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Abstract. Markov model, usually used in the prediction of market failures, is useful in random 
changing systems. In recent years, the Markov model attracts interest not only in the data science 
area but also in the economic area. This paper studies specifically the role of the Markov model in 
forecasting supply and demand side effects. Among the issues considered are the Markov chain, 
Hidden Markov model, Markov decision process, Tolerate Markov model, and Markov-chain 
forecasting models. Possible issues and improvements of the Markov model and its applications to 
specific cases in various fields are also briefly discussed. The result of the study shows that the 
Markov model can effectively simulate and forecast the supply and demand side effects. The result 
of this research help builds up the fundamental ideas and structure of the Markov model. Also, the 
result can help policymakers as references and be used to predict future supply and demand side 
effects in various data and economic fields, which could be beneficial by avoiding possible incoming 
economic failures. 
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1. Introduction  

Markov model, issued by Russian mathematician Andrey Markov, is a process that states that the 

probability of each event is dependent solely on the current status of events and is irrelevant to past 

events. In other words, this can be understood as what is going to happen in a sequence depending 

only on the current status. Therefore, a Markov chain actually represents an infinite sequence of 

events that happens to give a discrete time sequence. There are two different types of Markov chain: 

discrete-time Markov chain and continuous-time Markov chain. The difference between these two 

types of Markov chains relies on the difference in measurability. A discrete-time Markov chain, just 

like the name, has a measurable state space. However, the continuous-time Markov chain contains 

any process which has Markov property [1]. A classic example of a Markov chain is “Drunkard’s 

walk”, which states that the probability of a transition walk along the number line is independent of 

each other and depends solely on its current position instead of any other patterns it took before. 

Moreover, in addition, there is a Hidden Markov model, which is a Markov model but the Markov 

process, say A, is hidden and unobservable. Also, in the Hidden Markov model, it is required to have 

an observable process, say B, in which the consequences of B are influenced by the consequences of 

A. The model enables us to observe process A, which used to be unobservable, by looking through 

B. An example of a Hidden Markov model is a “weather guessing game”. Let’s say there are two 

persons, X and Y. Person Y talks about what he did to person X every day. Person Y will do different 

things according to different weather conditions: he will clean the house if it’s rainy outside, go to 

the park if it’s sunny, and clean the snow if it’s snowing. Person X has no idea what the weather is 

like outside (he cannot observe the outcome of the event directly), but he can communicate with 

person Y and realize the weather according to what person Y is doing since there is a certain chance 

that he will perform one of the three activities [2]. This entire system is an example of a Hidden 

Markov model. 

There are many real-life problems and datasets, which can be solved or improved by the Hidden 

Markov model. For example, in the railway safety area, using casualty data related to railway 

accidents from 2010-2020 in China to predict the casualty number from the year 2021 to 2023, the 

Hidden Markov model is proved to have the advantages of improving the accuracy of the prediction 

model by 22% in 2019 and 50% in 2020 [3]. Moreover, the Hidden Markov model is proven to have 
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more efficiency in predicting ocean accidents. By the year 2022, the prediction efficiency and 

accuracy are proved to be 89%, which was 27.5% higher than previous predictions [4]. 

However, despite the increasing number of studies of the Markov model, there are fewer studies 

of the Markov model related to predicting the supply and demand side. Predicting future possibilities, 

which is a crucial part of the economy, is drawing more and more attention from both policymakers 

and central banks in recent years. Therefore, studying the Markov model in prediction to predict 

future possible situations is important. In this paper, the Hidden Markov model is studied by 

structuring, analyzing, and summarizing through various dimensions underlying different 

frameworks. The paper first studies the structure of the Hidden Markov model5. Then, compare the 

results under the model’s prediction to form results and analyze these results. Finally, the paper list 

limitations and possible ways to improve the model and forms a conclusion. 

2. Methodology 

Markov model, issued by Russian mathematician Andrey Markov, is a process that states that the 

probability of each individual event is dependent solely on the status of events and is irrelevant to 

past events. In addition to that, the Hidden Markov model, which is a Markov model with an 

unobservable item, is analyzed more widely. Let X and Y be the discrete process with 𝑛 ≥ 1. If 

𝑃(𝑌𝑛 ∈ 𝐴|𝑋 = 𝑥1, … , 𝑋𝑛 = 𝑥𝑛) = 𝑃(𝑌𝑛 ∈ 𝐴|𝑋𝑛 = 𝑥𝑛) , for every 𝑛 ≥ 1 , X and Y is a Hidden 

Markov model. When 𝑃(𝑌𝑡0 ∈ 𝐴|{𝑋𝑡 ∈ 𝐵𝑡}) = 𝑃(𝑌𝑡0 ∈ 𝐴|𝑋𝑡0 ∈ 𝐵𝑡0), 𝑋𝑡  and 𝑌𝑡  is a Hidden 

Markov model.  

The Hidden space is assumed to consist of a total number of X values, of which the distributional 

type is categorical. This means for each of the X possible values that a Hidden variable is within, 

there is a transition probability to each of the X possible states of the Hidden variable 𝑡 + 1, for a 

total of 𝑋2transition probabilities. The sum of transition probabilities for transitions from any given 

value must sum to 1. Thus, the 𝑋 ∗ 𝑋 matrix of transition probabilities is a Markov matrix. The 

probability of an observed Markov sequence is given by 𝑌 = 𝑦(0), 𝑦(1), … , 𝑦(𝐿 − 1), which L is 

the length of the sequence, 𝑃(𝑌) = ∑ 𝑃(𝑌|𝑋)𝑃(𝑋)𝑋 , where the sum 𝑋 = 𝑥(0), 𝑥(1), … , 𝑥(𝐿 − 1). 
Despite these models, Tolerate Markov model is Markov model relies on probability. It assigns 

different conditional probabilities, considering the last symbol, from the start of the sequence. The 

Hidden Markov model has a wide range of applications in various fields. For example, there is the 

application of the Hidden Markov model in the accident analysis area, including assessment of traffic 

accidents and biological virus research fields.  

Also, as the world develops, the number of cars is increasing more rapidly. Despite the 

convenience brought by the increase in the number of cars, the pollution problem and the traffic 

problems (especially in large international cities) are being more obvious. Therefore, realizing the 

issue and predicting the future trend of both car accidents and car numbers is essential. Thus, a study 

conducted in China suggests that a modified Markov model can predict the traffic situation in 

Shanghai, China. According to the study result, the multi-stages Markov model enhances the 

efficiency and response time for traffic jam predictions, which could be provided as a reference to 

study possible solutions. In an analysis of the pros and cons of the Markov model, the efficiency and 

the accuracy of the model prediction are often used. From various reports, the analysis of efficiency 

usually includes the time period, and the accuracy analysis usually includes a large number of samples 

from a certain time period within a specific range. Within 6 studies related to the Hidden Markov 

model or modified Markov model, all of them mention the advantages of increasing efficiency using 

various samples, and 4 of them mention the increase in accuracy as well [4]. 

3. Hidden Markov model related to railway fertilities prediction 

There is a Hidden Markov model, which is a modified Markov model but one of the Markov 

models is hidden and unobservable [5]. In the Hidden Markov model, it is required to have an 
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observable process, in which the consequences it is influenced by the consequences of the Hidden 

process. The model enables us to observe the hidden process, which used to be unobservable, by 

seeing the observable one. An example of a Hidden Markov model is a “weather guessing game”. 

Let’s say there are two persons, X and Y. Person Y talks about what he did to person X every day. 

Person Y will do different things according to different weather conditions: he will clean the house if 

it’s rainy outside, go to the park if it’s sunny, and clean the snow if it’s snowing. Person X has no 

idea what the weather is like outside (he cannot observe the outcome of the event directly), but he 

can communicate with person Y and realize the weather according to what person Y is doing since 

there is a certain chance that he will perform one of the three activities [6]. 

The paper, studies and predicts railway fertilities around the 21st century. In order to reflect the 

safety status and future trends of railway operation, the Hidden Markov model is applied to predict 

dynamic and random accidents. The paper uses the data on railway accidents, which causes death, 

from the year 2010 to the year 2020, which shows the safety status of the railway [7]. From the paper, 

after analysis of the dataset, the accuracy of the predicted value in the year 2019 increased by 22% 

more than before, and the accuracy of the predicted value in 2020 increased by 50%. It is predicted 

that from 2021 to 2023, the rate of fatalities declines rapidly in the selected area of China, where the 

railway accident rate will remain at about 8%, and the railway operation will be in great condition 

[8]. From the Hidden Markov model analysis in the future, the safety operation can be improved by 

expanding daily measures and examination and increasing punishment. However, there is uncertainty 

as the author suggests in his paper, that because of the technological development, the time period in 

the original Hidden Markov model should be changed since the current situation influences the future 

condition and the current situation is changing rapidly [9]. The prediction of the model will be 

accurate even if the condition has changed, according to the author. 

4. Markov model in Traffic Condition Prediction Model 

There is the application of the Hidden Markov model in the accident analysis area, including 

assessment of traffic accidents and biological virus research fields [10]. As the world develops, the 

number of cars is increasing more rapidly. This is because cars can bring a lot of benefits and reduce 

the transitional cost of people when travel and from work to work [11]. Despite the convenience 

brought by the increase in the number of cars, the pollution problem and the traffic jam problems 

(especially in large international cities) are being more obvious. From the data, the average car density 

is increasing and exceeding the limit by 600% than in 10 years ago in cities like Beijing and Shanghai 

[12]. Therefore, realizing the issue and predicting the future trend of both car accidents and car 

numbers is essential.  

Thus, a study conducted in China suggests that a modified Markov model can predict the traffic 

situation in Shanghai, China. According to the study result, the multi-stages Markov model enhances 

the efficiency and response time for traffic jam predictions, which could be provided as a reference 

to study possible solutions. To be more specific, with the old model, the traffic condition was 

predicted with a low accuracy of 32% and the efficiency of the model was low since it needs a lot of 

data collection from both past to present. The process of collecting raw data was both time-consuming 

and money-consuming. Using the Hidden Markov model, the cost of making such prediction was 

reduced significantly and the efficiency is increased since we no longer need the data from the past 

by the definition of the Hidden Markov model. Also, the Hidden Markov model ignores the elements, 

such as the cause of the accident and the randomness of the accidents since we can assess these data 

by just seeing the outcome. In an analysis of the pros and cons of the Markov model, the efficiency 

and the accuracy of the model prediction are often used.  

From various reports, the analysis of efficiency usually includes the time period, and the accuracy 

analysis usually includes a large number of samples from a certain time period within a specific range. 

Within 6 studies related to the Hidden Markov model or modified Markov model, all of them mention 
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the advantages of increasing efficiency using various samples, and 4 of them mention the increase in 

accuracy as well. 

5. Limitations and future outlook 

Markov model, which was issued by Russian mathematician Andrey Markov, is a process that 

states that the probability of each individual event is dependent solely on the current status of events 

and is irrelevant to past events. In other words, this can be understood as what is going to happen in 

a sequence depending only on the current status. The Hidden Markov model has certain limitations 

as well. First, the Markov model, including the Hidden Markov model, will be more complicated 

when more factors and more targets are considered. This complexity is problematic because of 

various reasons. The complexity will cause the cost of the prediction and the model to increase rapidly. 

The cost of conducting a new model is a significant factor to consider because of the opportunity cost, 

which this amount of money could be used for other areas. Also, the complexity is problematic 

because some probabilities, which are used in the analysis of the model, are time-sensitive. Therefore, 

if the time-sensitive factors are influenced, the prediction of the model will have more error and 

uncertainty. Moreover, the size of the cohorts is difficult to measure and determine. Because the 

required sample size is essential to calculate and included in the Markov model, is difficult to measure, 

and is included the model also creates more errors [13]. 

Despite the drawbacks and uncertainties of the Markov model, the future of the Markov model in 

prediction is bright [14]. Since nowadays there are more factors to consider when doing predictions 

and many of the factors are unknown, the Markov model provides a way to analyze and predict the 

future in an easier but more accurate way. Moreover, the Markov model is actually developing itself, 

from the original Markov model to a Hidden Markov model, the model can be modified and fit into 

different scenarios [15]. This creates convenience and more possibilities in the future. 

6. Conclusion 

The aim of the paper is to study the Hidden Markov model by structuring, analyzing, and 

summarizing through various dimensions underlying different frameworks. The paper first studies 

the structure of the Hidden Markov model. Then, the process of setting up the Hidden Markov model 

and the applications of Hidden Markov model in various fields using the data from the current 

situation to the prediction of future results. In conclusion, the Markov model, including the hidden 

Markov model is effective and efficient in many fields, including railway fertilities prediction and 

traffic condition prediction model. To be more specific, the accuracy of the predicted value in the 

year 2019 increased by 22% more than before, and the accuracy of the predicted value in 2020 

increased by 50%. Despite the study of Hidden Markov model, the paper also gets a conclusion after 

examining the results and getting some possible suggestions in order to improve the model. Although 

there are drawbacks, such as high uncertainty created by uncertain sample size and complexity, the 

Markov model has a bright future and can be used in various fields which promotes efficiency and 

accuracy in prediction. The meaning of this research paper is the result can help build up the 

fundamental ideas and structure of the Markov model for future use in reality. Also, the result can 

help policymakers as references and be used to predict future supply and demand side effects in 

various data and economic fields with a certain amount of accuracy, which could be beneficial by 

avoiding possible incoming economic failures. 
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