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Introducing Cloning to Self-Organization of Multi-agent
Systems

Yoshiyuki NAKAI
Abstract
Paralell /Distributed computing has been put into practical use for the purpose
of gaining large-scale computational power. Distributed problem solving is a
topic of research in multi-agent systems. The characteristics of multi-agent
systems, compared to other distributed systems, is that there is no centralized
control over agents or synchronization.

Many researchers have showed that the organizational design used by an
multi-agent system can have significant, quantitative effect on its overall perfor-
mance. There are various organizational designs such as hierarchies, coalitions,
federations, and markets. Each of these designs has advantages and disadvan-
tages, therefore it is better for agents to reorganize themselves and adapt to
their environment than to fix their organization.

A lot of reorganization methods have been proposed so far. Agent migra-
tion, for example, is an approach where agents move to less loaded machine
from overloded machine, and agent decomposition is another approach where
an overloaded agent creates a new agent and move some of its tasks to the new
one. Agent cloning which I'm focusing on in this research is an approach where
an overloaded agent creates a new agent and copy its ability to the new one.

These reorganization processes in multi-agent systems are also expected
to occur without any global control. The main purpose of introducing agent
cloning is to exploit data parallelism inherent in tasks, but I found two following
problems.

1. In previous research on cloning, tasks for each agents do not change dur-
ing execution, and data dependencies between agents are very simple. All
agents are able to clone, so speeding up with cloning is no wonder. Intro-
ducing cloning to more complex agent model could be more difficult and
interesting.

2. Agents are not always be able to clone in such a complex model. We

want to know which agents are cloneable and which are not. If there exist
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clones in a system, other agents should divide some data and not divide
other data before sending them to the clones, The question is “which data
should agents divide, and which should not?”

My contribution to these problems are as follows.

1. I introduced cloning to an existing model of agent which can be self-
organized. In this model, agents are allowed to perform decomposition,
dividing onself into two agents, and composition, merging two agents into
one. I gave some additional knowledge to agents which is neccesary for
cloning, and proposed the process of cloning and decloning in detail.

2. The process of problem solving inside one agent can be expressed in a form
of data dependency graph. We can tell whether the agent is cloneable or
not, analyzing its data dependency graph and some nodes of neighbor’s
graph. So each agent can decide whether it is able to clone or not for
oneself. I named this problem “Agent Cloneability Problem” and formalize
it as a Constraint Satisfaction Problem.

In order to evaluate what I figured out, I'm developing a simulator which
extends an existing production system written in Scheme. I chose production
system since it is a simple excellent model and especially good at simulating
data driven problem solving by agents in distributed systems.

What this simulator can do now is to simulate the process of problem solving
by multi-agent organization. I have to reorganize agents for myself since self-
organization does not work.

Using this simulator, I made an agent which is cloneable according to my
theory, and gave a small task to the agent. Then I divided the agent into two
agents and gave the same small task to two cooperative agents. I also made a
clone of this agent, and gave divided task to two clones. The simulator worked
as | had expexted and I'm sure my idea in this research is effective.

We can apply the knowledge gained from this research topic for load balanc-
ing on parallel /distributed computing environment. The knowledge can also be

applied for modeling and analysis of workflows in a big business enterprise.
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