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Abstract—Tourism is one of the activities carried out for
recreation or leisure in a place with a variety of purposes and
objectives. In Indonesia, many cities provide attractive tourism
places, and one of them is the city of Yogyakarta. Because it has
interesting and diverse tourism places, Yogyakarta is in great
demand by local and foreign tourists. Thus to be able to
maximize the visits of tourists who come to Yogyakarta, we need
a system that is able to provide information on tourist
attractions to tourists precisely in accordance with what the
tourists want. The proposed system uses the Fuzzy Logic
method and Floyd Warshall Algorithm which are combined, so
as to obtain results in the form of recommendations for tourist
attractions based on the costs of tourists, the length of time and
distance needed to reach the tourist attractions.

Keywords—Tourism, Floyd Warshall,
Yogyakarta.

Fuzzy Logic,

I. INTRODUCTION

Yogyakarta is one of the provinces in Indonesia known as
the city of Education. In addition, Yogyakarta is also one of
the most popular tourist attractions. Tourism in Yogyakarta is
one of the main contributors to the economy in the Yogyakarta
area. Yogyakarta has a variety of tourism places ranging from
religious tourism, historical tourism, museums, beaches, and
many others. Based on Yogyakarta tourism statistics [1]
annual tourist arrivals continue to increase. Tourists visiting
the city of Yogyakarta come from various regions in Indonesia
and from various countries. With a high tourist attraction, the
development of a tourism recommendation system will
greatly help tourists to provide information and maximize
tourist visits in the city of Yogyakarta. For tourists,
information about tourism objects, costs that will be incurred
when traveling, the length of time that will be spent, and the
distance between tourist attractions is very necessary to be a
parameter of tourists. With the rapid development of
technology today, the tourism recommendation system can be
used to provide tourism information to tourists appropriately.

One of the most frequently used recommendation
algorithms is fuzzy logic. Fuzzy method is a powerful method
to solve the problem of the representation of uncertainty
knowledge. The advantages of Fuzzy methods that are used
are methods that have been widely applied in research, by
producing satisfactory results in accuracy so that it is expected
to have high accuracy in producing information.

978-1-7281-1655-6/19/$31.00 ©2019 IEEE

Mamdani Fuzzy Logic is a suitable method for
recommendations on tourist attractions. Mamdani Fuzzy
Logic is used because of its simple structure. Mamdani Fuzzy
Logic uses the min-max or max-product operation with a set
of predetermined rules, namely IF ... AND ... THEN before.
In addition, the algorithm used is the Floyd Warshal algorithm
which is useful for solving route search problems. This
algorithm can also be applied to a road route search
application that is closest from one area to another, with this
method the results can be optimized.

The purpose of the proposed system is to provide
recommendations for tourism places in Yogyakarta by using
the Mamdani Fuzzy Logic method and recommendations for
travel routes using the Floyd Warshall algorithm so that it is
expected to have high accuracy in producing information.
This paper is organized as follows. Section 2 outlines some
studies related to the use of algorithms in this study. Section 3
describes in depth our proposed approach. Section 4 presents
the results of the analysis and experiments in the proposed
system. Section 5 discusses related work. Finally, we
conclude with some future works

II. RELATED WORK

The tourism industry is growing from year to year. With
the existence of social media, many tourism places are
published so that tourists want to visit, both domestic and
foreign tourists. For tourists, information about tourist
attractions in a country is very important so that they are not
wrong in determining their tourist destination with the cost
and distance they want.

To make it easier for tourists to determine tourist
attractions that will be their destination, a system is built using
the Fuzzy method which in this system accommodates tourism
object recommendation information. Some previous studies
also used Fuzzy methods in tourism systems, there are several
methods used, among others, Fuzzy Rule Based method [2],
Fuzzy Set and Dominance-Based Rough Set [3], Neuro-Fuzzy
Model method [4], and others. With the existence of a tourism
recommendation system, it is very beneficial for tourists
because they can provide advice or recommendations on
tourist attractions [5] which is right for the user's needs

According to [3] based on the tourism systems approach,
risk factors are divided into two dimensions, namely internal
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risk, and external risk and seven criteria namely political,
economic, cultural-social, technological, environmental
health, functional, and safe security. Another paper discusses
a comprehensive multimodel approach to developing a
conscious context recommendation system in the field of
tourism information support [6]. In addition, it can use several
methods and approaches to develop the tourism system.
According to [7] the use of SWOT (Strength, Weakness,
Opportunity, and Threat) approaches and Fuzzy logic methods
are used for sustainable tourism development strategies. The
SWOT analysis is a tool commonly used to analyze external
and internal environments [8] simultaneously to obtain a
systematic approach and support for decision situations. Data
or information about attractions can be taken from the history
of visitors, from the amount of digital data increasing rapidly.
One example is the development of concepts in the field of
historical tourism applications using a multi-agent, event-
oriented design method with a central information center [9].

Some studies also use Mamdani Fuzzy Logic to obtain
better accuracy results [10] [11] [12]. To facilitate route
planning [13] of tourism, the Floyd Warshall algorithm is used
[14]. Where Floyd Warshall's algorithm can reduce the
complexity of calculations to simplify the method of finding
the shortest path [15] and is very suitable for use in mapping-
based applications [16]. The system to be designed consists
of two concepts, namely a combination of Mamdani Fuzzy
logic methods and Floyd Warshall algorithm. Fuzzy logic
used will be applied as a method in the system inference
engine part [17] [18] [19]. Input from the system will be
processed using Fuzzy logic and the Floyd Warshall algorithm
is used to determine the route [20] which is in accordance with
user input.

Based on previous research, the study wanted to combine
Mamdani Fuzzy Logic and Floyd Warshall algorithm for
recommendations on tourist sites in Yogyakarta. Actually in
this study also uses Location Based Services (LBS) to support
the Floyd Warshall algorithm.

III. ARCHITECTURE DESIGN

This section will display the architectural design of the
system that will be created and explain the fuzzification
process in depth. Figure 1 illustrates the initial and final stages
of the system to be made. From the system to be designed, it
is divided into two stages. The first stage is the Fuzzy method
that will determine the recommendations of tourist objects,
after that, the second stage is the selection of routes based on
the results of recommendations using the Floyd Warshall
algorithm (see figure 1).

In Figure 1, the first process carried out is that the user
enters three parameters, namely price, distance and vacation
time. From the parameters specified each membership
function is created. To help the process of making
membership functions, the process of fuzzyfication is done by
converting non-fuzzy variables into fuzzy variables. After
generating a number of recommendations about tourist places
with distances measured from the user's point when accessing
the system, then the system will search for the best route using
the Floyd Warshall algorithm and display the results of these
routes to the system for use by users so that they can be
utilized.

Fuzzyfication

r
Tourism
Recomended
v

Y

Floyd Warshall

Fig. 1. System Architecture Design

A. The Function of membership and Fuzzification

From the three input parameters specified, each
membership function is created from the fuzzy variables that
have been made as in the table below. The first variable is the
price that has a cheap, medium and expensive fuzzy set.
Previously lower prices were 15,000 lower, medium prices
from 10,000 to 55,000 and expensive prices greater than
50,000. For cheap and expensive sets using the trapezium
membership function and the set is using the triangle
membership function as shown in Figure 2.

low medium high

inout variable “price”

Fig. 2. Price Membership Function

In Figure 2 uses a scale 10* on the x axis. From the
membership function the price can be formulated as follows:

1; x < 10.000
u Low Price (x) = {% 10.000 < x < 15000 (1)
0; x > 15.000

55.000—x

55.000—32.500
x—10.000

32.500-10.000

; 32.500 < x < 55.000

u Medium Price (x) = 10.000 < x < 32.500 (2)

0; x < 10.000 or x > 55.000
1; x > 55.000
u High Price (x) = {% 50.000 < x < 55.000 3)
0; x <50.000

Furthermore, the distance variable has 3 fuzzy sets,
which are close, medium and far. The size of the distance has
been determined to be closer to less than 20 km, the medium
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between 17.5 km - 42.5 km and far greater than 40 km. For
near and far sets also use the trapezoid membership function
and the set is using the triangle membership function as
shown in figure 3.

near medium far

inout varable “distance™

Fig. 3. Distance Membership Function

From the membership membership function in Figure 3, it
can be formulated as follows.

1; y <175
u Near Distance (y) = {252;;5: 175<y <20 4)
0; y =20
(oo 30<y<425
u Medium Distance (y) = 4 ;:)—_117;55; 175<y<30
U0, y<1750ry>40
1; y =425
u Far Distance (y) = :22"55__30; 40 <y <425 (6)
0; y <40

The last variable is the time variable which means the
length of vacation time. The time variable has 3 sets, namely
fast, medium and long. For the duration of the vacation, it has
been determined quickly to be smaller than 30 minutes,
medium between 20 minutes to 100 minutes and far greater
than 90 minutes. For the fast and old set also uses the trapezoid
membership function and the set is using the triangle
membership function as shown in Figure 4.

fast medium long

input varable “time*

Fig. 4. Time Membership Function

From the time membership function in figure 4 it can be
formulated as follows:

1; z <20
pFast Time (z) = {===; 20 <2z<30 7)
0; z > 30

1972 . 60 <2< 100
100-60
u Medium Time (z) = { 2220, 20<z<60 ©®
60-20" - =
0; z<200rz=100
1; z =100
uLong Time(z) = 110000__920; 90 < z<100 C)]
0; y <90
B. Rules

From the 3 inputs that become fuzzy variables and each
variable has 3 fuzzy sets, the number of rules can be formed
are 27 rules as in table 1.

TABLE I. Rules

Rule | Price (x)|Distance (y)| Time (z) | Conclusion (v)
R1 Low Near Fast Possible
R2 Low Near Medium Possible
R3 Low Near Long Possible
R4 Low Medium Fast Possible
R5 Low Medium | Medium Possible
R6 Low Medium Long Impossible
R7 Low Far Fast Impossible
R8 Low Far Medium Possible
R9 Low Far Long Impossible
R10 | Medium Near Fast Possible
R11 | Medium Near Medium Possible
R12 |Medium Near Long Possible
Ri13 |Medium | Medium Fast Possible
Ri4 |Medium | Medium | Medium Possible
Ri15 |Medium | Medium Long Possible
R16 | Medium Far Fast Possible
R17 | Medium Far Medium Possible
Ri18 | Medium Far Long Impossible
R19 | High Near Fast Possible
R20 | High Near Medium Possible
R21 | High Near Long Possible
R22 | High Medium Fast Possible
R23 | High Medium | Medium Possible
R24 | High Medium Long Possible
R25 | High Far Fast Impossible
R26 | High Far Medium Possible
R27 | High Far Long Possible

In this research, the rules use the additive (sub) method
which will sum up the fuzzy set solution u obtained to produce
the best recommendation place.

C. Floyd Warshall Algorithm

The Floyd Warshall algorithm is the most common
method to use in finding the shortest route. This algorithm has
input from a graph that is very directional and weighty, in the
form of node points from each route that can be traversed.
Floyd Warshall algorithm is very suitable to use because the
results of accurate and precise results so that it can provide a
solution in finding the closest route from star point to point to
be seventh.
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ke

C D

Fig. 5. Example of Graph or Route

To help calculate the distance between each point of the
tourist spot with the start point, the HTML 5 function for
geolocation will be used so that the user point is located in the
form of latitude and longitude. By using the latitude and
longitude can calculate the distance from the user's point to the
tourist attractions to be addressed as well as the distance of
tourist attractions with others so that it can form graph or route
as in Figure 5.

IV. ANALYSIS AND RESULTS

A. System Result Design

This design emphasizes the use of fuzzy methods to find
the best place for recommendations and the use of the Floyd
Warshall algorithm to find the best route. In the design of this
system, there are several inputs needed which can be seen in
Figure 6.

Figure 6 shows that there are three inputs needed by the
system, namely price, distance and time. After that, the system
will provide output in the form of recommendations for
several tourist attractions that have been calculated based on
previous inputs using the fuzzy logic method.

W

-
jogja Recommended Tourism Sitesin Yogyakarta
simewa

ssssss

Chose Categori Sellect Tourism Sites

* Matium 9 Prambznan Tempis
Heh

Detmnce © @ wesr
Wsdum
Far
Fest
o wedum
Long

seanen

ORCOO0OR &R

Select

Fig. 6. Input by User

Then the system will calculate the best routes that can be
traversed so that the trip becomes more optimum. The system
will take the initial position by taking the point the user
accesses the system with the geolocation function. The data
obtained will be in the form of latitude and longitude which

will be used in the calculation of the Floyd Warshall algorithm.

Previously, data collection in the form of latitude and
longitude has been carried out from each tourist spot in the
Yogyakarta area so that it can issue the best route output such
as the system design in Figure 7.

From Figure 7 it can be seen that there is a route that is the
order of places to be visited by utilizing the Google Maps API
so that it helps to get the optimum route.

HOME HELP  ABOUT

’
jﬂgjﬂ Recommended Tourism Sites in Yogyakarta

Parangtrts

Fig. 7. Output System

B. Recommendation System Testing

In this section, an example of a system test will be shown
where the first user input is the price in the medium category,
the second distance is in the near and third category in the
medium category.

In testing the system, 10 samples of tourism data were
collected including Malioboro, Palace, Prambanan Temple,
Indrayanti Beach, Parangtritis Beach, Maria Sendangsono
Cave, The World Land Mark Merapi Park, Sri Getuk
Waterfall, Kalibiru and Pine Pengger Forest

Previous rules have been determined in the system. In
accordance with user input, the input is in accordance with
rule 11 where the conclusion is possible.

TABLE II. Membership Degree Based on Price

No Price Degree of Membership .
) Low Medium High
1. Free 1 0 0
2. 10.000 1 0 0
3. 40.000 0 0.67 0
4. 10.000 1 0 0
5. 15.000 0 0.22 0
6. Free 0 0 0
7. 15.000 0 0.22 0
8. 10.000 1 0 0
9. 10.000 1 0 0
10. 5.000 1 0 0
TABLE III. Membership Degree Based on Distance
No Distance Degree of Membership
) (km) Near Medium Far
1. 2.3 1 0 0
2. 0.55 1 0 0
3. 17.8 0.88 0.024 0
4. 65.8 0 0 1
5. 26.6 0 0.728 0
6. 30.3 0 0.976 0
7. 25.6 0 0.648 0
8. 344 0 0.648 0
9. 359 0 0.528 0
10. 21.3 0 0.304 0
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TABLE IV. Membership Degree Based on Time

variables, namely price, distance and duration of the vacation.
The results will be recommended by several tourist attractions,
after that the best route will be determined for tourist
attractions where users access the system using the Floyd
Warshall algorithm.

In the future, tourism recommendation research using
Fuzzy Logic can increase the number of Fuzzy variables and
sets. Additional variables may be selected by the type of
transportation. In addition, it can also integrate tourism

No Time Degree of Membership
" | (minute) Fast Medium Long

1. 10 1 0 0
2. 2 1 0 0
3. 54 0 0.85 0
4. 107 0 0 1
5. 52 0 0.8 0
6. 64 0 0.9 0
7. 54 0 0.85 0
8. 73 0 0.675 0
9. 66 0 0.85 0
10. 46 0 0.65 0

In this research, taking a sample starting point at the zero
kilometer point of the city of Jogjakarta to calculate the
distance and time to tourist attractions so that the distance and
time can change according to the user's access point to the
system and also information obtained from the Google Map
API. After calculating the degree of membership in each
variable we obtain the weight of each place of
recommendation, for determining the location of tourist
attractions in accordance with the initial input, Price:
Moderate, Distance: Near and Time: Medium.

TABLE V. Weight of Tourist Attractions

No. | Tourist Attraction | Price |Distance | Time |Result
1. |[Malioboro 0 1 0 1
2. |Keraton 0 1 0 1
3. |Prambanan Temple| 0.67 0.88 |0.85 24
4. |Indrayanti Beach 0 0 0 0
5. |Parangtritis Beach | 0.22 0 0.8 1.02
6. |Maria Cave 0 0 09 | 09

Sendangsono
The World Land
7 Mark Merapi Park 0.22 0 0.85 1.07
. |Sri Getuk Waterfall| O 0 0.675 | 0.675
9. |Kalibiru 0 0 0.85 | 0.85
10, |Pine forests 0 0 |065 | 065
Pengger

The results of the tests above show the level of strength of
the value of the degree of membership. The higher the value
of the membership level the greater the opportunity for a
recommendation of tourist attractions. From table 5, it can be
seen that the highest value of member membership is
Prambanan Temple, making it the highest place in system
recommendations, while Indrayanti Beach has a value of 0 so
it does not become a recommendation from the system.

V. CONCLUSION

Tourism is one of the main roles in the economy in the
Yogyakarta area. Yogyakarta has a variety of tourism places
ranging from religious tourism, historical tourism, museums,
beaches, and many others. With a high tourist attraction, the
development of a tourism recommendation system will
greatly help tourists to provide information and maximize
tourist visits in the city of Yogyakarta. The recommended
system for tourism places uses the Fuzzy Logic method and
the Floyd Warshall algorithm. The use of Fuzzy Logic to be
able to determine tourist attractions in accordance with 3 input

recommendations with the selection of hotels.

(1]
(2]

(31

(4]

(51

(6]

(71

(8]

(9]

(10]

(11]

[12]

594

VI. REFERENCE

D. P. DIY, “Statistik Kepariwisataan DIY tahun
2017,” Dinas Pariwisata DIY, p. 114, 2017.

N. Q. Vinh, “Fuzzy Rule-based Analysis of
Promotional Efficiency in Vietnam * s Tourism
Industry,” vol. 5, pp. 47-70, 2015.

R. Ayashi, H. Faraji Sabokbar, N. Banaitiene, A.
Banaitis, A. Hosseini, and A. Ayashi, “Risk
Assessment in Tourism System Using a Fuzzy Set
and Dominance-Based Rough Set,” Technol. Econ.
Dev. Econ., vol. 22, no. 4, pp. 554-573, 2018.

G. Atsalakis, E. Chnarogiannaki, and C. Zopounidis,
“Tourism Demand Forecasting Based on a Neuro-
Fuzzy Model,” Int. J. Corp. Financ. Account., vol. 1,
no. 1, pp. 60-69, 2014.

D. Gavalas, C. Konstantopoulos, and K. Mastakas,
“Mobile recommender systems in tourism,” J. Netw.
Comput. Appl., vol. 39, pp. 319-333, 2014.

A. M. Kashevnik, A. V. Ponomarev, and A. V.
Smirnov, “A multimodel context-aware tourism
recommendation service: Approach and
architecture,” J. Comput. Syst. Sci. Int., vol. 56, no.
2, pp- 245-258, 2017.

C. Paper, H. R. Feili, and K. Branch, “SWOT
Analysis for Sustainable Tourism Development
Strategies using Fuzzy Logic SWOT Analysis for
Sustainable Tourism Development Strategies,” Int.
Conf. Sci. Eng. Technol. Era, no. November, pp. 0—
10, 2017.

fhsan Yiiksel, Metin Dagdeviren, and Giilsiim
Alicioglu, “Evaluation of Tourism Sector Based on
the Internal Environment by Using a Fuzzy
Approach,” vol. 896, pp. 937-944, 2019.

A. Ivanovs, A. Varfolomeyev, O. Petrina, D. Korzun,
and H. Soms, “Smart Space based Recommendation
Service for Historical Tourism,” Procedia Comput.
Sci., vol. 77, pp. 85-91, 2016.

W. B. Zulfikar, Jumadi, P. K. Prasetyo, and M. A.
Ramdhani, “Implementation of Mamdani Fuzzy
Method in Employee Promotion System,” IOP Conf.
Ser. Mater. Sci. Eng., vol. 288, no. 1, 2018.
Sivaraos, A. Z. Khalim, M. S. Salleh, D. Sivakumar,
and K. Kadirgama, “Mamdani-Fuzzy Modeling
Approach for Quality Prediction of Non-Linear Laser
Lathing Process,” IOP Conf. Ser. Mater. Sci. Eng.,
vol. 318, no. 1, 2018.

M. A. Cerna and E. A. Maravillas, “Landslide Hazard
GIS-based Mapping Using Mamdani Fuzzy Logic in
Small Scale Mining Areas of Surigao del Norte |,
Philippines,” Proc. World Congr. Eng. Comput. Sci.,



2019 International Conference on Information and Communications Technology (ICOIACT)

vol. II, no. December, 2015.

[13]  A.Aziz and A. F. Logic, “Floyd Warshall Algorithm
with FIS Sugeno for Search Evacuation Route
Optimization,” Int. Semin. Appl. Technol. Inf.
Commun. Floyd, pp. 147-151, 2017.

[14] R. Xu, D. Miao, L. Liu, and J. Panneerselva, “An
Optimal Travel Route Plan for Yangzhou Based on
the Improved Floyd Algorithm,” Proc. - 2017 IEEE
Int. Conf. Internet Things, IEEE Green Comput.
Commun. IEEE Cyber, Phys. Soc. Comput. IEEE
Smart Data, iThings-GreenCom-CPSCom-
SmartData 2017, vol. 2018-Janua, pp. 168-176,
2018.

[15] Y. M. Liao and J. Zhong, “FLOYD algorithm based
on the shortest path in GIS,” Commun. Comput. Inf.
Sci., vol. 267 CCIS, no. PART 1, pp. 574-579, 2012.

[16] X. Chen and S. Qin, “Approach to high efficient
hierarchical pathfinding of indoor mobile service
robots based on grid map and Floyd-Warshall
algorithm,” Jeee, pp. 6476-6483, 2017.

[17] I B.Olenych and A. F. Gukaliuk, “Application of the
Fuzzy Modeling for Optimization of Transport
Routes,” Univers. J. Comput. Math., vol. 5, no. 4, pp.
87-92, 2017.

[18] E. Pourjavad and R. V. Mayorga, “A comparative
study and measuring performance of manufacturing
systems with Mamdani fuzzy inference system,” J.
Intell. Manuf., pp. 1-13, 2017.

[19] A.Nandaand A. K. Rath, “Mamdani fuzzy inference
based hierarchical cost effective routing (MFIHR) in
WSNSs,” Proc. - 7th IEEE Int. Adv. Comput. Conf.
IACC 2017, pp. 397-401, 2017.

[20] Risald, A. E. Mirino, and Suyoto, “Best routes
selection using Dijkstra and Floyd-Warshall
algorithm,” Proc. I11th Int. Conf. Inf. Commun.
Technol. Syst. ICTS 2017, vol. 2018-Janua, pp. 155-
158, 2018.

595



