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Abstract. The theoretical issues of building a model for determining the 

optimal delivery time based on statistical data on demand for the previous period are 
investigated. The availability of demand statistics allows us to construct a distribution 
for a random demand value. An information system is developed to solve the 
considered problem of determining the optimal delivery times under conditions of 
uncertainty. 

Keywords: sales of goods, time uncertainty, modeling, efficiency, enterprise 
management. 

Problem statement. Every enterprise relies on conditions such as continuity of 
supply and space saving. It is very difficult to fulfill such conditions, because it is 
necessary to calculate the exact date and quantity of each subsequent order. 
Therefore, to get out of the predicament, enterprises turn to process automation. 
However, most modern projects aimed at this are quite incomprehensible or require 
significant financial costs. Based on this, it was decided to develop software that can 
perform this task. 

Presentation of the main material. Let us consider a discrete model for 
determining the optimal delivery time, based on statistical data on demand for the 
previous period. The availability of demand statistics allows us to construct a 
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distribution for a random demand value. In this case, risk will be understood as the 
deviation of the demand values for products from the predicted average expected 
indicators. In addition, in the model, we make an assumption about the absence of 
deviations in delivery times [1]. 

The optimization criterion in the model is the average expected cost. The 
average cost includes, firstly, the costs associated with the preservation of products, 
and, secondly, the losses incurred by the enterprise as a result of incomplete 
satisfaction of demand due to untimely delivery of products. On the one hand, 
possible balances due to early delivery of goods lead to additional costs for storage 
and maintenance, as well as losses due to incomplete sale of goods. On the other 
hand, a possible deficit leads to unearned profit, the risk of losing customers (real and 
potential). There are “losses” from lost opportunities, as a result of freezing in stocks 
of capital, which could potentially be placed in other areas of business activity and 
bring profit. In order to consider the behavior of costs, it is necessary to introduce and 
describe parameters [2]. 

Therefore, the time it is necessary to assign delivery t* is the planned delivery 
time of the product, based on the uncertainty of demand. Let us assume that the 
volume of the batch of the product is a fixed value and is equal to Q. The moment of 
zeroing the product in the warehouse, which corresponds to the demand value, will be 
denoted by . In the case of the analyzed problem, we will interpret the uncertainty of 
demand through the time during which the product in the volume Q is sold out. 

Let us consider the dependence I(λ –t*) as a function of the costs associated 
with storing excess goods in the amount of Q after delivery t* in the time interval 
until the moment of actual zeroing of the goods λ > t*, in the case when the delivery 
of the goods came at an earlier date [3]. 

Let us consider the dependence D(t* – λ) as a function of the costs of 
incomplete demand satisfaction associated with a shortage of goods in the interval 
from the moment of actual zeroing of the goods λ <t* to the moment of delivery t* in 
the volume Q. We will assume that the shortage losses describe only the lost  
benefit [3]. 

Thus, storage costs, according to formula (1), will be: 
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where с = const - daily cost of storing a unit of goods.  
And the cost of a shortage of goods is represented by formula (2): 
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where z = const - profit from the sale of a unit of manufactured goods, ƛ 

characterizes the intensity of demand, that is, the time during which the product is 
sold in volume Q.  

The multiplier Q/ƛ is the daily volume of the product sold. 
Consider a discrete case with demand uncertainty and several types of goods. 

Suppose a company sells m types of goods, then Qj is the quantity of goods j in the 
expected supply; cj is the cost of storing a unit of goods j per unit of time; zj is the 
profit from the sale of a unit of goods j; λj is the intensity of demand for goods j per 
unit of time (j=1,…,m); t * is the moment of the next delivery. 

Since the problem under consideration is a problem with demand uncertainty, 
we will assume that λj is a discrete random variable. Suppose that we know nj values 
of the random variable λj for each of the m products – λij, as well as the frequencies τij 
with which these values are taken. Then we can calculate the probabilities of the 
values of the random variable λj that characterize different values of demand for 
different types of goods by formula (3): 
 

, 1,..., , 1,..., .ij
ij j

ij
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p i n j m
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     (3) 

 
The costs for each case of late or early delivery of goods, according to 

formulas (4), (5) will be [1]: 
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,   (4) 
 

,                                (5) 
 
and the mathematical expectation of the storage costs of the product M(I) and the 
shortage of the product M(D) are expressed by formulas (6) and (7): 
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Then the mathematical model of the task can be described by the relations (8): 

 

   
*

 min .
t Z

М I M D
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 
т

                            (8) 

 
Therefore, the delivery assignment moment t* is determined in the process of 

solving the problem of minimizing the mathematical expectation of total costs. 
The user interface is designed for convenience and user interaction with the 

information system. The interface presents three tables: data, statistics and result. The 
"Data" table contains information about the goods, their quantity, cost, profit, 
demand. The "Statistics" table contains frequency, indices, delivery/delay, and we 
can calculate the probability of values by clicking the "Calculation" button. In the 
"Result" table, you can see the results for each of the goods, the planned delivery 
time and average costs. 
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Figure 1 − Data Table 

 

 

 
Figure 2 − Table “Statistics” 

 

Figure 3 - Table "Result" 
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The project implementation was created in the Microsoft Visual Studio 2017 
Professional environment using the programming languages HTML, CSS, and 
Javascript. 

Conclusions. The software product "Productive Reserves" is a product that is 
designed for quick and high-quality placement of orders for production stocks in 
conditions of uncertainty of demand. This program is designed for quick and high-
quality determination of the term of supply of stocks in conditions of uncertainty of 
demand. Sometimes in production, a faulty situation may arise, which can lead to a 
high level of stocks in the production and economic system and a shortage for a 
number of consumers. Using this program, you can form management actions in 
order to provide truthful information. The software product allows you to reduce the 
time for forming orders. 

The software product can be used by enterprises that need this product and can 
help in further work to minimize the costs of forming orders, time spent, and drawing 
up an order schedule. 
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