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1 Introduction

In this paper, we investigate how to solve interval
programming problem with genetic algorithms.
The basic idea of the proposed approach is firstly
to transform interval programming model into an
equivalent bicriteria programming model and then
to find out the Pareto solutions of the bicriteria
programming problem using genetic algorithms.
Numerical example is given to demonstrate the
efficiency of the proposed approach.

2 Interval Programming

An interval is defined as an ordered pair of real
numbers as follows:

A = [al,afY
= {z]lat <z <dzeR) (1)
= < ac,aw >
= {z]a®-d" <z <a®+d";z€ R} (2)
where al, af, a®, and a" are the left bound

bound, right bound, center, and width of interval
A, respectively. The center and width are calcu-
lated as follows:
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There are two key steps when transforming in-
terval programming to bicriteria programming:
(1) Using the definition of the degree of inequality-
holding-true for two intervals, transform interval
constraints into equivalent crisp constraints, (2)
Using the definition of the order relation between
intervals, transform interval objective into equiv-
alent crisp two objectives. Let us examine the

following problem:

max Z(z)= Xn:Cjzj (4)
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s. t. Gi(z) = ZA,‘J':I:]' <B;,i=12,...,m(5)
Jj=1

:Lf’ < z; < zgj :integer, j = 1,2,...,n (6)

where C = [cL,cB], A;; = [af,af}], and B =

[6L, 7], respectively, and .’LJL and mgj are the lower
and upper bounds for z;, respectively. Problem
(4)-(6) can be transformed into the following prob-
lem:

n
max 2l(z) = Z c}r-‘mj
i=1

“1
max z%(z) =) E(cf +cf)e;
J=1

(7)
(8)

(9)

Lo,m

z; <z :integer, j = 1,2,...,n’(10)

where a;; = qaf} + (1 - ¢)af and b; = (1 - q)bf +
gb¥.
3 Genetic Algorithm

Now we discuss how to solve the problem (7)-(10)
with GA.

Chromosome representation and initial

population: A chromosome is defined as fol-
lows:
¥ = [of 25 - 2f]

where subscript k is the index of chromosome. Ini-
tial population is randomly generated within the
range [:c]L ,ccgj] for all z;.

Crossover and mutation: Crossover is imple-
mented with uniform crossover operator [3] and
mutation is performed as random perturbation
within the permissive range of integer variables.
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Selection: Deterministic selection is used, that
is, delete all duplicate among parents and off-
spring, and then sort them in descending order
and select the first pop_size chromosomes as the
new population.

Evaluation: There are two main tasks involved

in this phase: (1) how to handle infeasible chro-

mosomes and (2) how to determine fitness value
of chromosomes according to bicriteria. Let z* be
the k-th chromosome in current generation and F
the Pareto solutions set found so far. The fitness
function is given as follows:

eval(z®) = (wyzX(2F) + wzzc(wk))l’(ik)‘

_ C C — L L
where w1 = 2. — Zmin, W2 = Zmax — Zmins

28, = min{z(z*) | 2* € E},

mi.

28 = max{z(a¥) | * € E},
Zféin = min{zL(wk) | 2% € E},
oL = max{z}(z) | =* € E}

and the penalty term for the k-th chromosome is
defined as follows: ‘
1 & [ Abj(z)
k . )
Pz ):1'—52(%)-
1=1 J

where

Ab;(xF) = max{0, g;(z*) - b;},

AL = max{e, Abj(a:k), k=1,...,popsize}

Along with evolutionary process, Pareto set E
is updated, the two special points may be renewed
and the line will move gradually in the direction
from negative ideal point to positive ideal point.
It means that the fitness function gives the selec-
. tion pressure to force genetic search towards to
exploiting the nondominated points in the criteria
space.

4 Example

Let us consider following example with the interval
objective function:

max Z(z) = [15,17]z; + [15,20]22 + [10,30]z3

s.t. qi(z)=21+22+23<30 (11)
g2(x) =21 + 225 + 23 < 40 (12)
g3(‘:c) =9+ 423 < 60 (13)
z; > 0: interger, j =1,2,3 . (14)

Pareto solutions

This problem can be transformed into the follow-
ing bicriteria problem:

max zL(a:) = 1521 + 1529 4+ 10z3

max zc(:z:) = 16z; + 17.5z5 + 2023
s. t. constraints (11)—(14)

In this problem, total 13 Pareto solutions were
found by our GA. The corresponding interval ob-
jectives are given in Figure 1. From the figure we
can know that these intervals can not be compared
with each other under the order relation.

interval objective values

Figure 1: Interval objectives for Pareto solutions

5 Conclusion

In this paper, we have investigated how to solve
interval programming with genetic algorithms.
While the results are preliminary, numerical ex-
ample demonstrated that rich Pareto solutions can
be found by the proposed approach. The proposed
GA can also be directly applied to other bicriteria
programming problems.
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