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Genetic Algorithm for Multi-objective Optimization

In the optimization problems, when there are several objective functions, the problems are called the Multi-objective or Multi-criterion Optimization 
Problems: MOPs.
The multi objective optimization problems are formulated as follows.   In general,

minimize	 	 f (x)  =  (    f1 (x),   f2 (x),    …    ,  fk (x)   ) T 
subject  to	 x ∈ X  =    {x} ∈ R n 

   |    gi  (x  < 0,   j=1,   … , m)  }_{
{ fi (x)  =  fi (x1, x2, …, xn),   i=1, …,k 

gj (x) = gj(x1, x2, …, xn),   j=1, …,m 
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数値実験結果

適用した手法：従来の多目的GA
　　　　　　　DCMOGA

対象問題：0/1ナップサック問題（２目的250荷物，２目的750荷物）

　　　　　アンテナ配置問題

２つの多目的0/1ナップサック問題とアンテナ配置問題に，MOGAとDCMOGAを適用した．10試行平均の被覆率，パレート最適解
の優越比較の結果，また，被覆率が平均に近い結果のプロット図を示す．今回はアンテナ配置問題の被覆率を計算していない．
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A: Cover Rate 0.92
      Cost  1000

B: Cover Rate 0.75
      Cost  750

X  is the domain that satisfies the constraints and is called the feasible domain.

In the optimization problems, when there are several objective functions, the problems are 
called the Multi-objective or Multi-criterion Optimization Problems (MOPs).
The multi objective optimization problems are formulated as follows.   In general,

When x1 ∈ X   and x2 ∈ X   satisfy fi (x1)  <   f2 (x2) for 
all of the objective functions and  fi and satisfy fi (x1)  <   
f2 (x2) for some of the objective functions   fi (x1)  is 

In multi-objective optimization, GA can find a Pareto-
optimum set with one trial because GA is a multi point 
search. As a result, GA is a very effective tool especially 
in multi-objective optimization problems.  Thus, there 
are many  researchers who are working on multi-
objective GA.   

We develop a new algorithm that is called Neighborhood Cultivation Genetic Algorithm (NCGA). 
NCGA has a neighborhood crossover mechanism in addition to the mechanisms of GAs that had 
proposed in the past researches. The following mechanisms  are   included   in   NCGA.

In NCGA, the exploitation factor of the crossover is reinforced. In the crossover operation of NCGA, 
a pair of the individuals for crossover is not chosen randomly, but individuals who are close each 
other are chosen. This crossover is neighborhood crossover.

Ratio of Non-dominated Individuals (RNI)
This performance measure is derived from comparing two solutions which are derived by two 
methods.  By RNI, the accuracy of the solutions can be compared. 

Maximum, Minimum and Average values
         of each object of derived solutions (MMA)

To evaluate the derived solutions, not only the accuracy but also 
the expanse of the solutions is important.  To discuss the expanse 
of the solutions, the maximum, minimum and average values of 
each object are considered.

To compare the results derived by each algorithm, the following evaluation methods are used in 
this examples.  

Preservation mechanism of the excellent solutions
Reflection mechanism of the preserved excellent solutions
Cut down (sharing) method of the preserved excellent solutions
Assignment method of fitness function
Normalization mechanism of values of each object
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In this section, NCGA is applied to the some test functions. The results are compared with those of 
SPEA2, NSGA-II and non-NCGA (nNCGA). nNCGA is the same algorithm of NCGA except 
neighborhood crossover.

Pareto-optimum solution

Multi-objective GA

{ Min  f1 (x)  =  Σ(-10 exp( -0.2  ( xi
2 +  xi+1

2)2))
Min  f2 (x) = Σ(|xi|0.8 +5sin(xi)3KUR

{ Max  f i (x)  =  Σpi,j・xjKP750-2

pi,j = profit of item j according to knapsack i
wi,j = weight of item j according to knapsack i
ci = capacity of knapsack i

subject to   Σwi,j・xj ≦  cj

KUR

300

–250

–200

–150

–100

–50

–900 –800 –700–300

–250

–200

–150

–100

–50

–900 –800 –700

–300

–250

–200

–150

–100

–50

–900 –800 –700 –300

–250

–200

–150

–100

–50

–900 –800 –700

–

SPEA2

nNCGA

NSGA-II

NCGA

f1(x)

f 2
(x

)

f1(x)

f 2
(x

)
f1(x)

f 2
(x

)

f1(x)

f 2
(x

)

KP750-2

0 20 40 60 80 100

0 20 40 60 80 100

0 20 40 60 80 100

25% 75%

21% 79%

97%3%nNCGA

SPEA2

NSGA-II

NCGA

NCGA

NCGA

-28500

-27000

-25500

-28500

-27000

-25500

f2
(x

)

f1
(x

)

SPEA2 NSGA-II NCGA nNCGA SPEA2 NSGA-II NCGA nNCGA

These algorithms of multi-objective GA are roughly divided into two categories; the algorithms 
that treat Pareto-optimum solution implicitly or explicitly.

Evaluation methods
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In NCGA, most of the genetic operations are performed in a group that is consisted of two 
individuals.  That is why this algorithm is called "neighborhood cultivation". 
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Method B：8/12  =  0.666
Method A：4/12  =  0.333
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The proposed algorithm, Neighborhood Cultivation Genetic Algorithm (NCGA), has not only 
important mechanism of the other methods but also the mechanism of neighborhood crossover 
selection. To discuss the effectiveness of the proposed method, NCGA was applied to test 
functions and results were compared to the other methods.
Through the numerical examples, the following topics are made clear.

In almost all the test functions, NCGA derived the good results.
Comparing to NCGA using neighborhood crossover and NCGA using random 
crossover, the former is obviously superior to the latter in all problems.

-800

-760

-720

-250

-200

-150

-100

f2
(x

)

f1
(x

)

SPEA2 NSGA-II NCGA nNCGA SPEA2 NSGA-II NCGA nNCGA


