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Finding the place of accommodation is one of the most crucial issues during a journey. This study aims to support the decision-
making of tourists for choosing the optimal accommodation by combining fuzzy analytic hierarchy process (FAHP) and
geographic information system (GIS) techniques. The adopted criteria are the cost per room, the distance from the center, the level
of security, the place rating, and the availability of free cancellation and breakfast. Due to some uncertainty and diversity of
criteria, the FAHP approach is applied to consolidate tourists’ decisions by applying criteria weighting, while the GIS is used to
overlay the weighted criteria and to visualize the ranked places of accommodation on a map. The combined technique is applied
on a case study in Budapest City, where the analysis is conducted on 364 places of accommodation. The results show that half of
the places are recommended for tourists, and more than fifth of the accommodations are highly recommended. Furthermore, it
can be concluded that the cost per room was the highest influential criterion with 0.233 importance weight, followed by the
security level with 0.205. The lowest factor affecting the choice of accommodation was the free cancellation service. It was
demonstrated that the rating weight importance was 0.182, while the breakfast and the distance from the center had approximately
the same importance. As a recommendation, some improvements on the accommodation, such as decreasing the cost per room,
enhancing the services, or developing the quality of the places, would increase their attractiveness for tourists.

1. Introduction

For several countries, tourism is one of the most important
industries in terms of the gross domestic product (GDP) [1].
Data collection about the cities is a relevant issue, where
several parameters have to be considered [2]. According to
the Hungarian Central Statistical Office, tourism industry is
around the fifth of the country’s economic activities. The
direct and indirect economic influence of tourism in
Hungary was about 9.4% in 2015 where more than 20 million
tourists arrived in Hungary [3]. Tourism can be defined as
the tourists’ travelling for leisure or other goals and staying
outside their common environment for a specific period, not
exceeding one continuous year. Tourism industry involves
entertainment destinations (recreation, culture, sports

activities, etc.), food establishments (restaurants, cafes,
taverns, etc.), places of accommodation (hotels, motels,
campgrounds, etc.), transportation (airplane, rail, bus, auto,
etc.), shopping facilities, and others [4]. Accommodation is
the most important sector in tourism industry, where more
than two fifths of tourists’ daily expenditures are allocated to
this sector [5]. The places of accommodation represent the
locations, where tourists can rest and plan their activities [6].

In major touristic cities, there is a lot of uncertainty
about choosing the optimal places of accommodation.
Finding an optimal accommodation is one of the most
important decisions in the tourists’ journeys [7]. Despite the
availability of online websites and applications for booking
accommodation, the issue is still complex due to the ex-
tensive number of available options in this sector and the
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numerous factors that affect the decision-making. Although
there is heterogeneity of the characteristics of the tourists
themselves, such as the sociodemographic (gender, age,
marital status, educational level, and income), the questions
seem to be the same: where can I sleep safely and secure?
How much is the cost per night? Does accommodation
provide services such as breakfast or free cancellation? [8].

In case of a spatial problem, such as the accommodation
search, where several criteria have to be considered, mul-
ticriteria decision-making (MCDM) methods can be ap-
plied. More specifically, in case of uncertainty and fuzzy
conditions, the fuzzy analytic hierarchy process (FAHP)
method, which is a specific type of an analytic hierarchy
process (AHP) and belongs to the MCDM methods, can be
used. For example, a study mentioned that tourists face
difficulties when choosing the optimal restaurant in a foreign
city, which choice includes some subjective elements. Dewi
et al. [9] performed a comparison among the AHP, FAHP,
and TOPSIS methods using a mobile-based culinary rec-
ommendation system. The outcomes proved that FAHP had
the highest accuracy compared to the other methods. The
concept of FAHP can be also used for evaluating the criteria
that affect the accommodation choice, while it would be
difficult to use the traditional method (i.e., AHP) because of
dealing with a fuzzy environment. Based on the reasons
stated above, the FAHP method combined with geographic
information system (GIS) technique could offer well-
established choices for tourists. Thus, the main objective of
this study is to develop a comprehensive model, which
supports tourists in choosing the optimal accommodation
according to their preferences and constraints.

This paper is organized as follows: after the introduction,
Section 2 reviews previous studies which use GIS and
MCDM methods. The theoretical methods and the proposed
methodology are explained in Section 3. The results and the
study area are explained in Section 4, followed by the dis-
cussion in Section 5. Finally, the main conclusions are
demonstrated in Section 6.

2. Literature Review

Accommodation facilities vary in size and services, but their
primary purpose is to provide customer service, where
hotels, motels, guesthouses, and apartments are examples of
places of accommodation [10]. Tourists choose the place
according to their preferences and constraints, where cost,
location, and services represent the basic elements of the
consideration [11]. Many studies examine the factors that
affect the tourists’ choices of accommodation. Psychological
and nonpsychological factors influence the decision-making
process, especially in the field of tourism due to the variety
and the competition among the alternatives [12]. Losada
etal. [13] conducted a study on the types of accommodation
chosen by senior tourists in Spain. An interview survey
through telephone was used to obtain data, such as socio-
demographic and self-perceived variables as well as factors
linked to pull motivation. A multinomial logit model was
applied to analyze the collected data. The study found that
seven out of ten senior tourists preferred hotels.
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Additionally, the outcomes indicated that the staying’s
length highly correlates to the type of accommodation.
Another study by [14] considered the global economic
crisis’s impact on the accommodation of tourists in the
Netherlands. The researchers mentioned that affordable
hotels play a significant role in tourists’ choices. Ananth et al.
[15] examined a sample of tourists to evaluate the factors
affecting hotel selection. The results demonstrated that the
price and the hotel quality were the most influential factors.
Another research was carried out by [16], who found that the
cost, the location, the cleanliness, and the services are the
most persuasive factors in the tourists’ accommodation
choices. In another study, it was found that factors related to
the hotels, such as the size of the room or the provision of
breakfast, have a significant effect on tourists’ choices [17].

For the location selection process of the accommodation,
the decision-maker tries to choose the facility that could
tulfil his/her requirements, where several factors for the
optimal selection have to be considered. MCDM technique
is applied to evaluate and rank the multicriteria problems
[18]. Chou et al.[19] applied MCDM (more specifically a
tuzzy method) for selecting international hotel locations in
Taiwan. The findings proved that the security level, acces-
sibility, and the surrounding cultures are the most important
criteria for hotel location selection. Similarly, Sohrabi et al.
[20] applied the fuzzy model to analyze the factors that affect
hotel selection in Iran. They divided the factors into two
main groups: hotel comfort factors and hotel compensatory
factors. The first group involved hotel staft, promenade and
comfort, pleasure, car parking, network services, and rooms’
cleanliness. Security, expenditure, and recreational infor-
mation refer to the second main group. The main results
revealed that the high importance criteria were the expen-
diture and car parking since most tourists come from poorer
cities of Iran. Hsu et al. [21] combined the fuzzy method and
TOPSIS to identify the prioritizing factors that affect the
destination choice of tourists. The scholars evaluated eight
touristic destinations in Taiwan. The final result showed that
safety and visiting friends significantly influenced the
tourists’ destinations, while the cost had the least effect. Ngai
and Wat [22] developed a fuzzy expert system called the
hotel advisory system (HAS) to help tourists in choosing
their hotels. The final evaluation of experts and users
revealed the benefit of the system and positive feedback from
the questionnaires survey. Thus, MCDM can be applied in
order to consider all the influential factors concerning the
choice of the optimal place. The most appropriate approach
to evaluate the alternative is MCDM, especially for the site
selection problems [23].

During the last few years, GIS plays a significant role in
assisting the decision-making process by dealing with spatial
data and generating the suitability maps [24]. According to
[25] definition, GIS is a tool used to capture, store, check,
integrate, manipulate, analyze, and display spatial data. Due
to the capabilities of GIS, it has been applied in different
disciplines for a variety of complex spatial problems.
Moreover, several studies applied this tool in tourism. For
example, Garcia-Palomares et al. [26] investigated the role of
GIS in tourism planning, where tourists’ hot spots are
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identified in eight major European cities, and the distri-
bution pattern is analyzed based on spatial GIS techniques.
Another comprehensive study discussed the role of the GIS
in tourism [27]. The study aimed to explain the importance
of the GIS in tourism through the analysis of data, mod-
elling, and forecasting in the tourism field.

In order to find the suitability of an area, GIS techniques
based on MCDM could be used. The combination of MCDM
and GIS could improve the capabilities of handling variety
and the amount of spatial data [28]. Ibraheem et al. [29] used
GIS-AHP combination to explore car parking’s optimal
location in the CBD of Al Ramadi City, Iraq. The AHP
method generated the weight of the criteria, and GIS
techniques were applied for the final suitability map. Sim-
ilarly, Mishra et al. [30] applied GIS and AHP to identify the
suitable locations of organic farming. The scholars men-
tioned that rural tourism and economics could be promoted
by developing organic farming in rural regions. The weights
of the adopted criteria were calculated with the AHP
method. Then, the overlaying tool of GIS was used to
generate the map. GIS-based MCDM is a suitable method
for dealing with multicriteria spatial problems as shown by
[31]. They applied this approach to the northern touristic
areas of Iran. Analytical network process (ANP) has been
used with GIS-MCDM. The results showed the highest
potential tourists area based on the natural environmental
features. With the same approach, Sahin et al. [32] evaluated
air pollution problems in Turkey. Alam [33] combined AHP
and GIS to select the optimal accommodation for living in
Chittagong City, Bangladesh. He mentioned that using this
combination (i.e., GIS and MCDM) is a useful approach that
facilitates the users to evaluate the numerous alternatives.
The study helped the clients easily to choose the optimal
location for accommodation. The combination of GIS-
MCDM is an excellent approach to simplify a complex
problem, as mentioned by [34]. However, only a few studies
applied this framework in the tourism sector.

Several studies in various disciplines applied a similar
methodology to solve an MCDM problem. Table 1 provides
a detailed overview of the applied methodology in previous
studies taking into account the decision goal, the method
approach, the type of the problem, the relevance to tourism
sector, and the studied criteria. It can be stated that none of
these papers consider the accommodation choice in tourism
as an MCDM-spatial problem.

The decision-making for selecting the optimal accom-
modation becomes complicated due to the multiple criteria
that affect the process, as a variety of places can be found
based on quality, service availability, rating, accessibility,
cost, and location. Thus, FAHP could be used to tackle the
fuzziness related to the criteria evaluation, as it can reflect
the way of decision-makers’ thinking as they can express
their judgment in an interval rather than using a single value
[35]. Moreover, FAHP is a method that deals with uncer-
tainty to generate decisions [36]. All these advantages make
FAHP the appropriate method for the complex decision of
choosing the optimal accommodation place. The combi-
nation of FAHP and GIS would produce the final suitability
map of accommodations for tourists in Budapest.

3. Methodology

3.1. Structure and Criteria. This study was performed in two
main phases: the first phase applied FAHP to find the cri-
teria’s weight. After collecting the relevant data and pre-
paring the study area’s layers using the GIS, the second phase
conducted that represents the combination of the outcomes
of the first phase and overlay GIS tool to generate the final
map. Through two phases, classification process of the al-
ternatives is performed, see Figure 1.

The combination of FAHP and GIS techniques is applied
to analyze the locations of accommodations. A crucial step of
this approach is the identification of the relevant criteria that
can be found in the majority of the online accommodation
reservation applications and websites, such as booking.com.
The suitable criteria have been chosen based on the literature
review and discussions with transport experts and re-
searchers. Figure 2 shows the hierarchical structure that
involves the goal, the criteria, and the alternatives considered
in this study.

The data have been collected from [37] website.
Meanwhile, the number of crimes per district for Budapest
City was collected from [38]. These data are utilized to
identify the level of security in the study area. Then, the
spatial analysis and classification of accommodation places
according to the security level criterion was achieved. The
criteria can be detailed as follows:

Place rating: the reviews of the customers are used to
represent the rating of each accommodation. In case of
a missing rating, it is assumed to be equal to the lowest
value.

Cost per room: the cost of a single room for one night is
calculated.

Distance from the center: the distance from the city
center in km is used as an indicator of this criterion.
Breakfast included: if the places do not offer this ser-
vice, 0 value is assumed. Otherwise, the value is equal to
1.

Level of security: the value of this criterion is obtained
based on the number of crimes per each district and the
coordination of the places.

Free cancellation: if the accommodations do not offer
this service, 0 value is assumed. Otherwise, the value is
equal to 1.

Booking.com is one of the biggest websites for accom-
modations and used for gathering the related data. Octo-
parse.8 software is applied to scrape the accommodation
places of Budapest City in a CSV-file. Then, Excel software
used to organise, filter, and summarise the collected attribute
data, especially with scraping a website where repeated data
might be found. The spatial data of the study area are collected
by using Open Street Map (OSM) based on QGIS software
(version 3.10.9). The clip tool of ArcGIS 10.5 software is
applied to identify the study area of Budapest City. Then, the
spatial data are connected with the attribute data to prepare
the layers to be used for spatial analysis and classification and
as an input layer in the overlay weighted step.
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TaBLE 1: Comparison of the applied methodology in this study and previous studies.
. MCDM MCEDM- - eDM- Tourism . _
Reference Decision goal spatial Studied criteria
approach GIS sector
problem
Proximity to public facilities, cost, distance to
existing competitors, security, natural
[19] Hotel locatl(?n building FAHP Yes No Yes resources, rést fac1hFles, dlstell{lc.es, p'farkm.g
choice area, convenience, leisure facilities, diversity
of restaurants, local culture, quality of
manpower, and regulation restrictions
[29] Car parking location AHP Yes Yes No Accessibility, land-use, location, and cost
[31] Potential touristic area ANP Yes Yes Yes Water attre'lctlons, scenic spots, mountaln
attractions, and forest attractions
[30] Optimal 'locatlops for AHP Yes Yes No Road, drainage, soil, slop, geology, and land-
organic farming use/land cover
[32] . Op tm al reglon folr AHP Yes Yes No Topographic and weather parameters
installing air pollution
Optimal Road, market, hospital, university, office,
[33] P . MCS Yes Yes No beach, school, police station, playground,
accommodation place .
park, and airport
Proposed Optimal Cost per room, distance from the center, level
st ({; accommodation place FAHP Yes Yes Yes of security, place rating, and availability of

for tourists

free cancellation and breakfast

3.2. FAHP. Choosing a place of accommodation involves an
uncertainty circumstances. Thus, the application of a simple
AHP method may be not efficient and might lead to inac-
curate results [39]. A combination of AHP and fuzzy ap-
proach helps to select the optimal place. A pairwise
comparison is conducted based on the criteria. The com-
parison is performed by using the AHP scale from 1 to 9. A
survey has to be conducted with a group of experts to
evaluate the relevant criteria. It is common to use a limited
number of experts. Various research studies reported out-
comes using MCDM with a small number of experts, such as
the studies [40, 41] utilized only 5 participants, the study [42]
worked with 7 participants, and the study [43] used input
from 17 participants.

The consistency ratio (CR) of the pairwise comparison
matrices is calculated according to [44]. Equations (1) and
(2) are used for checking CR, which value should be below
10%:

/\ _
cr= fme T (1)
n—1
CI
CR= — <0.1, (2)
RI

where CI represents the consistency index, Ay, is the
maximum eigenvalue, n refers to the number of rows in a
matrix, and RI is the random index, which values can be seen
in Table 2.

Each expert assigns a term according to the AHP scale.
Then, the extented FAHP version is applied to calculate the
overall weights. The AHP scale is converted to fuzzy
numbers by using the triangular fuzzy number (TFN). The
membership function of the fuzzy theory indicates a new
scale ranging from 0 to 1. Thus, new terms can be used to
obtain a range of numerical numbers. Letters [, m, and u are

used to identify the triangular fuzzy numbers (TEN), where /,
m, and u denote the lower, medium, and upper numbers of
TEN, respectively. Equation (3) and Figure 3 illustrate the
membership function of a TFN [45]:

((x b (Placeholderl),

m-1 m-1 x € [Im],

!,[M(x)=< X 3 u ’ x € [mul,
m-u m-u

L 0, otherwise.

(3)

The AHP scale is converted to fuzzy numbers (as shown
in Table 3) by using the triangular fuzzy number (TEN).

The calculation of the weights of the criteria by using the
extended version of FAHP can be summarized as follows.

Step 1. After checking the consistency ratio of the experts’
opinions, the pairwise comparison matrices are converted
into fuzzy numbers. Equations (4)-(6) are used to obtain the
individual judgment matrix based on the studies of [46],
[47], and [48]:

lij = ming_y 5k (lijk)’ (4)

k

m = \[ Tmige 5
k=1

Ujj = MaXp_15, k (uijk)’ (6)

where i and j refer to the preference or relative importance
for each criterion, as assigned by expert k.
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F1GURE 1: The representation of the methodology.

Goal Optimal accommodation places
Criteria Place rating Cost per room Distance from Breakfast Level‘of Free
the center Included security cancellation
Alternatives Accommodation places for tourists in the study area

FIGURE 2: The hierarchical structure of the method to find a place of accommodation.
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TaBLE 2: Random index of a matrix.
n 3 4 5 6 7 8 9
RI 0.58 0.9 1.12 1.24 1.32 1.41 1.45
uy (X) 4
1
0 I m u 'X

FIGURE 3: Triangular fuzzy number (TEN) [45].

Step 2. Let the object and the goal set be denoted by x = {x1,
X2 w0 X} and G=1{g,, g5, - .» g,}> respectively. Then, the
extent analysis for each goal g, is performed. Moreover, the
extent analysis is applied for each object:

M M?

m .
giv M- M i=1,2,........ , 1.

> gi:

(7)

V (M, 2M,) = hgt(M; " M,) =y (d) = 1

where d denotes the highest intersection point D between
ty, and py, . In addition, the values of V (M, >M,) and
V (M, >M),) are relevant to comparing M; and M,.

Step 4. Asillustrated in Figure 4, the degree of possibility for
a convex fuzzy number to be greater than k convex fuzzy
numbers is determined as shown in the following equation:

V(M=M,;,M,,...,M)=V[(MzM,)and (M > M,)]
= minV(MzMj), i=1,2,... .k
(13)
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Thus, the calculation of the fuzzy value synthetic can be
obtained for each object as shown in the following equations:

m n m -1

Si= ) M, x [ZZM;] , (8)

Jj=1 i=1 j=1

where

ZM;i = <ilz’imi’iui>’ 9)

Jj=1 =l j=1  j=1
iiMZﬂ —<ili,§mviu,>, (10)

i=1 j=1 j=1 j=1 j=1

>. (11)

Step 3. In this step, the degree of possibility of two fuzzy
numbers M, (I;, m;, and u;) and M, (L, m,, and u,) is
determined as shown in the following equation:

-1
U i 1 1 1

SSa] (o
i=1j=1 zj=1 Ui ZJ'=1 m; zJ'=1 L

[ 1, if M, >M,,

0, itl >u, (12)
L —u,

L (my —u,) = (my - ll))

otherwise,

Assuming that ; = min V (M; > M), the weight vector
is given based on the following equation:

W' =, w). ..« (14)

Step 5. The final weight vectors are computed via a nor-
malization step, and the nonfuzzy numbers W are given by
o \T

W:(w{,wz',...,wm) . (15)

The arithmetic operations can be summarized as follows
[49]:

Addition : (I;myuy) + (Lmyuy) = (1) + L, my + my,uy +uy),

Subtraction : (I,mu,) + (Iymyu,) = (I, = L, m; —my, uy — u,),

Multiplication : (Iym u,) x (Iymyu,) = (I - L, my - my, uy - u,),

_ 1 11
Inverse : (I,myu,) ' = — —,— ).
o) =( ot

(16)
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TaBLE 3: The definition of AHP terms, the AHP ratio scale, and the associated fuzzy numbers.

definition AHP scale Fuzzy number
Equal importance 1 1,1, 1)
Somewhat more important 3 (2, 3, 4)
Much more important 5 (4, 5, 6)
Very much more important 7 6,7, 8)
Absolutely more important 9 9,9,9)
2 a, 2, 3)
. 4 (3, 4, 5)
Intermediate values 6 . 6.7)
8 (7,8,9)

A
M, M,
~ 1
=
A
g
>
D
1, my, l; d u m u;

FIGURE 4: The degree of possibility [45].

3.3. GIS Techniques with FAHP. ArcGIS 10.7 software is used
to analyze the accommodations of tourists. The relevant
layers are prepared and digitized as vector layers. Calculation
processes are conducted on each alternative to standardize
all the values on a unified scale. After linking the attribute
data (i.e., collected data from booking.com website) with the
prepared layers, a classification process is performed. For
classification purposes, this study assumes the use of ten
classes to formulate all the collected values except for the free
cancellation and the breakfast availability, where the number
of classes is two. This classification is based on the range of
the maximum and minimum values of the collected data.

Then, the reclassification with the GIS tool is carried out to
provide integer values instead of ranges. Thus, these values can
be combined with FAHP results. The reclassified classes are
based on the range of 1 to 10. For example, in case of the cost
per room criterion, 10 is assigned for the lowest cost, while 1 is
assigned for the highest cost. For the exception criteria, the
classes are between 0 and 1, where 0 represents the unavail-
ability of the services of breakfast or free cancellation, and 1
represents availability of these services. Then, the conversion of
all reclassified layers from vector to raster is done by using the
GIS tools. The converted layers represent the input data for the
overlay step. This step includes the combination of FAHP
outcomes and the integer values, which can be conducted using
the GIS overlay tool. This process can be expressed as

Sap =V xXW, (17)

where S(; ;) = the final score of each alternative, V; = the score
of each alternative i, and W; = the weight of each criterion j.

By using the overlaying tool within ArcGIS software, the
final map (FM) can be produced. This step represents the
summation of the final scores of each alternative. The
produced map groups the alternatives into five classes. These

classes include a range of recommended places from “highly
recommended” to “not recommended.” The final step can be
expressed as

4. Results

4.1. Case Study. Budapest is chosen as the location of the case
study to analyze the places of accommodation for tourists. Ratz
et al. [50] mentioned that Budapest is a major tourism des-
tination in Hungary, and more than four-fifths of the tourists
spent a night in the city. The city is the center of cultural and
business tourism in Hungary, and it is rich in thermal baths,
which makes the country the leader of health tourism in
Europe [51]. Budapest consists of 23 districts, and most of the
attractions, services, and facilities are located in the central part
of the city [52]. Since the places of accommodation and the
destinations of attractions are concentrated in the center of the
city, only the inner area with 12 districts is selected as a case
study. Pinke-Sziva et al. [53] mentioned that tourists prefer
their accommodation in the central districts of Budapest City
due to the concentration and variety of accommodation places
(Figure 5). Thus, there is a high spatial concentration of the
accommodation’s demand in the city. This study collected the
relevant data on accommodation places through searching for
one room for one adult per only one night on 2 November was
requested on booking.com website. The number of accom-
modation places was ca 525 places. However, 364 places of
accommodation were considered and representing the most
visited destinations for accommodation purpose in the city.

4.2. FAHP. The extended version of the FAHP is performed.
In this phase of the study, the linguistic expressions are
converted into numeric values according to FAHP concept.
A survey was distributed to 21 experts and researchers in
relevant fields of tourism and transportation, but only a total
of 15 respondents completed it. As mentioned in the lit-
erature review section, having a relatively small sample size
is not a critical issue from the MCDM methodology per-
spective. The consistency ratio of the 15 experts’ preferences
is checked using equations (1) and (2). Table 4 demonstrates
the CR values of the experts, which do not exceed 10% in any
of the cases. This means that the judgments were consistent,
and the pairwise comparison matrices can be accepted.
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FIGURE 5: Places of accommodation in the study area.

TABLE 4: Results of consistency ratio (n=6, RI=1.24).

El E2 E3 E4 E5 E6 E7

E8 E9 E10 Ell E12 E13 E14 E15

A max 6.52 6.58 6.45 6.36 6.50 6.55 6.54
CI 0.10 0.12 0.09 0.07 0.10 0.11 0.11
CR 0.08 0.09 0.07 0.06 0.08 0.09 0.09

6.56 6.58 6.53 6.63 6.49 6.64 6.63 5.57
0.11 0.12 0.11 0.13 0.10 0.13 0.13 0.11
0.09 0.09 0.09 0.10 0.08 0.10 0.10 0.09

A pairwise comparison matrix is obtained by applying
equations (4)-(6) (Table 5). Thus, Chang’s extended version
of AHP can be used to calculate the overall weights of
criteria.

The values of the fuzzy synthetic can be computed by
using equations (8)-(11). Equation (12) is used for the
comparison and the calculation of the degree of two fuzzy
numbers’ possibility as follows:
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TaBLE 5: FAHP preference comparison matrix.

C1 C2 C3 C4 C5 C6
C1 (1,1, 1) (0.13, 0.21, 0.5) (0.17, 1, 6) (0.17, 2.35, 9) (0.13, 0.33, 4) (2, 4.90, 9)
2 (2, 4.83, 8) a,1,1) (4, 5.35, 8) (2, 611, 9) (0.25, 1.72, 6) (6, 8.36, 9)
C3 0.17, 1, 6) (0.13, 0.19, 0.25) 1, 1,1) (0.25, 2.21, 8) (0.17, 0.34, 1) (2, 4.51, 6)
C4 (0.11, 0.43, 6) (0.11, 0.16, 0.5) (0.13, 0.45, 3) 1,1,1) (0.11, 0.30, 3) (0.25, 1.43, 7)
C5 (0.25, 3, 8) (0.17, 0.58, 4) (, 2.95, 6) (0.33, 3.35, 9) a1, 1) (1, 5.36, 9)
Cé6 (0.13, 0.21, 0.5) (0.11, 0.12, 0.17) (0.17, 0.24, 0.5) (0.14, 0.55, 4) (0.13, 0.24, 1) (1,1, 1)

TaBLE 6: Weight vectors and the normalized final weights of criteria.

Explanation Criteria Weight vector (W') Final weight (W)
Place rating C1 0.778 0.182
Cost per room C2 1.000 0.233
Distance from the center C3 0.713 0.166
Breakfast included C4 0.634 0.148
Level of security C5 0.877 0.205
Free cancellation C6 0.285 0.066

SC1 = (3.58,9.80,29.50) x(

157.41°68.78’ 29. 67)

(0.023,0.142,0.994),

SC2 = (15.25,27.36,41) ><<

157.41°68.78’ 29. 67)

(0.097,00.398, 1.382),

157.41°68.78’ 29.67

(0.024,0.134,0.750),

SC3 =(3.71,9.25,22.25) ><<
SC4 = (1.71,3.77,20.50) ><<

157.41°68.78’ 29.67

(0.011,0.055,0.691),

) (19)
-

SC5 =(3.75,16.24,37) x(

157.41°68.7829.67

> =(0.024,0.236, 1.247),

SC6 = (1.67,2.36,7.17) x(

The weight vector is determined by applying equations
(13) and (14). Subsequently, equation (15) was used to obtain
the final weights for each criterion. Table 6 shows the weight
vectors and the final normalized weights.

The fuzzy-AHP results show that the cost per room has
the highest weight when choosing the places of accom-
modation which is 0.233. It is followed by the security level at
0.205. Free cancellation is the lowest influential criterion
with the value 0.066. Furthermore, the results demonstrate
the importance of the rating, where several tourists check out
this factor before decision-making. The distance from the
center approximately has the same importance as the
breakfast availability for choosing places.

4.3. GIS-FAHP Combination. Based on the GIS techniques,
the reclassification process is conducted on the criterion
maps. This step is essential to figure out the new values based
on the new scale from 1 to 10, except for the free cancellation
and breakfast availability where the new scale is 0 or 1.
Figure 6 illustrates the places’ spatial distribution in the

157.41 68.78 29.67

) =(0.011,0.034, 0.994).

study area according to the adopted criteria and collected
data. The output of the reclassification step handles as the
input data of the weighted overlay that deals with raster
maps solely. However, the outcomes of the reclassification
are vector maps. Therefore, these vector maps were con-
verted into raster by using conversion tools within ArcGIS
software. Consequently, FAHP outcomes are combined with
the raster maps by using the weighted overlaying tool in GIS
to generate the final suitability map as shown in Figure 7.

The final suitability map is generated after conducting the
weighted overlay for the case study. The map contains five
classes (i.e., “not recommended,” “less recommended,” “neu-
tral,” “recommended,” and “highly recommended”). The final
map (Figure 7) and the statistical descriptive figure (Figure 8)
show realistic results, where the majority of the places are
located on Pest side because it is the cultural center of Budapest,
and most of the tourist attractions and activities are found in
that zone [50]. In addition, the touristic activities and nightlife
occurs in the center of Budapest (i.e., district 5, district 6, and
district 7). The red pixels in Figure 7 indicate that those places
of accommodation are “not recommended” for tourists.
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However, only two places are with red pixel, which was found
in district 5 on Pest side because it has the lowest security level
compared to other districts. However, only two places are with
red pixel, which was found in district 5 on Pest side because it
has the lowest security level, high cost, and the unavailability of
the necessary services compared to other places, such as free
cancellation and breakfast. Furthermore, it is observed that the
“less recommended” places of accommodation with orange
pixels are primarily on the side of Pest. Two places with orange
color are located on Buda side in district 11, due to the fact that
these places are so far from the center of the city, as a result they
are “less recommended.” The number of accommodation
places within the “neutral” category with yellow pixels on the
Pest side is more than the Buda side (Figure 8). Several
“neutral” places are located mainly in district 6, district 7, and
district 8 because of the security level and the low rating, and
the cost per room. Most of the accommodations on the side of
Buda are either “highly recommended” (indicated by dark
green color on the map) or “recommended” (marked by green
color on the map). However, the number of “highly recom-
mended” places on the side of Pest is more than double
compared to Buda side due to the concentration of the ac-
commodation places on this side. A considerable proportion of
“recommended” places are located on Pest side, while less than
one in ten can be found in the Buda region.

5. Discussion

The findings showed the majority of the accommodation
places were recommended or highly recommended for
tourist, while the not recommended places were very small
portion. The study carried out on the most attractive part of
tourist’s accommodation. Pinke-Sziva et al. [53] illustrated
in their study that tourists preferred the accommodation
places located in the city center. This could be easily con-
firmed from our results, where the spatial distribution of the
accommodation places concentrated in the center in
Budapest City with more than 65% of the places falling in the
districts 5, 6, and 7.

Due to the uncertain conditions and the complex de-
cision-making process of tourists, FAHP has been used to
weight the criteria. Similar to [15], our results showed that
the cost per room was the highest affected criterion for
choosing the accommodation place. In contrast to the results
of [21], who used the fuzzy method for prioritizing the
criteria that influence the tourists’ destination, it was found
that cost has the least influence. According to [17], it was
found that breakfast availability had a significant effect on
tourists’ choices. There was a difference with our results,
where the most affected criteria were the cost, security level,
and place rating, followed by the breakfast availability
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criterion. However, this study involved realistic criteria for
choosing the optimal accommodation places; thus, it could
reflect well the preferences of tourists.

GIS systems were utilized in two main phases. Firstly, the
spatial classification of the study area according to the
chosen criteria was realized. Based on Figure 6, the ac-
commodation places appeared mainly in the city center
represented by districts 5, 6, and 7, and that is clearly obvious
that it is because they are close to the touristic attractions,
services, and facilities. The spatial classification results
demonstrated that the accommodations located in this area
had the highest-ranking considering location (i.e., distance
from center) criterion. However, the classification findings
also showed the lowest level of security in the city center,
especially in district 5, which represents the general issues
with accommodations in city centers. Generally, it was
observed that the level of security in Buda is higher than the
Pest side. Meanwhile, there was a diversity of the rating, the
cost, and the availability of services observed in the study
area. At the second phase, GIS was combined with FAHP to
produce the final suitability map of accommodation places.
The final map in Figure 7 shows realistic findings. The
majority of accommodations on the side of Buda are
“recommended” or “highly recommended” with more than
80%, while three-fifths have the same class on the Pest side.
The reason for this result might be the difference in the
security level, or the accommodations’ quality.

This study presented a novel idea of applying the GIS
system by overcoming the limitations found in previous
studies by the using the overlay tool. Other studies divided
the study area into regular square grid cells and linked the
weight for each cell. Then, they applied the overlay analysis
for the entire study area. Our study considered only the
relevant point feature classes (i.e., the accommodation
places) and not grid cells. The adopted accommodation place

had a unique ID, and each point linked with the FAHP
outcomes. Consequently, the number of used cells has been
decreased, and a large volume of data was analyzed.

A main limitation of this paper was the survey, which can be
extended to involve more criteria affecting the choice of the
optimal accommodations. It is recommended to use other
methods such as structural equation model (SEM) to reveal
unobserved variables. Furthermore, more criteria, such as the
accessibility of cultural destinations, might enrich future studies.

6. Conclusions

This study aimed to identify the optimal accommodation
places in Budapest by combining the fuzzy-AHP method and
GIS technique. First, a ranking with the adopted criteria was
realized using the FAHP approach. Then, the GIS was applied
to develop the final suitability map, which indicates the ac-
commodations according to the five categories from highly
recommended to not recommended places. Thus, the pro-
posed model facilitates the decision-making of tourists for
selecting the optimal accommodation places in Budapest City.

Realistic criteria represented the tourists’ preferences
and constraints for choosing an optimal accommodation.
Security level, cost per room, distance from the center, place
rating, and the availability of breakfast and free cancellation
services were the adopted criteria in this study. On both sides
of Budapest, altogether 12 districts with 364 places of ac-
commodation were chosen to be examined. Unlike other
studies conducted in the same field, this study applied the
FAHP-based GIS to eliminate the fuzziness and the un-
certainty of selecting the optimal place for accommodation.
The importance weight of each criterion was calculated by
using FAHP. Then, GIS techniques were used for preparing
and digitizing the alternatives (i.e., accommodation places)
on the maps and to produce the final suitability map. The
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classification process was performed on the developing maps
to formulate the collected data on a unique scale. The
considered scale was 1 to 10 on all criteria except for
breakfast and free cancellation as these criteria were either 1
or 0 for availability or unavailability, respectively. GIS
techniques were used to combine the classified maps with
FAHP outcomes to generate the final suitability map.

Based on FAHP results, it was concluded that the cost
per room was the highest influential criterion with 0.233
importance weight, followed by the security level with 0.205.
The lowest factor affecting the choice of accommodation was
the free cancellation service. Furthermore, it was demon-
strated that the place’s rating weight importance was 0.182,
while the breakfast and the distance from the center had
approximately the same importance. The combination of
FAHP and GIS results made the presentation of the places’
final suitability map, which contained five classes (i.e., “not
recommended,” “less recommended,” “neutral,” “recom-
mended,” and “highly recommended”) possible. It can be
concluded that the majority of the accommodations on Buda
side were within the classes of “recommended” or “highly
recommended.” However, the number of places on Pest side
exceeded the four-fifths of the number on the other side. The
“recommended” or “highly recommended” places were
about 60% of the total number. A very small number of “not
recommended” places not exceeding 1% were found on Pest
side.

Based on the results, the FAHP-GIS combination was
found very useful for solving the MCDM-spatial problem. The
final suitability map can be adopted for the tourist’s decision-
making process for finding the optimal accommodation.
Furthermore, this comprehensive model provides insights on
the hotels” competitiveness, which gives a clear direction for
the accommodation managers and investors to identify the
weaknesses of the existing services and make appropriate
enhancements to further strengthen the service quality.

Data Availability

The data that have been used in our study could be divided
into two groups: the attribute data such as the coordination
of the accommodation places, rating, and cost. These data
were collected from the booking.com website. Octoparse.8
software is applied to scrape the accommodation places of
Budapest. The other type of data was spatial data that were
handled using ArcGIS software. These data were collected
from Open Street Map (OSM) via QGIS software (version
3.10.9).
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