0AppLeSO 0000000 DOODOO 100000
oooo

0 400 500 6 00000 OAppLeSOWorkQueue
0000000000000 00000000000
0000D000D0000000000 1000000
000000000400 100000000 50
010" 0000000600 1020000000
000000000000000000000000
000000000000000000000000
000000000000000000 400 500 6
oooooooog
0400000000 2,04800 4,00600000
0000000000000 D00000000000
000000000000 00000D0000000n
00000000000 D000D00D0000O0O0D
00000000000 000000000D00D
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000AppLeSOWorkQueue 0000000
00000000000 000D000D0000000
0000000000000 D000D0000D000D
0000000000000 D00000000000n

goooooOoooooooooooooboboo 1223

4000

3000

i
e
#2000 ==
i
e
——BMBRSEEL
1000 —&—Work Queue [l

—— AppLeS
—— NEBARTER) > V2EK)

0
10 100 1000 10000
AHEREHIE]
05 0D0000D00OO0O0DOOOOOOOO10Y 0000000
ooo
Fig.5 Effectiveness of dynamic load-balancing (Task size:

10! floating-point instructions).
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Fig.6 Effectiveness of dynamic load-balancing (Task size:

10'2 floating-point instructions).

gboooooboooobooooooooooo

00 WorkQueue 00O OOOOOOOOOOOO 6
gobooooooooooboooboooooobooboboo
gooooooobooooooobooooooboooo
000000doodoooono 400 50 WorkQueue
gooooboooo0oooooo400DD00O0O
0128000000005 000000000 256
gooobdoooobooobooooobooooobooa
gooooooooooooboobooobooo 4000
gboooo 26000000000 5000000
goOs1200000000000000000OA0
0O WorkQueue 00000000000 OOOOOO
goooOobOoO0ob 400000000 204800
4,09 0000000000000O000O00O000O0
goboooooooooooobooooooobooo
gobooooboono 400 5000000000



1224 ooooooooo

00000000000 WorkQueue OODOODOODO
goooboooooooboooboooboobooooooo
gooooboooooobooooooooooooon
gboooooobooboeOobOOoOOoObOOOOOOO
goooooooooooooooooboooooon
goooboboooooooobobooooobooobo
gooobooooooooooboooooooooo
OoooooOooooo 2)+4)o0oooooooo
OO0 WorkQueue 0000000000000 OO0O
glboboooooooooooooooboooobooon
gooooboooooooooooboooooooo
00000000 WorkQuene D00 OD0OODODOODO
goooboooooooooooooooooooo
gooooboooooobooooooooooooon
goooooooooboooooooboooonoooo
goboog
AppLleSOOO0D0O0OOOCOCOOOOOO 2560
goooboboooooooooobooooooooboobo
ooOOooobOO0oo400 500 60000000000
goooooboooooooooooooooooo
00000000000 AppLeSO0O256 00000
goooboooooooooooboooooooooo
goooboooooooobobobobooonoooo
goooobooooobooooboooobooDo
oooooooosi2ooooooooooooon
gooobobooooooooooooooboboobo
gooooooooobobbobOOo00o0oooooooo
0400 500 6000000000 OOOOOO
gooobobooooooooooooooooooo
gooobooooooooooobooooooooo
goooobooooobooooboooobooobo
AppLeSOO00O0O0OOOOOOOODOOODOOO
goooboooooooboooooobobooooon
gooooboooooobooooooooooooo
gobooboooooooboooobooooooo
gooooooboooboobooooboboooDo
AppleSOOOO0O0O0OOOOOOCOODOOOOOO
gooobooobooooooooobooooboooooo
gooobooooooooooboooooooooon
gooooboooooboooooooooooooo
oooooooboobobooooooooooooooaao
gbooooooobooobooooobooobooobann
goooboooooooooooooboooooooo
gobooooboooooooobooooon
gooooboooooooooooboooooobo
goooooOoOoOoOoOoOoOOoOOOODOOODAp-

Mar. 2008

pleSOD0000D0DDOOOODOOOOOODOOO
0000000000000 0000000000
0000000000000 AppLeSOOOODOD
0000000000000 0000000000
00000000 000000000000000
0000000000000 00000000nOn
0000000000000 D00D0000000ODn
000000 WorkQueue 0000 O0O0DO0OOD
000000000000 000D0000000000
0D0000000000000D0000000000
WorkQueue 0000 0000000000000O0
0000000000000 00000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
00D00000D0OAppLeSO0O00D0OODOOOD
0D0000000000000000000000
0000000000000 00000000000
0000000000000 00DO0000

44 000000O00DOO0DOOCOODOOD

00000000000000000000000
0000000 AppLeS00000000OODODO
0ooo0Ooooooo

070 AppLeSOO0000O0DO0DO0DODOODOO
000000000000000000000000
0000000000000 00D00000000OD
00 2000000000000000000 7000
000 1000000000 10 000000oo
000000000AppLeSO000000O0DO0ODO
00 10000500001,500000000000000
000000000000 10000000000
00000000000000000000AppLeS
000000000000000000000000
ooo

07000AppLeS 0000O0O0DODOODODOO
000000000000000000000000
0000000000000 00D00000000Dn
000000000000 000000000000
0000000000000 0000000000
00D0000000000000000000000
00D0000000000000000000000
00D00000000000D00D000000000n
0000000000000 D00000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000



Vol. 49 No. 3

3500
3000 /
2500 x—_‘x—*—-x/*/x/*/ /

—— AppLeS[100s]
1000 —< AppLeS[500s] L
—— AppLeS[1500s]

—— SRR TR Y2K)

T H I (s]
o S
8 8

500

0

10 100 1000 10000
HEEREHE]
07 000D0OO0O0OOO0DO0ODOOOOOOOO
Fig. 7 Effectiveness of load-balancing versus rescheduling
interval.
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Fig.8 Changes in convergence.
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