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ABSTRACT 

Buleleng Regency has many unique cultures and beauty of 

natural sceneries which are always the charm and attraction 

for tourists. It requires the effort to increase the number of 

visits of the tourists by providing the information of tour 

object in accordance with the tourists’ interest and also easily 

for accessible. This study aimed at designing a mobile-based 

CBR system using Dempster-Shafer modification rule to 

provide the recommendation of tourist spots in Buleleng 

Regency. The process of recommendation based on the data 

tourist trips in the past as represented into the case based. The 

data contained in the case-based consisted of a traveler profile 

and tourist spots that are visited. Traveler profile included 

gender, country, age, occupation, income per month, and the 

frequency of visits. The results of this study indicated that the 

mobile-based CBR system using the Dempster-Shafer 

modification rule can be applied in providing 

recommendations of tourist spots for tourists who visited 

Buleleng Regency. Based on tests performed using K-Fold 

Cross Validation, were showed that the accuracy average of 

recommendations of tourist spots was 1) 18% for fully 

accordance, 2) 62% for partial accordance and 3) 18% of error 

rate.   
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1. INTRODUCTION 
Buleleng Regency is one of the regencies in the northern part 

of Bali that has a variety of cultural uniqueness and beauty of 

the natural sceneries that have always been an attraction for 

tourists, either foreign tourists or domestic tourists. To 

increase the number of visits of the tourists, various efforts 

have been made by the Government of Buleleng through the 

Department of Culture and Tourism. One of them was by 

providing the tour object information through media website. 

However, this information was not based on the tourists’ 

interest, therefore tourists were difficult to determine the tour 

object that will be visited. In addition, access information 

through the media website requires resources (internet 

connection) were quite large, therefore the information 

presented was very difficult to access in particular areas that 

have a low internet connection. Along with the rapid 

development of technology, need for easily accessible 

information ‘wherever’ and ‘whenever’ it one of the main 

factors in tourism promotion efforts [1]. 

Based on the description of the problem and the research that 

has been done before by [2, 3, 4, 5, 6, 7, 8, 9, 10] it is 

necessary for development of a mobile-based CBR system 

using the Dempster-Shafer modification rule to recommend 

tourist spots that exist in Buleleng Regency. The focus of this 

study were 1) to design a mobile-based CBR system using the 

Dempster Shafer modification rule for recommendations of 

tourist spots in Buleleng Regency and 2) to determine the 

accuracy of the resulting percentage of mobile-based CBR 

system using the Dempster-Shafer modification rule for 

recommendations of tourist spots in Buleleng Regency.  

2. DEMPSTER-SHAFER THEORY 
Dempster-Shafer method (DST) was first introduced by 

Dempster. He did the experiment with the uncertainty model 

with using range probability rather than a single probability. 

Then in 1976, the Dempster-Shafer theory published in a book 

called Mathematical Theory of Evidence [11]. Evidence 

theory is more flexible than the theory of probability [12]. 

2.1 Frame of Discernmnet (FOD) 
In Dempster-Shafer theory is also known Frame Of 

Discernment or also called environment is denoted by . 

  = {1, 2,….., n}                     (1)       

Where: 

         = FOD or environment. 

1, 2,.., n = Element in the environment. 

Environment is another term for the universe of discourse of 

set objects that are mutually exclusive. All subsets of the 

environment can produce as 2N patterns formed from  until 

Ø, where N was the number of elements . 

2.2 Mass Function and Ignorance 
DST is called degree of belief are assumed to be mass 

(represented by m) of an object or also called Basic 

Probability Assignment (BPA). Basic belief assignment can 

be obtained from the probability prior on start node [13]. Each 

mass can be expressed as a function that maps of the power 

set in interval between 0 and 1 [11]. 

 m: P()                 [0, 1] 

Empty mass is defined as: 

         

While the number of overall mass for each subset X of the 

power set is 1. 

                                                                              (2)      
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2.3 Combining Evidence 
Combining Evidence is essential in the process of 

summarizing information from various sources. Where 

different sources (e.g. experts) give a different assessment for 

a set of events, therefore we need a combination of 

assessment of each source in compiling the information. To 

solve this problem is used Dempster's Combination Rule [11]. 

           
                

                  
                                    (3)

          

Where: 

(m1  m2)(Z) = Mass function of evidence (Z), which is 

a result of a combination of evidence 

(X) and evidence (Y). 

(m1)(X) = Mass function of evidence (X). 

(m2)(Y) = Mass function of evidence (Y). 

k  = Mass of evidential conflict. 

   = Operator direct sum. 

One of the difficulties in the implementation of Dempster 

Shafer Theory is the normalization process and may lead to an 

opposite result than are expected [11]. In [10], Xu Ling-yu 

stated there are two factors that cause errors in the Dempster 

Shafer theory:  

a. Inadequate definition of compatibility evidence. 

b. Resource conflict between evidence. 

Here some weaknesses of using Dempster Shafer 

Combination Rule, as follow: 

i. Problem 1. 

Assumed there is a set of hypotheses Θ = {A, B, C} with 

value: 

m1 m1({A})=0.99, m1({B})=0.01, m1({C})=0, m1(Θ)=0 

m2 m2({A})=0, m2({B})=0.01, m2({C})=0.99, m2(Θ)=0 

By using the Dempster Shafer Combination Rule, can be 

obtained m3 ({A}) = 0, m3 ({B}) = 1, m3 ({C}) = 0, m (Θ) = 0. 

From these results indicate that the hypothesized value of B 

100% correct. Obviously these conclusions is wrong, because 

the evidence given by both (m1 and m2) for hypothesis B is 

smaller (almost zero) than evidence A for m1 ({A}) = 0.99 and 

evidence C for m2 ({C}) = 0.99. However, because the value 

of the mass of evidence m2 ({A}) = 0 and m1 ({C}) = 0, then 

the value of the evidence of mass m3 ({A}) and m3 ({C}) is 0. 

Such errors often arise in the real world. 

ii. Problem 2. 

Assumed there is a set of hypotheses Θ = {A, B, C} with 

value: 

m1 m1({A})=0.5, m1({B,C})=0.5, m1(Θ)=0 

m2 m2({A,B})=0.5, m2({C})=0.5, m2(Θ)=0 

By using the Dempster Shafer Combination Rule, it can be 

obtained: m3 ({A}) = 0.333, m3 ({B}) = 0.333, m3 ({C}) = 

0.333, m (Θ) = 0. This suggested that the three propositions 

A, B, and C have the same degree of belief. However, this 

conclusion was not correct, because there was no evidence 

that fully supported the hypothesis B. It can be seen from the 

DST rules, which a subset of evidence m1 ({A}) m2 ({A, B}) 

and m1 ({A}) m2 ({A}) considered equal, but the actual 

evidence of m2 ({A, B}) does not fully support A, but also 

support B. In a study conducted by [10] and [14], proposed a 

concept called ullage and evidence tendency factor as an 

extension of Xu Ling-yu's rule.  

2.3.1 Evindece Ullage 
Evidence ullage (Δ) is defined as a ratio of the mass (m) is 

lost when the combination of evidence m (Ai) with evidence 

m (Bj). Evindece ullage can be used to handle errors in 

combining between conflicts evidence and the compatible 

evidence. Value of Δ is determined by the subdivision of the 

evidence that shown in Table 1. 

Table 1: Evidence ullage combination  

 Subdivisins ∆ 

Compatible 

Evidences 

for 

Ai ∩Bj = A 

Completely compatible 

evidences 

Ai = A, Bj = A 

∆1 = 0 

Inclusive compatible 

evidences 

Ai = A, Bj  A, or  

Bj = A, Ai  A 

∆2 

(0 < ∆2 < ∆3) 

Intersectant compatible 

evidences 

Ai A, Bj A, Ai ∩Bj = A 

∆3 = 0 

(∆2 < ∆3< 1) 

Conflict 

Evidences 

for 

Ai  ∩ Bj =Ø 

Interference conflict 

evidences 

Ai = A, Ai  ∩ Bj =Ø or 

Bj =A, Ai  ∩ Bj =Ø 

∆4 = 0 

(∆4 < 1) 

Negative conflict 

evidences 

Ai  ∩ A = Ø, Bj  ∩ A = Ø, 

Ai  ∩ Bj =Ø 

∆5 = 1 

 

Common forms of the evidence ullage formula, is defined by 

Eqs. (4)  

 

                  
           

      
                                     (4) 

 

Where | | is denoted as the number of the cardinality of the set 

of evidence.  

2.3.2 Evidence Tendency Factor. 

Evidence Tendency Factor (η) is the approval degree of A 

when m
1
(Ai) and m

2
(Bj) are combined. Assume evidence 

resources are 100% reliable, the evidence tendency factor η 

can be calculated by Eqs.(5): 

 

               

 
 
 
 

 
 
 

                     

     

            
           

     

           
            

           (5) 
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2.3.3 Combination Rule. 
In the study conducted by [10] and [14], Combination Rule 

used is an extension of Xu Ling-yu's rule, is defined by Eqs. 

(6) 

 

           
                 

              
                                             

 

Where, m1(Ai) m2 (Bj) (1-Δ) is the effective fraction of m1 

(Ai) m2 (Bj), and m1 (Ai) m2 (Bj) (1-Δ) η is the true value of 

the mass support A. It can be considered when (1-Δ) η is 

worth 0 for Ai ∩ Bj = Ø as well as 1 to Ai ∩ Bj ≠ Ø. Xu Ling-

yu's rule still follows the shape of the traditional Dempster's 

rule. 

3. RESULTS and DISCUSSION 
A Dempster-Shafer modification rule is used to combine any 

evidence (traveler profile data). Here's an example of the 

process of recommendation on mobile-based CBR system 

using six traveler profile data, which is displayed one by one. 

Here's an example of a tourist trip data presented in Table 2. 

 
Tabel 2: Examples of tourist visitation data in Buleleng Regency 

ID Gender Age State Occupation 
Income per 

month 

Frequency 

of visits 
Tour Object 

1 Male 
20 until 29 

Years Old 
Australia Student - Twice 1003,1005,1015 

2 Male 
30 until 39 

Years Old 
Australia 

Private 

Employees 

$1000 until 

$5000 
Once 1003,1005,1017,1018 

3 Female 
30 until 39 

Years Old 
Australia 

Entrepreneur/ 

Business 

$1000 until 

$5000 
Twice 1003,1005,1015 

4 Female 
Upper 50 

Years Old 
Jepang Pensioner 

$1000 until 

$5000 
Once 1004,1019,1020,1022 

5 Female 
30 until 39 

Years Old 
Hongkong 

Entrepreneur/ 

Business 

Upper 

$50000 
Twice 1001,1011,1019,1022 

 

If there is a data traveler profile with name → David, Gender 

→ Male, Age → 30 until 39 Years Old, State → France, 

Occupation → Entrepreneur / Business, Income per month → 

$ 1,000 until $ 5,000 and Frequency of visits → Once. Based 

on the recommendations performed in the table 2, it can be 

concluded that the recommended tour object by mobile-based 

CBR system is Melanting Waterfall (1003), and Air Sanih 

(1005) with the assurance 0.63156 degrees.  

Figure 1: Splash form Figure 2: Recommendation 

Form 

In the figure 1 is the splash form for mobile application. In the 

figure 2 displays the data of tourist spots and confidence level 

of the recommendation. In this interface, there are four 

processes used to revise the recommendations, such as the 

Save, Change, Add, and Delete. 

Based on the tests has been performed using K-Fold Cross 

Validation (K=3) with 126 data of travel, it can be generated 

the average percentage of accuracy was 18% fully accordance, 

62% partial accordance and error rate was 18%. In the first 

testing there were 2 data (5%) that had low levels of 

confidence. 

4. CONCLUSION and SUGGESTION 
Conclusions obtained in the study of mobile-based CBR 

system using the Dempster Shafer modification rule were: 

1. Based on the finding that has been described previously, 

mobile-based CBR systems using Dempster Shafer 

modification rule could be applied to provide 

recommendations for tourists to visit the tour object in 

Buleleng Regency. 

2. Based on the results of tests performed, mobile-based 

CBR systems using Dempster Shafer modification rule 

produced 1) 18% for fully accordance, 2) 62% for partial 

accordance and 3) 18% of error rate.   

Based on the results obtained in this study, it can be suggested 

several things: 

1. For further research, it is necessary to apply a method 

that can improve the process of computational of the 

Dempster Shafer modification rule. 

2. It need to be applied a method that is able to handle 

many conflicting evidence when the combination rule 

3. A mobile-based CBR system can be developed to 

determining the path to be traversed, or be integrated 

with a web service that will facilitate tourist arrivals. 
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