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Abstract

In this paper, a method for solving fuzzy multiobjective optimization of space truss with a genetic algorithm is proposed. This method
enables a flexible method for optimal system design by applying fuzzy objectives and fuzzy constraints. The displacement, tensile stress,
fuzzy sets, membership functions and minimum size constraints are considered in formulation of the design problem. An algorithm was
developed by using MATLAB programming. The algorithm is illustrated on 56-bar space truss system design problem and the results are
discussed.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Many real world engineering design problems can be for-
mulated as multiobjective optimization problems. Although
multiobjective optimization can be used in all areas of engi-
neering, it was originally used mainly for optimization of
structures in civil engineering. The first paper on multiobjec-
tive optimization was by Pareto [1]; since then determination
of a compromise set of multiobjective is called Pareto opti-
mization [2,3].

Zadeh first introduced the concept of fuzzy set theory
[4]. Then Zimmermann applied the fuzzy set theory con-
cept with some suitable membership functions to solve a
linear programming problem with several objective func-
tions [5]. Rao et al. applied a fuzzy optimization technique
with membership functions to solve the multiobjective
engineering problem [6]. Today, fuzzy theory and member-
ship function values are widely used in engineering design.
Use of membership functions is also a tool to solve multi-
objective design problems. For such cases, the application

of fuzzy set theory is effective, and numerous multiobjective
fuzzy optimization techniques have been developed [7–10].

In this paper, a fuzzy multiobjective optimization
approach is presented. The fuzzy k-formulation is com-
bined with a genetic algorithm for solving fuzzy multiob-
jective optimization problems with design variables.
Objective functions including the volume of the minimum
weight and minimum displacement are considered in the
numerical example. The volume of construction weight,
displacement, geometrical properties, cross sectional areas,
member degrees, and upper and lower limit values of the
stress elements are used as constraints. Finally, the pro-
posed method is applied to complex design problem of a
space truss.

2. Fuzzy multiobjective optimization

2.1. Fuzzy optimization

Fuzzy optimization is the name given to formulation of
optimization problems with flexible, approximate or uncer-
tain constraints and objectives by using fuzzy sets. Fuzzy
optimization problems associate fuzzy input data by fuzzy
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membership functions. A fuzzy optimization model assumes
that objectives and constraints in an imprecise and uncer-
tain situation can be represented by fuzzy sets. In fuzzy opti-
mization the fuzziness of available resources is characterised
by membership functions that span a tolerance range. In the
present study, objective functions are considered as fuzzy
sets and inflows are considered in the form of chance con-
straints. The complete formulation is available in Rao’s
paper [6]. The mathematical k-formulation of a multiobjec-
tive fuzzy optimization can be written as

maximize k ð1Þ
subject to k� lfi

ðxÞ 6 0; i ¼ 1; 2; . . . ; k; ð2Þ
k� lgj

ðxÞ 6 0; j ¼ 1; 2; . . . ;m; ð3Þ
xl

i 6 xi 6 xu
i ; i ¼ 1; 2; . . . ; n: ð4Þ

where x is the vector of design variables, lfi
ðxÞði ¼

1; 2; . . . ; kÞ the set of objective functions, and lgj
ðxÞ 6

0ðj ¼ 1; 2; . . . ;mÞ the set of constraints.
For solving multiobjective programming problems, the

following multiobjective k-formulation [6] is adopted for
the fuzzy nonlinear problem. For the multiobjective opti-
mization problem, Pareto optimal sets define the solution
in this paper; the Pareto optimal solution concept is defined
in

fiðxÞ 6 fiðx�Þ for all i; i ¼ 1; . . . ; k; ð5Þ
fiðxÞ < fiðx�Þ for at least one i; 1 6 i 6 k: ð6Þ

Given a set of feasible solutions P for the problem, a
solution x* 2 P is said to be a Pareto optimal solution for
the problem if and only if there is no other solution
x 2 P, satisfying the conditions in Eqs. (5) and (6) [11].

3. Genetic algorithms approach

Genetic algorithms were more fully developed after the
original work by Holland [12]. These approaches consist
of optimization procedures based on principles inspired
by natural evolution. Given a problem for which a
closed-from solution is unknown, or impossible to obtain
with classical methods, an initial randomly generated pop-
ulation of possible solutions is created. Its characteristics
are then used in an equivalent string of genes or chromo-
somes that are later recombined with genes from other
individuals. It can be shown that by using a Darwinian-
inspired natural selection process, the method gradually
converges towards the best-possible solution [13].

The GA manipulates a population of the potential solu-
tion for problems such as optimization. Genetic algorithms
for multiobjective optimization problems have been pro-
posed in the literature [11,14,15]. They can be used to com-
pute the membership functions of fuzzy sets [16,17]. Kiyota
et al. have proposed a multiobjective fuzzy optimization
method by genetic algorithm [18]. Since then, several

papers have evolved that use genetic algorithms fuzzy opti-
mization [19–21].

To solve the problem given in Eq. (1), a GA is used.
Since a GA seeks a set of solutions for multiple objectives
in a group, it can offer several candidates to the engineer.
An outline of the fuzzy multiobjective genetic algorithm
for rule selection is as follows.

3.1. Representation and initialization

An initial population of size n is randomly generated
from [0, 1]k+1 according to the uniform distribution in the
closed interval [0,1]. Let the population be

xi ¼ ðli0 ; li1 ; . . . ; likÞ; ð7Þ

where i = 1,2, . . .,n and lij is a real number in [0,1],
j = 0,1,2, . . .,k. Each individual xi in a population is a chro-
mosome. For each chromosome xi, i = 1,2, . . .,n, the cen-
troid eval(xi) is calculated as the fitness value. The
chromosomes in the population can be rated in terms of
their fitness values. Let the total fitness value of the popula-
tion be F ¼

Pn
i¼1evalðxiÞ. The cumulative fitness value

for each chromosome, Si ¼
Pm

i¼1
evalðxiÞ

F ; m ¼ 1; 2; . . . ; n; is
calculated.

3.2. Calculation of the fitness value for each chromosome

Now, this paper calculates the fitness value, eval(xi), for
each chromosome xi(i = 1,2, . . .,n) as follows. For each
chromosome xi membership function values for the objec-
tives and constraints are first calculated. If (lmin)i is the
membership function value corresponding to the ith chro-
mosome, xi, then

ðlminÞi ¼ minfl0½f0ðxiÞ�; l1½f1ðxiÞ�; . . . ; lk½fkðxiÞ�g;
k ¼ 1; 2; . . . ;m: ð8Þ

The fitness value for li is calculated as

evalðxiÞ ¼ ðlminÞi: ð9Þ

3.3. Genetic operators

(1) Crossover

It is applied with a certain probability in order to
combine genes from two chromosomes and create
new ones. A randomly chosen two-point crossover
is introduced, where two chromosomes swap their
genes starting from two-point, followed by a repair
operation to ensure no repetition of genes in new
chromosomes. Let p be the probability of a crossover,
0 6 p 6 1. Usually, p is between 0.6 and 0.9 [22], so,
on average, 60% to 90% of the chromosomes undergo
a crossover. The two-point crossover is used. An
example is as follows:
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