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Abstract: The article is devoted to the method for creating 

multiagent models for forecasting and identifying production 
processes using a structural parametric approach. Using 
multiagent simulation allows reflecting the state and dynamics of 
complex active systems of production processes with analysis and 
forecasting of the quality of the finished product. The methods 
and algorithms of the structural parametric approach to the 
implementation of an agent-based simulation model based on the 
system self-diagnosis are described. 
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I. INTRODUCTION 

The dynamics of a grand active production system 
behavior in most cases exist under the conditions of 
uncertainty of its intermediate states. The identification and 
forecasting of the intermediate states of such a system over 
time is a difficult task that cannot be initially predicted 
analytically, since it is the result of a multistep interaction 
between many active elements (production stages) of the 
system and disturbance effects. Therefore, agent-based 
technologies can be used to identify and predict various 
situations in grand active systems in order to simulate the 
interaction between agents that change their properties and 
behavior depending on the state of other elements and 
external influences. Models of agents are abstractions with 
step-by-step behavior that changes its state characteristics. 
Such elements combined into a multi-agent simulation model 
of the active system reproduce the dynamics of the 
interaction between agents with the ability to identify and 
forecast the state of the entire system. 

II.  METHODS 

A. General description 

It is convenient to use the structural parametric principles 
of system decomposition as a method for creating 
descriptions of intelligent agents. The structural parametric 
model of the multiagent system will be represented by a tuple 
of agents (Agi) in this case. 
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The change in the state Agi of the i-th agent, due to its 
reaction to the current situation and the actions of other 
agents, can be estimated by some integral criterion i, which 
reflects the change in the state and parameters of the agent in 
the current situation in the k-th time period from their values 
in the previous k-1st period or initial state: 

         
   
     

   

   
  

 
 
     ,  (1), 

where    
 ,    

    , are the changes in the j-th factor     of 
the state of the i-th agent in the k-th and k-1st period; and 
    is the weighting factors for the deviation of the j-th 

factor provided that 
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Then the diagonal matrix of changes in the state of agents 
Ag, their goals g, and external factors Ev in a specific 
situation, multiplied by the matrix of relations between them, 
is a structural parametric situational model of a multiagent 
system at the next step to achieve the common goal G [1]. 
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Where Ag, Ag, Ev are the vectors of changes in the 
state of agents, objective functions and external disturbance; 
   ,    

   are the direct and feedback functions of state 

changes of the i-th agent Agi and its local goal gi; 

     
 

,     
   

 
 are the operators of the direct and reverse 

influence of the state change of the i-th agent Ag on the 
reaction of the j-th Agj; 
G is the decomposition of deviations of the common goal 

G into deviations of the local goals of Agi agents; 
||0||, ||lij||, ||tij|| are the null operator and the operators of 

relations of agents with indicators of the common goal and 
external influences; and 

fij and fji are the sign functions or procedures for the 
influence of the objective function gj of the j-th agent on the 
change in the local goal of the i-th agent presented in Table 1. 

 
Table 1: Sign functions of relations of agents. 

k fij fji Situation 
1 +1 +1 Mutual consent and interaction 
2 +1 -1 Consent on the one side and opposition on 

the other side (one-sided conflict) 3 -1 +1 
4 -1 -1 Mutual two-sided conflict 
5 +1 0 One-sided positive attitude with indifference 

on the other side 6 0 +1 
7 -1 0 One-sided negative attitude with 

indifference on the other side 8 0 -1 
 
Elements and blocks of the situational model of a 

multiagent system reflect the change in the state of agents 
with common global and local goals and the operators of 
functional relations with ordering of all factors of influence 
on the i-th agent in rows, and the effects of the j-th agent on 
other agents and external influences – in columns. 

The structural parametric model of a multiagent system 
defines a set of state variables and interaction operators of 
agents united by common global and local goals. It also 
allows formalizing the algorithms for identifying and 
forecasting changes in the states of the active system at each 
simulation step. 

B. Algorithm 

The algorithm for identifying the state of a multiagent 
system is reduced to identifying agents whose state led to a 
deviation from the common goal or approaching it at the first 
stage, and then to determining the causal factors of the 

anomalous state of the agents themselves at the second stage. 
The algorithm for forecasting the state of a multiagent 

system is associated with identifying the consequences of a 
change in the state of any Agk agent on the development of 
the situation and the achievement of a common goal. 

The specified deviation of the k-th agent is recorded in 
arrays of intermediate and final consequences Sll ; l = 1,n and 
their indices tl; l = 1,n with subsequent calculation of the 
elements of the k-th column of the situational matrix as 
follows: 

                        (3) 

and finding the maximum modulo investigative effect q = 
imax for the q-th agent in it. 

III. RESULTS 

Further, similar to the previously described algorithm for 
forecasting the state of an agent, at max = 0, a change in the 
state of the k-th agent has no consequences in the simulated 
multiagent system, and the cause-and-effect identification 
procedure ends with the registration of the main possible 
investigative chain of changes in the states of related agents 
and their indices tj. 

At max ≠ 0, the index of the maximum influence of the 

previous (k-th) agent on the next one is written to the index 
array tl and checked for looping, after which the forecasted 
change in the state of the q-th agent Agq = CqkAgk is found 
(diagonal element of the q-th row of the matrix Sij) with 
a further repetition of the procedure for finding max in the 
q-th column for k = q and Agk = Agq. 

In order to determine all the consequences of the predicted 
state of the multi-agent system, the described procedure is 
included in the cycle of their sequential enumeration 
according to the principle of unwinding and winding the 
thread in the final maze [2-4]. When the last agent reaches the 
selected interaction chain, its last link is interrupted with a 
return to the previous k-th agent k = tl-1 and finding the other 
greatest influence of the state change of the k-th agent, i.e., 
another branch of influence. The procedure stops when 
returning to the original agent, i.e., when l - 1 = 0. 

In the case of a change in the state of m agents Agi; i = 1, 
m, the situational matrix model of the forecasted state of the 
multiagent system is formed sequentially for all initial 
deviations of the state of the given agents. 
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IV. CONCLUSION 

The method for presenting a multiagent model using the 
structural parametric approach can be used to identify and 
forecast grand active systems, which are food production. 
The presented approach allows to identify the hidden factors 
that influence the production process as part of the concept 
embedded in the model and introduce corrective actions to 
optimize the production process.  
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