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Abstrak

Bali merupakan salah satu provinsi dengan peluang pariwisata yang menguntungkan.
Dengan adanya peluang pariwisata di Bali ini memunculkan banyak usaha yang berkaitan
dengan pariwisata salah satunya agen perjalanan wisata. Agen perjalanan wisata di Bali
biasanya menawarkan berbagai pilihan paket wisata dengan harga dan spesifikasi yang
berbeda-beda. Permasalahan yang dialami para wisatawan dalam menentukan paket wisata
dari agen adalah masalah harga paket wisata lumayan tinggi dan tidak sesuai dengan budget
wisatawan. Selain itu jadwal kunjungan dari paket wisata juga tidak fleksibel. Permasalahan ini
dapat diatasi dengan membangun sistem pendukung keputusan pembentukan paket wisata.
Penelitian ini menggunakan metode BWM (Best Worst Method) untuk menentukan bobot
optimal untuk masing-masing kriteria dan metode MARCOS (Measurement Alternatives and
Ranking according to the Compromise Solution) untuk melakukan perankingan alternatif obyek
wisata yang akan membentuk paket wisata. Pengujian hasil menggunakan confusion matrix
mendapatkan nilai accuracy sebesar 74,19%, precision sebesar 81,25%, recall/sensitivity
sebesar 72,22% dan specificity sebesar 76,92%.

Kata kunci: SPK, Rekomendasi Paket Wisata, Metode BWM, Metode MARCOS

Abstract

Bali is one of the provinces with profitable tourism opportunities. It has led to many
businesses related to tourism, which is a travel agent. Travel agents in Bali usually offer variety
of tour packages with different prices and specifications. The problem experienced by tourists in
determining tour packages is that the price of tour packages is quite high and does not match
the tourist budget. In addition, the schedule of visits from tour packages is also inflexible. This
problem can be overcome by making a decision support system for forming tour packages. This
study uses the BWM method to determine each criterion’s optimal weight and the MARCOS to
rank alternative tourism objects that will form a tour package. Testing results using confusion
matrix get an accuracy value of 74.19%, precision of 81.25%, recall / sensitivity of 72.22% and
specificity of 76.92%.

Keywords : DSS, Tour Package Recommendations, BWM Method, MARCOS Method.

1. Introduction

Tourism is one of the mainstay sectors in economic development in Indonesia [1]. Bali
is one of the provinces with favorable tourism opportunities, this is due to the potential and
attractiveness of Bali which is able to attract tourists, both local and foreign tourists [2]. With the
existence of tourism opportunities in Bali, there are many businesses related to tourism such as
accommodation, restaurants and travel agents. Travel agent is a company that organizes, plans
and takes care of everything regarding travel, accommodation and entertainment for tourists
who are traveling [3]. Travel agents in Bali usually offer variety selection of tour packages with
different prices and specifications.

Prices and visit schedules from tour packages offered by travel agents are the major
problems for tourists in choosing tour packages. The price of tour packages offered by travel
agents is quite high, so there is a possibility that it is not in accordance with the tourist budget.
The visit schedule of tour packages is also not flexible, so tourists are sometimes not satisfied
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with the duration of the visit to tourist objects and tourists cannot make special requests to visit
tourist attraction that are not on the schedule.

The problems can be overcome by built a decision support system for the formation of
tour packages that can be carried out by tourists themselves. Besides being able to save time,
this system also helps to find recommendations for tour packages that match the criteria or
desires of tourists. Decision Support System (DSS) is not replace the decision makers
judgement but rather help to expand capabilities of decision makers [4]. This research uses the
BWM method to determine the optimal weight for each criterion and the MARCOS method to
rank alternative tourist attractions that will form a tour package. The concept of the BWM
method is to compare very important criteria (best criteria) and non-important criteria (wost
criteria) with other criteria, then the maximum problem is resolved so that it gets the ideal weight
of each criterion [5]. The concept of the MARCOS method is to define the relation between
alternatives and preference values where the best alternative is the closest to the ideal solution
and the furthest to the anti-ideal solution [6]. Tour packages formed by the system consist of
hotels, transportation and three types of tourist objects that can be visited, namely nature,
culinary and shopping tours. Some of the tour packages formed by the system are then used as
alternatives to further seek recommendations for the best tour packages for tourists.

The research related to the BWM method was conducted by [7] with the title
"Application of BWM-WASPAS Model for Digital Supplier Selection Problem: A Case Study in
Online Retail Shopping" where this study aims to determine digital suppliers using a
combination of the BWM method and the WASPAS method. The BWM method in this study is
used in determining the level of importance or the optimal criterion weight so that it can be used
as a weight in the WASPAS calculation. The BWM method allows the decision maker to
determine the weight of the criteria through a mathematical model by selecting the best and
worst criteria. The research study related to the comparison of the BWM method with other
weight determination methods was carried out by [8] with the title "Comparison of AHP and
BWM Methods Based on Geographic Information Systems for Determining the Potential Zone of
Pasir Batu Mining" here in this research the BWM method makes comparisons in a more
structured manner so that they are easier to understand and lead to more consistent
comparisons, so that weights are more reliable. The research related to the MARCOS method
was carried out by [9] with the title "Project Management Software Evaluation Using the
Measurement of Alternatives and Ranking According to Compromise Solution (MARCOS)
Method" wherein this research the MARCOS method was successfully applied with the result
that Smartsheet received the highest rating, while Basecamp gave lowest rank. According to the
results of data analysis, the difference in the final value for each alternative is very small for the
best and worst alternatives, only 0.024. The similar research was conducted also by [10]
comparing the results of the sensitivity test to several MCDM methods namely MARCOS, SAW,
ARAS, WASPAS EDAS, CoCoSo and MABAC. The result show that the MARCOS method is
consistent for all alternatives and there is no change in rank at all. In addition, a comparison of
the results of statistical correlation using the Spearman Correlation Coefficient (SCC) method
resulted that the MARCOS method was consistent and fully correlated with the value of SCC =
1,000, so there was no change in rank.

Based on the previous research, this previous uses the BWM-MARCOS method to
make tour packages according to the tourists wishes. This is because the BWM method can
produce optimal weights for each of the criteria used in the calculation while the MARCOS
method can produce a ranking of tourist attraction which will be grouped into tour packages.
The difference between this research and previous research lies in the alternatives that been
used. If in the previous research using ready-made tour packages as an alternative, but this
research did not use a finished tour package instead formed a tour package based on the
ranking of the tourist attraction then they were grouped into one tour package.

2. Research Method

The research method of the application of a decision support system for the forming of
a tour package in Bali using the BWM-MARCOS method can be seen in Figure 1.

Literature Data Criteria L implementation || Testin
Review Collection Determination P 8

Figure 1. Research Method
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1. Literature Review
This step collects theories that support and are related to Geographical Information
Systems, Decision Support Systems, BWM Methods and MARCOS. Supporting theory can
be taken through previous research, books, e-books, international and national research
journals and publication papers.

2. Data Collection
Data collection is done by looking for information on the official website regarding the
components and criteria for forming a tour package. Primary data in this research is data
on tourism objects, accommodation or hotels and transportation rental. This data is
obtained from search results from official websites and traveling websites as well as
internet references.

3. Criteria Determination
The criteria used as a reference in the formation of tour packages based on data from the
Bali Provincial Tourism Office related to eight main points that must be considered in the
forming of a tour package, three criteria are used, namely budget, time and rating.

4. Implementation
This step the data that has been transformed is then implemented into a decision support
system developed by the researcher. The method implemented is a combination of the
BWM-MARCOS method.

5. Testing
The sensitivity of the ranking system results is tested with expert ranking using the
confusion matrix method.

3. Literature Review
3.1. Decision Support System

The concept of Decision Support Systems was first put forward by Michael S. Scott
Morton in 1970 with the term Management Decision Systems [11]. This concept is characterized
by the creation of an interactive computer system that collects data and uses the model to
support unstructured problem-solving decisions. In semi- structured problems, DDS can support
managerial decision makers [12]. DSS is not intended to replace decision makers judgemen but
expand their capabilities [13].

3.2. BWM
The BWM method is a method that can perform alternative evaluations based on

criteria especially for cases where objective metrics are not available. In addition, the BWM
method can also be used in determining the level of importance or weight of the criteria that will
be used as a reference for finding solutions so that the main objective of the problem is
achieved. The BWM method using two pairwise comparison vectors (best-to-others and the
others-to-worst) in order to obtain the optimal weight of the criteria. The stages in the calculation
process for the BWM method are as follows [14].
a. Define criteria for decision making

Decision makers consider criteria that must be used to forming decision. Where

{c1,C, ..., Cp} is a set of criteria for decision-making.

b. Determine the best and worst criteria
Decision makes choose the best and worst criteria and no comparisons are made.

c. Determining the best criteria preferences value compared to other criteria in scale 1 to 9.
The best-to-others vector results are as follows.
Ap = (apy,apy, -, Apn) (1)
Where Ap is the overall value of the best-to-others criteria vector, for example Apg;
indicates the preference value of the best criterion B over criteria j.

d. Determinning the worst criteria preference value compared to other criteria in scale 1 to 9
scale. The results of the others-to-worst vector is as follows.
Ay = (A1, Qo) v Q)T 2)
Where Ay, is the overall value of the other-to-worst criteria vector, for example Aj,,
indicates the preference value of criterion j compared to worst criteria W.
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Calculate the optimal weight
The optimal weight for each pair of wg /w; and w; /wy, kita memiliki wg /w; = ag; dan
Wj/WW = Q. To fullfil conditions for all j, we must fnd the absolute difference is

maximum solutions

w w; L :
W—B — agj| and |W—] — ajwl for all j is minimized. To determine the
J w

optimal weight, the optimization model is formulated as follows.

Wi
N Ajw

: wp
min maxj = { —
w

s.t.
D=
j
wj = 0, forall j 3)
Equation (11.4) can be convertded into model as follows.
min &
s.t.

Bj

<¢ forallj

wp
|Wj 5]
|W - ajW| <& forallj

J

w; =20, forallj (4)
The optimal weight (w1, w, _wy) is produced by solving Equation (4).

3.3. MARCOS

The MARCOS based on relation between the alternative and the preference value

(ideal and anti-ideal). Pereferences value is calculate using the utility function. The utility
function represents alternative positions with respect to ideal and anti-ideal solutions. The best
alternative that can be chosen is the alternative that has the closest to the ideal and farthest
from the anti-ideal prefrences value. The decision preference is defined based on the utility
function. The utility function represents alternative positions with respect to ideal and anti-ideal
solutions. The calculation steps for the MARCOS method are as follows [10].

a.

b.

Form Initial Decision Matrix

In this step, form initial decision matrix consist of several alternative and criteria.

Form Expansion of Initial Decision Matrix

The expansion of the initial matrix is carried out by determine the ideal (Al) and anti-ideal
(AAI) solutions.

(] C, .. Cy
AAI[Xaa1 Xaaz  Xaan
Ay | X111 X2 o+ Xam
X X e Xo
x = 42 [ x21 x22 ”n | (5)
Ap } Xm1 X2 Xmn
Al l Xgi1  Xaiz - Xain J

The anti-ideal solution (AAl) is the worst alternative meanwhile the ideal solution (Al) is the
best alternative. Based on criteria type, AAl and Al are calculate by Equations (6) and (7).
AAl = ™"x;;if j € B and ma’ﬁxijifj eC (6)
Al ="%x;if j € Band ™ix;jif jeC 7)
Where B represents the benefit criteria group, while C representing the cost criteria group.
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c. Matrix Normalization Expansion (X)
The normalized matrix elements N = [nij]mxn are generated by Equations (8) dan (9).

n=2ifjecC (8)
A
i . .
nj=—>ifjeB (9)
at
Where the elements X;; and X,; represent the elements from matrix X.
d. Form Weighted Decision Matrix V
Weighted matrix V is calculate by multiplying the normalized matrix N with the coefficient
weight w;.
Vij = Nyj X W; (20)
e. Calculate the Utility Value of Alternatives K;
The utility value of an alternative in relation to the anti-ideal and ideal solutions is
calculated by Equations (11) and (12).

_ S;

K =5 ()
Si

Ki+ = S_ai (12)

Where S;(i = 1,2,3, ..., m) represents the number of elements of the weighted matrix  in
Equation (13).
Si = Xieq vij (13)
f.  Determine the Utility Function of the Alternativesf (K;)
The utility function is a compromise of the alternatives observed in terms of ideal and anti-
ideal solutions. The utility function of the alternatives f (K;) is defined by Equation (14).
_ Ki" +K[
FUD = —=a LD (14)
fH KD
Where f(K;") related to the anti-ideal solution, while f(K;*) related to the ideal solution.
The utility functions for ideal and anti-ideal values are calculate using Equations (15) and
(16).

+
K;

f(Ki_) = KF+K; (15)
Ki
fK") = K +K; (16)

g. Rank Alternatives
Ranking based on the utility function value, greater the value then higher the ranking get.

4. Result and Discussion
4.1. Implementation

The first step is calculating the optimal weight of the criteria using the BWM method.
Users will determine the best criteria and the worst criteria then determine the comparison
weight between the best and worst criteria against other criteria.

Table 1. Weight Comparison of Best Criteria with Other Criterias
Best to Others Budget Time Rating
Budget 1 9 6

Table 2. Weight Comparison of Other Criterias with Worst Criteria
Others to the Worst Rating

Budget 6
Time 2
Rating 1
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Based on the calculation results, the weighting results obtained for the budget criteria is
0.79, for the time criterion is 0.10 and for the rating criteria is 0.11. The second stage using the
MARCOS method, a normalized matrix is formed which can be seen in Table 3.

Table 3. Normalized Matrix

Criteria
Budget Time Rating
No. ID Object Attraction Cost Cost Benefit
1. (A1)  Ppantai Pandawa 0 1 0.978
2. (A2)  Ppantai Balangan 0 1 1
3. (A3)  pantai Labuan Sait 0 1 0.956
4. (A4)  Taman Budaya Garuda Wisnu Kencana (GWK) 0 0.5 0.956
S. (A5 pyra Uluwatu 0 1 0.978
6. (AB)  Ppantai Jimbaran 0 1 0.933
7. (A7) pantai Suluban 0 1 0.956
8. (A8)  Ppantai Kuta 0 1 1
9. (A9)  waterboom 0 0 1
10.  (A10) sangeh 0 0.5 0.956
11.  (All) pyra Taman Ayun 0 0.5 0.978
Min / Max 0 60 5
Table 4. Weighted Normalized Matrix
Criteria
Budget Time Rating

No. ID Object Attraction Cost Cost Benefit  Total

1. (A1) Pantai Pandawa 0 0.172 0.057 0.229

2. (A2) Pantai Balangan 0 0.086 0.061 0.147

3 (A3) Pantai Labuan Sait 0 0.086 0.054 0.140

4 (A4) Taman Budaya Garuda 0.086 0.058 0.144

Wisnu Kencana (GWK)
(A5) Pura Uluwatu
(A6) Pantai Jimbaran

5 0.172 0.054 0.226
6

7. (A7) Pantai Suluban

8

9

0.115 0.061 0.176
0.172 0.056 0.228
0.172 0.041 0.213
0.172 0.054 0.226
0.115 0.048 0.162
0.086 0.063 0.148
0.100 0.110 0.210
0.033 0.103 0.136

(A8) Pantai Kuta
: (A9) Waterboom
10. (A10) sangeh
11. (All)  pyra Taman Ayun
Ideal Value
Anti Ideal Value

O OO0 OO O o o o o

Table 5. Tourist Attraction Ranking Result

No. ID Object Attraction Utility Ranking
Value
1. (A8) Pantai Kuta 0.797 1
2. (Al11) Pura Taman Ayun 0.797 2
3. (A2) Pantai Balangan 0.788 3
4, (A1) Pantai Pandawa 0.779 4
5. (A5) Pura Uluwatu 0.779 5
6. (A6) Pantai Jimbaran 0.769 6
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The third step is the stage of forming a tour package based on the previous ranking
results by taking into account the budget and time owned by tourists. The tour packages formed

can be seen in Table 6.

Table 6. Badung Tour Packages

Accomodation The One Legian 700000
Kuta Rent Car 2 600000
Pantai Kuta Babi Guling Malen Beachwalk
Pura Taman Ayun Menega Cafe Discovery
Tourist Pantai Balangan Soto Ceker Pasar Kuta  Lippo plaza
Attraction Pantai Pandawa Nasi Ayam Bu Oki Mall Bali Galeria
Pura Uluwatu Sate Nyoman Bledor
Pantai Jimbaran
Buget Total 1975000
Calculation Remaining Budget 25000
Time Total 19

The tour package recommendation menu is a menu that is used to find
recommendations for tour packages that can be visited by tourists. Users who want to look for
tour package recommendations must also first input the criteria on the SPK form which can be

seen in Figure 2.

Rekomendasi Objek Wisata

2000000

ol

o

Figure 2. DSS Form of Tour Package Recommendations

Figure 2 show the tour package recommendation menu. The user must input the values
for each criterion and the criteria weights on the DSS form. The budget that is inputted is the

maximum budget that is owned by the user which will be related to

ticket prices for tourist

attraction and the total price of tour packages. The time that is inputted is the maximum time the
user has both travel time and time at a tourist attraction. The tourism object rating chosen is the
minimum rating of the desired tourist attraction. The results of tour package recommendations
can be seen in Figure 3 for tour package recommendations 1, Figure 4 for tour package

recommendations 2 and Figure 5 for tour package recommendations 3.
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Hasil Rekomendasi

Rekomendasi Paket Wisata Ranking 1 Rekomendasi Paket WisataRanking 2 Rekomendasi Pake! Wisata Ranking 3

Rekomendasi Paket Wisata di Bali

Pantai Kuta

JI. Pantai Kuta Kabupaten Badung . Bali, Indonesia, Badung (-8.72035,115.169238)

0

Pantai Kuta 2dalah sebuah tempat pariwisata yang terietak kecamatan Kuta, sebelah selatan Kota Denpasar, Ball, Indonesia. antai Kuta sering pula
disebut sebagal pantal matahari terbenam (sunset beach) sebagai lawan dari pantal Sanur.

Wisata Alam

Joger Kuta
JI. Raya Kuta, Kuta, Kabupaten Badung, Bali 20361, Badung (-2.727321300999999,115.17714500999996)
(0361) 752523

100000

Toko baiu kaos yang terletak di Jalan Raya Kuta ini, hampir setiap hari tidak pemah sepi pengunjung. Belum lengkap rasanya liburan di Bali fidak
mampir membeli kaos khas Joger Bali. Pabrik kata-kata Joger sudah lama terkenal, dan merupakan salah satu ikon Bal

Wisata Belanja

Figure 3. Tour Package Recommendation Result 1

Hasil Rekomendasi

Rekomendasi Paket Wisata Ranking 1 Rekomendasi Paket Wisala Ranking2 | Rekomendasi Paket Wisata Ranking 3
Rekomendasi Paket Wisata di Bali

Pura Agung Jagatnatha
J1. Surapati, Dangin Puri, Denpasar Tim., Kota Denpasar, Bali 80232, Denpasar (-6.799877.115.214458

0

Pura Agung Jagatnatha merupakan tempat pemujaan kepada Sang Hyang Widhi Wasa (Tuhan Yang Maha Esa). Dilihat dari bentuknya pura ini
berjenis Pura Penyungsungan Jagat dengan rancangan bangunan yang cangat indzh dipenuhi dengan berbagal omamen etnik dan reljius. Tepat di tengah pura
U] i ada menara yang menulang tinggi yang dinamakan Padmasana

Wisata Alam

Lotte Mart

J1 ByPass Nourah Rai 222X, Suwungkahu, Denpasar Selatan, Sesetan, Denpasar Sel.. Bali, 80223, Denpasar
(-8.713642300000002, 115 220879 10000005)
(0361) 723222
100000

Wisata Belanja

Figure 4. Tour Package Recommendation Result 2

{asil Rekomendas!

Rekomendasi Paket Wisata di Bali

Figure 3, Figure 4 and Figure 5 display the tour package recommendations result that
generated by the system. The process of searching for packages starts from the ranked tourism
object and then one by one is checked whether it still meets the budget and time remaining, if it
is still included in the package. The same process will be carried out to find recommendations
for the second and third packages.

4.2. Testing

Testing is done by comparing the results of ranking and grouping tour packages
between experts with a system using confusion matrix. The confusion matrix contains
information that compares the results of the classification that should be which is the match
between the actual class and prediction class [15]. The test data used are 31 data of tourist
attraction in Badung Regency. The confusion matrix results can be seen in Table 7.
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Table 7. Confusion Matrix Result
Predicted Class

Actual Class Positive Negative
Positive True Positive (TP)  False Negative (FN)
13 5
Negative False Positive (FP) True Negative (TN)
3 10
The explanations of TP, TN, FP, FN as follows.
a. TP is True Positive, which is the number of tourist attractions that are included in the
system package also exist in the expert package
b. TN is True Negative, which is the number of tourist attractions that are not included in
the system package and also does not exist in the expert package
C. FP is False Positive, which is the number of tourist attractions that are included in the
system package but does not exist in the expert package
F N is False Negative, which is the number of tourist attractions that are not included in

the system package but exist in the expert package.

Table 7 show the classification results using confusion matrix. From 31 tourist attraction
data, there are 13 object attractions including 13 True Positive, 5 False Negative, 3 False
Positive and 10 True Negative. Based on the test results on expert tour packages with system
tour packages using the BWM-MARCOS method, the accuracy results is 74.19%, precision is
81.25%, recall / sensitivity is 72.22% and specificity is 76.92%. The conclusion obtained from
testing this accuracy is that the BWM-MARCOS method can be used as a method for the DSS
in forming tour packages because of its good level of accuracy.

5. Conclusion

The conclusion that can be drawn from this research is that the decision support system
built is able to provide several choices of tour package recommendations that tourists can go to
according to the desired criteria. The test results of expert tour packages using confusion matrix
get an accuracy of 74.19% which categorized as good, precision of 81.25% which categorized
as very good, recall/sensitivity of 72.22% which categorized as good and specificity of 76.92%
which which categorized as very good. This shows that the BWM-MARCOS method can be
used as a method for SPK in forming tour packages because it has a good accuracy value, very
good precision value, good recall value and very good specificity value.
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