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ABSTRACT 
 

In this work, the Weighted Markov Chain (WMC) model for time series data forecasting is examined. 

The Markov Chain model has been generalized in this model. In order to forecast the morbidity rate in 

2021, the WMC model was used to data on tuberculosis (TB) morbidity rates in Indonesia from 2000 to 

2020. The WMC model's output takes the form of a state that is represented by the interval that contains 

the expected morbidity. In the first stage, the simulation results of the WMC model are analyzed, with 

an emphasis on the number of states and the biggest step in the Markov chain. In this research, the 

maximum step and the number of states were combined in 10 different ways. The analysis's study 

revealed that the maximum step and the number of states had no impact on the predictive value of the 

morbidity rate. The WMC model's projections for the morbidity rate in 2021 are presented in the second 

stage. These forecasts are then verified by the predictions from the Simple Exponential Smoothing (SES) 

approach, and it is concluded that these predictions are fairly consistent. 

 

Keywords:  Chi-Square, Premium, Simple Exponential Smoothing 

 

1 Introduction  

One of the most contagious respiratory illnesses in the world, tuberculosis (TB) is brought 

on by the bacteria Mycobacterium tuberculosis [1]. Because of their rod-like structure and acid 

resistance, these bacteria are frequently referred to as Acid-Fast Bacteria. The majority of TB 

bacteria are commonly detected to contaminate pulmonary TB by infecting the lung 

parenchyma, however these bacteria can also cause extrapulmonary TB by infecting other 

organs like the pleura, lymph nodes, bones, and other Extrapulmonary organs [2]. Globally, 

there were 9.9 million TB cases by 2020 [3]. While some people in Indonesia require insurance 

to cover the expense of the treatment, treatment for tuberculosis patients has a relatively high 

cost. The amount of medical expense coverage is based on the customer's premium payment. 

The morbidity rate of customers who have developed the disease is one of the factors taken into 

account when determining premiums for customers who suffer from the condition [4]. 

The estimate of the likelihood that a disease would spread throughout a community is 

known as the morbidity rate. Illness, sickness, injury, or disability are all examples of morbidity. 

The morbidity rate, which is determined by the number of complaints about certain diseases, 

reflects the general state of public health and can tell us how widespread a disease is in a given 

community [5]. Insurance firms can create a health insurance policy specific to TB disease and 

http://www.jram.com/
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set the amount of premium based on the perceived risk by knowing the TB morbidity rate in 

the future.  

By making predictions or performing forecasting, which is the process of determining 

what will happen in the future using historical morbidity rate data, it is possible to determine 

the morbidity rate in the future. Several researchers have conducted research on forecasting 

morbidity rates, as in [6], [7], [8], [9], [10], [11], and [12]. Some of them used machine learning 

and the other used statistical approaches. 

This study presents the analysis of the WMC model in predicting the TB morbidity rate 

in Indonesia. Many researchers have used the WMC method to predict a quantity, including 

Yang et al. for the probability interval of wind power in China [13], Gui and Choi for 

precipitation in Yangzhou [14], Yan et al. for mobile phone user mobility in China [15], and 

Siregar et al. for the consumer price index in Medan [16]. All previous studies show a 

satisfactory result. However, in this study, the Simple Exponential Smoothing (SES) method is 

considered to compare the actual results with the predicted outcomes of the morbidity rate in 

order to assess how well the WMC model predicted the morbidity rate. 

 

2 Literature Review   

 

2.1 Weighted Markov Chain 

The extended Markov Chain model, known as the Weighted Markov Chain (WMC), is 

used to analyze the state of the dynamic process and its transition rule. The weight of each state 

is the primary distinction between the WMC model and the Markov Chain model. It is not 

necessary for the state weight in the WMC to be 1 or 0, but it can be estimated to be one of 

these values using the Pearson correlation coefficient as provided in this paper. 

The steps of using WMC to predict time series data are given below [17]. 

1. Calculate the mean (�̅�)  and the standard deviation (𝑠)  of the set of observations, 

respectively, which are given by Equation (1) and Equation (2). 

�̅� =
1

𝑛
∑ 𝑦𝑡
𝑛
𝑡=1                                                                          (1) 

𝑠 = √
∑ (𝑦𝑡−�̅�)2
𝑛
𝑡=1

𝑛−1
                                                                       (2) 

where 𝑦𝑡 denotes the observation time 𝑡 and 𝑛 denotes the number of observations.  

2. Classify the observations into 𝑚 states using the mean and the standard deviation of the 

observations. 

3. Construct the frequency matrix, 𝐹 = (𝑓𝑖𝑗), as the following:  

𝐹 = (
𝑓11 ⋯ 𝑓1𝑚
⋮ ⋱ ⋮
𝑓𝑚1 ⋯ 𝑓𝑚𝑚

) 

where 𝑓𝑖𝑗 denotes the number of the stochastic process {𝑋𝑖} transitioning one-step from 

state 𝑖 to state 𝑗.  
4. Construct the one-step transition probabilities matrix, 𝑃 = (𝑝𝑖𝑗), and the marginal matrix 

𝑄 = (𝑞𝑖), whose entries are given as follows 

𝑝𝑖𝑗 =
𝑓𝑖𝑗

∑ 𝑓𝑖𝑗
𝑚
𝑗=1

                                                                          (3) 

𝑞𝑖 =
∑ 𝑓𝑖𝑗
𝑚
𝑗=1

∑ ∑ 𝑓𝑖𝑗
𝑚
𝑗=1

𝑚
𝑖=1

                                                                      (4) 

with 𝑝𝑖𝑗 denotes the probability that a process in state 𝑖 will be in state 𝑗 after one-step 

transition, 𝑞𝑖 denotes the probability that a process makes a transition from state 𝑖. 
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5. Conduct the Chi-Square test to check the Markov property of the given stochastic process. 

The statistical hypothesis in this test is as follows: 

𝐻0: the stochastic process has no Markov property 

𝐻1: the stochastic process has a Markov property 

The test statistic is 

𝜒2 = 2∑ ∑ 𝑓𝑖𝑗 |ln
𝑝𝑖𝑗

𝑞𝑖
|𝑚

𝑗=1
𝑚
𝑖=1                                                           (5) 

The critical region is: 

Reject 𝐻0 if 𝜒2 > 𝜒𝛼;(𝑚−1)2
2  

with 𝛼 denotes the significance level and (𝑚 − 1)2 denotes the degree of freedom with 

𝑚 denotes the number of states. 

6. Predict the next observation using WMC that depends on the weight of Markov Chain 𝑤𝑘 

which is given by Equation (6): 

𝑤𝑘 =
|𝑟𝑘|

∑ |𝑟𝑘|
𝐿
𝑘=1

                                                                        (6) 

 

with 

𝑟𝑘 =
∑ (𝑦𝑡−�̅�)(𝑦𝑡+𝑘−�̅�)
𝑛−𝑘
𝑡=1

∑ (𝑦𝑡−�̅�)2
𝑛
𝑡=1

                                                              (7) 

 

is the Pearson correlation, with 𝑘 ∈ {1,2, … , 𝐿}. 𝐿 denotes the maximum step used for 

prediction, which means a process will be in a state in the future time depending on the 

states at 𝐿 previous times. 𝑦𝑡 denotes the observation at time 𝑡, �̅� denotes the average of 

the observed values of 𝑦𝑡 , and 𝑛  denotes the number of observations. Therefore, the 

WMC formula is given as follows  

�̂�𝑖𝑗 = ∑ 𝑤𝑘𝑝𝑖𝑗
(𝑘)𝐿

𝑘=1                                                               (8) 

for every 𝑗 ∈ {1,2, … ,𝑚}. 𝑝𝑖𝑗
(𝑘)

 can be obtained from 𝑘-step transition probabilities matrix 

𝑃𝑘 where 𝑝𝑖𝑗
(𝑘)

 denotes the probability that a process in state 𝑖 will be in state 𝑗 after 𝑘-

step transition. �̂�𝑖𝑗 denotes the probability that the observation 𝑥𝑡 will be in state 𝑗 in the 

future time. The prediction result of WMC is in the form of state, denoted by 𝑗  and 

obtained as the following: 

argmax �̂�𝑖𝑗
𝑗∈{1,2,…,𝑚}

 

 

2.2 Simple Exponential Smoothing 

Brown first proposed the Simple Exponential Smoothing (SES) approach for forecasting 

in 1956. The forecast equation for the SES method is as follows [18]: 

𝐹𝑡 = 𝐹𝑡−1 + 𝛼(𝐴𝑡−1 − 𝐹𝑡−1)                                               (9) 

with 𝛼  represents the smoothing parameter, 𝛼 ∈ [0,1]. 𝐴𝑡  and 𝐹𝑡  denote the actual and the 

fitted value of observation at time 𝑡, consecutively. However, this method can only predict a 

quantity for one period ahead. 

 

3 Results and Discussion 

 

The Table 1 below consists of Tuberculosis Morbidity Rate in Indonesia from 2000 to 

2020 [19]. It shows that the values are declining over time. 
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Table 1: Tuberculosis morbidity rate (%) in Indonesia 

Year Morbidity Rate 

2000 0.370 

2001 0.369 

2002 0.367 

2003 0.366 

2004 0.363 

2005 0.360 

2006 0.357 

2007 0.353 

2008 0.349 

2009 0.345 

2010 0.342 

2011 0.338 

2012 0.335 

2013 0.332 

2014 0.329 

2015 0.325 

2016 0.322 

2017 0.319 

2018 0.316 

2019 0.312 

2020 0.301 

 

The simulation results of WMC model in forecasting the TB morbidity rate in Indonesia 

are analyzed. The morbidity rates from 2000 to 2019 are used as training data, and the morbidity 

rate in 2020 is used as testing data. Additionally, the WMC model's prediction result is 

contrasted with the SES method's prediction result. The outcome of each calculation step in the 

WMC algorithm is as follows: 

(1) Mean (�̅�)  and the standard deviation (𝑠)  of the observations from 2000 to 2019, 

according to Equation (1) and Equation (2), consecutively are �̅� = 0.343  and 𝑠 =
0.019152. 

(2) Divide the morbidity rates into 𝑚 states (classes) based on �̅� = 0.343 and 𝑠 = 0.019152. 

This study considered the case of 𝑚 = 4  and 𝑚 = 6 . Both classes, respectively, are 

presented in Table 2 and Table 3. 

 Table 2: Morbidity rate classification for 𝑚 = 4  

State Standard for Grading Interval 

1 𝑦 < �̅� − 𝑠 𝑦 < 0.3243 

2 �̅� − 𝑠 ≤ 𝑦 < �̅� 0.3243 ≤ 𝑦 < 0.3435 

3 �̅� ≤ 𝑦 < �̅� + 𝑠 0.3435 ≤ 𝑦 < 0.3626 

4 𝑦 ≥ �̅� + 𝑠 𝑦 ≥ 0.3626 

 Table 3: Morbidity rate classification for 𝑚 = 6  

State Standard for Grading Interval 

1 𝑦 < �̅� − 𝑠 𝑦 < 0.3243 

2 �̅� − 𝑠 ≤ 𝑦 < �̅� − 0.5𝑠 0.3243 ≤ 𝑦 < 0.3339 

3 �̅� − 0.5𝑠 ≤ 𝑦 < �̅� 0.3339 ≤ 𝑦 < 0.3435 

4 �̅� ≤ 𝑦 < �̅� + 0.5𝑠 0.3435 ≤ 𝑦 < 0.3530 

5 �̅� + 0.5𝑠 ≤ 𝑦 < �̅� + 𝑠 0.3530 ≤ 𝑦 < 0.3626 

6 𝑦 ≥ �̅� + 𝑠 𝑦 ≥ 0.3626 
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The Tuberculosis morbidity rate in Indonesia is shown in Tables 4 and 5, which are 

divided into four states and six states, respectively. 

 

Table 4: Tuberculosis morbidity rate and state transitions for 𝑚 = 4  

Year Morbidity Rate State State Transition 

2000 0.370 4  

2001 0.369 4 44 

2002 0.367 4 44 

2003 0.366 4 44 

2004 0.363 4 44 

2005 0.360 3 43 

2006 0.357 3 33 

2007 0.353 3 33 

2008 0.349 3 33 

2009 0.345 3 33 

2010 0.342 2 32 

2011 0.338 2 22 

2012 0.335 2 22 

2013 0.332 2 22 

2014 0.329 2 22 

2015 0.325 2 22 

2016 0.322 1 21 

2017 0.319 1 11 

2018 0.316 1 11 

2019 0.312 1 11 

 

Table 5: Tuberculosis morbidity rate and state transitions for 𝑚 = 6  

Year Morbidity Rate State State Transition 

2000 0.370 6  

2001 0.369 6 66 

2002 0.367 6 66 

2003 0.366 6 66 

2004 0.363 6 66 

2005 0.360 5 65 

2006 0.357 5 55 

2007 0.353 5 55 

2008 0.349 4 54 

2009 0.345 4 44 

2010 0.342 3 43 

2011 0.338 3 33 

2012 0.335 3 33 

2013 0.332 2 32 

2014 0.329 2 22 

2015 0.325 2 22 

2016 0.322 1 21 

2017 0.319 1 11 

2018 0.316 1 11 

2019 0.312 1 11 
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(3) Hence by Table 4 and Table 5, the frequency matrix for 𝑚 = 4 and 𝑚 = 6 is given by 

Equation (10) and Equation (11), consecutively. 

 

𝐹 = (

3 0 0 0
1 5 0 0
0
0

1
0

4
1

0
4

)                                               (10) 

𝐹 =

(

 
 

3
1
0
0
0
0

  

0
2
1
0
0
0

  

0
0
2
1
0
0

  

0
0
0
1
1
0

  

0
0
0
0
2
1

  

0
0
0
0
0
4)

 
 

                                              (11) 

  

(4) According to Equation (3) and Equation (4), and Equation (10), the one-step transition 

probability matrix 𝑃 and the marginal matrix 𝑄 for 𝑚 = 4, respectively, are as follows:  

 

𝑃 = (

1 0 0 0
0.16667 0.83333 0 0
0
0

0.2
0

0.8
0.2

0   
0.8

),  𝑄 = (

0.16
0.315789474
0.263157895
0.263157895

) 

 

According to Equation (3) and Equation (4), and Equation (11), the one-step transition 

probability matrix 𝑃 and the marginal matrix 𝑄 for 𝑚 = 6, respectively, are as follows: 
 

𝑃 =

(

 
 

1
0.33333
0
0
0
0

  

0
0.66667
0.33333
0
0
0

  

0
0

0.66667
0.5
0
0

  

0
0
0
0.5

0.33333
0

  

0
0
0
0

0.66667
0.2

  

0
0
0
0
0
0.8)

 
 

,  𝑄 =

(

  
 

0.16
0.157894737
0.157894737
0.105263158
0.157894737

0.3 )

  
 

 

 

(5) The Markov property is then conducting for 𝑚 = 4 and 𝑚 = 6, with the statistic value of 

𝜒2 is calculated by using Equation (5). This study considered the significance level of 

𝛼 = 0.05. The results of the Chi-Square test for both cases are presented by Table 6. 
 

Table 6: The Chi-Square test for 𝑚 = 4 and 𝑚 = 6  

𝒎 𝝌𝟐 𝝌
𝟎.𝟎𝟓;(𝒎−𝟏)𝟐
𝟐  Result 

4 40.94416722 3.325 Reject 𝐻0 

6 48.51889783 37.652 Reject 𝐻0 

 

Therefore by Table 6, the stochastic process of Tuberculosis morbidity rate in Indonesia 

for 𝑚 = 4 and 𝑚 = 6 follow Markov property.   

(6) The next step is calculating Pearson autocorrelation coefficient 𝑟𝑘  using Equation (7), 

followed by calculating the weight of Markov Chain 𝑤𝑘 using Equation (6). This study 

involved one to five maximum steps (𝐿 = 1,2,3,4,5) in predicting future morbidity rate. 

The resulting 𝑟𝑘 and 𝑤𝑘 are presented in Table 7 and Table 8, respectively.  

 

Table 7: Autocorrelation Coefficient of each 𝑘 

𝒌 1 2 3 4 5 

𝑟𝑘 0.864685 0.725833 0.583602 0.435330 0.289927 
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Table 8: The weight of the Markov Chain of each 𝑘 for every 𝐿 = 1,2,3,4,5  

𝒌 
𝒘𝒌 

𝑳 = 𝟏 𝑳 = 𝟐 𝑳 = 𝟑 𝑳 = 𝟒 𝑳 = 𝟓 

1 1 0.54365 0.39772 0.33137 0.29823 

2  0.45635 0.33385 0.27816 0.25034 

3   0.26843 0.22365 0.20129 

4    0.16683 0.15015 

5     0.09999 

 

A prediction of the TB morbidity rate in year 2020 is found first using Equation (8) in 

order to warrant the accuracy of the WMC, before projecting the TB morbidity rate in 

year 2021. Equation (8) is constructed based on the number of states 𝑚  and the 

maximum step 𝐿.  

1. Case of 𝒎 = 𝟒 

• 𝐿 = 1 

Estimating the morbidity rate for 2020 involves the state in the previous year and 

the one-step transition probability matrix 𝑃. The result is presented in Table 9. 

 Table 9: The predicted TB morbidity rate in 2020 with 𝑚 = 4 and 𝐿 = 1 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2019 1 1 1 1 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 

 

From Table 9, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1. 

 

• 𝐿 = 2 

Estimating the morbidity rate for 2020 involves the state in the past two years, and 

the two-step transition probability matrix 𝑃2 = 𝑃𝑃. The result is presented in Table 

10. 

 Table 10: The predicted TB morbidity rate in 2020 with 𝑚 = 4 and 𝐿 = 2 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2019 1 1 0.54365 0.54365 0 0 0 

2018 1 2 0.45635 0.45635 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 

 

From Table 10, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1.  

• 𝐿 = 3 
Estimating the morbidity rate for 2020 involves the state in the past three years, and 

the three-step transition probability matrix 𝑃3 = 𝑃𝑃𝑃. The result is presented in 

Table 11. 
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 Table 11: The predicted TB morbidity rate in 2020 with 𝑚 = 4 and 𝐿 = 3 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2019 1 1 0.39772 0.39772 0 0 0 

2018 1 2 0.33385 0.33385 0 0 0 

2017 1 3 0.26843 0.26843 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 

 

From Table 11, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1.  

• 𝐿 = 4 

Estimating the morbidity rate for 2020 involves the state in the past four years, and 

the four-step transition probability matrix 𝑃4 = 𝑃𝑃𝑃𝑃. The result is presented in 

Table 12. 

  Table 12: The predicted TB morbidity rate in 2020 with 𝑚 = 4 and 𝐿 = 4 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2019 1 1 0.331367 0.331367 0 0 0 

2018 1 2 0.278156 0.278156 0 0 0 

2017 1 3 0.223649 0.223649 0 0 0 

2016 1 4 0.166828 0.166828 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 

 

From Table 12, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1. 

• 𝐿 = 5 

Estimating the morbidity rate for 2020 involves the state in the past five years, and 

the five-step transition probability matrix 𝑃5 = 𝑃𝑃𝑃𝑃𝑃. The result is presented in 

Table 13.  

 Table 13: The predicted TB morbidity rate in 2020 with 𝑚 = 4 and 𝐿 = 5 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2019 1 1 0.298231 0.298231 0 0 0 

2018 1 2 0.250341 0.250341 0 0 0 

2017 1 3 0.201285 0.201285 0 0 0 

2016 1 4 0.150146 0.150146 0 0 0 

2015 2 5 0.099996 0.059810 0.040186 0 0 

   �̂�𝑖𝑗 0.959814 0.040186 0 0 

 

From Table 13, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 0.959814.  

In the case of 𝑚 = 4  it can be concluded that for every 𝐿 ∈ {1,2,3,4,5} , the TB 

morbidity rate in 2020 will be on state 1 (𝑦 < 0.3243). This predicted state is in 

accordance with the actual TB morbidity rate in 2020, which is 0.301 which belongs to 

the interval of state 1. 
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2. Case of 𝒎 = 𝟔 

• 𝐿 = 1 

Estimating the morbidity rate for 2020 involves the state in the previous year and 

the one-step transition probability matrix 𝑃 = (𝑝𝑖𝑗). The result is presented in Table 

14. 

Table 14: The predicted TB morbidity rate in 2020 with 𝑚 = 6 and 𝐿 = 1 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 𝒋 = 𝟓 𝒋 = 𝟔 

2019 1 1 1 1 0 0 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 0 0 
 

From Table 14, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1.  

• 𝐿 = 2 

Estimating the morbidity rate for 2020 involves the state in the past two years, and 

the two-step transition probability matrix 𝑃2 = 𝑃𝑃. The result is presented in Table 

15. 

Table 15: The predicted TB morbidity rate in 2020 with 𝑚 = 6 and 𝐿 = 2 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 𝒋 = 𝟓 𝒋 = 𝟔 

2019 1 1 0.54365 0.54365 0 0 0 0 0 

2018 1 2 0.45635 0.45635 0 0 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 0 0 

 

From Table 15, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1. 

• 𝐿 = 3 

Estimating the morbidity rate for 2020 involves the state in the past three years, and 

the three-step transition probability matrix 𝑃3 = 𝑃𝑃𝑃. The result is presented in 

Table 16.  

Table 16: The predicted TB morbidity rate in 2020 with 𝑚 = 6 and 𝐿 = 3 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 𝒋 = 𝟓 𝒋 = 𝟔 

2019 1 1 0.39772 0.39772 0 0 0 0 0 

2018 1 2 0.33385 0.33385 0 0 0 0 0 

2017 1 3 0.26843 0.26843 0 0 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 0 0 
 

From Table 16, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1. 
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• 𝐿 = 4 

In this case, estimating the morbidity rate for 2020 involves the state in the past four 

years, and the four-step transition probability matrix 𝑃4 = 𝑃𝑃𝑃𝑃 . The result is 

presented in Table 17.  
 

Table 17: The predicted TB morbidity rate in 2020 with 𝑚 = 6 and 𝐿 = 4 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 𝒋 = 𝟓 𝒋 = 𝟔 

2019 1 1 0.331367 0.331367 0 0 0 0 0 

2018 1 2 0.278156 0.278156 0 0 0 0 0 

2017 1 3 0.223649 0.223649 0 0 0 0 0 

2016 1 4 0.166828 0.166828 0 0 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 0 0 
 

From Table 17, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 1. 

• 𝐿 = 5 

In this case, estimating the morbidity rate for 2020 involves the state in the past five 

years, and the five-step transition probability matrix 𝑃5 = 𝑃𝑃𝑃𝑃𝑃. The result is 

presented in Table 18. 

Table 18: The predicted TB morbidity rate in 2020 with 𝑚 = 6 and 𝐿 = 5 

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 𝒋 = 𝟓 𝒋 = 𝟔 

2019 1 1 0.298231 0.298231 0 0 0 0 0 

2018 1 2 0.250341 0.250341 0 0 0 0 0 

2017 1 3 0.201285 0.201285 0 0 0 0 0 

2016 1 4 0.150146 0.150146 0 0 0 0 0 

2015 2 5 0.099996 0.086828 0.013168 0 0 0 0 

   �̂�𝑖𝑗 0.986832 0.013168 0 0 0 0 
 

From Table 18, the TB morbidity rate in 2020 belongs to state 1 (𝑦 < 0.3243) with 

the probability of 0.986832.  

In the case of 𝑚 = 6  it can be concluded that for every 𝐿 ∈ {1,2,3,4,5} , the TB 

morbidity rate in 2020 will be on state 1 (𝑦 < 0.3243). This predicted state is in 

accordance with the actual TB morbidity rate in 2020, which is 0.301 which belongs to 

the interval of state 1.   
 

According to the simulation results that came before, the predicted outcomes for the TB 

morbidity rate in 2020 are unaffected by the difference in the number of states 𝑚 and the value 

of 𝐿. Afterwards, the case of 𝑚 = 4 and 𝐿 = 5 is considered to run WMC model in predicting 

TB morbidity rate for year of 2021. The predicting result is presented in Table 19. 

Table 19: The predicted TB morbidity rate in 2020 with 𝑚 = 4 and 𝐿 = 5  

Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2020 1 1 0.298231 0.298231 0 0 0 

2019 1 2 0.250341 0.250341 0 0 0 

2018 1 3 0.201285 0.201285 0 0 0 
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Year 𝒊 𝒌 𝒘𝒌 
𝒘𝒌𝒑𝒊𝒋 

𝒋 = 𝟏 𝒋 = 𝟐 𝒋 = 𝟑 𝒋 = 𝟒 

2017 1 4 0.150146 0.150146 0 0 0 

2016 1 5 0.099996 0.099996 0 0 0 

   �̂�𝑖𝑗 1 0 0 0 

Table 19 indicates that 

argmax{1,0,0,0}
𝑗∈{1,2,3,4}

= 1 

It means the TB morbidity rate in 2021 belongs to state 1 (𝑦 < 0.3243). The prediction 

of TB morbidity rate in 2021 by the WMC model is then compared with the result obtained 

from the SES method. This step aims to check the accuracy of state prediction generated by the 

WMC model. 

The 𝛼 of 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 

0.8, 0.85, 0.9, 0.95 and 1 are considered and in this study the parameter 𝛼 will not be estimated 

since it almost gives the same result with the 𝛼 of 0.9, 0.95 and 1. The best value of 𝛼 is based 

on the smallest absolute error in 2020 and the results show that the 𝛼 of 0.9, 0.95 and 1 are the 

best values that can be used in the forecasting equation of the SES method, with the absolute 

error of 0.011 and the predicted TB morbidity rate in 2021 is 0.301. It is obvious that the 

morbidity rate of 0.301 belongs to the interval of state 1 (𝑦 < 0.3243) in the WMC model. 

Therefore, the results of the predicted state generated by the WMC model can be considered as 

one of indicators in making policy that related to TB disease prevention. Moreover, the 

insurance company that covers TB disease can justify the insurance premium in the future given 

the predicted morbidity rate in 2021.   

 

   

4 Conclusion 

By the WMC model, the morbidity rate in 2021 is predicted to be less than 0.3243. Both 

the number of states and the maximum step of prediction have no impact on the predicting 

results. In this case study, the WMC model are quite credible for prediction since it is in 

congruence with the predicting result of the SES method which is commonly used to predict 

the data with trend.  
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