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The publication is concerned to development of one of the methods of simulation of the logistic system (LS) of enterprise. The article is aimed at developing, with 
use of the approach by J. Forrester, a simulation model on the basis of which one can perform a joint model optimization of production capacity and operation 
of a retail network. The article formulates a system of equations that describe a LS of an enterprise. Calculations of the time dynamics for all rates of logistic 
system (production rate, transport rates), as well as the dynamics of the levels of goods in the wholesale warehouse and in the retail chain are accomplished. 
The optimization task of defining the maximum economic efficiency is formulated and solved. At this, the production capacity and capacity of the retail chain 
were considered as variations of the set optimization task. The numerical calculations have proved that with optimal variation parameters, significant economic 
results of the enterprise’s performance are achieved.
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Шерстенников Ю. В. Модельна оптимізація виробничої потужності 
та мережі роздрібного продажу

Роботу присвячено розробці одного з методів імітаційного моделю-
вання логістичної системи (ЛС) підприємства. Мета статті – ви-
користовуючи підхід Дж. Форрестера, розробити імітаційну модель, 
на підставі якої можна виконувати спільну модельну оптимізацію ви-
робничої потужності й роботи мережі роздрібної торгівлі. У статті 
сформульована система рівнянь, які описують ЛС підприємства. Ви-
конані розрахунки часової динаміки всіх темпів логістичної системи 
(темпу виробництва, темпів перевезень), а також динаміки рівнів 
товару на оптовому складі й у мережі роздрібної торгівлі. Сформу-
льовано та вирішено оптимізаційну задачу визначення максимуму 
економічної ефективності. При цьому виробнича потужність та єм-
ність мережі роздрібної торгівлі розглядалися як варіаційні параме-
три оптимізаційної задачі. Числовими розрахунками доведено, що при 
оптимальних варіаційних параметрах досягаються значні економічної 
результати роботи підприємства.
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міко-математична модель.
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Шерстенников Ю. В. Модельная оптимизация производственной 
мощности и сети розничной продажи

Работа посвящена разработке одного из методов имитационного 
моделирования логистической системы (ЛС) предприятия. Цель ста-
тьи – используя подход Дж. Форрестера, разработать имитацион-
ную модель, на основании которой можно выполнять совместную мо-
дельную оптимизацию производственной мощности и работы сети 
розничной торговли. В статье сформулирована система уравнений, 
которые описывают ЛС предприятия. Выполнены расчеты временной 
динамики всех темпов логистической системы (темпа производства, 
темпов перевозок), а также динамики уровней товара на оптовом 
складе и в сети розничной торговли. Сформулирована и решена оп-
тимизационная задача определения максимума экономической эффек-
тивности. При этом производственная мощность и емкость сети 
розничной торговли рассматривались в качестве вариационных па-
раметров оптимизационной задачи. Числовыми расчетами доказано, 
что при оптимальных вариационных параметрах достигаются зна-
чительные экономической результаты работы предприятия.
Ключевые слова: логистическая система, производственная мощ-
ность, экономико-математическая модель.
Рис.: 12. Формул: 13. Библ.: 8.
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The economic success of any enterprise is deter-
mined by the balance between its production and 
sales. One of the tasks of an enterprise is to opti-

mally expand its market niche and bring the production 
capacity in line with the current demand for its products 
[1; 2]. In theoretical studies, an important role is played 
by the development of models which connect all the basic 
parameters of a logistics system in a single system of equa-
tions. Such models should be the basis for co-optimization 
of an enterprise’s production capacity and retail sales.

Many aspects of planning the current activities of 
enterprises are investigated in [3; 4]. However, the men-

tioned works do not sufficiently cover the quantitative 
relationship between the parameters of an enterprise’s 
logistics system and the current characteristics of the 
consumer market: potential demand for products, pur-
chasing rate of products. This shortcoming complicates 
studying the modern theory of the joint planning of an 
enterprise’s production capacity and retail sales. Work 
[4] proposes a model which fundamentally meets the for-
mulated requirements. This model makes it possible to 
take into account the detailed characteristics of the mar-
ket. In [5], the further development and generalization of 
this model is carried out. To date, there are no effective 
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methodologies to plan production capacity of an enter-
prise in real-time with consideration for the enterprise’s 
logistics and, in particular, its retail network (RN).

 The aim of the article is to develop an economic 
and mathematical model of an enterprise’s production 
activity, with consideration for its retail sales; application 
of the developed model for the co-optimization of the 
production capacity and retail sales of consumer goods, 
taking into account the peculiarities of their realization. 

The work studies an enterprise whose logistics cor-
responds to the scheme presented in Fig. 1. 

where ri is the sales rate of goods (units per time period) 
in the ith period; n is the parameter which is determined 
by the average sales level for the previous quarter (or 
year); Ri is the inventory level at the retail in the ith peri-
od; Vi is the inventory level in the hands of the consumer 
(not consumed yet).

2. The inventory level at the retail is determined by 
the recurrence formula:

1 ( ),i i i iR R Td so r+ = + ⋅ −
                 

(3)
where soi is the rate of delivery (units per week) from the 
warehouse to retailers; Td is the period of discretization 
of the model, the time interval between decisions.

y

r 

so 
Production Wholesale

warehouse

S 

Retailers, R 

Purchasers,
Q, V 

Fig. 1. Scheme of the enterprise’s logistics

Working in a competitive market requires the di-
rector of an enterprise to pay attention to increasing the 
sales of the enterprise’s products or at least maintaining 
the sales at some acceptable level. One of the main ways 
to achieve this goal is to align the enterprise’s retail sales 
with its production capacity. 

Building the model begins with the description of 
the influence of advertising on the potential de-
mand Q. Time will be treated as a discrete variable i  

(i = 0, 1, 2, …, T). We will study the project with the Т 
length (the planning horizon). Let us assume that the in-
fluence of advertising on the potential current demand 
Qi + 1 in the (i + 1)th period is described by the formula:

1 ( ) 1 exp ,i
iQ Qr Z Qn
t+

  = ⋅ − − +  
  

         

(1)

where Qn represents the value of potential demand in the 

absence of advertising;
 

( ) 1 exp ZQr Z Qm
tz

  = ⋅ − −  
  

 is the maximum value of additional potential demand 
due to advertising; t and tz are the parameters of lagging. 

Formula (1) means that the impact of the Qi adver-
tising campaign on the potential demand is described by 
the first-order lag model [7; 8]:

Let us formulate a system of equations which de-
scribe the logistics system of the enterprise depicted in 
Fig. 1. We will assume that the company is fully provided 
with working capital.

1. The change in the demand Qi for products on the 
market is an input impact for the enterprise whose task is 
to bring its output in line with the demand:

1 ( ),i i i ir rR Q V+ = ⋅ −
                     

(2)

3. The level Ri should be within the limits 0 ≤ Ri ≤ Rm,  
where Rm is the maximum possible inventory level at the 
retail. The requirement is described by the following for-
mula for the rate of delivery from the wholesale ware-
house to retailers:

1 min 1 , , ,m i m i i
i i

m

R R R R S
so r

R Td Td+
  − −

= ⋅ +  
   

  

(4)

where Si represents the inventory level at the wholesale 
warehouse.

Publication [5] substantiates the need for averag-
ing when performing the calculations with the proposed 
model:

,i
i i psso so −=

where ps is the averaging time interval.

4. The production rate yi is determined by the fol-
lowing formulas:

1 ( ),i i i
ym yiy y A S

ty+
 −

= + ⋅ 
 

              

(5)

1, if 2,
( )

0.5, otherwise,
i m

i
S S

A S
< −

= 


                

(6)

where yi is the production capacity in the ith period; ym is 
the planned value of production capacity; Sm is the maxi-
mum inventory level at the wholesale warehouse. These 
formulas allow to avoid the overflow of the wholesale 
warehouse.

5. The inventory level at the wholesale warehouse Si 
is calculated using the following formula:

1 ( ),i i i iS S Td y so+ = + ⋅ −
                

(7)
where yi is the rate of goods flow which goes into the 
wholesale warehouse from the production.
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6. To determine the net profit of the enterprise, the 
following formulas are applied:

2
2 1

(1 ) [(1 )

( ) ] ( ),
i i i

i m m i

M kp kad p r p c yp

k S z R z R gz Z B y

= − ⋅ − ⋅ ⋅ − ⋅ ⋅ −

− ⋅ − ⋅ − ⋅ − ⋅ −

  

(8)

1

0, if 1,
( )

, otherwise,i
i i

i
B y

gy y y −

<=  −

          

(9)

where c is the share of the prime cost in the price for 
products; p is the price for a production unit; zR, zS are 
the costs for the storage of a production unit during one 
period at retail and wholesale warehouse, respectively; kp 
is the income tax rate; kad is the value-added tax rate; qy 
is the cost of ‘including’, ‘excluding’ a unit of production 
capacity.

The formula for calculating the net income takes 
into account the quadratic dependence on the maximum 
volume of the retail sales, which is under the contract as-
signed to goods of a certain manufacturer. The depen-
dence can occur for a number of reasons. For example, 
with an increase in the number of retail outlets, the 
transportation distance increases, etc. 

Before carrying out the optimization, we need to 
check the adequacy of the model (1) – (9). For this 
purpose, we will perform calculations for the mo

del (1) – (9) with the following values of its parameters:
Rm = 80, qy = 100, Q = 1200, T = 1, n = 0.0001, 

k1 = 0.33, k2 = 0.01, So = 100, Sm = 200, 
Ro = 50, n1 = 0.1,  kp = 0.25, kad = 0.06, c = 0.6, 

	       p = 10,  z = 0.01, Se =180, qy = 50.	
The enterprise decides to set the production capac-

ity at the level of ym = 4.3, with the maximum volume of 
retail sales of Rm = 80. The results of the calculations for 
the model (1) – (9) with the values of the parameters (10) 
are shown in Fig. 2 – Fig. 5. 

Fig. 2 demonstrates the behavior of the basic rates 
of the logistics system.

that the inventory level at the retail Ri stabilizes (as the 
calculations show) at the level of 46 units. That is much 
less than the marginal (contractual) capacity (80 units). 

(10)

0 100 200 300
0

2

4

6

8

ri

soi

yi

i

Fig. 2. Behavior of basic rates of the logistics system 

It can be seen that in the initial period of work all 
rates, except for the rate of production, experience signifi-
cant fluctuations, which negatively affects economic indi-
cators (it requires labor supply, etc.). Fig. 3 shows the be-
havior of the inventory level at the retail. The figure shows 

0 100 200 300
0

20

40

60

80

Ri

Rm0

i

Fig. 3. Behavior of the inventory level at the retail Ri

This means that in this case the RN is used ineffec-
tively.

Fig. 4 shows the behavior of the inventory level at 
the wholesale warehouse Si. It is obvious that the ware-
house is also used ineffectively.

0 100 200 300
0

100

200

Si

Sm

i

Fig. 4. The behavior of the inventory level at the wholesale 
warehouse Si

Fig. 5 demonstrates the behavior of the operating 
income of the enterprise.

0 100 200 300
−100

−50

0

50

100

Mi

0

i

Fig. 5. Behavior of the operating income  
of the enterprise Mi

In this case, the enterprise’s comprehensive income 
for the year will amount to

365
1 436.5.ii M= =∑

                     
(11)

Now the enterprise’s administration requires the 
managers to solve the following optimization problem:

365
1 1( ) max,iiF Rm M== →∑

               
(12)

while keeping the production capacity at the same level 
of ym = 4.3.
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In other words, to determine the optimal value of 
the retail sales, which will provide for obtaining the maxi-
mum profit (with ym = 4.3).

The optimization task (12) should be solved at the 
limitations of the parameters set by the system of 
equations of the model (1) – (9), with the values 

of the parameters (10). Solving the task (12) results in: 
Rmopt = 57.3, with the obtained profit

 1( ) 9558.2,optF Rm =

which is twice as large as the value (11). 
Fig. 6 illustrates the solution of the optimization 

task.

50 55 60 65 70

4 103×

6 103×

8 103×

1 104×

F1 (Rmk)

Rmk

Fig. 6. Dependence of the income for the year  
on the retail sales

For an optimal solution, the time dependence of 
the basic characteristics of the LS will be similar to that 
in Fig. 7 – Fig. 10. 

Fig. 7 demonstrates that in this case the fluctua-
tions of the basic rates in the initial period are signifi-
cantly smaller.

0 100 200 300
0

2

4

6
ri

so i

yi

i

Fig. 7. Behavior of the basic rates of the LS  
for an optimal solution

Fig. 8 illustrates that now the RN is used more ef-
fectively.

Fig. 9 allows to conclude that the warehouse is used 
ineffectively. 

However, if, under the terms of the contract with 
the wholesale warehouse, the payment is made only 
based on the actual quantity of products Si in the ware-
house (8), it does not virtually affects the profit.

Fig. 11 demonstrate the behavior of the inventory 
level in the hands of the consumer for an optimal solution.

0 100 200 300
0

20

40

60

Ri

Rm0

i

0 100 200 300
0

100

200

Si

Sm

i

Fig. 8. Behavior of the inventory level at the retail Ri  
for an optimal solution

Fig. 9. Behavior of the inventory level at the wholesale 
warehouse Si for an optimal solution

0 100 200 300

−50

0

50

Mi

0

i

Fig. 10. Behavior of the enterprise’s operating income Mi 
for an optimal solution

0 100 200 300
0

5

10

15
Vi

i

Fig. 11. Behavior of the inventory level in the hands  
of the consumer

The optimization task can be solved by the enter-
prise’s management in a more general setting: to find the 
maximum value of the target function (12) with the fol-
lowing variable parameters: ym is the planned value of 
production capacity; Rm – the maximum volume of the 
retail sales.

Now, it will be an optimization task with two vari-
able parameters:

 
365

1 1( , ) max.iiF Rm ym M== →∑
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Solving the optimization task results in:
_ 105.5

.
_ 8.46

Rm opt
ym opt

   
=   

   
                 

(13)

With such optimal values of the variable param-
eters, the value of the target function (the income ob-
tained for the entire planning period Т – a year) will be

F1 = 12178.9,
which significantly surpasses the previous results. It 
should be noted that this result was obtained with the 
optimal values of the planned capacity and retail sales, 
which results in all links of the logistics system working 
with maximum efficiency (in fact, at the limit of their ca-
pabilities). The behavior of the basic rates of the logistics 
system for this case is shown in Fig. 12.

0 100 200 300
0

5

10
ri

soi

yi

i

Fig. 12. Behavior of the basic rates of the LS  
for optimal solution (13)

CONCLUSIONS 
Thus, in the article, a model of the enterprise logis-

tics system is developed. Unlike the existing models, the 
proposed one allows to perform co-optimization of an en-
terprise’s production capacity and retail sales, i. e., those 
links that directly determine the production and sale of 
goods and determine the operation of all other links of the 
logistics system using a closed system of equations.        
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