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Abstract 
 

In the article the technique of identification of complex production systems using iterative networks is considered. The identification 

process begins with the allocation of functional blocks, which can later be described by automata working with discrete information and 

changing internal states only at specified times. The basic laws of the functioning of the selected subsystems are simulated. Characteristics 

of cells formed parameters associated with multi-step manufacturing process. As the semi-finished product passes through the processing 

stages under consideration, the values of the technological factors being realized are fixed in the system being formed. 
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1. Introduction 

Complex multi-stage production systems can be described in the 

order of processing steps, each of which includes its own set of pro-

duction units and operations. Technological operations performed 

on each unit are combined into separate modules. [1-11]. The iden-

tification process begins with the selection of functional blocks that 

can be subsequently described guns operating with discrete infor-

mation, and changes the internal state only at predetermined times 

(cycles). The blocks correspond to the individual stages of the pro-

cessing of the iterative network represented as cells. Operations re-

flecting the stages of processing are represented as separate cells 

with memory. As a result, a linear iterative network is formed, de-

scribing the technological process. 

In the first stage of the iterative network description formulated the 

principles of all the machines, ie. E. Define the conditions of their 

interaction with all the other objects that formed the ins and outs of 

each machine. An ordered chain of automata forming a system is 

characterized by the fact that one or several outputs of each previ-

ous automaton are connected to the inputs of the next automaton. 

After the structure of the system is determined and the list of its 

subsystems is determined, the next stage simulates the basic laws 

of the functioning of the selected subsystems. A formal description 

of subsystems is performed. For the management of the cell chain, 

the functioning algorithms that determine the order of implementa-

tion of individual operations and procedures. During the process of 

the iterative network operation in accordance with the selected in-

ternal algorithm, a sequence of necessary control signals is gener-

ated, which are transferred to the functional modeling units. In order 

for the iterative network of a multi-block system to implement an 

algorithm of its functioning, links are created between the individ-

ual blocks, which determine the order of the entire operation of the 

function blocks during the control process. 

 

2. Research method  

 
Complex multi-step industrial systems are characterized by a dis-

crete time and space of the structure. They are characterized by a 

complex structure of relations between all the inputs, states and out-

puts. In the proposed iterative network is identification of individ-

ual treatment stages with the cells of the network. 

In the next stage are formed operating conditions of each machine 

(cells iterative network), ie. E. Formulated conditions of interaction 

with any other objects multistage system identified inputs, and out-

puts the iterative simulated network of cells and common law de-

termining signals from internal and external inputs the network in 

question. А ordered sequence of cells forming system, character-

ized by the previous machine communication with followed by a 

machine. 

The simulated networks are iterative. Characteristics of cells 

formed parameters associated with multi-step manufacturing pro-

cess. By ongoing technological factors values recorded as it passes 

by the present step semifinished processing system formed. As a 

result, signals produced by cells iterative network dependent cell 

signals developed at earlier stages of the processing implemented 

process (its iterations). 

The one-dimensional bi-directional linear iterative network of a 

multi-stage production process is shown in figure 1. 
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Fig. 1: The one-dimensional bi-directional linear iterative network of a 

multi-stage production process. 

Each cell (s, t) the network is in a particular state    Ξ(s, t)   it is able 

to receive input signals internally    X1 (s − 1, t)    and     

X2 (s + 1, t)  an external input signals  U(s, 1)  (as a reaction cell) 

cell generates internal output signals       X1 (s, t) ,   X2 (s, t)   and 

description of the output signalY(s, t). 
  The number of external input cells corresponds to the number of 

types of resources being spent on the unit (cell s. 

Вектор U(s, t) It describes the consumption of resources Ⱬ(s, t) en-

tering the cell (unit) s  the period of time t 

u(s, t) = z(s, t) 

Ⱬ(𝑆, 𝑡) =

{
 
 

 
 
𝑧(𝑠, 1𝑠 , 𝑡)
.   .  .  .  .  .
𝑧(𝑠, 𝑔𝑠 , 𝑡)
.   .  .  .  .  .
𝑧(𝑠, 𝐺𝑠 , 𝑡)

 

Где  𝑔𝑠 = 1𝑠 , … , 𝐺𝑠  - types of resources used in the S-th unit , Gs  
- the amount of resources  

Internal output signal  X1 (s, t) it contains information about the 

volume of production of each type of product X1 (s, t)  values of 

process factors obtained in the unit  

 S in the moment t  

   X1
∗∗(s, t).   Inputs and outputs of the cells of the iterative network 

multistage manufacturing process are shown in Fig.2. 

 
Fig. 2:  Inputs and outputs of the cells of the iterative network multistage 

manufacturing process 

 𝑋1 (𝑠, 𝑡) =  ( 𝑋1
∗∗(𝑠, 𝑡), 𝑋1 (𝑠, 𝑡))  

Vector   𝑋1
∗∗(𝑠, 𝑡)  contains information on the processing technol-

ogy of production on the unit (cell) s. For each type of product l_ 

(s) is formed by a set of investigated technological factors   

𝑋1
∗ (𝑆, 𝑙𝑠 , 𝑡), implemented in the unit S at time t.     Eventually: 

𝑋1
∗∗(𝑠, 𝑡) 

{
 
 

 
 
𝑥1
∗(𝑠, 1𝑠 , 𝑡)
  .  .  .  

𝑥1
∗(𝑠, 𝑙𝑠 , 𝑡)
  .  .  .

𝑥1
∗(𝑠, 𝐿𝑠 , 𝑡)

 

Retentive factors for each type of product    

𝑋1
∗ (𝑆, 𝑙𝑠 , 𝑡) =

{
 
 

 
 
𝑥1
∗(𝑠, 𝑙𝑠 , 1𝑙𝑠 , 𝑡)

 .  .  .
𝑥1
∗(𝑠, 𝑙𝑠 , 𝑘𝑙𝑠 , 𝑡)

 .  .  .
𝑥1
∗(𝑠, 𝑙𝑠 , 𝐾𝑙𝑠 , 𝑡)

 

Where 𝑘𝑙𝑠 = 1𝑙𝑠 , …  , 𝑘𝑙𝑠   - factors, fixed for 𝑙𝑠 - steel grade, 𝑘𝑙𝑠  - 
the total number of technological factors.  

 

3. Results and analysis  

 
The technique allows to determine the flow of resources for differ-

ent steel grades and sizes..  

In this case, the flow of resources generated matrix on steel grade 

and standard sizes 

𝑋1
∗ (𝑆, 𝑙𝑠 , 𝑘𝑞𝑙𝑠 , 𝑡) =

{
 
 

 
 
𝑥1(𝑠, 𝑙𝑠 , 1𝑙𝑠 , 𝑘1𝑙𝑠 , 𝑡)

.  .  .
𝑥1(𝑠, 𝑙𝑠 , 𝑞𝑙𝑠 , 𝑘𝑞𝑙𝑠 𝑡)

.  .  .
𝑥1(𝑠, 𝑙𝑠 , 𝑄𝑙𝑠 , 𝑘𝑞𝑙𝑠 , 𝑡)

 

For all sizes.  Where k – factor for size𝑞𝑙𝑠 .  
Costs for all sizes 

𝑍 (𝑆, 𝑡, 𝑔𝑙𝑠 ) =

{
 
 

 
 

        

𝑧(𝑠, 𝑙𝑠 , 1𝑙𝑠 , 𝑔1𝑙𝑠 , 𝑡)
.  .  .

𝑧(𝑠, 𝑙𝑠 , 𝑞𝑙𝑠 , 𝑔𝑠 , 𝑔𝑞𝑙𝑠 , 𝑡)
.  .  .

𝑧(𝑠, 𝑙𝑠 , 𝑄𝑙𝑠 , 𝑔𝑞𝑙𝑠 , 𝑡)

 

Costs for the 1-st size 

�̿�(𝑆, 𝑡, 𝑞𝑙𝑠 ) =

{
 
 

 
 

        

𝑧(𝑠, 𝑙𝑠 , 𝑞𝑙𝑠 , 1𝑞𝑙𝑠 , 𝑡)
.  .  .

𝑧(𝑠, 𝑙𝑠 , 𝑔𝑞𝑙𝑠 , 𝑡)
.  .  .

𝑧(𝑠, 𝑙𝑠 , 𝑞𝑙𝑠 , 𝐺𝑞𝑙𝑠 , 𝑡)

 

𝑋2(𝑠, 𝑡)- Costs for the production of products for cell s-1 at time 

𝑋2(𝑠, 𝑡) =

{
 
 

 
 
𝑋2(𝑠, 1𝑠 , 𝑡)

.  .  .
𝑋2(𝑠, 𝑙𝑠 , 𝑡)

.  .  .
𝑋2(𝑠, 𝐿𝑠 , 𝑡)

 

Unfinished production 
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𝛯(𝑠, 𝑡) =

{
 
 

 
 
𝛯(𝑆 − 1, 𝑙𝑠−1 , 𝑡)

.  .  .
𝛯(𝑆 − 1, 𝑙𝑠−1 , 𝑡)

.  .  .
𝛯(𝑆 − 1, 𝐿𝑠−1 , 𝑡)

 

4. Conclusion  

 
Using iterative linear networks makes it possible to take account of 

work in progress semi-finished product from one unit to another 

within a specified time by using cells with memory, taking into ac-

count the time variable. With the help of one-dimensional iterative 

bidirectional networks is carried out to identify multi-step manufac-

turing processes. Tracking metal dynamics motion processing steps 

on the analyzed time periods. 
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