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Abstract 

The paper presents an methodological approach to the construction of a system of ontologies to store the knowledge 

about energy pipeline systems, their properties, modeling problems related to these systems and the software 

employed. This system of ontologies consists of a metaontology and applied ontologies. The ontologies applied in 

the integrated graphical environment make it possible to automate the stages of the software development, fill the 

user interface with data and ensure effective operation with the model of pipeline system. 

Keywords: Ontologies, applied ontologies, metaontology, methodological approach, automation of programming, 

integrated graphical environment. 

1. Introduction 

Nowadays, modern pipeline systems (i.e. heat, water, 

oil, gas and other systems) represent engineering 

structures that are unique in scale and complexity. They 

are becoming increasingly more important in the 

energy, economy, industry, residential-municipal sector 

and other spheres of the country and society. It is 

impossible to effectively solve the problems of their 

design, reconstruction, operation and dispatching 

control without calculations and information support of 

the decision making processes. 

Researchers of Melentiev Energy Systems Institute 

of Siberian Branch of the Russian Academy of Sciences 

develop methodological approaches to the construction 

of integrated environments for computer modeling of 

pipeline systems. The integrated graphical environment 

represents a software package that can be used to solve 

applied information (work with the computer model of a 

pipeline system and its elements on the location plan in 

an interactive mode), calculation (solving the 

engineering problems) and analytical (analysis of 

graphs, tables and calculation results) problems within a 

single user interface. Such an environment should 

support the multi-level modeling, when the pipeline 

system model can be represented as a set of models of 

its different subsystems (network, pumping stations, 

sources, etc.). 

Pipeline systems of a certain type have their 

characteristic properties, a set of applied problems and 

specialized software designed to solve them. The 

knowledge about them should be stored in a form 

suitable for processing by software systems, and used to 

solve various problems. To this end, it is necessary to 

arrange the storage of this information in the form of 

ontologies [1-6]. In the knowledge engineering, the 

ontology is taken to mean a description of some subject 

domain which is used for formal and declarative 

definition of its conceptualization [7, 8]. During the 

automatic software design, we use the ontologies to 

formalize the description of objects of the subject 

domain, their properties and interactions between these 

objects. Nowadays, ontologies are widely used to solve 

the engineering problems. General issues in the field of 

development and use of ontologies are discussed in [9-

12]. In [13-17], the authors present the approaches to 

the software development based on ontologies. 

This paper is focused on the construction and 

practical application of the ontologies in the framework 

of the proposed approaches to the automated design of 

integrated graphical environments. 
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2. Specific features of ontology application 

One of the specific features of the methodology for 

solving the problems of energy pipeline system 

modeling is that the implementation of the software 

intended for solving these problems is the final stage of 

the development of methods, mathematical models, 

techniques and algorithms. The application of this 

software to solve scientific and practical engineering 

problems leads to the accumulation of experience 

enabling us to develop more accurate mathematical 

models, specify reference data, increase the speed of 

algorithms, improve the convergence of methods, and 

obtain an original solution to some practical problems. 

Normally, the gained experience is fixed by introducing 

some changes in the software, which improves its 

quality and correspondence to real engineering systems. 

The described approach to the development leads to a 

situation where the software becomes the only tool for 

formalization and storage of all the accumulated 

experience. As a result, this experience is unavailable 

for a wide range of specialists to study and use it. 

There are different types of pipeline systems. Each 

of the systems has their characteristic features, and their 

components are represented by different graphical and 

mathematical models. The new algorithms are 

developed and implemented within the applied 

software. This results in a great number of 

methodological and software developments. Their 

description should be made in a form suitable for 

multiple application. 

 To overcome the above difficulties it is necessary to 

switch to the software development paradigms within 

which the once- formalized knowledge will be used 

many times to develop and use the software. The Model 

Driven Engineering paradigm [18-21] makes it possible 

to devise methodological approaches to solve this 

problem. Within this approach, we propose making a 

formal description of knowledge about a subject domain 

in the form of ontologies, which will allow their 

repeated use in automation of the applied software 

construction.  

The ontologies in the information graphical 

environment are used to solve the following problems: 

 Automated construction of a program system that 

implements the integrated graphical environment; 

 Input of information in the integrated graphical 

environment; 

 Application of the integrated graphical 

environment to solve the applied problems. 

3. A methodological approach to structuring the 

knowledge about a subject domain 

We propose an original methodological approach to 

construction of a system of ontologies to store the 

knowledge about energy pipeline systems, their 

properties, modeling problems related to these systems, 

and employed software. The methodological approach 

includes the following components: 

 A three-level representation of the subject domain 

content; 

 The principles of structuring and formalizing the 

basic notions of the subject domain in the form of 

metaontology; 

 The principles of structuring and formalizing the 

knowledge about energy pipeline systems in the 

form of pipeline system ontology; 

 The principles of structuring and formalizing the 

knowledge about the modeling problems in the 

form of problem ontology; 

 The principles of structuring and formalizing the 

knowledge about the used software in the form of 

software ontology; 

 The principles of ontology development. 

3.1. A three-level representation of the subject 

domain content 

We have developed a three-level representation to 

demonstrate the structure and specific features of the 

application of ontologies, relations between them and 

objects defined by them (Fig. 1).  

The upper level of the metaontology contains basic 

notions of the subject domain that are used to describe 

the knowledge about the energy facilities, applied 

problems and software. Then, at the next level, there are 

applied ontologies that contain a description of certain 

types of pipeline systems, their typical elements, used 

standard equipment, applied problems and used 

software. At the lowest level there are specific objects: 

computer models for specific pipeline systems, 

conceptual and mathematical statements of the applied 

problems, software with software support of methods, 

 

Fig. 1. A three-level representation. 
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algorithms and models of pipeline system components 

(graphical and mathematical). 

3.2. Structuring the basic notions of the subject 

domain 

Metaontology contains the basic notions that are true for 

all the applied ontologies. The Fig. 2 presents the main 

part of this ontology. Any pipeline system is a system, 

and its modeling is related to one of the problems of the 

theory of hydraulic circuits. Therefore, corresponding 

software is used to solve this problem.  

Fig. 3 demonstrates a fragment of metaontology 

from the “System” concept. The pipeline system 

consists of the components that are divided into nodes 

and branches and can be in one of the following 

physical states: operable, emergency, disconnected or 

under reconstruction. The nodes in turn are subdivided 

into source, connection and consumer nodes. The 

branches are subdivided into active and passive. The 

active branches contain equipment that actively affects 

the flow distribution in the network. The branches of 

this type include pumping stations and branches with 

flow rate or pressure controllers. The passive branches 

contain pipeline sections of the pipeline systems. Each 

component has a mathematical model defining the laws 

of transported medium flow, and a graphical model that 

determines how it will be displayed.  

Further, we will consider a structure of 

metaontology from the concept “Problem of the Theory 

of Hydraulic Circuits”. The problems of modeling the 

pipeline systems are subdivided into the classes 

including the problems of analysis, synthesis, 

identification and control. Each specific applied 

problem belongs to one of these classes. It has a name, a 

statement and a method of solving. The statement of the 

problem includes its formulation, description of input 

and output data. Solving a specific applied problem 

involves the methods, each of which has their algorithm 

and conditions for its application. 

Now we will consider the part of metaontology that 

concerns software. The software consists of the software 

components of the integrated graphical environment and 

software packages used to solve the applied problems. 

The software component has a name, a programing 

language, an access technique and interface. The 

software components of the integrated graphical 

environment are organized in the form of libraries that 

are subdivided into basic software components, models 

of pipeline system components, components of 

graphical interface construction, adapter components, 

database access components, and layers of a geographic 

information system. The library of the basic software 

components includes data structures, validator 

components, graphical primitives and basic 

mathematical algorithms. The software packages are 

designed to solve a concrete applied problem, have an 

access method and work with a certain type of database 

management system. 

3.3. Structuring the knowledge about energy 

pipeline systems 

An integrated graphical environment for operation with 

a specific pipeline system is constructed in an 

automated mode based on the knowledge about the 

pipeline system of this type from a corresponding 

pipeline system ontology. The ontology of the pipeline 

system includes the description of the elements of this 

pipeline system and their properties. A fragment of the 

pipeline system ontology is presented in Fig. 4. 

 

Fig. 2.  A fragment of metaontology. 

 

Fig. 3.  A fragment of metaontology from the “System” 

concept. 
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3.4. Structuring the knowledge about the 

modeling problems 

Knowledge about on the problem is used to adjust the 

computer model of pipeline system to a concrete applied 

problem and automate the process of data preparation 

for the integrated graphical environment to call for the 

applied software. Storage of this knowledge is 

organized in the problem ontology that contains the 

description of the applied problems and methods for 

solving them, a description of algorithms, enumeration 

of parameters that are input data and parameters to be 

obtained from the problem solving. Fig. 5 presents a 

fragment of this ontology that contains a description of 

the optimization problem of the pipeline system 

parameters. 

3.5. Structuring the knowledge about the used 

software 

The software ontology is intended for the storage of 

knowledge necessary to automate the construction and 

use of the software. This ontology contains the 

description of: 

 The software intended for solving applied 

problems; 

 The software used to construct the integrated 

graphical environment; 

 Metadata (input and output parameters, description 

of data formats); 

 Technologies and interfaces of access to the 

software components. 

Fig. 6 presents a fragment of this ontology. It 

describes software and a software component for 

determining optimal pipeline system parameters. The 

software component is implemented in Java and has 

Command interface. The SOSNA software calls 

optimizer that solves the problem of determining 

optimal parameters. The software is accessed through 

the corresponding executable file. This software works 

with the data through the database-management system 

(DBMS) Firebird. 

3.6. Ontology design principles 

XML language is used as a tool for formal 

representation of ontologies in the framework of the 

proposed methodological approach. A specific feature 

of the proposed formal representation is the use of own 

language instead of standard ontology tools and 

languages. The reason for the development of own 

language is the fact that in this case the ontology has an 

applied character and is intended for automated design 

of an integrated graphical environment and its 

information content. In this context, it is sensible to use 

own subject-oriented language. The SVG and MathML 

languages, being XML subsets, are used for 

representation of graphical and mathematical models, 

respectively. 

4. Practical application 

The proposed methodological approach is used to 

implement a software prototype of an integrated 

graphical environment for computer modeling of 

pipeline systems. The application of the ontologies 

ensured automated design of the integrated graphical 

environment and its information content. Fig. 7 presents 

 

Fig. 4.  A fragment of the pipeline system ontology. 

 

Fig. 5.  A fragment of the problem ontology. 

 

Fig. 6.  A fragment of the software ontology. 
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a scheme of the integrated graphical environment design 

and operation.  

The developed prototype was successfully tested by 

solving the problems of determining optimal parameters 

of a heating system. The proposed approach ensured 

flexible adjustment of the software to a wide range of 

equipment in the modelled system. The integrated 

graphical environment prototype was employed in the 

calculations that made it possible to determine optimal 

parameters and make recommendations on rational 

reconstruction and expansion of heating systems in real 

cities. 

5. Conclusion 

Pipeline systems of a certain type (heat, water, oil, gas, 

etc.) have characteristics, a set of applied problems and 

specialized software used to solve these problems. 

Knowledge about them should be stored in a form 

suitable for their processing by software systems, and 

using to solve various problems. To this end, it is 

necessary to organize the storage of this knowledge in 

the form of ontologies, which can be used to automate 

software development stages, create the user interface 

content, and ensure effective work with the computer 

model of the pipeline system. 

The paper proposes an original methodological 

approach to build a system of ontologies to store the 

knowledge about energy pipeline systems and their 

properties, applied problems related to these systems, 

and the software used. 

The developed methodological approach was 

applied to automate the design of the software system 

that represents a software prototype of the integrated 

graphical environment for computer modeling of energy 

pipeline systems of different types and purposes. 
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Fig. 7.  A scheme of the integrated graphical environment 
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