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Abstract 

The paper presents the results of the conceptual and structural 

design of a cognitive system of distributed computing based on 

temporal logic. The cognitive system has a Multi-Agent structure 

that forms a mesh network with broadcast communication, which 

ensures the organization of knowledge exchange between them. 

Functional elements and temporal logical operators are defined in 

the form of mathematical models, which allows their 

implementation based on hardware devices or software products. 

The functionality of the temporal logic is determined by the time 

function that calculates the credibility coefficient of the event and 

its influence on the decisions taken by the Agents. 

Keywords: cognitive system, distributed computing, Multi-

Agent system, collective decision making, temporal logic, 

knowledge base. 

1. Introduction

Conceptually, the cognitive system has a complex structure that has the 

ability to learn and develop new knowledge. A cognitive system can be 

presented in the form of a person, a group of people, an organization, an 

Agent, a computer, or a combination of these. The purpose of the 

cognitive system is to provide services to enhance the cognitive abilities 

of human agents (human intelligence) to select optimal solutions in 

solving problems in various fields of science. [1, 2, 3]. 

As mentioned in papers [4, 5, 6], the most effective solutions in 

solving complex problems are offered by distributed computing, parallel 

computing, and cloud computing systems. This work provides knowledge 
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in modeling distributed computing systems, cloud platforms, clustering 

technologies. Methods for improving performance in terms of scalability 

and reliability are analyzed. All the characteristics mentioned above are 

also specific to the design of Multi-Agent systems [7, 8] or of 

collective/collaborative decision-making systems [9], based on Artificial 

Intelligence. 

The cognitive process is an evolutionary process that involves the 

analysis of a set of knowledge already known so far in order to generate 

new knowledge based on which optimal decisions can be made. This 

mechanism can very well be achieved by applying temporal logic [10, 11, 

12], which allows highlighting the temporal relationship between past, 

present, and future.  

2. Formulation of the design and research problem

Modern technologies offer a wide range of solutions that allow the 

development of distributed computing cognitive systems that ensure the 

solution of complex problems for different application areas. It can be 

mentioned the papers [13, 14, 17, 19], in which there were researched 

Multi-Agent systems oriented towards collective calculation, and [15, 16, 

18], where cognitive systems based on knowledge with application in 

various fields are researched. 

This paper proposes the conceptual and structural design of a 

cognitive system of distributed computing based on temporal logic. The 

architecture of the system presents lots of Agents that form a mesh 

network with broadcast communication, and it is oriented towards making 

collective decisions based on the knowledge accumulated over time. At 

the basis of the process of knowledge formation, there is the set of rules 

defined by temporal logic that establishes the connection between past, 

present, and future. 

3. Synthesis of the Distributed Cognitive Calculation System

There is defined the distributed system of collective calculation consisting 

of the set of Agents  , 1,iA A i I  . The functional model of an Agent

is defined by expression (1), its diagram is presented in figure 1: 
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    , : , , , ,i i
A KB T LC Ev Pp TLP DMP Ac ,  (1)

where:  KB T  – Knowledge Base at a time T ; LC  – Logic Control for

synchronizing the data processing operations performed by the Agent; Ev  

– the set of external events perceived by the Agent and generated by the

activity environment; Pp  – Pre-processor for conditioning the signals 

generated by external events; TLP  – Temporal Logic Processor that 

through the application of Temporary Operators processes the data from 

the knowledge base  KB T  and input data generated by external events

to generate new knowledge  1KB T  ; DMP  – Decision-Making

Processor that generates new decisions based on knowledge; Ac  – 

Actions on the activity environment. 
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Figure 1. Agent Diagram. 

Definition of functional elements of the system: 

Event:       , , 1,
i i

Ev T X T KB T i I  , where  
i

Ev T  – the set

of events that took place at the time  1,
i

T T , but perceived by the 

Agent at the time T ;  
i

X T  – the set of events generated by the activity
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environment;  
i

KB T  – the multitude of knowledge received from all

Agents involved in decision-making. 

Decision:

      : , , , , 1,
i i

D T DMP KB T Ac Qr Dec Con i I   , where 

 
i

D T  – the set of decisions made by the Agent at the time T ; Ac  –

decisions on action on the activity environment; Qr  – generating 

questions to all the Agents; Dec  – declaratory decisions communicated 

to all the Agents; Con  – confirmatory decisions communicated to all the 

Agents. 

Action:          ,1 ,
: ,..., , 1,

ii i i J
Ac T DMP KB T Ac T Ac T i I   , 

where  
i

Ac T  is the set of actions generated by Agent iA  on the activity 

environment as a result of processing the decision-making block DMP  of 

data from the knowledge base  KB T .

Question:          ,1 ,
: ,..., , 1,

ii i i J
Qr T DMP KB T Qr T Qr T i I   , 

where  
i

Qr T  is the multitude of questions addressed by the Agent iA  to 

the set of the Agents A  as a result of processing the decision-making 

block DMP  of data from the knowledge base  KB T .

Declaration:          ,1 ,
: ,..., , 1,

ii i i J
Dec T DMP KB T Dec T Dec T i I   , 

where  
i

Dec T  is the set of declarative information transmitted by the

Agent iA  to the set of Agents A . 

Confirmation: 

         ,1 ,
: ,..., , 1,

ii i i J
Con T DMP KB T Con T Con T i I   , where  

i
Con T

is the set of confirmatory information transmitted by the Agent iA  to the 

group of Agents A  as a result of processing questions  Qr T  generated

by the Agents A . 
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Temporal Logic Processor:     ,1 ,
,..., , 1,

i
i i i J

TLP O O i I   , 

where  
i

O   is the set of temporal logic operators defined for the Agent

iA  and implemented on a processor basis. The application of the set of 

temporal logic operators determines the cognitive properties of the 

distributed computing system. 

Operator:          : , 1 , 1,
i i i i

O Ev T KB T KB T i I    , 

where:  
i

Ev T is the set of events perceived from the activity 

environment;  
i

KB T  – the content of the knowledge base at the time T ;

and  1
i

KB T  – knowledge base after application of the temporal logic

operator  
i

O  .

The time function for temporal logic operators  
i

O   is determined

by the expression (2): 

   2( ) / , ,x t x T k t s t T    , (2) 

where: ( )x t  is the value of the decisional influence (credibility) of the 

event on the content of the knowledge base  KB T ; k  – the attenuation

coefficient of credibility; s  – stability coefficient of decision-making 

influence (decision-making credibility). 

The structure and basic components of the operator are determined 

by the expression (3): 

 1 2( ) : , ,..., JO Op Op Op , (3) 

where , 1,jOp j J  is the set of operands that are part of the operator 

structure ( )O  . 

The format of the operand is determined by the expression (4): 

  ( ) , , ,Op Name X T k s  , (4) 

where Name  is the name of the operand or its content (State, Question, 

Confirmation, Statement). 
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Table 1 presents the initial data for model validation (2). The 

modeling results are shown in Figure 2. 

Table 1. Initial data for model validation (2) 

Graphic 

number 
 x T k s

1 1 1 10 

2 1 2 10 

3 1 1 5 

4 1 1 20 

5 1 1 40 

5

4
3

2 1

X[T]

Figure 2. Model validation results (2). 

4. Defining Temporal Logic Operators

The list of temporal logical operators is determined by the functionality 

and field of activity of the distributed cognitive computing system. In the 

following some examples of temporal logical operators are presented: 

1)     1 2max , ,..., JO Op Op Op   ; 

2)    1 2min , ,..., JO Op Op Op   ; 

3)    1 2, ,..., JO NOT Op Op Op   ; 

4)    1 2, ,..., JO Op Op Op   ; 
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5)    1 2, ,..., JO Op Op Op   ; 

6)    1 2, ,..., JO Op Op Op    ; 

7)    1 2, ,..., JO Op Op Op   ; 

The number and complexity of operators for temporal logic can be 

extended in relation to the solved problem. 

5. Conclusion

This paper presents the results of the conceptual and structural design of a 

distributed cognitive computing system based on temporal logic. The 

system is defined as a group of Agents that forms a network of computing 

devices with a mesh topology. The communication between the Agents 

ensures the organization of the knowledge exchange which allows the 

implementation of the calculation models with a collective decision. 

The functionality of the Agents is based on the application of 

temporal logic models and includes: operations to perceive the state of the 

activity environment, communication with other Agents for the purpose of 

knowledge exchange, updating knowledge, calculating decisions and 

acting with these decisions on the activity environment, or their 

communication to other Agents. 

The paper proposes the synthesis of the distributed system of 

cognitive calculation, which includes: the functional model of Agents and 

its diagram, the functional elements are defined in the form of 

mathematical models (Event, Decision, Action, Question, Declaration, 

Confirmation, and Temporal Logic Processor). 

A temporal Logic Processor is defined as a set of operators that 

performs operations on a set of operands. The purpose of the operators is 

to update the knowledge base, thus offering cognitive capabilities for the 

system. An operand is a functional description of an event and includes its 

name or content, the initial state of the event, its credibility attenuation 

coefficient, and its credibility stability coefficient. 

In order to validate the model for calculating the credibility 

coefficient of the event, its modeling was performed for different 

attenuation and stability coefficients. The results are presented in the form 

of graphs. 
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The implementation of the Agents in the form of hardware 

computing architectures and software products is planned for the future. 

The results of this paper will be applied in the development of Multi-

Agent systems with calculation and collective decisions. 
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