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Placing Agents in Massively Multi-Agnet Systems
Naoki MIYATA
Abstract
Recently, large-scale multi-agent systems dealing with massive agents are being
developed. Large-scale multi-agent systems enable the construction of systems
that provide services to more number of users or conduct simulations of more
complex systems.

One of the problems with large-scale multi-agent systems is that an increase
in the number of users leads to deterioration of system performance. For exam-
ple, as the number of users increase, the system has more difficulty in providing
real-time services to great number of users. Moreover, as systems performing
simulations become more complex, more time is required to conduct the sim-
ulation. One way to solve this problem is to connect multiple agent servers
to construct a distributed multi-agent system. When a distributed multi-agent
system is constructed, the following problems must be considered.

1. Agent placement to improve the performance of the system
When agents are distributed to distributed multi-agent systems, both the
load of agents and the interaction cost among agents have to be taken into
account. If many agents concentrate on one agent server, that agent server
may create a bottleneck in the system. Therefore, the load of agents needs
to be distributed among multiple agent servers. Increase in the interaction
cost due to the distribution of agents has to be also held down. The inter-
interaction cost among different severs is greater than the intra-interaction
cost within a single agent server due to the load of exchanging messages
among agent servers. Given this fact, the agents which frequently interact
with each other must be placed on the same agent server to reduce the
interaction cost among agent servers.

2. Implementation of distributed multi-agent systems
How to implement distributed multi-agent systems is also an important
issue. Each server on distributed multi-agent systems has to run indepen-
dently without central functions. If central functions exist, the benefits

from distributed computing are lost because the functions may create a
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bottleneck. Consequently, distributed multi-agent systems have to be im-
plemented without central functions.

To solve the above two problems, this paper formalizes the problem of plac-

ing agents on distributed multi-agent systems as an agent placement problem.

This paper provides an approximate algorithm to the agent placement problem.

I take up a massive navigation system, which is a stand-alone multi-agent sys-

tem, as an application example to apply my technique, and demonstrate how

the distributed system is implemented. The main contributions of this paper

are the following.

1.

Proposed an agent placement technique with consideration to load and
interaction cost of agents

I formalized the problem of placing agents as an agent placement problem,
in which the load of each agent server is lower than the threshold and the
interaction cost among agent servers is minimized. This paper provides
an approximate algorithm to the agent placement problem by means of
using the idea of k-way FM algorithm which is an approximate algorithm
used in network partition problem. Approximate algorithm was selected
because calculating the optimum solution of agent placement problem is
difficult. Simulation result showed that the proposed technique reduced
the interaction cost faster than other existing techniques such as Comet
algorithm, and that after many iterations, the proposed technique improved
the interaction cost about 10% more compared to the previous technique.
Implemented a distributed multi-agent system without central functions
In this paper, the implementation of a stand-alone massive navigation
system that connects multiple agent servers in a distributed manner was
stated. I added a function to relate other servers and another function to
monitor the system, and this allowed each agent server to independently
determine the placement of agent.

With the above two contributions, it was proven that interaction cost can

be reduced to improve system performance when the proposed technique was

applied to distributed dulti-agent systems. Furthermore, the system not needing

central functions was shown that it can be implemented.
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Algorithm 1 0000000000
Require: W, > T, W, < T(i = 2,3, ...,m), >; W; <mT,

/* initial placing */

while W, > T}, or max; gain; > 0 do
select a; (a; € A} A gain; = max,, e 4, gain;)
move a; to M p(a;)
end while
/* improve cost loop */
while mincost updates do
Unmark all agents
while Unmarked and movable agents exist do
Compute gain; of each unmarked agents
Find a; with max gain; from unmarked agents
Move a; into My 4,y and mark
end while
Find index that minimize cost in the above loop and the minimize cost is
set to tmpmincost
if mincost > tmpmincost then
mincost = tmpmaincost
end if
end while

return M (1 = 2,3, ..., m), which gives mincost

0s00000000000000000
000000000000000 (8)00000000000000000
00000 0000000000000000000000000 (8)00
000000000000 (8)000000000000000000000
00000000000000000000000000s 00000000
000000000 gain; >00000000000000000A4,0000
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Algorithm 2 WBLB(workload based load balance)
Require: Wi > T, W, < T,(i = 2,3, ....m), >, W; <mT},

compute the load w; of each agent
while W; > T}, do
Find a; (w; = max,;ecar w;)

Move a; to s; (W} = ming., Wy)

end while

Algorithm 3 Comet Algorithm
Require: Wy > T, W; < Tj,(i =2,3,..m), >, W, < mT),

compute the credit ¢; of each agent and compute the load on each host;

while W; > T}, do

select a; (¢; = minajeA'1 ¢;)
move a; t0 8; ( Xa,ea, P(@i; ax) = maxmy, Yqea, P(ai, ar)

end while
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