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ABSTRACT
Genetic algorithms (GAs) are stochastic optimizationmethods that
mimic the evolution of living organisms. Among them, GA which
uses real-coded genes is called Real-Coded GA (RCGA). Several
generation alternationmodels have been proposed to improve RCGA.
Problem decomposition is a known method for improving search
performance.Therefore, in this study, a practical, real-worldmethod
of problem decomposition was considered. Here, it was considered
that the individual evaluation method utilized in group work could
be applied to the individual evaluation of RCGA. We focused on
the group work which practice problem decomposition in the real
world. In group work, each of members collaborates with the oth-
ers and is evaluated comprehensively from the group’s outcome
and personal contribution to the group. Therefore, in this study, a
model is proposed to introduce the concept of group work into a
generation alternation model of RCGA. We evaluated the search
performance of the proposed method using benchmark functions
and confirmed the performance improvement by comparing with
the conventional methods.
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1 INTRODUCTION
Genetic algorithms (GAs) are stochastic optimizationmethods that
mimic the evolution of living organisms. When a bit string is used
for a genotype, since it is a discrete expression, there is a prob-
lem that continuity is not considered at all. On the other hand,
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GA which takes real value for genotype is effective in continu-
ous function optimization problem in real number genetic algo-
rithm (RCGA). Recent studies to increase the search performance
of RCGA have proposed generation alternation models. One of
them,Just Generation Gap (JGG)[1] is improved search efficiency
compared to the others when using RCGA[2]. In this research,
we introduce collaboration model to improve search efficiency of
RCGA.

2 COLLABORATION MODEL
2.1 Cooperative Coevolution
First, in the Cooperative Coevolution (CC), the decision variable
vector is divided. The initial fitness of each individual is evaluated
by combining it with random individuals from the other species.
Next, the fitness of each individual is evaluated by combining it
with the current best combination of individuals. Assuming that
the number of divisions is D and the number of individuals in
each species is N , fitness calculation is conducted D × N times
to determine the fitness of all individuals.

2.2 Group Work
We thought that individual evaluationmethod of groupwork could
be applied to individual evaluation of GA. The fitness of each indi-
vidual belonging to a group was calculated based on the fitness of
the group. Assuming that the number of individuals in each species
is N, fitness evaluation needs to be conducted only N times to ob-
tain the fitness of all individuals regardless of the number of divi-
sions D.

3 PROPOSED METHOD
We propose a new generational alternation model introducing col-
laboration model into JGG. Figure 1 shows the conceptual figure
of proposed method. The procedure of the proposed method can
be summarized as follows:

(1) Divide decision variable vector.
(2) Generate of initial population for each species.
(3) Execute the following in each species.
(a) Selection for reproduction:

select N individuals by random sampling.
(b) Apply crossover to parents and generate offspring.

(4) Evaluate fitness of each individual by collaboration model.
(5) Selection for survival in each species:

select the top ranked N individuals from offspring;
replace the parents with N individuals.

(6) Repeat (3) to (5) until stop condition is satisfied.
We proposed Cooperative Coevolutionary Just Generation Gap

(CCJGG) combining JGG and Cooperative Coevolution and Group
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Figure 1: Conceptual figure of proposed method

Working Just GenerationGap (GWJGG) combining JGG andGroup
Work.

4 EXPERIMENT
4.1 Experimental Setting
To investigate the performance of the proposed method, we use
benchmark functions from CEC2013[3]. The number of dimension
is 20 and the number of divisions is varied to 2, 4, 5, 10, and 20.
In the trials, the number of divisions are determined by prelimi-
nary experiments and the best performance is compared. Popula-
tion size N is set to 200 and offspring size Nc is set to 120. Each
method performs 30 trials. Each run stops either when the error
obtained less than 10−7, or when the maximal number of eval-
uations (2000000) is achieved. The crossover performed was the
simplex crossover (SPX) and UNDX-n. Compare the search per-
formance of the proposed methods and JGG using t test.

4.2 Results
Table 1 shows experimental results. Significance levels is set to 1%.
+ means that the proposed method is better than JGG. − means
that JGG is better than proposed method. ≈ means that there is
no significance. The results indicated that the proposed method is
effective with many functions.

5 CONCLUSION AND FUTUREWORK
We introduced group work to collaboration model and proposed a
newgeneration alternationmodel introducing collaborationmodel
to JGG. Performance evaluationswere conducted using benchmark
functions, and the results confirmed that GWJGG yields better so-
lutions than JGG. The results suggested that GWJGG is more ef-
fective in RCGA. In this research, we divide search space evenly,
but in order to improve the performance, it is important to con-
sider the dependency between variables in search space.Therefore,
a function to analyze the dependency relationship of the fitness
function is required, we will develop it in a future work. We will

Table 1: Comparisons of CCJGG, GWJGG and JGG

SPX UNDX-n
CCJGG GWJGG CCJGG GWJGG

f1 + + − −
f2 − − − −
f3 ≈ + − ≈
f4 − − − −
f5 ≈ + ≈ +

f6 ≈ ≈ ≈ ≈
f7 ≈ + ≈ ≈
f8 ≈ ≈ ≈ ≈
f9 − ≈ − −
f10 ≈ ≈ − −
f11 + + + +

f12 ≈ + − +

f13 ≈ + − +

f14 + + + +

f15 − + − ≈
f16 + + ≈ +

f17 + + + +

f18 + + + +

f19 + + + +

f20 ≈ + ≈ +

f21 + + + ≈
f22 + + + +

f23 − + − ≈
f24 − ≈ − ≈
f25 − + − +

f26 ≈ − ≈ −
f27 − ≈ − ≈
f28 + + ≈ ≈

also conduct experiments on whether group work method works
effectively for other evolutionary algorithms.
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