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ABSTRACT

The purpose of this study is to apply a genetic algorithm using a programming language that
can be used to determine the shortest route to tourist attractions in Timor Island, East Nusa
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1. INTRODUCTION

The charm of Indonesian tourism is attractive, both for domestic and foreign tourists. Natural wealth
and historical heritage in Indonesia are the main attractions for tourists, besides that there are still artificial
tourist attractions that are also no less sought after by tourists. Timor Island located in East Nusa Tenggara
Province (NTT) offers the natural charm of beaches, mountains, and waterfalls. Timor Island consists of
several districts including Kupang City, Kupang Regency, South Central Timor Regency, North Central
Timor Regency, Belu Regency, and Malaka Regency. Existing attractions are evenly distributed throughout
the territory on the island of Timor. The location of tourist attraction destinations that are varied but far apart
is an obstacle for tourists to make their choice of attractions. Especially if tourists are traveling for the first
time on the island of Timor, it is difficult to plan a tourist trip.

Tourism is a travel activity carried out by a person or group of people who visit certain places for
several purposes such as recreation or studying the uniqueness of the tourist attractions visited. Problems that
often arise are the lack of information about the route to tourist attractions, the level of density of the route to
be passed and the volume of the route due to limited tourist time, therefore finding the shortest route is
important. The search for the shortest route is how to determine the most optimal route, the route with the
shortest route at the smallest cost, in its application it is useful to know the shortest route, increase the
effectiveness of providing travel information, the need to provide several alternative lanes for road users and
driving [1]; [2]. Finding the most optimal route requires a search method to solve the problem [3]. The tourist
travel route optimization system that is often used is the Genetic Algorithm because by applying the Genetic
Algorithm it can solve problems in a more stable execution time with varying complexity than conventional
methods [4]; [5].

Genetic algorithms are one of the soft computing models and a branch of evolutionary algorithms, a
method used to solve a search for value in an optimization problem [6]. Genetic algorithms are also defined
as algorithms that apply an understanding of natural evolution to problem-solving efforts [7]. Soft Computing
is a model approach to computing by imitating human reason and having the ability to reason and learn in an
environment full of uncertainty [8]. In genetic algorithms there are three important parameters that must be
defined, namely population size, probability of cross-moving, and probability of mutation. Chromosomes are
representations of solutions. Genetic operators consisting of crossovers and mutations can be carried out both
or only one of them, then the evolutionary operator is carried out through the chromosomal selection process
of the parent and offspring (derived generation) to form a new generation that is expected to be better at
estimating the optimum solution, the iteration process then continues according to the number of generations
that have been set [9]; [10]; [11]; [12].

The approach taken by genetic algorithms is to randomly combine the best solutions selected in a group
to get the next generation of the best solution, namely in a condition that maximizes compatibility which will
be called fitness [13]; [14]. The chosen generation is the generation that represents improvements in the
previous population or group. By performing a repetitive process, this algorithm can get the most appropriate
solution to the problem at hand [15]; [16].

To apply genetic algorithms, the solution of the problem is represented into the form of chromosomes.
According to [17] there are three important aspects to applying this genetic algorithm so that bias works well,
these aspects are as follows: definition of fitness functions, definition and implementation of genetic
representations, definition and implementation of genetic operations.

The variables and parameters used in genetic algorithms are:

1. The fitness function (goal function) owned by each individual to determine the degree of conformity of
the individual to the criteria to be achieved.

The population numbers the number of individuals involved in each generation.

Probability of crossovers in a generation.

The probability of occurrence of mutations in each individual.

The number of generations to be formed that determines the duration of application of genetic algorithms.

agrwn

In general, the structure of a genetic algorithm according to [18] can be defined by the following steps:

1. Generating the initial population
This early population is randomly generated so that an initial solution is obtained. The population itself
consists of a number of chromosomes that represent the desired solution.
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2. Forming a new generation
The formation of a new generation uses reproduction/selection, crossover and mutation operators. This
process is carried out repeatedly so that a sufficient number of chromosomes are obtained to form a new
generation where this new generation is a representation of a new solution. This new generation is known
as offspring.

3. Solution evaluation
In each generation, chromosomes will go through an evaluation process using a measuring instrument
called fitness. The fitness value of a chromosome describes the quality of the chromosomes in that
population. This process will evaluate each population by calculating the fitness value of each
chromosome and evaluating it until the quitting criteria are met. If the quitting criteria have not been met,
a new generation will be formed again by repeating step 2. Some of the criteria for stopping are often
used, including: stopping in a certain generation, stopping after several consecutive generations obtained
the highest fitness value has not changed, stopping in n generations does not get a higher fitness value.

The search for the shortest route for Timor Island tourism trips using genetic algorithms can be
implemented to overcome problems, because genetic algorithms are one of the soft computing models that
are often used in solving optimization problems, using the concept of biological evolution, an output is
produced in the form of a combination of travel route routes [19]. Implementation of genetic algorithms on
the search for the shortest route by means of creating software. In the software created, several combinations
of tourist destination locations are inputted, then software testing is carried out with varied genetic algorithm
parameters and the best chromosomes will be known. In the creation of this system, a genetic algorithm
method was used to optimize routes whose database was obtained from the Google Maps API [20]. Google
Maps is a web-based mapping service provided by Google for free. Google also provides the Google Maps
API service which is a technological development of google that is used to embed Google Map in an
application that is not created by Google [21]. Google Maps API is a library in the form of javascript that has
a server-side nature, namely maps stored on Google servers can be used by users useful for modifying maps
in Google Maps as needed [22]. Therefore, it is necessary to "Search for the Shortest Route of Tourist
Locations on the Island of Timor Using a Javascript-Based Genetic Algorithm™ which is expected to make it
easier for tourists to find optimal tourist routes. This study aims to design and build a system that has
information about the destinations of Timor Island tourist attractions and has the function of optimizing
tourist travel routes using the Genetic Algorithm method.

2. RESEARCH METHODS

Basically, a study aims to find, develop, or study a knowledge. Finding can be interpreted as an attempt
to get something, in an attempt to fill in the gaps or shortcomings. Research methods are stages that
researchers go through starting from the formulation of the problem to the conclusion, namely forming a
systematic flow. This research method is used as a research guideline in the implementation of research so
that the results achieved do not deviate from predetermined goals. At this stage, a review of the system to
be studied is carried out to observe and research more deeply and analyze the problems that exist in the
running system. The methodology used in this study consisted of the following steps:

1. Conduct literature studies on various references related to the research conducted.

2. ldentifying the needs of the system to built includes conducting field surveys to the locations of tourist
attractions in the Timor Island area so that they can sight the condition of the tourist attractions.

3. Designing a tourist route determination system.
The system design stage aims to obtain an initial picture in the form of steps to create an application
system for finding the shortest route for Timor Island attractions.

4. Implement a system of determining the shortest tourist route based on the design of the system.
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Figure 1. Activity diagram

Figure 1 presents the activity of the diagram. First, the user opens the application. Next, the user fills
out the form of the place to be visited. The user selects and displays the location of the destination to be
visited. Next, the user presses the button to find the shortest route to be processed using a genetic algorithm.
If the results of the data request and the algorithm process are successful, it will obtain the shortest route and
be displayed on the monitor screen. Otherwise, it will bring up an error message.

5. Testing the system
Testing the system aims to find errors on system and find out the suitability of the system created with the
needs of the user.

System Design

System inputs, processes, and outputs

Input Process Output

* Start and finish locations )| Find optimization W Most efficient route

* Tourist aftractions want to using senetic
visit algorithms

Figure 2. System inputs, processes, and outputs

Figure 2 presents the process flow containing the System Inputs, Processes, and Outputs. Inputs are
carried out by the user in the form of initial location selection, destination location, population number,
crossover ratio, and mutation ratio. Input is entered into the process by pressing the Find Route button. After
the button is pressed, the system performs a process based on genetic algorithms to obtain optimal results.
Then, the system produces an output in the form of the shortest route of the tourist attraction to be visited. In
this route optimization system, users are expected to enter data on the location of the starting place and the
objects they want to visit, then processed by looking for the most efficient route optimization with the Genetic
Algorithm. The structure of the genetic algorithm is generally depicted in the following cycle of Figure 3.
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Figure 3. Genetic algorithm cycle

Figure 3. A genetic algorithm is an algorithm that applies an understanding of natural evolution to
problem-solving efforts. The approach taken by this algorithm is to randomly combine the various best
solutions selected in a group to get the next generation of the best solution, namely in a condition that
maximizes compatibility which will be called fitness. The chosen generation is the generation that represents
improvements in the previous population or group. By performing a repetitive process, this algorithm can get
the most appropriate solution to the faced problem.

Once processed, the user will receive output in the form of the most efficient route for the selected
Attractions. The flowchart of the established tourist travel route determination system is as follows.

Select the tourist
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first location to start

I

Shortest routs search with genstic
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Recommendations
best tourist routes
Recommendations

I

Figure 4. Flowchart of tourist travel route

Figure 4 presents a flowchart of determining the tourist travel route of the system to be created. System
creation begins with creating a form for inputting data by the user. Then proceed with connecting with the
google map API with the aim of obtaining data on the location and distance of tourist attractions. Furthermore,
typing the genetic algorithm script using Javascript by applying the genetic algorithm cycle. Then, test the
system that has been designed whether it runs according to the theory of genetic algorithms to obtain optimal
results or not. If the test results are not successful, then checking the errors experienced by the system is
carried out for repairs until they get the expected results.

Search for

rontes

Figure 5. Use case diagram
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Figure 5 presents a use case diagram used to understand and know what functions exist in a system, as
well as who can use these functions. Use case diagram is a functional modeling to describe the behavior of a
system to be built. The figure above shows that the system built has only one role, namely as a user.

3. RESULTS AND DISCUSSION

Implementation of Genetic Algorithms
1) Population initialization function

The population initialization function is used to randomly generate the initial population [23]. The
number of genes per individual depends on the number of destination locations chosen by the user. Genes in
individuals are symbolized by alphabetic characters.

this.initialize = function (chromosomelLength) {
this.individuals = [];
for (var i = 0; 1 < ga.populationSize; i++) {
var newIndividual = new ga.individual(chromosomelLength);
newIndividual.initialize();
this.individuals.push(newIndividual);

}

2) Evaluation of Individual Fitness Values

The fitness value calculation function is used to express the value of the destination function [24]. The
higher the fitness value, the more optimal the solution produced from the individual.

this.getFittestIndex = function () {
var fittestIndex = 0;
for (var i = 1; i < this.individuals.length; i++) {
if (
this.individuals[i].calcFitness() >
this.individuals[fittestIndex].calcFitness()
) A
fittestIndex = i;
}
}
return fittestIndex;
}s5
this.getFittest = function () {
return this.individuals[this.getFittestIndex()];

}s

3) Individual Selection With Roulette Wheel

The Roulette Wheel selection process starts by looking for random values from up to 1, then selected
based on the probability generated by each individual. Selected individuals will be processed in the crossover
process to produce a new generation [25].

this.roulettelWheelSelection = function () {
var totalFitness = 0;
var fitness = [];
for (var i = 0; i < this.individuals.length; i++) {
fitness[i] = this.individuals[i].calcFitness();
totalFitness = totalFitness + fitness[i];

}
var P = [];
var C = [];
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for (let i = 9; i < this.individuals.length; i++) {
P[i] = fitness[i] / totalFitness;
if (1 ==09) {
C[i] = P[il;
} else if (i == this.individuals.length) {
C[i] = 1;
} else {
C[i] = C[i - 1] + P[i];
}

var R = [];
var rouletteWheelPopulation = new ga.population();
for (let i = 9; i < this.individuals.length; i++) {
R[i] = Math.random();
for (let j = 0; j < C.length; j++) {
if (R[1] <= C[JD) {
rouletteWheelPopulation.addIndividual(this.individuals[j]
)s
break;
}
}

}
return rouletteWheelPopulation.getFittest();

4) Crossover Process

This crossover process involves 2 individuals to produce 2 new individuals [26]. The crossover process
used is to exchange 2 genes at random positions between 2 individuals who are parents.

this.crossover = function (individual, offspringPopulation) {
var offspringChromosome = [];
var startPos = Math.floor(this.chromosome.length * Math.random());
var endPos = Math.floor(this.chromosome.length * Math.random());

var i = startPos;

while (i != endPos) {
offspringChromosome[i] = individual.chromosome[i];
i++;

if (i >= this.chromosome.length) {
i=0;
}
}

for (parentIndex in individual.chromosome) {
var node = individual.chromosome[parentIndex];

var nodeFound = false;
for (offspringIndex in offspringChromosome) {
if (offspringChromosome[offspringIndex] == node) {
nodeFound = true;
break;

}
}
if (nodeFound == false) {
for (
var offspringlndex = 0;
offspringIndex < individual.chromosome.length;
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offspringIndex++

) {
if (offspringChromosome[offspringIndex] == undefined) {

offspringChromosome[offspringIndex] = node;
break;

}
}
}
}

var offspring = new ga.individual(this.chromosomelLength);
offspring.setChromosome(offspringChromosome);
offspringPopulation.addIndividual (offspring);

}s

5) Mutation Process

The mutation process is carried out on all genes that are imparted in individuals in a generation [27].
The process begins by randomly determining 2 genes positions to be exchanged in one individual.

this.mutate = function () {
this.fitness = null;
for (index in this.chromosome) {
if (ga.mutationRate > Math.random()) {
var randomIndex = Math.floor(Math.random() *
this.chromosomelLength);
var tempNode = this.chromosome[randomIndex];
this.chromosome[randomIndex] = this.chromosome[index];
this.chromosome[index] = tempNode;

}
}
}s

6) Function of displaying maps with Google Maps API

This function displays a map from Google Maps with tourist destination points and start locations
selected by the user [28].

function initializeMap() {
map = new google.maps.Map(document.getElementById("map-canvas"), {
center: { lat: -9.199279567621584, lng: 124.4832042037652 },
zoom: 9,
mapTypeld: "hybrid",
streetViewControl: false,
mapTypeControl: false,

1)
}

The designed system implemented according to the design that has been made. Users of the application
that is built prospective tourists who will travel to Timor Island attractions. Applications built based on
websites can be visited on the page http://localhost/tspwisata/. The pages of the website are shown in the
following figure.
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Figure 6. Main Page

Figure 6 presents the main page view. On the main page, the user selects the attraction to visit and
determines its initial location. Then fill in the Default Location column as the starting point of the location
and fill in the Add Location column according to the location you want to visit. If it is appropriate then the
user selects the Find Route button. The confirmation page can be seen in Figure 7.

e

Figure 7. Confirmation Page

Figure 7 presents the appearance of the confirmation page. On the confirmation page, the system
displays the route and location that has been inputted by the user. Information on the shortest route with
details of the distance traveled can be seen in the following figure.
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Figure 8 presents the results of the genetic algorithm process carried out by the system and obtaining
optimum results. From the picture above, you can see in detail the pairing between the two locations along
with the distance between the two locations. The route from the place of origin to all the destinations exactly
once then back to the place of origin is the summation of all the distances from the pair between locations.

Application Output Test Results

1) Attraction Location Selection

2) This page contains a selection of attractions on Timor Island and a map of the Timor Island to determine the
start location. On this page the user input the data of the destination attraction and the start location. The

location selection of attractions can be seen in the following figure.

Tempat Wisata

‘ Cafaull Lokasl
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| tamban Lokaa |
Al Tarjun Genala | Hopus|

\ s
!
|
|

Pantal winl
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Al Tarjuny Osnesu, ’l""l"”
Pantal Matadikin, | l (RISTRINES

Goa Kristal Bolok, |

Figure 9. Attraction location selection

Figure 9 presents the data inputted by the user can be captured by google map and the user can choose

the location in question.
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3) Confirmation of Selected Attraction Location
This page contains information from inputs that have been selected by the user before. If the user wants
changes can select "hapus™ and then change the desired destination. After that, the user can click the button
“cari rute” as seen in the following figure.

Konfigurasi Algoritma
Genetika

Travel-Mode

Mobil v

Jumiah Populasi

50 v
Rasio Mutasi
01 v

Rasio Crossover

05 v
Efitism

Enabled v
Generations

100 v

Figure 10. Shortest route search
Figure 10 shows that the user inputs which will be the parameters used in the genetic algorithm process.
4) Recommended routes to attractions

This page contains a map of recommended tourist travel routes with detailed distances from each selected
place.

Figure 11. Recommended routes to tourist sites

Number of Locations: 9
Generations: 50
Total Estimated Distance: 771.89 km
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Figure 11 shows the results of the route display on the google map in the form of location markers and
route recommendations to tourist locations.

A » B » C » D » E
274 km 108 km 144 Im 104 kam
\51_91&11
J(A) « I « Ha« G F
10,3 kam 202 lm 60.9 kam 64.1 km

Figure 12. Recommended tourist travel routes

Based on Figure 12 shows that from the inputted location a shortest route is obtained with the city
symbol and the travel flow. The shortest route obtained is from Goa Kristal Bolok, Kupang Regency (A) to
Lasiana Beach, Kupang City (B), head to Oehala Waterfall, South Central Timor Regency (C), head to
Motadikin Beach, Malaka Regency (D), head to Teluk Gurita, Belu Regency (E), head to Padang Fulan
Fehan, Belu Regency (F), head to Wini Manamas Beach, North Central Timor Regency (G), head to Sasi
Kefamenanu Church, North Central Timor Regency (H), head to Oenesu Waterfall, Kupang Regency (1), and
finally back to Goa Kristal Bolok, Kupang Regency (J).

4. CONCLUSIONS

Based on research stages have been carried out, it can be concluded that the travel route search
application has been built can provide convenience in choosing tourist travel routes on Timor Island. Route
optimization applications can help the process of creating routes from the initial location of departure and the
attractions to be visited. This system is also used to assist domestic tourists in getting to know the attractions
of Timor Island for solutions in the search for the shortest route.
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