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Introduction 

Setting up a single-stage production management task. Let's consider the problem of producing 

x. We do not know the demand for this product, that is, it is a random variable that we denote 

by θ. Let's denote the cost of producing a product in x by g (x). If the demand is x≥θ, i.e. the 

product is processed and exceeds the demand, then expenses f 1 (x,θ) (i.e. expenses for excess 

products) arise, and conversely, if x<θ, then unsatisfied expenses f 2 (x,θ) arise. 

In general, we have the following function: 

 

𝑓(𝑥, 𝜃) = {
 𝑓1(𝑥, 𝜃),   𝑥 ≥ 𝜃

  𝑓2(𝑥, 𝜃),   𝑥 < 𝜃
 

 

Let the function f l (x,θ),l=1,2  be a curved and continuously differentiable function with respect 

to the variable x at every θ. Then we have the following function minimization problem: 

 

𝐹(𝑥) = 𝑔(𝑥) + 𝑀𝑓(𝑥, 𝜃) → 𝑚𝑖𝑛     (1) 

𝑥 ∈ 𝑋    (2) 

 

Here, X is the n-dimensional space arising from the limitations associated with the enterprise's 

capacity. 

Let's say. Let the objective function F (x) be convex in the problem (1) - (2) and let f (x,θ) be 

differentiable in all θ, where X= E^n 
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The necessary and sufficient condition for x* to be the solution of this problem is as follows: 

 

𝐹𝑥(𝑥∗)  =  𝑔𝑥(𝑥∗) + 𝑀𝑓𝑥  (𝑥∗, 𝜃) = 0     (3) 

 

where gx (x*) is the gradient g (x) at the point x*, f_x (x*,θ) is the longitudinal gradient f (x,θ) 

at the point x*. Fx (x*) is the gradient of the function F (x). 

Algorithm for solving a single-stage production management problem. Among the correct 

methods of stochastic optimization, the stochastic quasi-gradient method is the most common. 

When solving the problem (1) - (2), this method has the following algorithm: 

Let the convergence xs, s=0,1,..., be obtained on step s. (x0 initial approximation). 

10. Select a random variable θs as a result of observation. For this purpose, a simulation model 

can be used. 

20. Let's construct a stochastic quasi-gradient vector: 

 

𝜉𝑠 = 𝑔𝑥(𝑥𝑠) + 𝑓𝑥(𝑥𝑠, 𝜃𝑠) 

 

Where, gx (x
s) − gx (x) is the gradient at the point xs, 

𝑓𝑥(𝑥𝑠 , 𝜃𝑠) − 𝑓(𝑥, 𝜃) is the total gradient at the point (𝑥𝑠 , 𝜃𝑠) 

30. Let's calculate the following approximation using the following recursive formula: 

a) Stochastic quasi-gradient method 

 

𝑥𝑠+1 = 𝜋𝑥(𝑥𝑠 − 𝜌𝑠𝜉𝑠),   𝑠 = 0, 1, … ,    (4) 

where πx (y s) is the design operator 

 

𝜋𝑥 (𝑦𝑠) = 𝑎𝑟𝑔𝑚𝑖𝑛{‖𝑥 − 𝑦𝑠‖2|𝑥𝜖𝑋∁𝐸𝑁}   (5) 

b) Stochastic linearization method 

 

𝑥𝑠+1 = 𝑥𝑠 + 𝜌𝑠(𝑥̅𝑠 − 𝑥𝑠), 0 ≤ 𝜌𝑠 ≤ 1    (6) 

 

𝑧𝑠+1 = 𝑧𝑠 + 𝛾𝑠(𝜉𝑠 − 𝑧𝑠) (7) 

 

𝑥̅𝑠 = 𝑎𝑟𝑔𝑚𝑖𝑛{(𝑧𝑠, 𝑥)| 𝑥𝜖𝑋}, 𝑠 = 0, 1, … ,    (8) 

 

Here, ρs - is the step multiplier, s is the step multiplier, γ is the sample coefficient. 

𝑥0 = 0, 𝑧0 = 0 

Setting a specific stochastic task for an enterprise producing homogeneous products and an 

algorithm for its solution. A company with a capacity of x must produce a homogeneous 

product of x. The demand for this product is given by a random value θ in the period [0,T]. 

A company with a capacity of x must produce a homogeneous product of x. The demand for 

this product is given by a random value θ in the period [0,T]. 

Since the demand for the output is random, for any x there can be either a surplus or a shortage 

of output. Let's introduce a designation: the cost of producing a product is denominated in 
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monetary units c, the losses arising from the increase in demand for the product are 

denominated in monetary units a, and vice versa, the losses arising from the decrease are 

denominated in monetary units β. 

In this case, the stochastic programming problem is written as follows: 

 

𝑓(𝑥, 𝜃) = 𝑐𝑥 + {
𝛼(𝑥 − 𝜃), 𝑒𝑔𝑒𝑟 𝑥 ≥ 𝜃

𝛽(𝜃 − 𝑥),   𝑒𝑔𝑒𝑟 𝑥 < 𝜃
 

or 

𝐹(𝑥) = 𝑐𝑥 + 𝑀 𝑚𝑎𝑥{𝛼(𝑥 − 𝜃);   𝛽(𝜃 − 𝑥)} → 𝑚𝑖𝑛  (9) 

𝑥 ∈ 𝑋 = {𝑥: 0 ≤ 𝑥 ≤ 𝑥 ≤ 𝑥̅}  (10) 

 

Let's solve this stochastic problem using the algorithm presented above. The next step is 

determined by the following recurrence relation 

𝑥𝑠+1 = 𝑚𝑎𝑥{𝑥, min (𝑥,  𝑥𝑠 − 𝜌𝑠𝜉𝑠)} ,                            (11) 

𝑠 =  0, 1, … , 

The stochastic quasi-gradient of the given statedaf (x,θ) is calculated as follows: 

𝜉𝑠 = 𝑓𝑥̂(𝑥𝑠, 𝜃) = 𝑐 + {
𝛼, 𝑒𝑔𝑒𝑟  𝑥𝑠 ≥ 𝜃𝑠

– 𝛽, 𝑒𝑔𝑒𝑟  𝑥𝑠 < 𝜃𝑠      (12) 

Here, the demand θs is a random variable. 

A program developed in the object-oriented C# programming language for a single-stage 

production management task solution algorithm. The software consists of several dialog 

windows. For example, task type selection, learning, storage, etc. When the software is 

launched, the main window of the program opens (Fig. 1). 

 

 
Figure 1. 
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When solving a one-step stochastic programming problem using software, we first choose the 

type of problem. To do this, in the "Project" menu, we select "One-Step SDM." Then the next 

window will open (Fig. 2). 

 

 
Figure 2. 

 

When we enter the necessary data and click the pictogram, we can see the result of solving the 

one-step stochastic problem. 

Therefore, a software package for one-stage stochastic programming of production 

management has been developed, and a numerical experiment has been conducted using this 

software package for one-stage stochastic programming and an optimal solution has been 

found. 
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