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Abstract 

The issues of procurement logistics management are considered. The structural model of solving the task of procurement management is 
proposed based on the discrete converter; this model formalizes logistic processes taking into consideration the effect of the external 
environment. The mathematical model of stochastic programming is formulated to determine the basic parameters of procurement 
management tasks at the stage on product “growth”. 
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1 Introduction 

Today, the tasks of managing logistic processes, in 
particular, planning of resources procurement are very 
important. However, in order to increase the efficiency of 
their solution, the models of the processes of resources 
supply should be used taking into account changes in the 
environment that enable assessing and making 
scientifically-based solutions [1]. 

2 Main part 

The structure of the system model of the procurement 
management task is presented as a cybernetic model with 
feedback, where the correcting management is provided due 
to the closed loop. This model reflects two main aspects of 
management. The first one enables determining the object 
of the management as the combination of a business 
structure and the logistic subsystem of an enterprise and 
taking into account the impact of the element of the 
environment. The other one reflects the discreteness of the 
management of the development of production.  

A set of probable states of the logistic system is 
determined by the Cartesian product: 

H X Y Z W= × × × , (1) 

where Х is a set of system input parameters, У is a set of 
system output parameters, Z is a set of system internal state 
parameters, W is a set of environment parameters.  

Then, the tuple characterizing the state of the logistic 
system at a certain point in time is 

( ) ( ), ( ), ( ), ( )h t x t y t z t w t= . (2) 

To describe the discrete states of the object of management, 
the models of logistic system states are developed. 

When implementing strategies for the development of 

production at the appropriate stages of the product life cycle, 
decisions on logistic management are made. For each of the 
three main stages (“growth”, “maturity” and “decline”), 
there are features of making decisions on procurement 
management, which should take into account the state 
models. The peculiarity of each stage of the life cycle is 
characterized by the following elements: external changes, 
planned goals, changes in the production and logistics 
system and the corresponding managing actions to solve the 
tasks of procurement management. 

To formalize the description of the process of making 
decisions on procurement management, machine models are 
selected [2]. The equations of processes in the language 
algebra determine a set of allowable values and describe the 
changes in the states of all elements of a discrete system, 
which enables determining the sequence of performing tasks 
and converting relevant information while managing 
procurement. The equations in the algebra of relations 
describe the probable system states taking into account the 
conditions of transitions and managing actions. 

Let us form automaton models for the main stages of the 
product life cycle. For example, for the stage of “maturity”, 
when implementing the strategy of updating equipment, the 
equations of processes are: 

1 1 3 1F s F s= ∨ ; 2 2 1 2F s F s= ∨ ; 3 3 2 3F s F s= ∨ , (3) 

when the states of the mode; are: s1 is the change of the input 
data about business rivals and technological achievements; 
s2 is the amount of equipment that is purchased; s3 is a 
number of equipment suppliers; F1, F2, F3  are allowable 
processes; ∨  is the operation of disjunction. 

Then, a regular expression of the supply management 
process can be expressed as follows: 

*
1 1 3 2 1 2 3 2 3 1 2 3 1 2 3( )F s s s s s s s s s s s s s s s= ∨ ∨ ∨ ∨ ∨ ∨ ∨ . (4) 

Next, let us form the equation in the algebra of relations: 
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1 1 2f y f= ; 2 2 3f y f= ; 3 3 1f y f= , (5) 

where the transitions are: у1 is the amount of equipment that 
is purchased; у2 is a number of equipment suppliers; у3 is the 
capability to repeat if the environmental conditions change; f1, 
f2, f3 are equations of transformations of allowable processes. 

Then, management is described as a regular expression:  
*

1 1 2 3( )f y y y= . (6) 

An integrated model is built on the basis of a discrete 
converter (DC) that comprises a managed component and a 
managing one and completes local models of procurement 
management tasks at the various stages of the life cycle.  

For a managing DC component, the following state and 
transition designations are introduced: '

1S  is solutions 
concerning the modernization of products that are 
manufactured; '

2S  is the analysis of the obtained data about 
suppliers; Y1 is solutions of a procurement management task. 
For a managed component, the following state designations 
were used: S1 is the values of the logistic system parameters; 
S2 is the volume of production; S3 is the volume and types 
of resources that are purchased; S4 is the types and amount 
of equipment that is purchased; S5 is the necessary number 
of resource suppliers; S6 is the necessary number of 
supplementary material suppliers; S7 is the necessary 
number of equipment suppliers; S8 is a list of resources 
suppliers. Transitions from one state to another are 
determined as follows: ''

1y  is the volume of production; ''
2y  

is the types and amount of necessary resources; ''
3y is the 

amount of equipment that is purchased; ''
4y  is a number of 

resources suppliers; ''
5y is a number of supplementary 

material suppliers; ''
6y  is a number of equipment suppliers; 

''
7y , ''

8y , ''
9y  are the solutions of the tasks on selecting the 

suppliers of resources. The managing and managed 
components interact using the following commands:  '

1y  – 
management handover; '

2y  – giving data on suppliers; z1 – 
the environment effect; z2 – agreements with suppliers. 

Taking into account the impact of the environment on 
the management, the components of the model operation are 
described using a regular expression of the algebra of 
algorithms: 

' '
1 1 2 2 1 2( )F z y fy z Y z= ∨ , (7) 

where '' '' '' '' '' '' '' '' ''
1 4 7 2 5 8 3 6 9f y y y y y y y y y= ∨ ∨  is a regular 

expression of the managed component operation. 
The resulting expression describes the process of logistic 

management depending on the values of the parameters of 
managing actions. 

The implementation of transition functions in 
automation models of the process of logistic management is 
described by mathematical models adapted to procurement 
management, which requires that the optimal parameters of 
logistic tasks should be determined. For example, the task 
of determining the volume of production arising at the stage 
of the product life cycle “growth” is presented as a 
mathematical model of stochastic programming: 

1
1

max
n

j j
j

L c x
=

= ∑
, 

1

n

ij j i
j

a x b
=

≤∑  ( 1, ,i m=  ), min( )j j jP x N≥ ≥ α , 

max( )j j jP x N≤ ≥ α , 1, ,j n=  , (8) 

where jc  is the mathematical expectation of the cost of the 
product of the j-th type; jx  is the amount of the product of 
the j-th type that is planned for manufacturing; ija  is the 
cost of manufacturing a unit of the product of the j-th type; 

ib  is the resource of the i-th type; min
jN  is the minimum 

demand for products of the j-th type; max
jN  is the maximal 

demand for products of the j-th type; jα  is the given 
probability level. 

3 Conclusions 

The proposed integrated automaton model provides a 
formalized presentation of procurement management tasks 
that may arise at all stages of the product life cycle. Using 
the formulated optimization mathematical model will 
enable determining the main parameters of procurement 
management tasks at the stage of product “growth”.  
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