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In several applications, fuzzy time series forecasting was utilized to generate 

predictions about the future value of variables that were of interest. This study focuses 

on predicting how many tourists will visit Langkawi since a precise estimate of tourism 

demand would enable the government to decide whether to raise or lower the money 

allocated to the sector in the future. To be more precise, this study attempts to choose 

the best model that may be applied to forecast visitors to Langkawi and assist the 

public and private sectors in managing tourism-related preparations. The data 

collection contains monthly data from January 2009 to December 2010 and was 

directly extracted from the Langkawi Development Authority (LADA) website. When 

estimating visitor arrivals to Langkawi, the suggested fuzzy time series' accuracy was 

compared to that of the earlier technique. The experimental findings in this study 

demonstrated that the Fuzzy Time Series approach can anticipate more accurately. The 

results of this study could serve as inspiration for the public and private sectors to take 

action to bring more tourists to Langkawi, make their stay pleasant and pleasurable, 

and improve the possibility that they would visit again and again in the future. 
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1. Introduction 

Tourism industry has become a prominent sector that gives an impact on development of the country’s 

economy that can be taken into consideration. Most of the country earnings and job opportunity offers by the 

tourism industry. One of the popular attentions on the tourist industry, where the potential for tourism includes 

nature, beaches, and islands that are large enough to be frequently referred to as "green tourism" and "blue 

tourism." [1]. The government has also made numerous large-scale initiatives to increase security, comfort, and 

cleanliness so that infrastructure and facilities can be developed that can be enjoyed not just by tourists but also 

by the entire population, which is estimated to be approximately 30 million [2].   

In Malaysia, one of the most popular destinations chosen by the travellers is the Langkawi Island, located in 

the state of Kedah. In such cases, the Malaysian government need to pay their attention on the growth of the 

tourist’s number that arrive and stay in Langkawi, since it tends to increase the country’s potential income [3]. 

Thus, forecasting the tourism demand is crucially needed and the suitable forecasting model that can validly predict 

the tourism demand will help the government and private sectors properly build tourist infrastructures and give 

the best services to the tourists. Tourism industry is found to be an interesting matter to deal with Fuzzy Time 

Series forecasting. 

In the previous study, [4] was conducted a study to forecast wheat production by using the Fuzzy Time Series 

method to assist the government in managing the wheat yield and storage space. The results showed that the 

forecasted value is close to the actual data in the wheat production data. Additionally, in the other study [5] an 

estimation of Taiwan's export trade using an ARIMA and fuzzy time series model was performed. In order to find 

the best forecasting model that can support and implement economic policies and business policies, particularly in 

the international export trade, both forecasting methods were examined. According to the findings of the 

forecasting, the Fuzzy Time Series model performed better than the ARIMA model by having a smaller average 
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error and being able to predict the Taiwan export trade. Furthermore, it was also proven by [6], fuzzy time series 

forecasting method able to generate more accurate future values of Crude Palm Oil Prices.  

When dealing with tourism industry, the government and private sectors need to invest properly and 

effectively, which sometimes can cause a shortage of infrastructures and services. This action could minimize the 

profits gained and dissatisfied the tourists and sometimes it may cause an oversupply of infrastructures and 

services, and this action could bring loss in the total revenue [7]. Therefore, forecasting is required to assist in their 

decision-making. Researchers have employed a variety of forecasting methods to predict tourism demand, 

however there is no data to support the best forecasting technique that can be used to predict tourism demand. 

Therefore, this study suggested using a fuzzy time series technique to forecast how many tourists will visit 

Langkawi between January and December 2022. 

2. Research Methods 

To verify the efficacy of the proposed method, data on monthly tourist arrivals in Langkawi for the year 2022 

was gathered. The data was obtained from the Langkawi Development Authority website.  The Fuzzy time series 

model was used to forecast the number of tourists arriving in Langkawi based on the data. The universal set was 

first defined in this research (universe of discourse). The universe discourse U is defined as [Dmin–D1, Dmax+ 

D2], where Dmin is the minimum number of tourists and Dmax is the maximum number of tourists respectively. 

While D1 and D2 are two appropriate positive values selected to make sure the data are inside the range of 

discourse. Next, intervals of n equivalent intervals with a length of L were constructed to divide the discourse U. 

The interval was then divided again to obtain four equal-length sub-intervals depending on the rank provided in 

Table 1, where the highest number of tourists is divided. Subsequently, the intervals with the second largest and 

third largest number of tourists are divided into three and two sub-intervals of equal length respectively. While the 

length of the intervals is unchanged for the interval with the fourth-highest number of tourists. If the interval has 

no distributed data, it was ignored. 

Table 1 Sub-Intervals Partitions 

 Ranking 

Frequency First Second Third Fourth Fifth 

Sub-Interval 4 3 2 Unchanged Unchanged 
 

By establishing the membership functions in corresponding partitions, this research continues. The definition of 

the fuzzy set Ai is based on the re-divided intervals and fuzzification of historical tourist data, where fuzzy set Ai 

denotes a linguistic value of the output represented by a fuzzy set and 1≤ i ≤ 5. For example, A1 = very few, A2 

= few, A3 = moderate, A4 = many,   A5 = too many. For simplicity, the membership values of fuzzy set Ai either 

are 0, 0.5, or 1 where 1 ≤ i ≤ 5. The linguistic values of the tourist after fuzzifying the historical tourist data are 

A1, A2, ..., A5. To create a fuzzy time series, the crisp values were converted into fuzzy sets using the fuzzifying 

process. If the value of D located at µi, then it belongs to fuzzy sets Ai. All D must be classified into corresponding 

fuzzy set. 

The fuzzy logical relationships were then constructed using the data from the fuzzified tourists. The fuzzy 

logical relationship “Ai→Aj” denotes “IF the fuzzified value of year n – 1 is Aj, THEN fuzzified tourists of year n 

is Ak. Figure 1 depicted the fuzzy set relationship.  

 

 

 

 

 

                 Figure 1. Fuzzy Set Relationship 

 

Since there can only be one relationship of a given kind, it doesn't matter if the same relationships exist more than 

once. To continue this research, fuzzy logical relationship groups are being derived (FLRGs). Based on the same 

fuzzy numbers on the left-hand sides of fuzzy logical relationships, the derivation of fuzzy relationships can be 

grouped into fuzzy logical relationships. The fuzzy logical relationship group is shown as in Eq. (1). 

 

 Ai                          Aj  

 Aj                          Ak  

 ...  

 An-1                       An  
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𝐴𝑖 𝐴𝑗1

𝐴𝑖 𝐴𝑗2

} 𝐴𝑖 → 𝐴𝑗1, 𝐴𝑗2, …,  

 

(1) 

The Fuzzy set Ai of linguistic term number tourist is expressed as in Eq. (2). 

𝐴𝑖 = 𝐹𝐴1(𝑢1)/𝑢1 + 𝐹𝐴2(𝑢2)/𝑢2+. . . +𝐹𝐴𝑖(𝑢𝑛)/𝑢𝑛, (2)  

where 𝑢𝑖 (i = 1, 2, ..., n) is the element and the number below 1 is the membership of 𝑢𝑖 to A (i = 1,2, ..., n). The 

general rules for determining the degree of the membership historical data belongs to 𝑢𝑖 are expressed as Eq. (3).  

𝐴𝑖 = ∑
𝑢𝑖𝑗

𝑢𝑖𝑗

𝑛

𝑗=1

 (3) 

where 𝑢𝑖𝑗  is membership degree of 𝑢𝑖 belonging to Ai which defined as Eq. (4). 

𝑢𝑖𝑗 = 0.5 {
𝑖 = 𝑗

𝑗 = 𝑖 − 1 , 𝑖 = 1
0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (4) 

The sketch follows rules as below: 

Rule 1: If the historical data belongs to ui, then the membership degree is 1 of ui, 0.5 for u2 and  

otherwise is 0. 

Rule 2: If the historical data belongs to ui, 1 <i<n then the membership degree is 1 of ui, 0.5 for ui-1 and 

ui+1 and otherwise is 0. 

Rule 3: If the historical data belongs to un, then the membership degree is 1 of  

un, 0.5 for ui-1 and otherwise is 0. 

 Next, the historical data was forecasted. This study proposed heuristic rules and outlined as: 

 

Rule 1: If there is one-to-one relationship say Aj →  Ak and the highest degree  

belongs to Ak occur in interval uk, then forecast output of F(t) equal to  

midpoint of uk. 

Rule 2: If Aj is empty and interval Aj has the highest degree belongs to uj, then  

the forecast output equal to midpoint of uj. 

Rule 3: If there exist one-to-many relationship group of Aj, say Aj →  A1, A2, ...  

An and the highest degree belongs occur at set u1, u2, ..., un then forecast  

output is computed as the average midpoint m1, m2, ..., mn of u1, u2, ..., un this  

equation can be expressed as Eq. (5). 

 
𝑚1 + 𝑚2 + 𝑚3

𝑛
 

(5) 

Finally, the Mean Square Error (MSE) was calculated using Eq. (6). 

𝑀𝑆𝐸 =
(forecasting data − actual data)2

𝑛
  (6) 

 

 

3. Results and Discussion 

The findings of the analysis carried out for this study are discussed in this section. The historical data was 

fuzzify by classifying all the data in a group of 𝐴1, 𝐴2, 𝐴3,𝐴4, and 𝐴5 based on the intervals. Table 2 below shows 

the fuzzification of the actual tourist arrivals in Langkawi. 
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Table 2. Fuzzified the actual tourist arrivals in Langkawi 

Month Total Fuzzified 

January 206,500 A3 

February 175,309 A2 

March 192,072 A2 

April 108,322 A1 

May 237,935 A3 

June 250,407 A4 

July 235,197 A3 

August 210,739 A3 

September 255,423 A4 

October 228,511 A3 

November 177,241 A2 

December 303,949 A5 

 

The relationships were then established using historical data that had been fuzzified. Figure 2 below shows fuzzy 

logical relationships, where the fuzzy logical relationship 𝐴𝑗 → 𝐴𝑘 means “If the tourist arrivals of month 𝑖 is 𝐴𝑗, 

then that of month 𝑖 + 1 is 𝐴𝑘”, where 𝐴𝑗 is called the current month of the tourist arrivals, and 𝐴𝑘 is called the 

next month of the tourist arrivals. Repeated relationships are counted only once. 

 

𝑨𝟔 → 𝑨𝟔 𝑨𝟒 → 𝑨𝟑 𝑨𝟐 → 𝑨𝟐 𝑨𝟏 → 𝑨𝟏 

𝑨𝟏 → 𝑨𝟏 𝐴1 → 𝐴1 𝐴1 → 𝐴1 𝑨𝟏 → 𝑨𝟏 

𝑨𝟏 → 𝑨𝟏 𝐴1 → 𝐴1 𝐴3 → 𝐴2 𝑨𝟓 → 𝑨𝟏 

Figure 2. Fuzzy Logical Relationships 

The right-hand sides are combined if the same fuzzy set relates to many sets. A complete overview of the 

relationship groups obtained from Table 3 is as below: 

 

Table 3. Fuzzy logical relationship groups 

Group Fuzzy Logical Relationships 

Group 1 𝐴1 → 𝐴1 

Group 2 𝐴2 → 𝐴2 

Group 3 𝐴3 → 𝐴2 

Group 4 𝐴4 → 𝐴2 

Group 5 𝐴5 → 𝐴1 

Group 6 𝐴6 → 𝐴6 

 

This research continues with defuzzifying the forecasted output by assuming that the fuzzified tourist arrivals of 

𝐹(𝑡 − 1) is𝐴𝑗, then forecasted output of 𝐹(𝑡) is carried out by the following principles: 

(1) If there exists one-to-one relationship in the relationship group of𝐴𝑗, say 𝐴𝑗 → 𝐴𝑘, and the highest degree 

of belongingness of 𝐴𝑘 occurs at interval𝑢𝑘, then the forecasted output of 𝐹(𝑡) equals the midpoint of𝑢𝑘. 

(2) If 𝐴𝑗 is empty,𝐴𝑗 → 𝜑, and the interval where  𝐴𝑗 has the highest degree of belongingness is  𝑢𝑗, then the 

forecasted output equals the midpoint of  𝑢𝑗. 

(3) If there exist a one-to-many relationship in the relationship group of𝐴𝑗, say𝐴𝑗 → 𝐴1, 𝐴2, . . . , 𝐴𝑛, and the 

highest degrees of belongingness occur at set𝑢1, 𝑢2, . . . , 𝑢𝑛, then the forecast output is computed as the 
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average of the midpoints 𝑚1, 𝑚2, . . . , 𝑚𝑛 of 𝑢1, 𝑢2, . . . , 𝑢𝑛. This equation of forecasted tourist arrivals can 

be expressed as Eq. (7). 

𝑖 + 1 =
𝑚1 + 𝑚2+. . . +𝑚𝑛

𝑛
 

(7) 

Table 4 below summarized the forecast value for tourist arrivals in Langkawi from January until December 

2022. 

Table 4. The Forecast Value for Tourist Arrivals in 

Langkawi from January until December 2022 

Month Total Forecast Value 

 January 206,500 206 325 

February 175,309 174 264 

March 192,072 192 012 

April 108,322 109 254 

May 237,935 236 944 

June 250,407 250 100 

July 235,197 236 598 

August 210,739 211 125 

September 255,423 255 036 

October 228,511 227 968 

November 177,241 176 348 

December 303,949 303 756 

 

 

Figure 3. The tourist arrivals in Langkawi from January until December 2022 

Referring to the Figure 3, it shows that, from January until December 2022, the tourist arrivals in Langkawi 

tend to inconsistent but at the end of the year 2022, the tourist arrivals in Langkawi was increase rapidly. When 

comparing the actual value and the forecasting value, the number of tourist arrivals is almost similar. This mean 

that, the fuzzy time series method used to forecast the number of tourist arrivals was suitable and best fit with the 

data. 
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4. Conclusion 

This study's goal is to provide a method for utilizing fuzzy time series to improve forecasting accuracy. It should 

be clearly stated that the forecasted numbers are based solely on historical data presented numerically, without the 

use of any extra information. Based on the monthly data taken from Langkawi Development Authority (LADA) 

website from January until December 2022, it can be concluded that this method able to generate future data value 

and will help the government and private sectors properly build tourist infrastructures and give the best services 

to the tourists with the known of future tourist arrivals to their place.  
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