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A Dynamic Partitioning Algorithm Based on Approximate Local Search for
Optimistic Parallel Discrete Event Simulation

ZHANG Ying-Xing YAO Yi-Ping

(School of Computer, National University of Defense Technology, Changsha 410073)

Abstract  With the rise of simulation platforms which support efficiently migration, the dynamic
partitioning mechanism can significantly improve performance of the PDES. How to estimate and
optimize the communication structure becomes an essential research topic for dynamic partitio-
ning. Currently, there are several dynamic partitioning algorithms. Since they consider computa-
tion and communication load balancing isolated, these algorithms may suffer under complex appli-
cation background. This paper formalizes the dynamic partitioning problem statement which com-
bine both computation and communication load balancing, and proposes an algorithm based on ap-
proximate local search, which obtains a solution with value no smaller than (1—1/|N|)(1—e)of
the optimal solution value in polynomial time complexity. The experiments show that the algo-

rithm has high performance and low overhead.

Keywords  partitioning; local search algorithm; parallel discrete event simulation; optimistic syn-

chronization
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Initial partitioning;
while GVT<SimEndTime do
{

Collect performance information from host;
Calculate computation workload imbalance WB ;
Calculate communication workload imbalance CB;
if (WB>MaxLoadDif f) call balance_com putation ()
else {
if (CB>MaxCommDiff) call
balance_communication( )

}
if (Movelndicator is not empty) Start LP movements;
SetTheNextMeasurementTime;
}
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Initial Patitioning
Input: the LP collection L;
the node collection N;
the LP workload dILoad(l);
the capacity of node dIcap(i);
Output: InitialPartition(i): N—L", L' CL
for (i€ N){
let PartitionSet(i) be the LP collection which

distributed to node i

let SumlLoad (i) = 2

L € PartitionSet (i)

While (SumLoad(i)<<dIcap(i)){
find /€ L satisfied SumLoad (i) +dILoad ()<=

dILoad(l)
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if Cexit such LP D) {
PartitionSet(i):= PartitionSet (1) U [
SumLoad (i) = SumLoad (i) +dI1Load (1)
Remove / from L

telse break;

}

if (L7 &) assign the rest LP to the N equally

InitialPartition(i) = PartitionSet (i)
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Vi€ N, NodelLoad(Pmax) —dcap(Pmax)=>

NodelLoad (i) —dcap(i).
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Vie N, NodelLoad(Pmin) —dcap(Pmin)<<

Nodel.oad (i) —dcap(i).
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balance_computation

CB>MaxCommDi f f

Input: LP collection which distributed to node :
PartitionSet (i)
the LP workload dLPLoad(l)

the capacity of node dcap(i)
Output; migrating LP collection Movelndicator
while (WB>MaxLoadDiff) do{
let Pmax be the node with the max computation
workload
let Pmin be the node with the min computation
workload
TMowvel.oad =
min( | NodeLoad(Pmax) —dcap(Pmax) |,
| NodeLoad(Pmin) —dcap(Pmin) |)
SumMowvel.oad=0;
For (1€ PartitionSet( Pmax) ) {
H(SumMowvel.oad+dLPLoad (1) <<TMowveLoad) {
Add [ to TempMovelLPSet
SumMowveload = SumMowvelLoad+ LPLoad(l) ;
I (SumMowvel.oad= TMovelLoad) break;

}
Nodel.oad(Pmax)= Nodeload( Pmax) —
SumMowveload ;
Nodel.oad (Pmin) = NodelLoad(Pmin) +
SumMoveload
Add TempMowvel.PSet to Movelndicator
if(Tem pMowvelL PSet (| Movelndicator# &) STOP;
Calculate computation workload imbalance WB ;
}
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balance_communication
Input: LP collection which distributed to node 7
PartitionSet (1)
edge weight @([, ,1,) of interaction graph G, (L,E)
Accuracy €>0
Output: migrating LP collection Movelndicator
let i=0;
While(True) {
let WLZZI@(ZI ,1,) while [, ./, don’t assign to the

same node

_ W;e gy | ®WULND
q"*<s<\N\—1>+1>|L\'“”“‘V")*( a wq’

do {
find a pair of LP [, € N;. [, € N, satisfied
IN: |w' (L W NO+ Ny [w' (L W N>
IN; |@" (L s N+ [N w0’ (L ND
if (exit such pair) {
Move [, to node N, and [/, to node N;
Calculate W, = D w (4, 4,) while 4, L,
don’t assign to the same node
telse{
output the Movelndicator;
STOP;
}
bwhile (W, >W;/2)

set i=i+1; W, =W,

}
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to communication structure and only consider computation
load imbalances. This paper formalizes the dynamic partitio-
ning problem statement which combine both computation and
communication load balancing, and proposes a algorithm
based on an approximate algorithm for graph partitioning.
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