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1 Introduction

Many real-world optimization problems are dynamic and require an algorithm that is able to
continuously track a changing optimum over time. A dynamic optimization problem can be
expressed as in (1), where f(&,t) is the objective function of a minimization problem, h;(Z,t)
denotes the ;' equality constraint and gp(%,t) denotes the k'" inequality constraint. Both of
them may change over time, denoted by .

min  f(Z,t)
st. hij(@t)=0for j=1,2,..,p (1)
gr(Z,t) <0for k=1,2,...,1

In this paper, we present an enhanced version of the multi-agent dynamic optimization al-
gorithm called MADO, introduced in [1, 2], for unconstrained dynamic continuous optimization.
MADO is based on several specialized local searches and on archiving the optima found, to use
them when the environment changes. The performances of the algorithm are evaluated through
the Generalized Dynamic Benchmark Generator (GDBG) [3]. Then, we compare them to those
of competing dynamic optimization algorithms available in the literature.

2 Overall scheme

The overall scheme of MADO is illustrated in Figure 1, where the agents are depicted by numbered

th

black-filled circles in the search space .S, and the neighborhood of the " agent is denoted by N;.

Figure 1: Overall scheme of MADO.



MADO is a multi-agent algorithm, that makes use of a population of agents to explore the
search space, and to track the optima when a change occurs in the objective function. Agents
perform local searches, moving from their current solution to a better one in their neighborhood,
until they cannot improve their current solution, reaching thus a local optimum. The agents are
coordinated by a dedicated module (the coordinator) to prevent them from searching in unpromis-
ing zones, and to force them to focus on unexplored ones of the search space, thus increasing the
diversity of the solutions. Each agent performs its local search in an exclusive zone of the search
space. Hence, when several agents converge to the same zone, only the one with the best current
solution continues its search in this zone. Furthermore, when an agent terminates its local search
(when it stagnates on its current solution), the local optimum found is transmitted to another
module, dedicated to the archiving of the found optima. Then, the agent starts a new local search
elsewhere, and the initial solution is given by the coordinator. The archive of local optima is used
when a change is detected in the objective function, to track the archived optima.

3 Experimental results

The comparison, on GDBG, of this enhanced version of MADO with the other leading optimization
algorithms in dynamic environments is summarized in Figure 2. GDBG was used during the
CEC 2009 competition on dynamic optimization. It is composed of 49 test cases that correspond
to the combinations of six problems with seven change scenarios. These change scenarios have
different degrees of difficulty, from a small displacement of the optima to a change of the dimension
of the problem. A mark is calculated for each test case in a way that favors early discovering,
after each change in the objective function, of the global optimum. The sum of all marks gives a
score that corresponds to the overall performance of the tested algorithm. The maximum value of
this score is 100. In Figure 2, algorithms are ranked according to their overall performance. The
obtained results show the efficiency of the proposed algorithm.
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Figure 2: Comparison with competing algorithms on GDBG.
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