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Abstract—The article proposes a knowledge 

management technology based on the joint use of 

ontologies, cognitive models and production expert 

systems. Мethods and tools of semantic modeling 

(primarily ontological and cognitive), developed in the 

team of authors, were applied within the framework of a 

two-level research technology of energy security 

research. An important components of knowledge 

management technology are the methods of cognitive 

modeling and the transformation of cognitive models 

into production rules of the expert system. The proposed 

approach provides automation of the analysis and 

interpretation of cognitive maps using production expert 

systems, which, in turn, allows to reduce the human 

factor influence and improve the quality of preparation 

and substantiation of recommendations for decision 

making. The stages of the proposed knowledge 

management technology, the algorithm for transforming 

the cognitive model, the modification and development 

of tools to support the proposed technology based on the 

agent approach are considered. Examples of ontologies, 

cognitive maps and the results of cognitive maps 

converting into production rules of an expert system are 

given. The technology has been tested in studies of 

energy security problems, but may have wider 

application. 
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I. INTRODUCTION 

The article considers the problem of knowledge 
management in scientific research and the proposed 
approach to solution this problem, which based on the 
integration of ontological, cognitive models and 
production expert systems. The relevance of the 
problem is due to the increasing value of expert 
knowledge and the need to develop new approaches, 
methods and tools for intelligent decision support 
based on the use of modern intelligent information 
technologies, including semantic modeling 
technologies. 

The approbation was carried out on the example of 
studies of the energy security problem, but the 
proposed approach to knowledge management can be 

more widely applied. The core of the proposed 
technology is the technique of cognitive modeling and 
the transformation of cognitive models into the 
production rules of the expert system, as well as tools 
to support the proposed technology, based on the agent 
approach. In studies of the  energy security problem 
cognitive modeling technology has earned recognition, 
but the analysis and interpretation of cognitive maps 
has until recently been carried out manually by an 
expert. The transition from cognitive models to 
production expert systems allows us to automate this 
stage and reduce the number of possible errors. The 
two-level technology for researching of the  energy 
security problem, the place in it of cognitive and 
ontological modeling, and the knowledge management 
technology proposed by the authors are described 
below. 

II. TWO-LEVEL TECHNOLOGY FOR ENERGY SECURITY 

RESEARCH 

Traditionally, at the Institute of Energy Systems 
named after L.A. Melentyev SB RAS to study of the  
energy security (ES) problems used economic and 
mathematical models of the fuel and energy complex 
(FEC) , software systems for  their  implemention and 
a computational experiment [1]. In modern conditions, 
researchers, as a rule, have the problem of obtaining 
sufficient and reliable initial information, which makes 
it difficult or inappropriate to use detailed 
mathematical models. In addition, the multivariate 
computational experiment and the combinatorial 
approach adopted in ES research leads to the need to 
analyze a large number of options (up to 5 million), 
which significantly increases the load on the expert. 

The authors proposed to apply a two-level research 
technology based on the concepts of semantic 
modeling and knowledge management [2]. Semantic 
modeling includes ontological [3-4], cognitive, event, 
and probabilistic modeling (modeling techniques and 
supporting tools developed by the author's team) [5]. 
In this case, both explicit (published and presented in 
electronic form) and implicit (Brain ) knowledge are 
used [6]. Two-level technology assumes that at the 
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first level, the expert performs a qualitative analysis of 
the problem using the tools of semantic modeling and 
selects the most likely (expedient) options for the 
development of energy sector (not 5 million, but, for 
example, 5 options). At the second level, justification 
of these options can be performed (computational 
experiment using traditional software systems and 
economic-mathematical models). Fig. 1 illustrates the 
architecture of an intelligent tool environment 
supporting this technology. 

An important place in the proposed technology is 
occupied by cognitive modeling and the supporting 
tool CogMap, which are discribed in more detail 
below. 

III. THE TRANSITION FROM COGNITIVE MODELS TO THE 

PRODUCTION RULES OF THE EXPERT SYSTEM 

Cognitive modeling is the construction of 
cognitive models represented by oriented graphs, in 
which the vertices correspond to factors (concepts), 
and arcs correspond to the connections between 
factors, positive or negative, depending on the nature 
of the cause-effect relationship. Arcs are characterized 
by weighting coefficients, in the simplest case “+1” or 
“-1”, in more complex cases, these coefficients are 
calculated or described by analytical functions [7]. The 
graphic representation of cognitive models is called 
cognitive maps. Recently, cognitive modeling is 
becoming increasingly widespread, both in Russia [8, 
9] and in other countries [10, 11]. 

 

In the study of ES problems, cognitive modeling is 
used for situational analysis of the ES problem and 
modeling of ES threats, which are understood as 
adverse events for the energy sector. In Figure 2 shows 
an example of a cognitive map built with help of  the 
CogMap tool. 

The basis for the development of cognitive models 
in our case are ontological models [12]. An example 
of a typical ontology that structures the basic concepts 
used in cognitive models is shown in Fig. 3 [13]. At 
the same time, to construct the ontological space of 
knowledge, the authors use a fractal stratified 
approach to structuring knowledge [14]. 

Until recently, the analysis and interpretation of 
cognitive maps was carried out by an expert manually, 
which could lead to errors and incorrect conclusions. 
Considering the reflection in the cognitive maps of 
cause-and-effect relationships, which are well 
displayed by the production rules “If the premise then 
the consequence”, it was proposed to automate the 
analysis of cognitive maps using production expert 
systems. The rules describing a specific cognitive 
model can be organized as a fragment of the 
knowledge base of a production expert system. Thus, a 
preliminary analysis of the cognitive model and 
conclusions on a set of rules can be carried out by an 
expert system, and an expert or Decision Maker can 
verify the accuracy and / or adjust these conclusions. 

 

Fig.1.The architecture of Intelligent IT-environment  to support two-level research technology 
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Fig.2.Fragment of the cognitive map for the threat “Accidents, 

explosions, fires (AEF)” in CogMap notation 

 

Fig.3.Basic ontology for cognitive modeling 

IV. KNOWLEDGE MANAGEMENT TECHNOLOGY USING 

ONTOLOGICAL, COGNITIVE MODELS AND THE 

PRODUCTION EXPERT SYSTEM 

Consideration of the full cycle of extracting, 
presenting and interpreting knowledge allows us to 
speak not just about the technology of transition from 
cognitive maps to production rules, but about 
knowledge management technology [15], including 
the stages of  knowledge extraction,  knowledge 
presentation, knowledge representations transforming 
(moving from one type of representation to another) 
and interpretation of knowledge. The knowledge 
management technology is presented in table 1 and 
illustrated in Fig. 4. 

 

 

TABLE I.  KNOWLEDGE MANAGEMENT TECHNOLOGY USING 

ONTOLOGIES, COGNITIVE MODELS AND PRODUCTION EXPERT 

SYSTEM 

Stage 

№ 
Stage content 

Tools 

(performers) 

Stage result 

1 

Domain analysis 

and knowledge 

extraction 

Expert, 

researcher 

(cognitive 
engineer) 

Basic domain 

concepts and 

relationships 
between them 

2 

Construction of 

ontologies 

OntoMap, 

CMapTools, 
Protégé  

Knowledge 

represented as 
ontology 

3 

Construction of 

ontology-based 
cognitive maps 

CogMap Knowledge 

represented as 
cognitive map  

4 

Construction of 

an incidence 

matrix for a 
cognitive map 

(CM) 

CM 

conversion 

agent 

Knowledge 

presented as 

incidence matrix 
for CM 

5 

Converting CM 
into the 

production rules 

of an expert 
system (ExS) 

CM 
conversion 

agent 

Knowledge 
presented as 

production rules 

6 

CM analysis 

(logical inference 
in ExS) 

Expert 

System 

Output of results 

(interpretation of 
knowledge in the 

form of CM) 

7 

Analysis of 
output results 

Expert Recommend a 
solution or refine 

knowledge (go to 

stage 2, 3) 

As part of the proposed technology, ontological 
engineering of the domain is carried out at the initial 
stages and ontologies are built using the following 
tools: authorial OntoMap or common CMapTools, 
Protégé, etc. At stages 4-5, the CM is converted into 
the production rules of the expert system, which 
carries out the CM analysis (logical inference) at the 
6th stage. At the final stage, the expert considers the 
results of the inference and recommends a solution or 
refines the initial premises (by editing ontological or 
cognitive models). 

 

 

Fig.4.Knowledge management technology using ontologies, cognitive models and production expert system 
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V. SUPPORT TOOLS OF  PROPOSED TECHNOLOGY 

To support the proposed technology, a 
modification of the cognitive modeling technique and 
the CogMap tool were performed and the CM 
conversion agent was developed. 

The developed module for saving the cognitive 
map in the format necessary for the 4th stage, where 
the cognitive map in XML format is transmitted to the 
input of the CM conversion agent, was integrated into 
the CogMap tool (Table 1). 

The conversion agent, in accordance with the 
author’s algorithm, traverses the graph, forms a list of 
concepts (entities) and the relationships between them; 
further, passing through this list, forms a set of 
production rules in the format used by the Clips shell. 
When implementing the agent, four classes of objects 
were designed: map, entity, connection, rule. 

The algorithm includes the following steps: 

1. The choice of the concept in the transformed 
cognitive model. 

2. The choice of the connection for this concept in 
the transformed cognitive model. 

3. If the connection is outgoing, then write in the 
incidence matrix at the intersection of the concept line 
and the relation column “1”, if the incoming one is “-
1”, otherwise “0”. 

4. The selection of the next relation for this 
concept and repeat step 3 until iterates through all the 
relations. 

5. The selection of the next concept and repeating 
steps 2-4 until iterating through all the concepts; if all 
concepts are passed, then the “end” of this block 
(formation of the incidence matrix). 

6. To select the cell of the first (next) row of the 
incidence matrix. 

7. If it has “1”, then mark the concept associated 
with this cell as “premise”, if “-1”, then mark as 
“consequence”. 

8. Go to the next row of the incidence matrix (to 
step 6); if the line is last, go to step 9. 

9. Make a rule according to the pattern: if 
“premise” then “consequence”. 

10. Go to the next column and repeat steps 6-9; 
repeat to the last column of the matrix. If the column is 
the last, then the “end” of the algorithm. 

In fact, this algorithm can be divided into two 
parts. When the first part is performed (steps 1-5), a 
graph is traversed that represents the cognitive model, 
and the incidence matrix of the graph is formed. When 
performing the second part (steps 6-10), this matrix is 
analyzed in columns and a set of production rules is 
formed. 

The resulting set of rules is transferred to the shell 
of the production expert system Clips. Using the Clips 
inference engine, the expert receives conclusions 

about the degree of interaction of the concepts of the 
cognitive map on each other, or, if the initial task 
required, the degree of influence of the concepts on 
any target concept (for example, the “Standart volume 
of FER reserves” in the cognitive map in Fig. 2). 

VI. AN EXAMPLE OF THE  PRODUCTION RULES 

FORMATION FOR A COGNITIVE MAP USING LINGUISTIC 

DESCRIPTIONS 

In Figure 5 presents a cognitive map of the threat 
“Reduced gas production opportunities”. If the sign Ci 
is associated with each concept, linguistic descriptions 
of the rules can be made. They are shown  below. The 
following is a list of the rules for the cognitive map 
shown in Figure 5, using linguistic descriptions of the 
rules: 

 

FIg.5. Cognitive map of the threat “Reduced gas production 

opportunities” 

1. If the price of oil in Europe rises, then the price 
of gas in Europe rises. 

Linguistic description: If С1↑, then С2 ↑ 

2. If gas prices in Europe rise, then the ratio “Gas 
Price / Gas Cost of New Areas at the Borders of 
Europe” increases. 

Linguistic description: If С2 ↑, then С4 ↑ 

3. If the prime cost of gas in new areas is growing, 
then the ratio “Gas price / cost of gas in new areas near 
the borders of Europe” decreases. 

Linguistic description: If С3 ↑ then С4 ↓ 

4. If the ratio “Gas price / prime cost of gas of new 
regions near the borders of Europe” increases, then the 
risks of new regions developing are reduced. 

Linguistic description: If С4 ↑ then С5 ↓ 

5. If the risks in the development of new areas are 
growing, then the pace and scale of their development 
are falling. 

Linguistic description: If С5 ↑ then С8 ↓ 

6. If the ratio “Gas price / prime cost of gas of new 
regions near the borders of Europe” is growing, then 
production in potentially new regions is growing. 

Linguistic description: If С4 ↑ then С7 ↑. 
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7. If the pace and scale of their development is 
growing, then production in potentially new areas is 
declining. 

Linguistic description: If С8 ↑ then С7 ↓. 

8. If production in potentially new areas is 
growing, then the total volume of gas production is 
growing. 

Linguistic description: If С7 ↑ then С9 ↑. 

9. If production in existing areas is growing, then 
the total volume of gas production is growing. 

Linguistic description: If С6 ↑ then С9 ↑. 

10. If the total volume of gas production is 
growing, then the level of ES of the Russian 
Federation is growing. 

Linguistic description: If С9 ↑ then С10↑. 

Construction a translator to convert these linguistic 
descriptions into a representation of an expert system 
can be another option for implementing the proposed 
approach. 

VII. CONCLUSION 

The article presents the knowledge management 
technology in scientific research, based on the use of 
ontologies, cognitive models and production expert 
system. The proposed technology includes the stages 
of knowledge extraction, knowledge representation, 
transformation of knowledge representations 
(transition from one type of representation to another) 
and interpretation of knowledge. 

At present, when the importance of expert 
knowledge is increasing, as well as the role of 
intelligent tools, the proposed technology is aimed at 
the intelligent support of the substantiation and 
formation of recommendations by experts for the 
preparation of scientifically based and balanced 
decisions for Decision Makers. 

The novelty of the proposed approach consists, 
firstly, in the integration of various intelligent 
technologies (ontological, cognitive modeling, expert 
systems) within the framework of a common 
technology for knowledge management in scientific 
research; secondly, in the automation of analysis and 
interpretation of cognitive maps using production 
expert systems. As a result, we can talk about 
improving the quality of preparation and 
substantiation of recommendations for making 
decisions (in our case, decisions on ensuring energy 
security).decisions on ensuring energy security). 
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