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Abstract. The paper builds and studies a stochastic decision-making model under the influence 

of both negative and positive factors in a competitive environment. There is a finite set of 

company states, which is estimated by the value of the firm’s capitalization per unit of time. 

Depending on the decision taken, the company goes into one or another state. In each state, the 

set of valid strategies depends on this state. The purpose of the simulation is to find the optimal 

strategy that maximizes the expected capitalization of the company from the transition process 

to various states, having a finite number of stages. 

1.  Introduction 

During the life of the company is constantly exposed to external and internal environment. Impact can 

be both positive and negative. Environmental factors can be divided into direct and indirect. The first 

group of elements of external factors usually include consumers, competitors, suppliers, laws and state 

authorities, trade unions. The second group consists of the state of the economy, scientific and 

technological progress, political and socio-cultural factors, international events. The elements of 

internal factors of a firm typically include the structure, goals, objectives, technology and human 

resources. 

1.1.  Informal statement of the problem of constructing and analyzing a stochastic decision-making 

model 

A model      i

n

iiii

n
RsSkKinI ,,,...,2,1,},...,2,1{

11   is considered, in which the 

decision-making process is represented by a finite number of states i , i =1,2,…,n. 

Let each state },...,1{ NSi   correspond to a finite set iK  of solutions (or alternatives), whose 

elements are denoted by numbers ik,...,1 . The space of strategies K  is the direct product of the sets of 

solutions NKKKK  ...21 . 
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There is a matrix )( ijpP   of transition probabilities between states. The remuneration structure 

is represented in the form of a matrix ))(()( qrqR ij , the elements of which are the income values. 

The transition probability matrix P  and the income matrix )(qR  depend on the decision policies k 

that the decision maker has. 

Depending on what decision is made (management at the current stage), the development of a 

company takes place according to one or another scheme, which implies a combination of positive 

factors i  and negative factors i  on the state of the company  . 

There is a finite set of states of the company i , which is estimated by the value of the firm’s 

capitalization per unit time t. Depending on the decision taken, the company goes into one or another 

state i . In each state i  the set of admissible strategies k depends on this state. 

The goal of the task is to find the optimal strategy that maximizes the expected capitalization of the 

company from a process that has a finite number of stages. By capitalization we mean the process 

during which, under the influence of certain factors, there is an increase in the money supply due to 

their investment in any active income-generating volumes. 

2.  Formalization of the problem of constructing and analyzing a stochastic decision-making 

model 

Let the process of transition from state to state occur, not deterministic, but stochastically controlled 

by the transition matrix )( ijpP  , where ijp  is the probability that the system at the time t +1 is in 

the state j , if it is known that at the time t  it was in the state i . 

Consider the case when the matrix does not depend on time, and decisions are made at each step. 

Suppose that at each step one of a set of such matrices can be chosen as a transition matrix, and we 

denote the policy-corresponding matrix q  by ))(()( qpqP ij . 

Suppose further that not only the state at each step changes, but also the capitalization of the firm, 

which is a function of the initial and final states and the solution. Let ))(()( qrqR ij  means the 

corresponding matrix of the firm's capitalization. 

Note that this model is not perfect, since the same factor can be both positive and negative. An 

example is the change of technology, personnel, investment, etc. For a more detailed solution of 

specific problems, consider the stochastic model on a specific example 

3.  Classification of the state of the company in the Markov model of management of its activities 

We introduce a classification based on the key performance indicators of the company (for example, 

sales of goods and / or services, productivity, profits, customer satisfaction, etc.). In this case, we will 

consider the growth of workers' labor productivity x(t). We introduce the following indicators: growth 

rate V(t) =  x(t)/ t; growth acceleration a(t) = V(t)/ t. 

Thus, if the speed is zero, then the firm is in a stable state (there is no growth and drop in labor 

productivity); if the speed is greater than zero, then the company is in a state of growth, if less than 

zero, then in a crisis state. Acceleration more characterizes the stable state not only of the company, 

but also of the market as a whole, because shows spasmodic processes of growth or decline in the 

productivity of workers. 

3.1.  Example 

Suppose that a firm implements its activities in five sectors: agriculture, industry, commerce, 

construction and transport. In any industry, you can invest money in labor resources in the following 

areas: 1 - staff development; 2 - retraining of workers; 3 - the use of third-party workers; 4 - 

movement of workers from industry to industry; 5 - active search for employees. 

For each fixed policy in each industry, the probabilities are set that the next employee of the 

company will find it in one of five industries. The corresponding incomes in monetary units associated 
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with the introduction of an employee into the industry are known. Because each policy has a different 

set of employees, transition probabilities and incomes depend on the policies. Income in this case is 

expressed as a fall or increase in the capitalization of the company. These tasks can be written as table 

1. 

Table 1. Baseline. 

Let us explain the table by the example of the last row. It shows that if in the fifth industry to invest 

money in the first policy (advanced training of workers), then with a probability of 0.1, an employee 

will be acquired in industry 1, and the capitalization of the company will fall by 400 units. With a 

probability of 0.2, an employee will be acquired in industry 2 with an income of 30 units, and with a 

probability of 0.1, an employee will be acquired in industry 3, with an income of -10 units, with a 

probability of 0.3 employee acquisition in industry 4, with an income in 570 units and with a 

probability of 0.3 employee acquisition in industry 5, and the fall of the capitalization of the company 

will be 60 units. There are five states in this problem, i.e. N = 5, and five policies in states 1, 2, 3, 4, 5, 

i.e. 1n =5, 2n =5, 3n =5, 4n =5, 5n =5. So, there is 5*5*5*5*5=3 125 possible policies. 

To solve the problem, we choose the policy vector as the initial approximation 

























1

1

1

1

1

D ,       

The state 

 

Policy Transient probability Income 

j=1 2 3 4 5 i=1 2 3 4 5 

1 1 0,5 0,1 0,1 0 0,3 -10 50 30 0 -20 

 2 0,2 0,3 0,2 0,1 0,2 -50 50 300 -20 150 

 3 0,4 0,2 0 0,1 0,2 200 -250 0 150 130 

 4 0,3 0,2 0,1 0,2 0,2 -100 260 -230 300 180 

 5 0,1 0,2 0,3 0,1 0,3 150 180 -120 180 280 

2 1 0,3 0,2 0,1 0,2 0,2 100 130 160 -300 -20 

 2 0,2 0,2 0,2 0,2 0,2 -30 100 -200 250 200 

 3 0,2 0,4 0,2 0 0,2 600 700 100 0 630 

 4 0 0,2 0,3 0,1 0,3 0 1200 240 280 640 

 5 0,4 0,1 0,1 0,1 0,3 -10 430 480 790 640 

3 1 0,3 0,2 0,1 0,2 0,2 20 -20 710 150 -10 

 2 0,1 0,1 0,3 0,2 0,3 350 450 -50 150 -100 

 3 0,2 0,3 0,2 0 0,3 -580 400 650 0 270 

 4 0,1 0,2 0,3 0,1 0,3 160 -20 -30 160 540 

 5 0,3 0,2 0,1 0,2 0,2 260 450 590 540 350 

4 1 0 0,3 0,2 0,1 0,4 0 530 710 260 460 

 2 0,1 0,1 0,6 0,1 0,1 350 -400 -60 210 280 

 3 0,4 0,1 0,1 0,1 0,2 250 400 650 460 670 

 4 0,1 0,1 0,3 0,2 0,3 160 -50 -80 120 680 

 5 0,1 0,4 0,3 0,2 0 460 250 490 250 0 

5 1 0,1 0,2 0,1 0,3 0,3 -400 30 -10 570 -60 

 2 0,1 0 0,3 0,2 0,4 -10 0 -40 260 370 

 3 0,3 0,2 0,1 0,2 0,2 250 400 650 640 590 

 4 0,2 0,3 0,2 0,1 0,2 -30 150 -60 290 -20 

 5 0,4 0,1 0,1 0 0,3 -80 120 450 0 350 
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which means that we work in all sectors. This is a policy that maximizes the mathematical 

expectation of a firm’s capitalization growth. For her, we have a transition probability matrix 

 

























3.03.01.02.01.0

4.01.02.03.00

2.02.01.02.03.0

2.02.01.02.03.0

3.001.01.00.5

ijp  and a growth vector for the firm’s capitalization 


































118

511

101

8

3

1

N

j

ijij rp .  

We denote the sum 


N

j

ijijrp
1

 by iq , since the expected capitalization of the firm depends only on i. 

The equation for determining the values iv , assuming a value 3v  of zero, is written as 

43211 03.01.05.03 vvvvvg  , 43212 2.01.02.03.08 vvvvvg  , 

43213 2.01.02.03.0101 vvvvvg  , 43214 1.02.03.00511 vvvvvg  , 

4321 3.01.02.01.0118 vvvvg   and have a solution 45.3341 v , 71.2092 v , 

71.1163 v , 17.3284v , 05v , 4.129g . 

Turning to the policy improvement procedure, we calculate the values 



N

j

j

k

ij

k

i vpq
1

 for all i and 

k. 

i k 



N

j

j

k

ij

k

i vpq
1

 

1 1 
-202,867 

 

2 
-27,328 

 

3 
-71,905 

 

4 
6,686 

 

5 
39,417 

+ 

2 1 
-80,314 

 

2 
-2,54 

 

3 
371,884 

 

4 
487,862 

+ 

5 
224,395 

 

3 1 
12,686 

 

2 
41,205 

 



AGRITECH

IOP Conf. Series: Earth and Environmental Science 315 (2019) 022035

IOP Publishing

doi:10.1088/1755-1315/315/2/022035

5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results show that for i = 1 the value in the right column is maximum for k=5. Similarly, for i = 

3. For i = 2 it is maximal for k=4. So the new policy will be determined by the vector  

























3

1

5

4

5

D . 

This means that in the first and third industries it is most advantageous to use the 5th policy, for the 

2nd the fourth policy, for the fourth the first policy, and for the fifth the third. 

Based on the above, we have 

 

























2.02.01.02.03.0

4.01.02.03.00

2.02.01.02.03.0

3.01.03.02.00

3.01.03.02.00.1

ijp ,  

























466

511

405

532

117

iq . 

Turning to the operation of determining the value, we solve the equations 

43211 1.03.02.01.0117 vvvvvg  , 4322 1.03.02.0532 vvvvg  , 

43213 2.01.02.03.0405 vvvvvg  , 4324 1.02.03.0511 vvvvg  , 

4321 2.01.02.03.0466 vvvvg  . 

3 
61,855 

 

4 
103,417 

 

5 
316,686 

+ 

4 1 
457,562 

+ 

2 
-83,625 

 

3 
251,395 

 

4 
191,205 

 

5 
256,292 

 

5 1 
129,393 

 

2 
184,176 

 

3 
377,686 

+ 

4 
-68,328 

 

5 
-36,422 
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Assuming 5v  equals zero again, we get 82.3111 v , 366.1342v , 613 v , 84.1294v , 

05v , 2.419g . Note that g  increased from 129.4 to 419.2, which was achieved. So the firm 

earns an average of 419.2 units per transaction. Using the policy improvement procedure for these 

values, we calculate the values 



N

j

j

k

ij

k

i vpq
1

 for all i and k. 

The new policy is thus determined by the vector 

























3

1

5

4

5

D . 

Vector D coincides with the vector of the previous policy. So the process has converged, and the 

value has reached its maximum equal to 419.2. The company should in any industry provide the 

opportunity for retraining of workers. The application of such a policy will give, on average, per 

employee an income of 419.2 units. 

4.  Conclusion 

Thus, using a stochastic decision-making model, it becomes possible to find an optimal strategy that 

maximizes the expected capitalization of a firm from the transition process to various states that has a 

finite number of stages. The model allows, using a finite set of company states, to investigate a set of 

admissible strategies depending on a given state. A firm, depending on the decision made, goes into 

one or another state, which is estimated by the value of the firm’s capitalization per unit time t. 
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