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Abstract  

Indonesia is the country with the largest Muslim population in the world, which makes people start to switch to sharia banking 

services because they do not use the usury system. This can be seen from the role of the community in using sharia banking 

services, including in distributing funds. From financing activities, the more funds distributed, the greater the potential for risk to 

arise. If there are customers who do not comply with installment payments, this will create a problem in financing in sharia 

banking, which is called problematic financing. The classification and criteria for problematic financing are divided into three, 

namely substandard, doubtful and nonperforming. To overcome this risk, preventive measures are taken, one of which is by 

knowing the possibility of financing problems in the future, which can be calculated using Markov chain analysis. This research 

uses secondary data on substandard, doubtful and non-performing problematic financing in the period 2016 to 2021 at several 

sharia banks in Indonesia. The opportunity value is searched until it meets the balance condition (steady state). Based on the 

research results, it was found that Sharia Commercial Banks (BUS) will experience a state of balance at step 5, Sharia Business 

Units (UUS) will experience a state of balance at step 11, Sharia Rural Banks (BPRS) will experience a state of balance at step 6. 

 

Keywords: Markov chains, problem financing, steady state opportunities, sharia banking. 

 

1. Introduction 

Based on a report by The Royal Islamic Strategic Studies Center (RISSC), Indonesia is a country with the largest 
Muslim population in the world, which means that the development of Islamic banks in Indonesia has great 
opportunities (Ayu Rizati, 2022). This development can be seen through the spread of Islamic banking which is 
increasingly rampant throughout Indonesia. One type of financial institution that offers various services related to 
financial transactions is sharia banking, which operates with an operational system that is very different from 
conventional banks and is based on sharia law. If viewed from various angles, currently there are various types of 
Islamic banks. However, Islamic banks can be divided into three categories from a functional point of view, namely 
Sharia Commercial Banks (BUS), Sharia Business Units (UUS), and Sharia People's Financing Banks (BPRS) (Lubis 
and Soemitra 2022). 

The development of sharia banking in Indonesia has great opportunities with the increasing spread of sharia 
banking in various regions of Indonesia which makes the Indonesian Muslim population gradually realize that sharia 
banking is considered important because it does not use the riba (interest) system (Rahmawati et al., 2022). This is 
adapted to the explanation in the word of Allah SWT in Q.S Al-Baqarah verse 275 that Allah SWT permits the 
process of buying and selling and prohibits usury (Abdillah, 2023). 

From financing activities in sharia banking, it is known that with the large number of funds that have been 
disbursed, there will be greater potential risks. In financing activities, sometimes there are customers who do not 
comply with installment payments, this has the potential to be detrimental to the bank. The existence of customers 
who do not comply with installment payments will become a problem in financing in sharia banking (Supriyatni and 
Nurjamil 2021; Nugraha and Setiawan 2018). This is called problematic financing. According to Kasmir, the 
classification and criteria for problematic financing can be divided into three, namely substandard, doubtful and 
nonperforming. 

To overcome this risk, preventive measures are taken, one of which is by knowing the possibility of financing 
problems in the future, which can be done by carrying out calculations using Markov chain analysis. Markov chains 
are a method that can study the properties of a variable that occurs in the present in an attempt to estimate the 
properties of other variables in the future (Zahra et al., 2018; Wahyudi and Sakti 2018). In general, Markov chains can 
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be classified into two, namely discrete time Markov chains and continuous time Markov chains. A Markov chain is 
said to be discrete if state transfer occurs at fixed discrete time intervals (Hermanns and Hermanns 2002). Future 
information cannot be known with certainty, but can be estimated or predicted. There are various methods that can be 
utilized or used to identify problematic financing in the future, one of which is the Markov chain method. 

In this research, a method will be carried out using Markov chains, but there is a development in this research, 
namely data on problematic financing in Islamic banks which is categorized into three states, Markovian properties 
are tested and the opportunity for problematic financing in the long term is calculated using steady state. Therefore, 
this research aims to predict financing problems that could occur in Islamic banks in Indonesia in the future using 
Markov chain analysis which can be useful for banks so that banks can anticipate problems in the future. 

2. Methodology 

In this research, a study was conducted on discrete time Markov chains using steady state as a condition for 
obtaining long-term opportunities regarding problem financing in several banks in Indonesia using Markov chains. 

2.1. Discrete Time Markov Chains 

A stochastic process *            +is called a discrete time Markov chain process if 

 *      |                               +   *      |    + 
 

(1) 

For every time          and every state                   
Matrix opportunity transition the arranged to in form matrix transition circumstances  (in size    ) namely: 
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(2) 

System in state i is time n, so system will carry out the process to something state j at time    .      is the 

transition probability matrix of a process. The value    must satisfy the conditions:                    and 

∑                    
 
   . 

2.2. Opportunity n-Step Transition 

From theory matrix recognized that relation equality Chapman-Kolmogorov is a formula for multiplication matrix , 

so    
( )

indicates that the transition probability matrix is n - step is : 

 ( )     (   ) 
 

(3) 

2.3. Classification State 

Transition probabilities associated with states play an important role in the study of Markov chains (Susanty et al., 
2022). Following a number of characteristic state: 

a) Accessible 

A stochastic process * ( )        +, the situation   is said to be accessible (able achieved) from 

circumstances i notated with    , if there is    such that    
   , and the state  can be achieved by itself, 

is denoted by    so   
     

b) Recurrent and Transient 

(i) Circumstances  is said to be recurring if and only If ∑    
    

    

(ii) Circumstances  is said to be transient if and only If ∑    
    

    

c) Absorbing stat 

A state is said to be absorbing if      . According to Hillier and Lieberman, a state is said to be absorbing if 

after entering the state i, the process will never leave the state i this again. This means that there is no state 

that can be reached from that state. 
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d) Periodicity 

Circumstances   It is said to be periodic if  ( ) it is the greatest common factor (FBP) or greatest common 

divisor (gcd) from         

 ( )     *   |   
   + 

 

(4) 

If  ( )   , then the state  is called aperiodic, and if  ( )   , then the state  is called periodic. 

2.4. Opportunity Steady State 

Opportunity steady state (state fixed)   ,          -can be obtained by solving the stationary matrix equation. 

Steady state probability can interpreted that opportunities in every state No will changed along with walking time. 

Opportunity value will stable in period long written          
    Where            who does not depends on 

initial state, where {   } is distribution stationary from chain Markov solution unique And positive than    

∑               
 
   with ∑      

 
   steady state probability can calculated with finish equality following: 

,        -  ,        - (

         
         
         

) 

 

 

(5) 

2.5. Wide Sense Test 

The WS (Wide Sense) test was used for test does the data meet? Markov properties or no. WS Test will inspect 

freedom of two variables, in study This means variable financing problematic year    which is defined by state j to 

variable financing problematic year   which is defined state i. 

Statistics: 

   
     

√ (     )
  (   ) 

 

(6) 

3. Results and Discussion 

The criteria for problematic financing at several sharia banks in Indonesia are differentiated based on 3 criteria, 
namely substandard financing, doubtful financing and bad financing. Criteria financing problematic can seen in Table 
1, Table 2 and Table 3 below: 

Table 1: Displacement Patterns Criteria Financing Problems at Sharia Commercial Banks (BUS) 

F
ro

m
 C

ri
te

ri
o
n
 Criteria 

Financing 
Problematic 

Go to Criteria 
Amount 

Not that 
smooth Doubtful Congested 

Not that 
smooth 

64,241 55,691 51,956 171,888 

Doubtful 30,005 26,816 26,973 8,3794 

Congested 113,790 105,378 111,324 33,0492 

Table 2: Displacement Patterns Criteria Financing Problems in the Sharia Business Unit (UUS) 

F
ro

m
 C

ri
te

ri
o

n
 Criteria 

Financing 
Problematic 

Go to Criteria 

Amount Not 
that 

smooth 
Doubtful Congested 

Not that 
smooth 

12,377 12,130 22,364 46,871 

Doubtful 5,652 14,284 10,379 30,315 

Congested 36,857 43,662 71,820 152,339 
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Table 3: Pattern of Transfer of Problem Financing Criteria at Sharia Rural Financing Banks (BPRS) 

F
ro

m
 C

ri
te

ri
o

n
 Problem 

Financing 
Criteria 

Go to Criteria 

Amount 
Not that 
smooth 

Doubtful Congested 

Not that 
smooth 4694036 5374655 4745478 14,814,169 

Doubtful 2904361 3473263 3386183 9,763,807 

Congested 8832812 12485001 13446940 34,764,753 

 

After done categorization and grouping of data, next done calculation matrix opportunity transition. For example   

is a transition probability matrix with 3 quality states financing problems in several sharia banks which stated 

opportunity displacement quality financing problems in several sharia banks in Indonesia, then based on Table 1, 

Table 2 and Table 3 you can written down For matrix opportunity transition as following: 

1) Matrix opportunity   at Sharia Commercial Banks (BUS), namely 
                                     

  
 
 
 

[
                        
                        
                        

]
 

2) Matrix opportunity   in the Sharia Business Unit (UUS), namely 
                                    

  
 
 
 

[
                        
                        
                        

]
 

3) Matrix opportunity   at the Sharia People's Financing Bank (BPRS), namely 
                                    

  
 
 
 

[
                        
                        
                        

]
 

Information: 

0 : Smooth financial payment 

1 : Financing Doubtful 

2 : Bad Financing 

3.1. Wide Sense Test 

After determine matrix opportunity transition, step furthermore is testing Markov properties. Testing This using the 

wide sense test where testing done with objective does the data have Markov properties or No. For do testing This use 

equation (5), so obtained estimation mark wide sense in the table following: 

Table 4: Estimated WS Value 
Bank Type Wide sense value 

Sharia Commercial Bank 
(BUS) 18.86 

Sharia Business Unit (UUS) -509.09 

Financing Bank (BPRS) 18178.56 

 

Because the WS test results in table 4 show that the value |  |           , then it can be concluded that the 

data fulfills Markov properties. This can be interpreted as that the data on problematic financing that occur 

consecutively are not independent of each other, meaning that problematic financing on a day     depends on the 

occurrence of problematic financing on that day  , with a probability of error of 5%. 

3.2. Opportunity n-Step Transition 

With use Chapman-Kolmogorov equation viz  ( )    where   is obtained by raising the n matrix to the power 

opportunity transition One step P. On research This opportunity transition done as many as 3 steps. 
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3.3. Classification State 

3.3.1. Recurrent or Transient States 

Classification transient state or recurring at Sharia Commercial Banks (BUS) see in Table 5. 

Table 5: Classification transient state or recurring at Sharia Commercial Banks (BUS) 
State Sharia Commercial Bank (BUS) 

0 (Not fluent) 
∑    

     
     

     
                                  

 

   
 

1 (Doubtful) 
∑    

     
     

     
                                  

 

   
 

2 (Traffic) 
∑    

     
     

     
                                  

 

   
 

 

Based on the table above, it can be said that problem financing in Sharia Commercial Banks (BUS) states 0, 1, and 

2 are recurrent states because after entering state i, the process will definitely return to state i again and ∑    
    

   . 

Table 6: Classification transient state or recurring in the Sharia Business Unit (UUS) 
State Sharia Business Unit (UUS) 

0 (Not fluent) 
∑    

     
     

     
                                  

 

   
 

1 (Doubtful) 
∑    

     
     

     
                                  

 

   
 

2 (Traffic) 
∑    

     
     

     
                                  

 

   
 

 

Based on the table above, it can be said that there is a problem with financing in the state Sharia Business Unit 

(UUS). 0, 1, and 2 are recurrent state Because After entering state i, the process will definitely return to state i again 

and ∑    
    

   . 

Table 7: Classification transient state or recurring at the Sharia People's Financing Bank (BPRS) 
State Financing Bank (BPRS) 

0 (Not fluent) 
∑    

     
     

     
                                  

 

   
 

1 (Doubtful) 
∑    

     
     

     
                                  

 

   
 

2 (Traffic) 
∑    
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Based on the table above, it can be said that problematic financing at Sharia Rural Banks (BPRS) states 0, 1 and 2 

are recurrent states because after entering state i, the process will definitely return to state i again and ∑    
    

   . 

3.3.2. Absorbing State 

Based on the transition opportunity matrix   it can be seen that there is no absorbing state, because       . This 

means that after entering state i, the process will leave the state i. 

Table 8: Classification absorbing state at Sharia Commercial Banks (BUS) 
State Sharia Commercial Bank (BUS) Classification 

0 (Not fluent )              Not absorbing 

1 ( Doubtful )              Not absorbing 

2 (Traffic)              Not absorbing 

 

Because        then at the Sharia Commercial Bank (BUS) state 0 " not enough fluent ", state 1 " doubtful ", state 

2 " stalled " is said No absorbing. This means that after entering state 0 " not enough fluent ", state 1 is " doubtful ", 

state 2 is " stalled " then the process will leave the state 0 " not enough fluent ", state 1 is “ doubtful ”, state 2 is “ 

stuck”. 

Table 9: Classification absorbing state in the Sharia Business Unit (UUS) 
State Sharia Business Unit (UUS) Classification 

0 (Not fluent)              Not absorbing 

1 (Doubtful )              Not absorbing 

2 (Traffic)              Not absorbing 

 

Because       then in the Sharia Business Unit (UUS) state 0 " not enough fluent ", state 1 " doubtful ", state 2 " 

stalled " is said No absorbing . This means that after entering state 0 " not enough fluent ", state 1 is " doubtful ", state 

2 is " stalled " then the process will leave the state 0 " not enough fluent ", state 1 is “ doubtful ”, state 2 is “ stuck ”. 

Table 10: Classifications absorbing state at Sharia People's Financing Bank (BPRS) 
State Financing Bank (BPRS) Classification 

0 (Not fluent)              Not absorbing 

1 (Doubtful)              Not absorbing 

2 (Traffic)              Not absorbing 

Because       then at the Sharia People's Financing Bank (BPRS) state 0 " not enough fluent ", state 1 " 

doubtful", state 2 " stalled " is said No absorbing. This means that after entering state 0 " not enough fluent ", state 1 is 

" doubtful ", state 2 is " stalled " then the process will leave the state 0 " not enough fluent ", state 1 is “ doubtful ”, 

state 2 is “ stuck ”. 

3.3.3. The Nature of Periodicity 

Table. 11 Classification characteristic periodicity in Sharia Commercial Banks (BUS) 
State Sharia Commercial Bank (BUS) Classification 

0 (Not fluent )  ( )     *   |   
   +

    *         +    
  aperiodic 

1 ( Doubtful )  ( )     *   |   
   +

    *         +    
  aperiodic 

2 (Traffic)  ( )     *   |   
   +

    *         +    
  aperiodic 

 

Based on the table above, it can be said that problematic financing at Sharia Commercial Banks (BUS) states 0, 1 

and 2 are aperiodic states because  ( )   ( )   ( )   . 

Table 12: Classification characteristic periodicity in Sharia Business Units (UUS) 
State Sharia Business Unit (UUS) Classification 

0 (Not fluent )  ( )     *   |   
   +

    *       +    
aperiodic 

1 ( Doubtful )  ( )     *   |   
   +

    *       +    
aperiodic 
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2 (Traffic)  ( )     *   |   

   +
    *       +    

aperiodic 

Based on the table above, it can be said that financing problems in the Sharia Business Unit (UUS) states 0, 1, and 2 

are aperiodic states because  ( )   ( )   ( )   . 

Table 13: Classification characteristic periodicity at Sharia People's Financing Banks (BPRS) 
State Financing Bank (BPRS) Classification 

0 (Not fluent )  ( )     *   |   
   +     *       +

   
  aperiodic 

1 ( Doubtful )  ( )     *   |   
   +     *       +

   
  aperiodic 

2 (Traffic)  ( )     *   |   
   +     *       +

   
  aperiodic 

 

Based on the table above, it can be said that problematic financing at Sharia People's Financing Banks (BPRS) 

states 0, 1, and 2 are aperiodic states because  ( )   ( )   ( )   . 

3.4. Opportunity Steady State 

For look for opportunity period long from Markov chain with matrix opportunity transition  . By using the help of 

the R application it is obtained 

Table 14: Long Term Value of each Sharia Bank 
Criteria Sharia Commercial 

Bank (BUS) 
Sharia Business Unit 
(UUS) 

Financing Bank 
(BPRS) 

Not that smooth 35.93% 32.11% 31.93% 

Doubtful 22.79% 34.38% 42.83% 

Congested 28.77% 35.89% 35.34% 

4. Conclusion 

Prediction transfer opportunity value for each problem financing criterion (less smooth , doubtful , and stuck) will 
experiencing a state of balance (steady state). Sharia Commercial Banks (BUS) will experience a state of balance at 
this time step 5th with substandard problem financing at 35.93%, doubtful problem financing at 32.11%, and bad 
problem financing at 31.96%. Financing problems in the Sharia Business Unit (UUS) are experiencing a state of 
balance at the moment step 11th with substandard problem financing of 22.79%, doubtful problem financing of 
34.38%, and bad problem financing of 42.83%. Problem financing at the Sharia Rural Bank (BPRS) experienced a 
balanced situation at step 6 with substandard problem financing at 28.77%, doubtful problem financing at 35.89%, 
and non-performing problem financing at 35.34%. 
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