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Abstract

Travelling Salesman Problem (TSP) is an optimization problem that can be applied to a variety of activities. Highlights of the TSP prob-
lem is how the salesman can manage the journey so that the distance by which this is the optimum route is the best minimum distance.
This study was formulated with the effect of determining the crossover point, especially probabilities of crossover in the search for the
optimal route to the TSP. One goal of this research is to find the value of a good crossover probability in achieving optimal route. Cross-
over method used in this study is a partially mapped crossover (PMX). Selection is used Roulette wheel selection. From the tests carried
out by using 20%, 40%, 60%, 80% and 99% can be found that a good crossover probability is 99%, with the determination of mutations
worth of 0.05%. The number of generation is the generation 10000. Optimal route obtained from the data bays29.tsp is 10463.
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1. Introduction

Travelling Salesman Problem (TSP) is an optimization problem
that can be applied to a variety of activities such as routing. TSP
optimization problem is famous and has become the standard to
try computational algorithm. The subject matter of the TSP is a
salesman must visit a number of cities that are known distance
from one another.[1][2]
All the cities to be visited by a salesman and the city may only be
visited exactly once. The problem is how the salesman can man-
age the journey so that the distance by which this is the optimum
route is the best minimum distance.[2]
Many methods can be used to solve TSP namely Hill Climbing
Method, Ant Colony System and Dynamic Programming, Simu-
lated Annealing, Tabu Search. Another method that can be used to
solve TSP is a genetic algorithm. Genetic algorithm is an algo-
rithm that mimics the workings of genetic processes in living or-
ganisms, where there is a process of selection, recombination and
mutation to get the best chromosome in a generation. [3]
One aspect which has an important role in using genetic algorithm
method is the determination of recombination involving crossover
point and mutation. Usually in a Genetic Algorithm, the individual
is represented by a number of bits of string and recombination
implemented through crossover operator that operates on pairs of
individuals (parents) to produce a new string (kids) with a cross
segments of the old folks. Traditionally, the number of crossover
points (which determines how many segments are interchangeable)
has been determined at one point or two points.[4][5]

Based on the description above, the objectives of this research
are:

a. To prove that determining the crossover point using Partially
Mapped Crossover (PMX) can be used to solve the traveling
salesman problem.

b. To get the best fitness is solved by using Partially Mapped
Crossover on the traveling salesman problem.

c. To find the influence of crossover probability value in getting
the optimal distance to the completion of the traveling sales-
man problem

2. Literature Review

A.  Genetic algorithms

Genetic algorithms first introduced by John Holland in his book
entitled "Adaptation in natural and artificial systems", and by De
Jong in his book "Adaptation of the behavior of a class of genetic
adaptive systems", both published in 1975, which is the basis of
genetic algorithm.[5]

The genetic algorithm is a search technique that is based on the
mechanism of natural selection and genetics. The genetic algo-
rithm is different from conventional search techniques, where the
genetic algorithm begins by setting the initial conditions of ran-
dom solutions called population. Each individual in the population
called chromosomes, which represents a solution to the problem.
Chromosome is a string of symbols, which is generally a string of
binary bits. Chromosome evolved through continuous iteration,
called generations. In every generation, the chromosomes are
evaluated by an evaluation function. [6]. To produce the next gen-
eration, a new chromosome is called the offspring, was formed
through the union of two chromosomes from the initial generation
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using crossbreeding operator (crossover) or modify chromosomes
using mutation carriers (mutation). A new generation is formed
through the selection process some of the parent (parents) and
children (offspring), according to the fitness value, and by elimi-
nating other chromosomes in order of population size remains
constant. Chromosome suite has the highest probability to be se-
lected. After several generations, the algorithm produces the best
chromosomes are expected to represent an optimal or suboptimal
solutions to the problem. When P (t) and C (t) respectively are
parents and offspring in a generation t, the general structure of the
genetic algorithm can be described as follows:

Procedure: Genetic Algorithm

Begin
te0;
initialize P(t);
evaluate P(t);

while (not termination condition) do
recombine P(t) to yield C(t);
evaluate C(t);

select P(t + ) from P(t) and C(t);
tet+1;

end

end

B. Crossover

If the parent has been selected, the birth can occur. For each gene
in the chromosome of new objects resulting from selection either
allele of the mother or the father. The process of combining genes
can be done in several ways. The simplest method is called with a
single point crossover [5] [6]. This method can be demonstrated
clearly using genes diencoding in binary, even so will be translat-
ed into any form of representation gene [5].

Crossover (cross-breeding) aims to increase the diversity in the
population with a string of inter-crossing string obtained from
previously.

C. Partial Mapped Crossover (PMX)
PMX created by Goldberg and Lingle. PMX is a modification of
the formulation of the two-point crossovers. The important thing

about PMX is crossing two points plus some additional procedures.

Select a position to specify a substring at random

Parentl :1 2 3|456|7 8

Parent2 :375|168|214

Result:
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D. Genetic parameters

The operation of the genetic algorithm takes four parameters,
namely:

a. Probability Crosses (Crossover Probability)

b. Probability of Mutation (Mutation Probability)

c. Number of Individuals

d. Total Population

3. Methodology

The data used were taken from TSPLIB (TSPLIB,
http://www.iwr.uniheidelberg.de/iwr/comopt/software/ TSPLIB95/

). Data to be tested are: bays29.tsp. The data consists of coordi-
nates between cities. To calculate the distance between cities Eu-
clidean formula used is:

d;, :\/(Xl _X2)2 +(yl_y2)2

Broadly speaking, the flow chart of this research will be carried
out sequentially and systematically. All test results will be
processed and conclusions are derived in the form of answers to
the research objectives. Flow diagram of the study can be seen in

figure 1
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The stages were carried out consisting of: define the individual,
defines fitness value, determine the initial population generation
process, determine the selection and determine the crossover and
mutation of genes. Where the stage will be carried out, namely:

a. Defining the individual, where the individual states that one
solution (settlement) is possible on the issues raised.

b. Define the value of fitness, which is a measure of whether or
not an individual or whether or not a solution is obtained.

c. Determine the initial population generation process. This is
typically done using the random generation of such random.
IPOP = round {random (Nipop, Nbits)

d. Determine the selection process will be used
The selection method used is the method RodaRoullete.

e. Determine the process of cross-breeding (crossover) and
mutation of genes to be used.

Crossover used is Partially Mapped Crossover (PMX).

4. Results and Discussion

Testing for Crossover Probability 209

From testing to pc=0.2 obtained the result of the optimal route of
11008 on the generation to 9445. Chromosome =10 20 2 21 9
12 6 526 3 1 41518 2217 1411 0 7 25 19 23 16
24 8 27 13. Fitness = 9.08385464573276E-05. Crossover hap-
pens as much = 1968 and the appearance of random offsring as
much = 616.
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Fig 3: Route optimal on pc = 0.20
Testing for Crossover Probability 40%

From testing to pc=0.4 obtained the result of the optimal route of
12488 on the generation to 9445. Chromosome =4 10 20 2 21
56 926 3 11224 1319162723 825 7 11 0 18
14 22 17 15. Fitness = 8.00742124544589E-05. Crossover hap-
pens as much = 1968 and the appearance of random offsring as
much = 616.
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Fig 4: Route optimal on pc = 0.40
Testing for Crossover Probability 60%

From testing to pc=0.6 obtained the result of the optimal route of
11131 on the generation to 9288. Chromosome =17 22 11 0 7
19 16 252327 82413 2 1 326 9 512 6 21 20 10
4 18 15 14. Fitness = 8.98374881702383E-05. Crossover hap-
pens as much = 6095 and the appearance of random offsring as
much = 73.

25000

20000

15000

10000 11131.21059
——— RuteOptimal

5000

a

HO NN QWOUMONT OO W MmO
NN WO MO AT~ NN O MW
N OW =W WWENMSENMMOEM MO T O

H A NN MO ST TN NWY O~

Generasi

Fig 5: Route optimal on pc = 0.60

Testing for Crossover Probability 80%

From testing to pc=0.8 obtained the result of the optimal route of
10548 on the generation to 9817. Chromosome =22 0 25 7 23
27 82421 2 5612 926 3 12010 13 16 19 4 15
11 14 18 17. Fitness = 9.48039486235302E-05. Crossover hap-
pens as much = 8071 and the appearance of random offsring as
much = 57.
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Fig 6: Route optimal on pc = 0.80
Testing for Crossover Probability 99%

From testing to pc=0.99 obtained the result of the optimal route of
10463 on the generation to 8085. Chromosome = 19 16 27 24
131020 1 326 221 5 912 6 823 725 011 22
17 14 18 15 4. Fitness = 9.55669819112946E-05. Crossover
happens as much = 9907 and the appearance of random offsring as
much =8
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Fig 7: Route optimal on pc =0.99

The Relationship between Crossover Probabilities with
Best Fitness

From the test, can be obtained relationship between the probabili-
ties of a crossover with the best fitness. The relationship between
the probabilities of crossover with the best fitness can be illustrat-
edasin fig. 8.

Table 1: The relationship between the probability of crossover with the
best fitness

Probability crossover Besiifiiiess

Bays.tsp
0,2 9.08385464573276E-05
0,4 8.00742124544589E-05
0,6 8.98374881702383E-05
0,8 9.48039486235302E-05.
0,99 9.55669819112946E-05
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Fig 8: The relationship between the probabilities of crossover with the best

fitness
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The Relationship between the Probabilities of Crossover
with the Optimal Route

From some tests that have been done shows the relationship be-
tween the probabilities of crossover route optimal.

Table 2: The relationship between the probabilities of crossover with the
optimal route

Probability crossover Optimal route
Bays.tsp
0,2 11008.54251
0,4 12488.41505
0,6 11131.21059
0,8 10548.08386
0,99 10463.86503
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60000
s0000 =——Bays29.tsp
40000
30000
20000 12488.41505
10000 11008.54251 - 11131_21015?9548-0831%363 86503
o : : : :
0,2 0,4 0,6 0,8 0,99

Fig 9: Graph of the relationship between the probabilities of crossover
with the optimal route

From Fig 9, it can be shown that the higher the probability of
crossover (pc), the more likely the optimal route is obtained.

5. Conclusion

This research resulted in several conclusions as follows:

a. By using Partially mapped crossover (PMX) problem Travel-
ling Salesman Problem can be solved. In tests that have been
conducted with the use of PMX crossover probability value of
99% and 5% of mutations produced the optimum distance for
the generation of 10463 to 10000 for the sample data
bays29.tsp.

b. In the sample data obtained bays29.tsp best fitness for
9.55669819112946E-05

¢. Through the testing that has been done shows that the value of
crossover probability is very influential on the optimum route
search on the Travelling Salesman Problem.
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