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Extended hybrid genetic algorithm for solving Travelling Salesman
Problem with sorted population
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Abstract The performance of Genetic Algorithms (GA) is affected by various factors such as parameters, genetic
operators and strategies. The traditional approach with random initial population is efficient however the whole initial
population may contain many infeasible solutions. Thus it would take a long time for GA to produce a good solution.
The GA have been modified in various ways to achieve faster convergence and it was particularly recognized by
researchers that initial population greatly affects the performance of GA. This study proposes modified GA with sorted
initial population and applies it to solving Travelling Salesman Problem (TSP). Normally, the bigger the initial the
population is the more computationally expensive the calculation becomes with each generation. New approach allows
reducing the size of the initial problem and thus achieve faster convergence. The proposed approach is tested on a

simulator built using object-oriented approach and the test results prove the validity of the proposed method.
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the GA that modify those factors and thus resulting in
various Hybrid GA (HGA)[2-5].

1. Introduction

Genetic Algorithms (GA) by Goldberg are based on
the principle of natural selection[1]. The GA consists of
several components and its performance is consequently
effected by the performance and quality of each of the
Thus such factors as genetic operators,
[2] influence the GA

performance. There have been numerous adaptations of

components.

parameters and strategies

Traveling Salesman Problem (TSP) is a classic search
problem known to be NP-complete. Solving TSP using
Genetic Algorithm is widely researched topic and there is
a number of HGA applied to TSP.

This study proposes to modify generation of initial
population. In fact, it was recognized by Togan et al. [2]

et al. that initial population has great affect on the
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performance and the ability of the GA because the
consequent generations in GA will heavily depend on it.

Traditional approach with random initial population
can be efficient; however the whole initial population may
contain great number of infeasible solutions. And it would
take many generations for it to evolve into a feasible
solution. Some studies modified strategies for generating
initial population; for instance, improved GA with initial
population strategy and self-adaptive member grouping by
Togan et al. [2].

The proposed method main difference lies in its
simplicity and efficiency. We assume that a better
solution can be obtained faster since initial population is
significantly reduced with higher fitness population
preserved. In this paper we provide a brief overview of
GA, TSP and Hybrid GA. This is followed by the
thorough explanation of the proposed method, which is
later tested on the simulator. We also present the results
of the testing as a proof of the proposed method

efficiency.

2. Traveling Salesman Problem with
genetic approach

2.1 Traveling Salesman Problem

Traveling Salesman problem (TSP) can be defined as:
in given an undirected graph of a number of cities, the
objective is to find a path of shortest length (or of
minimum cost). The traveling salesman starts at one node
and visits the rest of the cities only one time each and
finally returns to a starting point. [5]

Let n represent the number of cities, and ci, ¢z, ...ca
represent the cities themselves and d (c;, ¢j) — distinct pair
of cities. The goal is to find such a route, or in other
words the ordering of cities so that it would minimize the
length of the tour . In our case we assume Euclidian TSP.
As it is well known, TSP is NP-hard optimization

problem.

2.2 Genetic Algorithms
Genetic Algorithm (GA) is based on the principles and
mechanisms of natural selection and the survival of the

fittest concept. This algorithm works well on mixed

(continuous and discrete) combinatorial problems, because
they are less likely to get 'stuck' in local optima than
gradient search methods. Its’ disadvantage is being
computationally expensive [1,6,7,12,13]. The original GA

cycle is depicted in Figure 1.

| Initial /New population F

Selection

Crossover

Mutation

| Next population I—

[Fig. 1] GA cycle adopted from [5]

To understand genetic algorithms it is important to
know the following terminology:

Chromosome is a structure defining a specific solution
to a problem, consisting of genes. In case of TSP
chromosome is a tour.

Genes represents a specific part of a solution, in case
of TSP, it is city, or distance between 2 cities

Allele is value assigned to a gene. In case of TSP, it
is coordinates or distance between 2 cities.

Population is a set of chromosomes that represent
different solutions to the same problem. In case of TSP,
it is a set of tours.

Generation is the population of chromosomes that
exists at time t. The next generation of this population
is a set of chromosomes that exists at time t+1 and the
ancestors of the population would be any population that
appeared before time t.

Fitness of an individual indicates the "health" of the
individuals. Those that are more fit will have a higher

fitness level and are more likely to survive and
reproduce[1]. In TSP case - fitness is the length of the
tour.

There is also a notion of genetic operator, which help
to transform population p at time t into population at time
t+1. Genetic operators include selection, crossover, and
mutation. The selection operator chooses two members
(chromosomes) of the present generation in order to
participate in the next operations: crossover and mutation,

based on their fitness. The crossover operator combines
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genes of 2 chosen parents to generate a child. The
mutation operator occurs after crossover in the new
generation to mutate [1,6,7]. Points to mutate get
randomly chosen based on the mutation rate specified by
the user. Some researchers suggest including elitism
which refers to an act of including best chromosome from
previous population, because there is a big probability of
losing best chromosome after implementing crossover and

mutation operators. [7,8]

2.3 Hybrid GA approaches to solve TSP

The hybrid approaches to Genetic Algorithms involve
combination of GA and some local search algorithm,
usually stochastic hill climbing, simulated annealing and
others. Example can be Hybrid Mutation Genetic
Algorithm by Katayama et al. [4] where he suggests a
new crossover operation (complete subtour exchange
crossover) and stochastic hill climbing as mutation
operator. This approach proved to show very fast
convergence in comparison with GA with ordinary
mutation process.

The other approach to modify GA algorithm is trying
to modify the procedures at any of GA phases, such as
generation of initial population, selection, mutation. Togan
et al [2] suggested improved genetic algorithm with initial
population strategy and self-adaptive member grouping.
The strategy proposes to start search with specific
individuals instead of generating the initial population
randomly and allows reaching the global optimum with
less number of iterations.

Katayama et al [4]. used a hybrid approach through
modifying the mutation phase. Javadi et al. [3] modified
genetic algorithm by introducing Neural Network that
improved the convergence of the genetic algorithm in
search for global optimum.

Marco Dorigo described a method of heuristically
generating "good solutions" for TSP by applying an ant
colony simulation called ACS. [I11] It is based on
behavior of real ants to find short paths between food
sources and their nest resulting from each ant's preference
to follow trail pheromones left by other ants. The shorter
the path the more preferred and travelled would be the
path.

All of the methods justified and proved its efficiency,
methods is

however the approach proposed in all
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complicated and it is believed to take longer calculation
time due to its complexity. We believe that proposed
technique is simple and straightforward thus yielding

better results in shorter time.

3. Proposed Hybrid Approach with
Sorted Population (HASP)

The main motivation for proposed method was the
underlying theory of GA, that better parents would
produce better offspring. In traditional approach the
initially generated population normally contains various
chromosomes, including not “fit” chromosomes. Such bad
chromosomes may be a cause of producing less healthy
generation, which means it would take it longer time to
converge and produce feasible result. This allows us to
suggest modification to traditional GA by applying sorting
and seeding to the initial population. In particular, the
modification involves generating a large initial pool of
population, then sorting it and deleting a certain
percentage of population that has not fit “chromosomes”,
in case of TSP — large total distance.

We assume that with very large initial population there
is a high probability of having good chromosomes in
“bad”

chromosomes, will ensure that more fit population is

population. The second step — deleting
retained for further generations. That has a two-fold
benefit: firstly, a fitter initial population will result in
fitter generations; secondly, the size of subsequent
population will be significantly reduced since “bad”
chromosomes are deleted from initial population and thus
it will take less time for modified GA to converge.

There are a number of well known sorting algorithms.
The proposed strategy uses merge sort for sorting the
population due to its stability and O(n log n) time
complexity in average and in the worst case[13].

The procedure of new hybrid GA is illustrated in the
Figure 2. And updated GA cycle can be seen from figure

3.

Procedure  hybrid GA
01: begin
02: k:=0;

03: generate very large initial population of feasible

solutions P(k)
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04: sort the P(k)
05: Delete

in P(k)
06: while stopping-criterion!=yes do

a given percentage of solutions
that have low fitness

07: roulette selection of parents
08:  crossover

09:  mutation

10: end

11: return best solution

[Fig. 2] Proposed hybrid GA algorithm with sorted
population

| Initial /New population |

Sort
population

Seedout
population

Selection
topping
criteria

Crossover

Mutation

I Next population

[Fig. 3] Hybrid GA cycle with initial population seeding

Proposed hybrid GA algorithm description (Refer to

figure 3):

Stepl: generate large initial population (randomly) -
the size of population will depend on the
number of genes.

Step2:  sort the population

Step3: seed the population - delete not “fit”
chromosomes, it can be a certain percentage
of the population.

Step4:

Step5:

apply fitness function

based on the fitness function perform selection
of the suitable chromosome. There are various
selection options, e.g. roulette selection, rank
selection, or steady state selection. For our
experiment we chose roulette selection, since
chromosomes with higher fitness will have
larger chance of being selected for the next
step crossover.

Step6:  Crossover is performed on this stage, such that
genes of two selected chromosomes (parents)
are interchanged to produce a new

chromosome (offspring), which is

subsequently added to the next population.

There are also a number of different crossover
[5,14]. In our experiment we used single point
crossover. It is based on permutation encoding
a single crossover point is selected, till this
point alleles from parent 1 are copied into the
offspring, then the second parent is scanned
and if the allele is not yet in the offspring it
is added to offspring.
Step7: Mutation is an optional step. It is desirable
because occasional mutation would ensure that
GA will not result in premature convergence.
Mutation is performed only on some
chromosomes randomly selected from newly
generated  population. Mutation involves
random interchange in the order of genes of
After
chromosome in reinserted into the population.

Check against the

the  chromosome. change  the

Step§: stopping criteria. The
stopping criteria can be the number of
generations (cycles the algorithm is executed),
or desirable distance. Go to step4. This cycle

repeats until the stopping criteria is met.
Criticism

One may criticize that new approach focuses on

“strictly fit” population leading to a premature
convergence. It can be argued that our approach does not
have a strict focus on that but rather merely gets rid of
potentially bad population that would only stagger the
development of better population. Once again, we stress
that algorithms heavily relies on the GA main concept —

natural selection.

4. Experiment

The experiment was carried out by building applet

simulator on Java language using Object-Oriented
Programming.

Assumptions: Undirected complete graph is assumed
for TSP. The experiment was carried out with the
following settings: population — varied from 10-50
(10/15/20/25/30/35/40/45/50), crossover - single point

crossover, selection — roulette selection, mutation rate —
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1% in order to ensure that solution will not stuck in local
optima, total previous population replacement with new
population, no elitism, the number of iterations is
deliberately set to a high number, because the simulator
is built so that it automatically quits after it finds local
optima.

Testing environment: Intel (R), Core (TM)2 CPU
T5600 @ 1.83GHz RAM 1.00 GB

Simulator snapshot can be seen in Figure 4.
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[Fig. 4] Simulator snapshot
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[Fig. 5] Conceptual model

4.1 Design

Object oriented approach to building the simulator is
UML CLASS diagram is

presented in Figure 5. Since Genetic Algorithms have

reflected in Conceptual
wide range of implementation abstraction has been used
and it is reflected in class diagram. For example,

TSPGene is Gene, however it has TSP specific attributes

and methods like X, y coordinates and etc. Similar case is
with Chromosome, GAlgorithm.
Superclasses define the general for all problems
variables and methods. The subclasses define specific
methods, for example subclass TSPGAlgorithm defines
such TSP

bestDistance() and etc.

specific methods as longestDistance(),

Encoding. Due to TSP specific nature, the permutation
encoding is used for it. However, this encoding should be
dealt carefully with

when used in crossover. For example, tours like:

1) ABCD
2) BCDA
3) CDAB
4) DABC

in fact are the same. Though the starting city is
different in every case, the course of travel includes all
the cities in the same order of traveling, which make the
tours completely identical. This has been dealt with in our
simulator, by implementing a function
compareChoromosome, which compares the chromosomes
against each other. This function allows avoiding using
identical tours for crossover and thus avoiding
unnecessary calculations.

Sorting.

We used existing sorting algorithms available in java
Collections class library for sorting the initial population.
This algorithm produces results in O(logN) in the worst

case and proved to be efficient enough for the simulation.

4.2 Results

The results of testing indicate that algorithm described
in this paper yielded better solutions in all trials (faster)
and what is more important in a smaller number of
generations that original GA. The results were averaged
for 10 trials and presented in the Figure 4.

It can be seen though the numbers fluctuate in the
result, overall the performance of the proposed Hybrid
GA shows better result.

The original GA was also implemented by us in order
to compare its results with the Hybrid GA. In the test we
deleted 50% of initial population. For 20 initial points we
used population of 100 for the Hybrid GA with sorted
population and population of 50 for original GA in order

to make the results comparable.
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[Fig. 6] Comparison of original GA and proposed Hybrid
GA

5. Conclusion and future work

In this paper we introduced simple and yet efficient
new Hybrid GA with sorted initial population. We were
motivated by the GA basic theory that better population
is achieved with better previous population. We have
presented overview of other Hybrid GA and proved that
our method has faster convergence and yields same/better
results then other HGA. The testing was carried out on
the object-oriented built simulator and the results proved
the validity of the method.

Future scope of work on the proposed algorithm is
quite large. Study can be conducted to analyze the
performance of algorithm with different percentage of
initial population being deleted. Also, the study of how
large the size of initial population should be to create a

more efficient and effective flow of the algorithm.
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