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An Algorithm For Load-Sharing and Fault-Tolerance
In Internet-Based Clustering Systems

In-Bok Choi' - Jae-Dong Lee'!

ABSTRACT

Since there are various networks and heterogeneity of nodes in Internet, the existing load-sharing algorithms are hardly adapted for use in
Internet-based clustering systems. Therefore, in Internet-based clustering systems, a load-sharing algorithm must consider various conditions
such as heterogeneity of nodes, characteristics of a network and imbalance of load, and so on. This paper has proposed an expanded-WF
algorithm which is based on a WF (Weighted Factoring) algorithm for load-sharing in Internet-based clustering systems. The proposed algo-
rithm uses an adaptive granularity strategy for load-sharing and duplicate execution of partial job for fault-tolerance. For the simulation, the
matrix multiplication using PVM is performed on the heterogeneous clustering environment which consists of two different networks. Compared
to other algorithms such as Send, GSS and Weighted Factoring, the proposed algorithm results in an improvement of performance by 55%, 63%

and 20%, respectively. Also, this paper shows that it can process the fault-tolerance.

I|HE - BHAE AAH(Cluster System), #8&®(Load-Sharing), W3/ R(Fault-Tolerance), WF & T2|&(Weighted Factoring
Algorithm), HAIX} HE(Message Passing)
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struct slave_node {

int job[ | log, N | 1; /8%E A

/1 FAEN0 - o3,
1:dE/78%, 2 948)

int status [ { log; N J];

float weight ; /OVEA(EREY A%)

int remain ; // Mg F<0 jobel A7)

int doing ; /) A AE/pHF jobe] A7)
} schedule [P] ;
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SEND (schedule [j).job [k], 1)

1 send (data of schedule [j].job[k] to i” node) ;

2 schedule [jl.status [k} = 1;

3 schedule [jl.remain —= size of schedule [).job (K]
4 schedule (jl.doing += size of schedule[j].job [k} ;
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RECEIVE (schedule [j].job [k], i)

1 recv (arbitrary partial result data schedule [j].job [k]
from i node) ;

2 schedule [j).status (k] = 2 ;

3 schedule [jl.doing —= size of schedule[jl.job[k] ;
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Function SELECT _ JOB_for_LS (schedule [j).job [k], 1)

- Input : schedule {j].job (K], received partial result data ;
i, index of a arbitrary slave node

« Qutput : schedule [m].job [n], next partial job for i
slave node

1 if (schedule [i}.remain '= 0) {

2 m=i,

3 n=k+1;

4 )

5 else if (Exist schedule [0 -+ (P-1)).remain != 0) {

6 m=0;

7 max_remain = schedule [0].remain X schedule [0l.weight ;

8 for (index = 1;index < P;index++) {

9

temp_remain = schedule [index).remain

X schedule lindex].weight ;
10 if (max_remain < temp_remain) {
11 max_remain = temp_remain ;
12 m = index ;
13 }
14 }
15 for (index = { logy N J -1;index > 0 ; index——) {
16 if (schedule [m].status == 0) {
17 n = index ;
18 break ;
19 }
20 }

21 return (schedule [ml.job [n]) ;
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Algorithm FOR-LOAD-SHARING
= Input : P, number of slave nodes ;
schedule [P), a scheduled array for P slave nodes

= Qutput : result, merged partial data which are received from

slave nodes (e.g. array, a variable)

1 SEND (schedule [0+ (P-1)].job [0], 0+ (P-1));

2 SEND (schedule [0 - (P-1)].job[1], O - (P-1));

3 while (all partial results are not gathered by master node) {

4 RECEIVE (schedule [j].job [K], 1) ;

5 schedule [m).job [n] = SELECT_JOB_for_LS

(schedule [j].job K], 1) ;

6 SEND (schedule [m].job [n], 1) ;

7 MERGE (pratial result data of schedule [j].job [k]

to the resuit) ;

8 }
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Function SELECT_JOB_for_FT (schedule [j].job [k], 1)
« Input : schedule [3]. job [k], received partial result data ;
i, index of a arbitrary slave node
» Output : schedulelm].jobln], next partial job for the i"
slave node
1 if (schedule [il.remain == 0 && schedule [0 --- (P~1)].remain
== () {
2 m=20;
3 max_doing = schedule [0].doing x schedule [0l.weight ;
4 for (index = 1;index < P;index++) {
3 temp_doing = schedule [index].doing
X schedule [indexl.weight ;
6 if (max_doing < temp_doing) {
7 max_doing = temp_doing ;
8 m = index ,;
9 }
0 )
11 for (index = | log;N | -1;index > 0 index—) {
12 if (schedule [m].status == 1) {
13 n = index ;
14 break ;
15 }
6 )}
17 return (schedule [m].job [n]) ;
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Algorithm Expanded-WF

o Input : N, size of job ; P, number of slave nodes

» Qutput : result, merged partial data which are received from

lave nodes (e.g. array, a variable)

1 EVALUATE (performance of slave nodes) ;

2 CREATE (scheduler by Weighted Factoring algorithm) ;

3 SEND (schedule [0 -+ (P-1)].job [0}, O+ (P-1)) ;

4 SEND (schedule (0 -+ (P-D)].job [1], 0 - (P-1)) ;

5 while (all partial results are not gathered by master node) {

6  RECEIVE (schedulejl.job K}, i) ;

7 if (schedule [i).remain 1= 0 or Exist

schedule [0 -+ (P-D].remain '= 0) {
8 schedule [m]. job [n} = SELECT_JOB_for_LS
(schedule [j].job k], 1) ;

9 }

10 else {

11 schedule [m).job [n] = SELECT _JOB_for_FT

(schedule [j].job [K], i} ;

12 }

13 SEND (schedule [m).job [nl, i) ;

14  MERGE (pratial result data of schedule [j].joblk] to the

result) ;

15 )
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Node™ CPU e A
Master Pentium 3 450 320M Linux(kernel 2.4)
Node 1 Pentium 3 733 128M Linux(kernel 2.4)
Node 2 Pentium 3 733 128M Linux(kernel 2.4)
Node 3 Pentium 3 450 128M Linux(kernel 2.4)
Node 4 Pentium 3 300 128M Solaris 80

Node 5 Pentium 3 300 128M Solaris 8.0

Node 6 Pentium 3 450 128M Linux(kernel 2.4)

Node 7 Pentium pro 133 64M Linux(kernel 2.0)

Node 8 Pentium pro 133 32M Linux(kernel 2.0)

Node 9 Pentium pro 133 M Linux(kernel 2.0)

Node 10 | Pentium pro 133 16M Linux(kernel 2.0)
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