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Abstract: Many real-world problems are dynamic, requiring an optimization algorithm which is able to continuously track the
changing optima over time. Typical examples include recognition of the moving objects in changing background; constructing
financial trading models in various changing market conditions; data mining in continuously updating databases; scheduling
problems with dynamic available resources; vehicle routing in traffic networks of dynamic traffic flow, etc. which requires the
optimization algorithms to be able to find and track the changing optima efficiently over time. Among various algorithms for
dynamic optimization, particle swarm optimization algorithms (PSOs) are attracting more and more attentions in recent years. We
have proposed three algorithms based on PSO for dynamic environments. The proposed algorithms are the multi-swarm algorithms.
In the traditional research it is shown that the multi swarm algorithms are suitable for creating diversity in the environments. In this
paper, we propose an adaptive strategy for dynamic envirounments. The adaptive strategy increases convergence speed of the
algorithm. The proposed algorithm uses several suitable operators for increasing the efficiency of the algorithm. One of the operators
in the proposed algorithm is the trajectory control operator. The proposed algorithm has the best results rather than the state-of-the-
art. The experimental study on the Moving Peaks Benchmark shows that the proposed approach is superior to several other well-
known and state-of-the-art algorithms in dynamic environments.

Keywords: Particle Swarm Optimization, dynamic optimization problems, moving peaks benchmark, offline error, multi swarm.
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Algorith3: Change Rule

IF the fitness of swarm is bad

THEN

relocate the swarm randomly or pause it if there is not enough
time
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Algorithm4: Hill climbing algorithm

Procedure hill climbing;

Create a solution (s")

Best = s';

Loop

s = best;

s’ = neighbors (s)

Best = select Best (s');

IF there is no change in Best solution THEN
Jump to new state in state space;
Until stop criterion satisfied;
End
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Algorithm2: Improve gbest

/lupdate G(t) with Quantum particles
for each swarm i
Forc=1to Q
Update Qi,j based on equation 1
If f(Q; ;) > f(G(¢t);) THEN
G()i=Qy;
End for
End for
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Evaluated f(p,;)
FOR EACH swarm n
Png = argmax{f (p:)}

/lupdate G(t) with Quantum particles

REAPET

/I local search for each swarm

Procedure hill climbing.

/I Operator instead of Anti-Convergence operator

if mean Evaluated f(p,;) for scout swarm >
theshold1 THEN
create new swarm.

FOR EACH swarm n

/I Test for Change

Evaluate f(py,g)

IF new value is different from last iteration THEN
Re-evaluate each particle from each swarm
ChangFlag;

Evaluate a particle from each swarm
if new value is different from last iteration then
ChangFlag = 1;
Else
ChangFlag = 0;
FOR EACH particle i of swarm n
Apply the Change Rule();

FOR EACH particle i of swarm n
I/l Update particle
Apply equation (1) and (2) for each particle
/I Exclution
FOR EACH swarmm # n
IF swarm p,,, is within 7, of p,,,;, THEN
IF f(Png) < f(Pmg) THEN
Re-initialize swarm n
ELSE
Re-initialize swarm m
FOR EACH particle in re-initialize swarm
Re-evaluate function value.
Update swarm particles with equation (1) and (2).
I/ Control nutral particles operator
FOR EACH nutral particle j of swarm n
Insert failure factor j of swarm n.
Threshold2 considered for consecutive failure.
if (average(failure)>threshold2) then
Region is obsolete;
Evaluate each nutral particle position;
I/ stop algorithm
UNTIL number of function evaluations performed>max
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Algorithm5: Detect Change

Evaluate f(png) for each swarm.
IF new value is different from last iteration THEN
Re-evaluate each particle
ChangFlag;
Evaluate a particle from each swarm
if new value is different from last iteration then
ChangFlag = 1; Else ChangFlag = 0;

Algorithmé: Proposed Algorithm

/I Initialization
FOR EACH particle ni

Initialize v,,; , x,; = py; the particle in the search space;
(initialize particles with chaos theory)
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