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Abstract. The article suggests a model for defining a rational range and 

volume of supply of perishable goods in their supply chains functioning at 

the time of random demand. In the verbal formulation, the goal of the model 

is to determine the range and delivery volumes of perishable goods that 

maximize profits with restrictions on the funds available for their purchase, 

storage volumes and weight, as well as on lost profits. The formalized 

representation of the model is determined by the properties of the supplied 

perishable goods. If these goods are divisible, then the model is formalized 

as a linear programming problem. In this case, the rational assortment and 

volume of goods is determined by solving it, for example, using the simplex 

method.If the goods under consideration are piece (indivisible), they are 

formalized in the form of a corresponding integer programming problem. In 

this case, the rational assortment and volume of goods is determined by 

solving it, for example, based on the branch and bound method. The 

peculiarity of the model is that it takes into account the stochastic nature of 

demand for goods, their limited shelf life, as well as the possibility of storing 

goods and the availability of funds necessary to purchase the next batch. 

1 Introduction  
Creating and providing goods and services to the end consumers is implemented in supply 

chains. From the object perspective, a supply chain connects organizations that interact in the 

flows of goods and services from the source of raw materials to the end consumer. Such 

organizations, in particular, can be manufacturers of products, transport companies, 

warehouses, wholesale and retail enterprises, etc. [1 - 4]. From the process perspective, a 

supply chain links material, information and financial flows between the chain participants. 

The totality of these flows forms the cost of goods and services and, ultimately, provides for 

consumer demand [5 - 7]. Therefore, organizing supply chains and managing their 

performance are the most important areas of economic activity. They determine both the 

profit of chain participants and the degree to which consumer demand is met [8 - 11]. The 

considered circumstances determine the problem of forming supply chains and managing 
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their performance. The problem becomes especially acute when the range and volumes of 

supplies of perishable goods are determined in supply chains with random demand [12]. This 

is caused by the specifics of storage and short shelf life of such goods (see, for example, 

Figure 1 [13]), as well as high losses both in case of their deficit and surplus.

Fig. 1. Dynamics of loss of vitamins in strawberries, depending on the shelf life. 

Losses due to deficiency are manifested in lost profit, and losses of surplus are manifested 

in inability to sell the goods with expired shelf life. Consequently, the solutions in managing 

perishable goods deliveries at the time of random demand should be based on accounting 

these losses correctly. Such accounting, in particular, is provided by applying appropriate 

models. Developing a variant of such a model is the purpose of this paper. Let us consider 

how the model is built on the example of forming the solutions related to the volume and 

range of perishable goods supplied to a retailer.

2 Materials and methods 
In supply chain management, significant attention is paid to the development of methods for 

the formation of rational (optimal) options for appropriate management decisions that 

provide competitive advantages to companies participating in the supply chain. These 

advantages, as a rule, are formed by reducing the time for bringing goods and services to the 

end consumer, as well as reducing the costs associated with the supply of goods. The 

formation of solutions that ensure the achievement of these advantages is based on the 

corresponding models. At the same time, the degree of rationality of management decisions 

is determined by the adequacy of the models to the real supply process. The peculiarity of 

the process of supplying perishable goods consists in the randomness of demand for them 

and is characterized by significant costs of the participants in the supply chain both in the 

case of a shortage of supplied goods, and in the case of their excess. In this regard, an 

important problem arises of building a model for optimizing the supply of perishable products 

in supply chains with random demand, with restrictions on the funds available for the 

purchase of goods, storage volumes and weight, as well as on lost profits in case of a shortage 

of goods. Its solution is based on the combination of stochastic and optimization approaches 

in modeling. At the same time, stochastic approaches ensure the coordination of supply and 

demand for supplied perishable goods. Optimization approaches implement the choice of 

assortment and supply volumes of goods that maximize the profits of participants in the 

supply chain under existing constraints.
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3 Results
The logistic supply chain of perishable products is presented in the form of Figure 2 [12]. 

Fig. 2. Logistic supply chain for perishable goods. 

To formalize the representation of the process of forming decisions on the assortment and 

volumes of supply of perishable goods in the chain of Fig. 2 under conditions of random 

demand, we introduce the notation:

J is the number of types of perishable goods in the range of a retailer;

Tj is the shelf life of the j-th type of perishable goods (j=1, 2,...,J);

T is the delivery period of perishable goods;

Wj(Tj) is the income of the retailer from the sale of the j-th type of perishable goods over 

the period of time Tj;
cj is the retail price of the unit of the j-th type of goods;

c0j is the wholesale price of the unit of the j-th type of goods;

yj (�j) is the supply volume of the j-th type of perishable goods over the period Tj; 

yj*(�j) is the sales volume of the  j-th type of perishable goods (j=1,2,...,J) over the period  

TJ; 

)(ˆ jj Ty
is the shortage of the j-th type of goods (j=1,2,...,J) caused by random demand 

over the period Tj;

Vj is the volume needed to store a unit of the j-th type of goods;

Gj is the weight of a unit of the j-th type of goods;

V* is the allowable volume of the stock of perishable goods stored in the warehouse of 

the retailer; 

G* is the allowable weight of the stock of perishable goods stored in the warehouse of the 

retailer;

C0 is the volume of funds the retailer has for wholesale purchase of perishable goods. 

Taking into account the above designations, the income of the retailer from the sale of the 

j-th type of goods over the period of time Tj is determined by the equation

)()()]()([)()()( 0

**

0

*

0

*

jjjjjjjjjjjjjjjjjjj TycTycTyTycTycTycTW ������
 (1) 

Let us assume that all perishable goods (every the j-th (j=1,2,...,J) type of goods) are 

delivered to the retailer with frequency Tj.  
In this case, the total volume of goods supplied in one update cycle and their range are 

formally represented by the vector Y={y1, y2, … ,yJ}, whose components reflect the volume 

of one consignment of the corresponding type of goods. Then the total income of 
)(YW

retailer from selling the whole range of perishable goods supplied during one update cycle is 

determined by the equation
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Demand for each j-th type of goods will be presented in the form of the simplest discrete 

flow of demand with intensity 
Jjj ,...,2,1, ��

. The reasonability of such a 

representation follows from the information situation, which is typical for the supply 

management of the goods under consideration. It involves the fact that we need only 

information about the average number of demand for each j-th (j = 1,2, ..., J) type of goods 

in the preceding period of time to form a management decision.

There is no shortage of each j-th type of goods, if the quantity kj of the demanded units 

of these goods during their supply period Tj will not exceed the supply volume yj. 

Since demand is the simplest flow of requests, the probability  
)( jjk TP

j that at time jT
there will be  kj requests for the j-th type (j=1,2,...,J) of goods, is determined by Poisson's 

formula
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where 
)( jjT�

is the average expected number of requests for the j-th type of goods over the 

period Tj. 
Given (3), the mathematical expectation yj*(Tj) of the sales volume of perishable goods 

of the j-th type (j=1,2,...,J) for the period Tj is determined by the equation:
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The mathematical expectation of deficit of the j-th type (j=1,2,...,J) of goods for the time 

period Tj, is determined by the equation:
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Taking into account (4) and the fact that the supplies of the j-th type of goods are carried 

out with the frequency Tj, it follows from (1) that the expected income of the retailer from 

the sale of the j-th type of goods over the period of one supply is equal to

JjTyccTW jjojjjj ,...,2,1),()()( * ���
(6) 

The total revenue of the retailer from the sale of a single batch of the entire range of 

perishable goods received in the process of one supply is determined by the following 

equation
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(7) 
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Given (5), the lost profit due to a shortage of goods of the j-th type (j=1,2,...,J) over the 

time period Tj, is determined by the following
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The total profit lost due to the deficit of the entire range of perishable goods received in 

the process of one supply is determined by the following equation
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Taking into account (7), (9) and the introduced designations, the problem of defining a 

rational range and volumes of perishable goods supply to the retailer can be formulated as 

follows: it is necessary to determine the range and volumes of supply of perishable goods 

that will maximize profits given the constraints of the funds available for their purchase, 

storage volumes and weight, as well as lost profits. This problem can be formalized in the 

form of the following model.

We need to determine the vector of range 
},...,,{ **

2

*

1

*

JyyyY �
and the volumes of the 

next supply of perishable goods in a way that 
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with the constraints
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where 
)(ˆ * YW

is the acceptable amount of profit lost during the next supply of perishable 

goods in the range and volume determined by vector Y. 

Value 
)(ˆ * YW

can be formed as a determined proportion of the value of supply of  the 

goods, that is 0

* )(ˆ DCYW �
. 

Constraint (11) means that the value of the supplied batch of perishable goods must not 

exceed the amount of cash available for their wholesale purchase by the retailer.
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Constraint (12) means that the profit lost as a result of the defined range and volume of 

goods should not exceed the allowed value. 

Constraint (13) means that the total supply of products must not exceed the warehouse 

capacity of the enterprise.

Constraint (14) means that the total weight of the supplied goods must not exceed the 

maximum weight of the stored goods allowed for the enterprise.

The methods for solving problems of type (10) - (14) depend on the properties of the 

supplied perishable goods. If these goods are divisible, then problem (10) - (14) belongs to 

the class of linear programming problems and can be solved, for example, using a simplex 

method [14, 15].

If the goods are unitary (indivisible), then problem (10) - (14) belongs to the class of 

linear integer programming problems. It can be solved, for example, by using a branch and 

bound method [16 - 21].

4 Discussion
The analysis has shown that a significant place in the supply chain belongs to the supply of 

perishable products, the demand for which is random. The rational management of such 

supply chains is not possible without the use of appropriate mathematical models to form 

management decisions. Such models should be based on stochastic and optimization 

approaches. At the same time, stochastic approaches are designed to match the volumes of 

supplied goods with the demand for them, and optimization approaches are designed to form 

an assortment and volumes of supplies that maximize the profits of participants in the supply 

chain with the existing restrictions on the possibilities of storage facilities for storing 

products, the availability of funds necessary to purchase their next batch and etc.

The model proposed in the article provides a combination of stochastic and optimization 

approaches in the interests of supply chain management for perishable products. Application 

of this model makes it possible to improve the efficiency of management of such supply 

chains.

5 Conclusions
In general, the proposed model (1) - (14) forms the basis of the methodological approach to 

defining a rational range and volume of perishable goods supplied to retailers, taking into 

account the stochastic nature of the demand for goods, limited shelf life, as well as the 

capacity of warehouses for storage of products and the availability of funds necessary for 

purchasing the next batch. If the model is used in practice, it can increase the management 

efficiency of supplies of perishable goods in supply chains functioning at the time of random 

demand.
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