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M++: Parallel Multi-Agent Simulator
Based on Self-Migrating Threads

NAOYA SuUzUKI,* MUNEHIRO FUKUDA and KOICHI WADA*tt

The multi-agent approach requires a large number of various agents and objects, where
programmability are of essence in such simulations. To improve this feature of the approach,
we propose the M++ parallel multi-agent simulator, in which threads represent agents, au-
tonomously navigate through, and get access to a simulation space constructed over a cluster
system. We have not only realized a narrow semantics gap between simulation models and
their code with our M++ language, but also retained performance using our original sthread
library and zero-copy thread migration scheme. In this paper we demonstrate programma-
bility of M++ using artificial societies simulation by comparing with MPI and inspect its
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performance.
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class Node { public: ... };
class Link { public: }
thread Thread {
public:
Thread( int argc, const char** argv )
nid( 0 ), did( 1) {}
void main() {
create node<Node> with( nidedid );
hop( nidedid );
}
private:
int nid, did;
};
02 M++ 0000000
Fig.2 M++ framework.
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1 int gvt;

2 AgQueue incomingAg, residingAg, outgoingAg[CPUNum];
3 const int simSize( 200 );

4 const int arraySize( simSize * simSize / CPUNum );
g Node mnodel[arraySize];

7 class Agent {

8 public:

9 enum { searching, movingToMax };

10 Agent() : dir( Agent::north ), i( 1),

11 status% searching ) {}

12 int getCPUid()

13 { return ( ix + iy * simSize ) / arraySize; }
14 void calcIxIy( int dir ) {

15 switch( dir ) {

16 case east: ix=(ix+1) % simSize; break;

17 case south: iy=(iy+1) % simSize; break;

18 case west: ix=(ix>0)?7ix-1:simSize-1; break;
19 - case north: iy=(iy>0)?iy-1:simSize-1; break;
20

21 void pointNextElem() {

22 if ( dir == Agent::north && i == 1)

23 { orglx = ix; orgly = iy; }

24 if( dir <= Agent::west )

25 if (i <= visible ) {

26 if ( maxRatio >= curNode->getRatio() ) {
27 maxRatio = curNode->getRatio();

28 maxIx = curNode->getIx();

29 maxIy = curNode->getIy();

30 i++;

31 }

32 calcIxIy( dir );

33

34 else { i=1; dir++; ix=orglx; iy=orgly; }
35 else { status = movingToMax;

36 dir = Agent::north; i = 1; }

37 }

gg void effectToSimSpace() { ... }

40 private:

41 enum { north, east, south, west };

42 int visible, metabolism, sugar, ix, iy,

43 orglx, orgly, maxIx, maxly, dir, i, status;
44 float maxRatio;

45 };

46

47 int main( int argc, const char** argv ) {
48 for( gvt = 0 ; gvt < maxSimTime ; gvt++ ) {

49 switch( gvt % 2 ) {

50 case 0: agentSimulation(); break;
51 case 1: simSpace->clocking( gvt ); break;
52 } 1} 1}

53

54 void agentSimulation() {

55 do {

56 incomingAg.enqueue( residingAg );

57 while( !incomingAg.isEmpty(% % {

58 ag = incomingAg.dequeue();

59 ag->pointNextElem() ;

60 if ( ag->getStatus()==Agent: :searching )
61 outgoingAg[ag->getCPUid ()] .enqueue( ag );
62 else %

63 elem = simSpace->getElement( ag );

64 ag->effectToSimSpace( elem );

65 if( ag->getSugar() )

66 ag->terminate();

67 residingAg.enqueue( a

);
68 N } } } while( exchangeAgents%) >0);

71 int exchangeAgents() {

72 packedAgent = packAgent( outgoingAg );
73 sendAgent ( packedAgent ) ;

74 recvedAgent = recvAgent();

75 incomingAg.enqueue ( unpackAgent (recvedAgent) );
76 countIncomingAg = incomingAg.count();

77 MPI_Allreduce( countIncomingAg,

78 totalExchangedAg, ... );

gg y return totalExchangedAg;

03 MPIDDOOOODODOOODOOOOO

Fig.3 Artificial societies simulation using MPI.
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Fig.4 Artificial societies simulation using M++.
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Fig.5 Performance of artificial societies.
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