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Abstract 

In stocks market, investors need a forecasting method which has high accuracy for predicting stock prices. In this 
study, the conventional forecasting method of Double Exponential Smoothing Holt will be compared with the 
modern forecasting method, namely the Fuzzy Time Series method. The Fuzzy Time Series forecasting method used 
in this study is the Cheng model, which used linguistic interval partition and adaptive forecast equation. Through 
this forecast analysis and calculation on PT Bank Central Asia Tbk’s stock price, Fuzzy Time Series forecast 
method has higher accuracy than Double Exponential Smoothing Holt, so Fuzzy Time Series is the best method for 
predicting PT Bank Central Asia Tbk’s stock prices. 

Keywords: 
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1. Introduction
Stocks are securities that include capital in a company or limited liability company. Investors who buy stocks

will face the risk of capital loss partially when the stock prices go down and in the worst case the risk of total loss of 
capital when the issuing stock company is liquidated (Sharpe et al, 1995).Fundamental analysis is used by investors 
for making decisions depend on these sources of company’s information: Balance Sheet, Income Statement, Annual 
Report, Newspaper, Company Announcementsand Industry News (Iqbal et al, 2013). While technical analysis is a 
model through which investors make investment decisions by analyzing company’s stock prices by using market 
data such as stock prices, changes in stock prices, volume of stock trades, and market trends (Neely, 1997). In this 
study, technical analysis is used to forecast stock prices in the months ahead. The forecasting method that can be 
used is the Double Exponential Smoothing Holt and Fuzzy Time Series methods. 

The Double Exponential Smoothing method is a forecasting method that has two parameters from Holt, namely 
the data smoothing parameter (α) and the trend smoothing parameter (γ). The values of α and γ need to be optimized 
so that the best combination is obtained between the two parameters which produces the smallest MAD and 
MAPE.). Fuzzy Time Series method is one of the forecasting methods used to predict time series data based on the 
concept of Fuzzy logic. In the forecasting method of the Fuzzy Time Series, there are three factors that can improve 
the accuracy of forecasting, namely the determination of reliable long interval definitions to determine linguistic 
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values, reclassify fuzzy relations repeatedly into three different types of trends, weighting right on each fuzzy 
relation, and calculation of forecast value using the adaptive forecast equation (Cheng, 2008). 
 In this study, Double Exponential Smoothing and Fuzzy Time Series Cheng are compared to obtain the best 
forecasting method based on the value of descriptive statistical value used such as MAD and MAPE. 
 
 
2. Data 

The data used in this study is closing stock price of banking company namely PT Bank Central Asia from 
January 2014 until August 2018 with total 56 observation in which highest value of closing stock price is at July 
2018 and the lowest is at March 2015.According to Figure 1, the closing price is increasing continuously from the 
beginning period until the end period.But there are decreased closing price at April 2014, March 2015, May 2015-
Agust 2015, February 2016-April 2016, October 2016, December 2016, April 2017, September 2017, March 2018, 
May 2018, and August 2018. 

 

 
Figure 1. Closing Stock Price Chart 

 
3. Methodology 
3.1 Double Exponential Smoothing Holt 
 Double Exponential Smoothing Holt is used to calculate several possibilities to show all types of trends. This 
method has a basic formula such as (Makridakis, 1997): 
 𝐹𝐹𝑡𝑡+𝑚𝑚 = 𝑆𝑆𝑡𝑡 + 𝑏𝑏𝑡𝑡(𝑚𝑚) (1) 

with : 
 𝑏𝑏𝑡𝑡 = 𝛾𝛾(𝑆𝑆𝑡𝑡 − 𝑆𝑆𝑡𝑡−1) + (1 − 𝛾𝛾)𝑏𝑏𝑡𝑡−1      (2) 
 𝑆𝑆𝑡𝑡 = 𝛼𝛼𝑋𝑋𝑡𝑡 + (1 − 𝛼𝛼)( 𝑆𝑆𝑡𝑡−1 + 𝑏𝑏𝑡𝑡−1)     (3) 

𝛼𝛼 = data smoothing parameter 
𝛾𝛾 =trend smoothing parameter 
𝑚𝑚 = period 
𝑆𝑆𝑡𝑡 =single smoothing factor 
𝑏𝑏𝑡𝑡 =trend smoothing factor 

  Initialization is needed to determine the initial value used in the Double Exponential Smoothing Holt 
method. The initialization process requires estimated data for the values 𝑆𝑆1 and𝑏𝑏1. The estimates can be obtained 
from: 
1. For initialization  𝑆𝑆1, choose𝑆𝑆1 = 𝑋𝑋1 
2. For initialization  𝑏𝑏1 , there are two formula such as: 

a. ( )1 2 1b x x= − (used forhistorical data that has two periods) 

b. ( )4 3 3 2 2 1
1

( ) ( )
3

x x x x x x
b

− + − + −
=  (used for historical data that has more than two periods)  
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3.2 Fuzzy Time Series Definition and Algorithm 
 
Song and Chissom’s definitions are used for illustration as follows: 
Definition 1. Fuzzy Time Series. Let 𝑌𝑌(𝑡𝑡)(𝑡𝑡 = ⋯ ,0,1,2, … ) a subset of real numbers, be the universe of discourse 
by which fuzzy sets 𝑓𝑓𝑗𝑗(𝑡𝑡)are defined. If 𝐹𝐹(𝑡𝑡)is a collection of 𝑓𝑓1(𝑡𝑡),  𝑓𝑓2(𝑡𝑡), …, then 𝐹𝐹(𝑡𝑡)is called a Fuzzy Time 
Series defined on𝑌𝑌(𝑡𝑡). 

 
Definition 2. Let 𝐹𝐹(𝑡𝑡 − 1) = 𝐴𝐴𝑖𝑖 and 𝐹𝐹(𝑡𝑡) = 𝐴𝐴𝑗𝑗. The relationship between two consecutive observations, 𝐹𝐹(𝑡𝑡) and 
𝐹𝐹(𝑡𝑡 − 1), referred to as a Fuzzy Logical Relationship (FLR), can be denoted by 𝐴𝐴𝑖𝑖 →  𝐴𝐴𝑗𝑗, where𝐴𝐴𝑖𝑖 is called the Left 
Hand Side (LHS) and𝐴𝐴𝑗𝑗 is the Right Hand Side (RHS). 

 
Definition 3. All FLR in the training data set can be further grouped together into different fuzzy logical relationship 
groups according to the same LHS. For example, there are two FLR with the same FLS (𝐴𝐴𝑖𝑖): 𝐴𝐴𝑖𝑖 →  𝐴𝐴𝑗𝑗1 and 𝐴𝐴𝑖𝑖 →
 𝐴𝐴𝑗𝑗2. These two FLR can be grouped into a Fuzzy Logical Relationship Group (FLRG). 
 
The algorithm of Cheng’s Model can be followed by: 
  
Step 1: Define the universe of discourse and intervals for rules abstraction. The universe of discourse can be 

defined as:𝑈𝑈: [minimum value, maximum value]. If there are the occurrence of the linguistic intervals is 
bigger than the average of all of the linguistic intervals’occurrence, so these intervals must be split to have 
high accuracy of forecasting. The number of linguistic intervals can be calculated by using Sturges 
forrnula: 

1 + 3.322 log 10 (𝑛𝑛) (4) 

While the length of linguistic intervals can be calculated using the formula 
   MaximumValue MinimumValue

n
−                                  (5) 

with  n: total amount of observation data 
 

Step 2:Establish a related fuzzy set (linguistic value) for each observation in the training dataset. In this step, the 
fuzzy sets𝐴𝐴1,𝐴𝐴2, … ,𝐴𝐴𝑘𝑘 , for the universe of discourse are defined by Eq. (4), where the value of𝑎𝑎𝑖𝑖𝑖𝑖 ,  
indicates the grade of membership of𝑢𝑢𝑖𝑖𝑖𝑖 in fuzzy set𝐴𝐴𝑖𝑖 , where𝑎𝑎𝑖𝑖𝑖𝑖 ∈ [0,1], 1 ≤ 𝑖𝑖 ≤ 𝑘𝑘  dan 1 ≤ 𝑗𝑗 ≤ 𝑚𝑚. . 
Ascertain the degree of each stock price belonging to each 𝐴𝐴𝑖𝑖(𝑖𝑖 = 1, … ,𝑚𝑚).  . If the maximum membership 
of the stock price is under , then fuzzified stock price is under𝐴𝐴𝑘𝑘, then the fuzzified stock price is labeled as  
(Chen, 1996). 

𝐴𝐴1 =
𝑎𝑎11
𝑢𝑢1

+
𝑎𝑎12
𝑢𝑢2

+ ⋯+
𝑎𝑎1𝑚𝑚
𝑢𝑢𝑚𝑚

 

         𝐴𝐴2 =
𝑎𝑎21
𝑢𝑢1

+
𝑎𝑎21
𝑢𝑢2

+ ⋯+
𝑎𝑎2𝑚𝑚
𝑢𝑢𝑗𝑗

 

⁞ 
                                                       𝐴𝐴𝑘𝑘 =

𝑎𝑎𝑘𝑘1
𝑢𝑢1

+
𝑎𝑎𝑘𝑘2
𝑢𝑢2

+ ⋯+
𝑎𝑎𝑘𝑘𝑘𝑘
𝑢𝑢𝑚𝑚

 

Step 3: Fuzzification and establish fuzzy relationships. Two consecutive fuzzy sets, 𝐴𝐴𝑖𝑖(𝑡𝑡 − 1) and𝐴𝐴𝑗𝑗(𝑡𝑡), can be 
established into a single FLR as𝐴𝐴𝑖𝑖 → 𝐴𝐴𝑗𝑗. 

 
Step 4: Establish FLRG for all FLRs. The FLR with the same LHSs can be grouped into to form FLRG. For 

example, 𝐴𝐴𝑖𝑖 → 𝐴𝐴𝑗𝑗 ,𝐴𝐴𝑖𝑖 → 𝐴𝐴𝑘𝑘,  𝐴𝐴𝑖𝑖 → 𝐴𝐴𝑚𝑚  can be group as 𝐴𝐴𝑖𝑖 → 𝐴𝐴𝑗𝑗,𝐴𝐴𝑘𝑘 ,𝐴𝐴𝑚𝑚  . All FLRs will construct a 
fluctuation-type matrix. 

 
Step 5: Assign weight. The fluctuation-type matrix from step 4 is further standardized to 𝑊𝑊𝑛𝑛(𝑡𝑡). The weight matrix, 

should be normalized by applying the standardized weight matrix equation: 
 

          (6) 
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𝑊𝑊𝑛𝑛(𝑡𝑡) = �𝑊𝑊′
1,𝑊𝑊′

2, … ,𝑊𝑊′
𝑗𝑗� = �

𝑊𝑊1

∑ 𝑊𝑊𝑘𝑘
𝑖𝑖
𝑘𝑘=1

,
𝑊𝑊2

∑ 𝑊𝑊𝑘𝑘
𝑖𝑖
𝑘𝑘=1

, … ,
𝑊𝑊𝑘𝑘

∑ 𝑊𝑊𝑘𝑘
𝑖𝑖
𝑘𝑘=1

� (7) 

Step 6:Calculate initial forecast value by multiplying weight matrix, 𝑊𝑊𝑛𝑛(𝑡𝑡 − 1), with defuzzified matrix, 
  𝐿𝐿𝑑𝑑𝑑𝑑(𝑡𝑡 − 1) . The entry of defuzzified matrix is all the median of each linguistic interval, so 𝐿𝐿𝑑𝑑𝑑𝑑 =

[𝑚𝑚1,𝑚𝑚2, … ,𝑚𝑚𝑘𝑘] is defined with𝑚𝑚𝑘𝑘  is median of each linguistic interval. Initialization forecast can be 
calculated by Eq. (8)following as: 

𝐹𝐹(𝑡𝑡) = 𝐿𝐿𝑑𝑑𝑑𝑑(𝑡𝑡 − 1).𝑊𝑊𝑛𝑛(𝑡𝑡 − 1)   (8) 

Step 7:Calculate the value of adaptive forecast described in Eq. (9): 
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑡𝑡) = 𝑃𝑃(𝑡𝑡 − 1) + ℎ∗[𝐹𝐹(𝑡𝑡) − 𝑃𝑃(𝑡𝑡 − 1)]  (9) 

with is the actual stock index on time t-1, is t the initial forecasting value form Eq. (8), and adaptive 
forecast(t) is the conclusive forecasting value for the future stock price (t). 

 
3.3 Forecast Accuracy 
 The accuracy of each forecasting method uses descriptive statistic by Eq. (10) and Eq. (11), namely: 

1) Mean Absolute Deviation (MAD) 

𝑀𝑀𝑀𝑀𝑀𝑀 =
1
𝑛𝑛
�|𝑥𝑥𝑡𝑡 − 𝑥̄𝑥𝑡𝑡|
𝑛𝑛

𝑡𝑡=1

 

2) Mean Absolute Percentage Error (MAPE) 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
100%
𝑛𝑛

��
𝑥𝑥𝑡𝑡 − 𝑥̄𝑥𝑡𝑡
𝑥̄𝑥𝑡𝑡

�
𝑛𝑛

𝑡𝑡=1

 

with: 
𝑛𝑛= total amount of data 
𝑥𝑥𝑡𝑡= observation data at t 
𝑥̄𝑥𝑡𝑡= forecasting data at t 
 

4.   Result and Discussion 
4.1 Double Exponential Smoothing Holt 
The result of determining optimized α and γ is showed by Table 1. 

 
Table 1. The Process of Determining  α and γ 

 
α Γ MAD MAPE 

0.1 

0.1 1,224.63 7.70 
0.2 1,245.20 7.90 
⁞ ⁞ ⁞ 

0.9 1,024.03 6.65 

0.2 

0.1 901.46 5.68 
0.2 807.72 5.09 
⁞ ⁞ ⁞ 

0.9 759.06 4.85 
⁞ ⁞ ⁞ ⁞ 

0.8 

0.1 598.19 3.75 
0.2 606.70 3.80 
⁞ ⁞ ⁞ 

0.9 742.42 4.62 

0.9 

0.1 609.34 3.83 
0.2 624.41 3.91 
⁞ ⁞ ⁞ 

0.9 788.77 4.97 
 

(10) 

(11) 
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According to Table 2, optimized α and γ  parameter which have smallest MAD and MAPE value are 0.8 and 
0.1 causing forecasting result can be calculated by Eq. (1) and the result of forecasting calculated isshowed on the 
Table 3: 

 

Table 3. The Result of Forecast Calculation with Double Exponential Smoothing Holt 

Month Date Stock Price St Bt Forecast  
|𝑋𝑋𝑡𝑡 − 𝑥̄𝑥𝑡𝑡| 

 
|𝑋𝑋𝑡𝑡 − 𝑥̄𝑥𝑡𝑡|

𝑥̄𝑥𝑡𝑡�  
1 1/31/2014 10.225 10,225.00 183.33 - - - 
2 2/28/2014 10.600 10,561.67 198.67 10,408.33 191.67 0.018 
3 3/31/2014 11.000 10,952.07 217.84 10,760.33 239.67 0.022 
⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 

55 7/31/2018 24.800 24,504.58 422.89 23,322.89 1,477.11 0.063 
56 8/31/2018 24.150 24,305.49 360.69 24,927.47 777.47 0.031 

Total 32,900.63 2.063 

Error MAD MAPE 
598.19 3.75 

 
 

Afterward, calculate the prediction of price stock at September 2018 by Eq. (1). The process and result of 
calculation is showed at below: 

608,248082291,246491.29358.314,24)1(565657 ≈=+=+= bSF  
 
 
 
4.2 Fuzzy Time Series 
 
Step 1:The universe of discourse defined as linguistic intervals that contain minimum and maximum value of PT 

Bank Central Asia’s stock price causing the result of definition of universe of discourse is showed below: 
 

U: [10,225; 24,800] 
 

 The calculation of total amount of linguistic intervals is showed below: 
 

7801.6)56log(322.31 ≈=+=n  
 
Then, the calculation of determining the length of linguistic intervals is showed below: 
 

14.082,2
7

225,10800,24  
=

−
=

−
n

MinimumNilaiMaximumNilai
 

From all of calculations above, the table of linguistic intervals is showed on Table. 4: 
 

 

Table 4. Linguistic Interval, Occurrence, and Median 

Linguistic Interval Occurrence Median 
𝑢𝑢1=[10,225; 12,307] 8 11,311.0 
𝑢𝑢2=[12,307; 14,389] 21 13,398.0 
𝑢𝑢3= [14,389; 16,471] 8 15,430.0 
𝑢𝑢4= [16,471; 18,554] 4 17,512.5 
𝑢𝑢5= [18,554; 20,636] 4 19,595.0 
𝑢𝑢6= [20,636; 22,718] 5 21.677,0 
𝑢𝑢7= [22,718; 24,800] 6 23,759.0 
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According to the Table. 4 there are linguistic interval events greater than the average of all linguistic 
intervals, so this interval must be split to have high forecast accuracy. The results of the linguistic 
separation interval are shown in Table. 5: 

Table.5Linguistic Interval Partition 

Linguistic Interval Occurrence Condition Sub Interval Median 
𝑢𝑢1 =[10,225; 11,266] 6 Second 1,041.07 10,745.5 

𝑢𝑢2 =[11,266; 12,307] 2 Second 1,041.07 11,786.5 

𝑢𝑢3 =[12,307; 12,828] 1 Third 520.54 12,827.5 

𝑢𝑢4 =[12,828; 13,088] 6 Forth 260.27 12,958.5 

𝑢𝑢5 =[13,088; 13,348] 7 Forth 260.27 13,218.5 

𝑢𝑢6 =[13,348; 14,389] 7 Second 1,041.07 13,868.5 

𝑢𝑢7 =[14,389; 15,430] 4 Second 1,041.07 14,909.5 

𝑢𝑢8 =[15,430; 16,471] 4 Second 1,041.07 15,950.5 
𝑢𝑢9= [16,471; 18,554] 4 First 2,082.14 17,512.5 
𝑢𝑢10= [18,554; 20,636] 4 First 2,082.14 19,595.0 

𝑢𝑢11= [20,636; 22,718] 5 First 2,082.14 21,677.0 
𝑢𝑢12= [22,718; 24,800] 6 First 2,082.14 23,759.0 

 
 

Step 2:  Establish related fuzzy sets (linguistic values) for each observation in the training dataset. In this step, the 
membership level for each fuzzy 𝐴𝐴𝑖𝑖set is 0, 0.5 or 1, where 1≤i12, causes the membership level to be stated: 

𝑎𝑎𝑖𝑖𝑖𝑖 = �
1,                𝑖𝑖 = 𝑗𝑗
0.5,   𝑗𝑗 = 𝑖𝑖 − 1
0,        𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

 

 
From the definition of membership level above, each fuzzy set𝐴𝐴𝑖𝑖 can be defined: 
  

1
1 2 3 4 5 11 12

2
1 2 3 4 5 11 12

3
1 2 3 4 5 11 12

4
1 2 3 4 5 11 12

11
1 2 3 4 5 11 12

12
1 2

0.5 0 0 0 0 01

0.5 0.5 0 0 0 01

0 0.5 0.5 0 0 01

0 0 0.5 0.5 0 01

0 0 0 0 0 0.51

0 0

A u u u u u u u

A u u u u u u u

A u u u u u u u

A u u u u u u u

A u u u u u u u

A u u

= + + + + +…+ +

= + + + + +…+ +

= + + + + +…+ +

= + + + + +…+ +

= + + + + +…+ +

= + +



3 4 5 11 12

0 0 0 0.5 1
u u u u u+ + +…+ +

 

 
Step 3:Fuzzification and establish fuzzy relationships. Fuzzification and FLR results are shown in Table 6. 
 

Tabel 6 Fuzzification dan FLR 
Month Date Stock Price (IDR) Fuzzification FLR 

1 1/31/2014 10,225 A1 - 
2 2/28/2014 10,600 A1 A1→A1 
3 3/31/2014 11,000 A1 A1→A1 
⁞ ⁞ ⁞ ⁞ ⁞ 

55 7/31/2018 24,800 A12 A12→ A12 
56 8/31/2018 24,150 A12 A12→ A12 
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Step 4: Set FLRG for each FLR. The results of FLRG determination for each FLR are shown in Table 7: 
 

Table 7 Establishing FLRG for Each FLR 

P(t-1) 
P(t) 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 
A1 4 1 0 1 0 0 0 0 0 0 0 0 
A2 1 0 0 1 0 0 0 0 0 0 0 0 
A3 0 0 0 0 1 0 0 0 0 0 0 0 
A4 0 1 1 2 2 1 0 0 0 0 0 0 
A5 0 0 0 2 2 1 1 0 0 0 0 0 
A6 0 0 0 0 2 3 1 1 0 0 0 0 
A7 0 0 0 0 0 1 1 2 0 0 0 0 
A8 0 0 0 0 0 1 1 1 1 0 0 0 
A9 0 0 0 0 0 0 0 0 3 1 0 0 
A10 0 0 0 0 0 0 0 0 0 2 2 0 
A11 0 0 0 0 0 0 0 0 0 1 2 2 
A12 0 0 0 0 0 0 0 0 0 0 1 4 

 
Step 5:  Assign weight. Weight matrix is showed on Table 8: 
 

Table 8 Weight Matrix 
Weight Matrix Weight 

𝑊𝑊1,1 2/3 
𝑊𝑊1,2 1/6 

⁞ ⁞ 

𝑊𝑊12,12 4/5 
 
Step 6: Calculate initial forecast value by multiplying weight matrix, 𝑊𝑊𝑛𝑛(𝑡𝑡 − 1), with defuzzified matrix, 
  𝐿𝐿𝑑𝑑𝑑𝑑(𝑡𝑡 − 1). The result of initial forecast calculation is showed on Table. 9: 
 

Table 9The Result of Initial Forecast Calculation 

Month Date Stock Price (IDR) Fuzzification Initial 
Forecast 

 
|𝑋𝑋𝑡𝑡 − 𝑥̄𝑥𝑡𝑡| 

 
|𝑋𝑋𝑡𝑡 − 𝑥̄𝑥𝑡𝑡|

𝑋𝑋𝑡𝑡
 

1 1/31/2014 10,225 A1 - - - 
2 2/28/2014 10,600 A1 11,287.75 687.75 0.061 
3 3/31/2014 11,000 A1 11,287.75 287.75 0.025 
⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 

53 5/31/2018 21,475 A11 22,089.40 614.40 0.028 
54 6/30/2018 23,275 A12 22,089.40 1,185.60 0.054 
55 7/31/2018 24,800 A12 23,342.60 1,457.40 0.062 
56 8/31/2018 24,150 A12 23,342.60 807.40 0.035 

Total 35,047.96 2.237 

Error MAD MAPE 
637.24 4.07 
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Step 7: Calculate adaptive forecast by Eq. (9). Before we calculate adaptive forecast, we must choose optimized 
weight parameter h*which has the smallest MAD and MAPE value. The process of optimizedweight 
parameter h*is showed on Table 10: 

Table 10Parameter h* Calculation 
h* MAD MAPE 

0.005 647.58 4.04 

0.01 646.53 4.04 
⁞ ⁞ ⁞ 

0.5 587.34 3.71 

0.55 587.03 3.71 

0.6 587.18 3.72 

0.7 590.06 3.75 

0.8 595.32 3.80 

0.9 614.22 3.92 

 
According to Table 10, we chose 0.55 as optimized parameter h*, then the result of adaptive forecast 
calculation is showed on Table. 11:   

Table. 11 The Result of Adaptive Forecast Calculation 

Month Date Stock 
Price Fuzzification Initial 

Forecast 
Adaptive 
Forecast 

 
|𝑋𝑋𝑡𝑡 − 𝑥̄𝑥𝑡𝑡| 

 
|𝑋𝑋𝑡𝑡 − 𝑥̄𝑥𝑡𝑡|

𝑋𝑋𝑡𝑡
 

1 1/31/2014 10,225 A1 - - - - 
2 2/28/2014 10,600 A1 11,287.75 10,809.51 209.51 0.019 
3 3/31/2014 11,000 A1 11,287.75 10,978.26 21.74 0.002 
⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 

55 7/31/2018 24,800 A12 23,342.60 23,312.18 1.487.82 0.064 
56 8/31/2018 24,150 A12 23,342,60 23,998.43 151.57 0.006 

Total 32,286.63 2.04 

Error MAD MAPE 
587.03 3.71 

 
The next step after getting adaptive forecast value is to calculate stock price prediction at September 
2018 or month-57. Th result of this calculation usingEq. (9) is following as: 

)]56()57([*)56()57( PFhPforecastAdaptive −+=  
=24,150+0.55[23.342.6-24,150] 

=24,071.30 ≈ 24,071 
 

 

4.3 The Comparison MAD and MAPE on Double Exponential Smoothing Holt and Fuzzy Time Series 

According to the result of Double Exponential Smoothing and Fuzzy Time Series forecast calculation on (4.1) 
and (4.2) section, then the comparison MAD and MAPE for predicting historical time series data (January 2014-
August 2018) between these methods can be created following to Table 12: 

Table. 12The Comparison MAD and MAPE on Forecasting Methods to Predict Stock Price at January 2014-
August 2018 

Method MAD MAPE 
Double Exponential Smoothing 598.19 3.75% 
Fuzzy Time Series  587.03 3.71% 
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 After predicting stock price at September 2018 with both methods, we obtained actual price stock at September 
2018 which is IDR23,650.00 from financial website https://finance.yahoo.com, causing the comparison MAD and 
MAPE between two methods can be created following Table 13: 

 

Tabel 13The Comparison MAD and MAPE on Forecasting Methods to Predict Stock Price at September 2018 

Methods Actual Price Forecast Price MAD MAPE 
Double Exponential 

Smoothing Holt  
23.650 

24,690 1,040 4.21% 

Fuzzy Time Series 
Model Cheng 23,702 52 0.22% 

 
The comparison chart between actual price with Double Exponential Smoothing Holt forecast can be 

showed following to Figure 2: 
 
 

 
Figure 2 The comparison chart between actual price with Double Exponential Smoothing Holt forecast 

 

The comparison chart between actual price with Fuzzy Time Series forecast can be showed following to 
Figure 3: 

 
Figure 3The comparison chart between actual price with Fuzzy Time Series forecast 
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5. Conclusion 

Based on the discussion and the results of comparative analysis of the Fuzzy Time Series and Double Exponential 
Smoothing Holt methods in forecasting the stock price of PT Bank Central Asia Tbk above, it can be concluded that 
the Fuzzy Time Series method is the best forecasting method that produces smaller MAD and MAPE values 
compared to the Double Exponential Smoothing Holt method. 
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