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Abstract: In this work, we are interested in improving the performance of genetic algorithm

(GA) to solve the Asymmetric Traveling Salesman Problem (ATSP). Several approaches have

been developed with genetic algorithms based on the adaptation and improvement of differ-

ent standard genetic operators. We proposes a new GA adopting immigration strategies to

maitain diversity and to perform more the genetic algorithm. Experimental results on series of

standard instances of ATSP show that the proposed structured memory immigration scheme

in GA effectively improves the performance of GAs.
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1. Introduction

The ATSP can be formulated by an Integer Linear Programming (ILP) model
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[1] utilizing n2 binary variables xij as follow:

min

n∑

i=1

n∑

j=1

cijxij (1)

n∑

i=1

xij = 1, j = 1, .....n (2)

n∑

j=1

xij = 1, i = 1, ....n (3)

∑

i∈S

∑

j∈S

xij ≤ |S| − 1, S ⊂ V, S 6= ∅ (4)

xij ∈ {0, 1}, i, j = 1, ....., n, (5)

xij is equal to 1 if and only if arc(i, j) (i = 1, ..., n; j = 1, ..., n) is in the optimal
tour.

(2) and (3) impose that the in-degree and out-degree of each vertex, respec-
tively, is equal to one.

(4) are subtour elimination constraints and impose that no partial circuit
exists.

Otherwise, in the asymmetric traveling salesman problem, one is given a
set of N cities and for each pair of cities ci, cj a distance d(ci, cj) with d(c, c

′

) 6=
d(c

′

, c). The goal is to find a permutation of the cities that minimizes:

N−1∑

i=1

d(cπ(i), cπ(i+1)) + d(cπ(N), cπ(1)) (6)

The ATSP problem is classified as an NP-complete problem [2]. Among the
meta-heuristics most used to solve this kind of problem, we find the Genetic
Algorithms (GAs) [3] which are evolutionary methods developed by Holland
[4]. The population of a GAs evolves by using genetic operators inspired by
the evolutionary in biology [5]. It is well known that GAs get stuck in local
optima very often. One efficient way of avoiding this problem is maintaining
the diversification in population. Then, an immigration operator can be applied
in addition to the usual genetic operators which consists in randomly generat-
ing a finite number of individuals at regular intervals to replace a substantial
percentage of the population [6].



GENETIC ALGORITHM ADOPTING IMMIGRATION... 803

Nevertheless, we agree that immigrants bring progress to any population.
Moreover, the more different the immigrants are, the more progress and knowl-
edge is brought. That is why we propose an immigration technique in which
the immigrants are not random, but we adopt a technique based on structured
immigration which consists in benefiting individuals not inserted during the
previous generations (resulting from the crossover and mutation operators of
the selected individuals). Thus, a percentage of the most powerful individuals
will immigrate after an interval of time instead of the same number of the lowest
individuals in the last generation. The complexity of immigration is decreased
by executing it only every several generations.

In this work, to resolve ATSP by the GA method, we will present each
individual of population by the most adapted method of data representation
which is the path representation method. A crossover and mutation operator
adapted to the ATSP problem are used in addition to structured immigration
operator in order to bring a dynamism and then a diversity to the current
population to perform the algorithm and obtain a best optimal solution in a
reduced number of iterations.

This paper is organized as follows: The standard genetic algorithm to solve
the ATSP is presented in section 2. In Section 3, the genetic algorithms with
random immigration process and with the developed immigration operator are
established. In Section 4, computational experiment were performed through
many ATSPs standard instances. The comparison with the results obtained
with standard GA and with GA adopting randam immigration shows that in-
troducing immigration operator to GA for ATSP improves the performance of
a GA and provides better solutions in less iterations.

2. Standard genetic Algorithm

The GA is a one of the family of evolutionary algorithms which attracted the
interest of many researchers, starting with Holland, who developed the basic
principles of genetic algorithm, and Goldberg has used these principles to solve
a specific optimization problems. Other researchers have followed this path [7],
[8].

In a genetic algorithm a population of individuals (possible solutions) is
randomly selected. These individuals are subject to several operators inspired
by the evolutionary in biology, called genetic operators (selection, crossover,
mutation and insertion) to produce a new population containing in principle
better individual. This population evolves more and more until a stopping
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criterion is satisfied and declaring obtaining optimal best solution. Thus; the
performance of genetic algorithm depends on the choice of operators [9], [10].

Several works are focused on the improvement of genetic operators, which
has allowed the development of several adapted crossover operators to ATSP
and the comparison of their performance, and even the hybridization between
two operators to benefit of their specificity and make the GA more efficient.

In this paper, we introduce some known operators presented below: a.

Representation method: In this work, we consider the resolution of the
ATSP by genetic Algorithms where we will present each individual by the most
adapted and natural method of data representation, the path representation
method, which is the most natural representation of a tour (a tour is encoded
by an array of integers representing the successor and predecessor of each city)
[4].

Figure 1: coding of a tour (35297684).

b. UPMX crossover: The uniform partially matched crossover developed
by [11], uses the technique of PMX. Any times, it does not use the crossover
points; instead, it uses a probability of correspondence for each iteration. The
algorithm is described in Fig. 2.

Figure 2: Algorithm of UPMX Crossover.

c. TWORS mutation: with two mutation points which allows the ex-
change of position of two genes randomly chosen [12].
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Figure 3: Example of TWORS mutation.

d. Insertion Method: We used the method of inserting elitism that
consists in copy the best chromosome from the old to the new population.
This is supplemented by the solutions resulting from operations of crossover
and mutation, in ensuring that the population size remains fixed from one
generation to another.

3. Genetic Algorithm with immigration strategies:

3.1. Standard Genetic Immigration Algorithm - SIG:

In random immigrant scheme, the randomly created individuals are inserted
into the population by replacing the worst individuals or some individuals se-
lected randomly. The random immigrant scheme increases the diversity by the
immigrants continuously introduced. It maintains the diversity level of the pop-
ulation through substituting some individuals of the current population with
random individuals every generation. As to which individuals in the popula-
tion should be substituted, usually there are two strategies: replacing random
individuals or replacing the worst ones [13]. In order to avoid that random im-
migrants disrupt the ongoing search progress too much, especially during the
period when the environment does not change, the ratio ri of the number of
random immigrants to the population size n is usually set to a small value.

The pseudo-code for the standard GA with random immigrants investigated
in this paper, denoted SIG, is also shown in Fig. 4, where random immigrants
replace worst individuals in the population, px is the crossover probability, and
pm is the mutation probability.

3.2. Improved Genetic Immigration Algorithm- AIG:

By inspiration from the flux of immigrants that wander in and out of a popu-
lation between two generations in nature. The random immigration proposed
by [14] maintains the diversity level of the population through replacing some
individuals of the current population with random individuals, called random
immigrants, every generation. As to which individuals in the population should
be replaced. But, in order to benefit of the previous generations and of some
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Figure 4: Algorithm of Approach SIG.

individuals that not be able to be introduced in the population. After a de-
fined interval of time (some generation), we give chance of the best individual
to immigrate to the new population. This new operator is called ”structured
memory immigration operator” shown in Fig. 5.

This way, the introduced immigrants are more adapted to the current en-
vironment than random immigrants. Then, the new operator introduces a
diversity of the population and more dynamism and exploration of different
probable solutions of the problem, in order to obtain a better optimal solu-
tion compared to that obtained by the standard genetic algorithm and for the
genetic algorithm based on the immigration operator.

4. Computation experiment

To show the effectiveness of the immigration approach (AIG) proposed in
this paper, we used standard instances of the ATSP library [15]. Citing all
FTV instances (FTV33, FTV35, FTV38, FTV44, FTV47, FTV55, FTV64,
FTV70, FTV170) And even other ATSP instances such as: BR17, FT53,
FT70, KRO124P, P43 and RY48P. The performance of the new approach is
demonstrated through comparisons performed with a uniform genetic algorithm
(UGA) and with a standard immigration (SIG). The approach is developed en-
tirely in C ++ language, and turned on an Intel Corei31.7 GHz machine and
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Figure 5: Algorithm of the proposed Approach AIG.

4GB of RAM. The parameters of different approaches deployed in this paper
are presented in the table 1. below:

Table 1. The parameters for different approaches.
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Table 2. optimal solution after 100 iterations for ATSP series: FTV

Table 2 presents the numerical values retrieved after the implementation of
the new approach proposed in this paper and the similar values generated by
standard immigration (SIG) and the UGA Uniform algorithm on all FTV-ATSP
instances after 100 iterations.

With the application of the three UGA, SIG and AIG methods to the res-
olution of the FTV-ATSP instance series: FTV33, FTV35, FTV38, FTV55,
FTV70 and FTV170 is shown in Fig. 6 (a), Fig. 6 B), Fig. 6 (c), Fig. 6 (d),
Fig. 6 (e) and Fig. 6 (f).

The representative curves of Fig. 6 reveal the importance of the effective
integration of genetic immigration AIG and its influence on the convergence
towards the optimal solution compared to the uniform algorithm UGA and
even effective if we compare it with standard immigration SIG, which shows
the effectiveness of the immigration approach AIG which is the objective of
this paper.

Table 3. Optimal solution after 100 iterations for other ATSP series

To test the functioning of the proposed approach to resolve ATSP instances
with different sizes, we have varied the deployment of the proposed approach
with large instances (Table 3), comparing its generated numerical result with
the other approaches UGA and SIG.
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Figure 6: Optimum solution according to number of iterations for ATSP-
FTV instances: (a)FTV33 ; (b)FTV35; (c) FTV38; (d) FTV 55; (e) FTV 70;
(f) FTV 170.

Fig. 7 emphasize the effectiveness of the proposed AIG approach in solving
all variants of the ATSP problem with even large instances, Fig. 7-e and Fig.
7-f, in a reasonable iteration number.
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Figure 7: Optimum solution according to number of iterations for other ATSP
instances: (a) BR 17; (b) FT 53; (c) P43; (d) RY48P; (e) FT 70; (f) KRO
124P.

5. Conclusion

In this paper, we are interested in performing the genetic algorithm (GA) to
solve the ATSP problem which is a NP-complete problem of great importance.
Thus, in addition to standard GA operators, an immigration operator based
on the insertion of a percentage of best individuals from previous generations,
not inserted in previous populations, into the new population after each inter-
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val of time. The results obtained for different series of standard instances of
ATSP show the effectiveness and robustness of the new proposed immigration
procedure to produce dynamism and diversity to the population and provides
a better optimal solution in less iterations compared to the standard GA and
the GA with random immigration.
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