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1. INTRODUCTION
In the real world almost every optimization problem con-

tains more or less constraints. It is very important to process
constraints when GAs are used in solving optimization prob-
lems in practice. Different constraint handling techniques
have been incorporated with GAs [1]. However, most of
current studies are based on computer experiment. The
observations from computer experiments need a theoretical
analysis and explanation [2]. This paper aims at providing
a theoretical analysis to the experimental results reported
in [1].

The GAs Ap[i], i = 1, 2, 3 using penalty function method
and Ar[i], i = 1, 2 using repair method are almost the same
as those in [1], excepted the crossover is not used.

The following lemma gives the status of the initial popu-
lation:

Lemma 1. If an initial individual is chosen at random,
then the probability for all individuals in the initial popula-
tion being an infeasible solution is not less than 1−exp(−n/16)N ,
where N is the population size.

Let τf be the mean number of generations for a GA to find
a feasible solution. This number can be rigorously defined
by a first hitting time:

τf = {t ≥ 0; ξ(t) is feasible.}
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Let τn be the number of generations for a GA to find a
feasible solution or an infeasible solution only 1 bit away
from feasible solution, defined by

τn = {t ≥ 0; H(ξ(t), Sf ) ≤ 1},
where H(·, ·) is the Hamming distance, Sf the set of feasible
solutions.

Theorem 1. Assume the initial individual is chosen at
random. If an (N + N) Ap[1] is used to solve this problem,
then it cannot find a nearly feasible solution with a probabil-
ity not less than 1 − exp(−n/16)N .

Theorem 2. Assume the initial individual is chosen at
random. If an (N + N) Ap[i](i = 2, 3) is used to solve the
problem, then the first hitting time τ̄n is O(n ln n/N) and
the number of fitness evaluations is O(n ln n).

Theorem 3. Assume the initial individual is chosen at
random. If an (N + N) Ar[i](i = 1, 2) is used to solve the
uncorrected restrictive knapsack, then the expected first hit-
ting time τ̄n is 1 and expected number of fitness evaluations
is O(n).

The results have confirmed the observations from com-
puter experiments [1]: the GAs using repairing infeasible
solutions are better than those using penalizing infeasible
solutions at the finding a feasible solution.
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