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A Study on Imnmne Optimizations
for Multimodal Functions and Division-of-labor Problems

In this paper, in order to validate the potentialities of the engineering models
inspired from a biological immune system, we made some models from analogies;
algorithms based on the models, and then, investigated the principle behaviors, the
performances through the computer simulations.

Especially, we dealt with multimodal functions and division-of-labor problems as
the target problems that issue included strongly required demands from users.

In the first target problem, the objective of multimodal function optimizations was
to obtain robust solutions, which could provide some rooms to choose carrying
solution for users.

The optimization methods for that purpose were required to obtain multi optimal
solutions at a problem solving. As a method for multimodal function optimization, we
proposed an Adaptive Memorizing Immune Algorithm (AMIA) with two memory
mechanisms, which AMIA was an extended algorithm of Mori's IA. IA based on the
biological immune system can obtained multi optimal solutions without the
constraint in sharing and niche method that the number of individuals in the
population (i.e., the population size) should be greater than the number of optimal
solutions. However, there are two issues; (1) appropriate parameters adjustment is
critical point, but any method for the adjustment doesn't support, and (2) the use of
obtained good solutions carries out only for the second solving time.

The two memory mechanisms were achieved to resolve the above-mentions two
issues. The basic idea is how to use a secondary immune response on the first
problem solving. The secondary immune response, which can carry out effective
problem solving as antigen elimination, exploits on the after second elimination only.
In point of first issue, the parameters adjustment got easily though establishment
obtaining memory and restraining re-search individually. About second issue, the
search ability was enhanced through use of obtaining memory and secondary
immune response in fist solving time also. The introduced memory mechanisms
consist of following two information processing mechanisms.

In the computational experiments, AMIA was applied to a deceptive problem in
TSP and Bipolar Deceptive Function to investigate the principle behavior and the
performances. And from these results:

® validity of a local search

@ stability of obtaining memory,



® possibility to search high fitness solutions,

® improvement of the search ability, and

® enhancement to obtain superior solutions
were validated, and we concluded the search efficiency of AMIA improved by a
memory mechanism's working effectively.

In the second target problem, we attempted an application to division-of-labor
problems in MAS to verify the further potentialities. The objective was to make best
distributions, which were satisfied (1) equaling work assignment, (2) optimizing a
work-cost individually, and (3) optimizing all amount of work-costs. And the problem
was required to minimize a total cost in a parallel distributed processing such as
scheduling problem, job scheduling and so on.

As the optimization methods, we constructed two kinds of immune based
optimization algorithms. As first algorithm, we proposed an immune distributed
competitive problem solver with MHC and immune network. The MHC was used for
elimination of the states of competition among agents. The immune network was
used to produce adaptive behaviors for agents. This competitive algorithm can obtain
optimal solution, but it has two disadvantages: we were not able to compute even
work domain and the divergence. And so, as second algorithm, we proposed a new
immune optimization algorithm so that the immune cell-cooperation, which is a
framework in a broad sense of elimination of antigens, may be applied rather than
having it applied directly to the local functions.

The purposes of the algorithm were to propose and evaluate an immune
optimization algorithm using a biological immune co-evolutionary phenomenon and
cell-cooperation. The co-evolutionary models searched the solution through the
interactions between two kinds of agents, one of the agents was called immune
agent, which optimized the cost of its own work. The other was called antigen agent,
which realized the equal work assignment. This algorithm solved division-of-labor
problems in MAS through the three kinds of interactions: division-and-integration
processing was used for optimization of the work-cost of immune agents and, escape
processing was used to perform equal work assignment as a result of evolving the
antigen agents. And the antigen agent computes even division of work domain using
escape processing based on a phenomenon that the antigen evolves to escape from
the elimination of immune system.

In the computational experiments, the immune co-evolutionary method was
applied to n-TSP to investigate the principle behavior and the performances. From
these results:

® validity of an immune co-evolutionary algorithm,

® stability of the obtaining superior solutions,

® quickness of the running time, and

@ applicability to solve general problems
were validated. In this way, we concluded the optimization ability for
division-of-labor problems was pretty good approach.
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