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Abstract. This article describes approach to the 

decision support intelligent systems development based 

on ontologies as part of such systems knowledge bases. 

Such systems are classified in terms of their functioning 

based on ontologies. Mathematical functioning of 

decision support intelligent systems is developed, which 

is based on ontologies. The term adaptive ontology is 

introduced to denote that. The adaptive ontology model is 

defined as classic model development by adding weights 

of importance of concepts and relations, stored in 

ontology. 

Key words: adaptive ontology, intelligent agent, 

knowledge base, the weight of importance of concepts 

and relationships. 

INTRODUCTION 

Scientific research in the development and 

implementation of decision support intelligent systems 

(DSIS) lies in mathematical models development, 

methods and means of automated information systems 

development that are targeted to the areas of human 

activities that require logical reasoning, specific skills and 

experience, that is, based on knowledge. According to 

experts of information software systems development, a 

class of applications, which are necessary for solving such 

systems, is the most popular. The applications include 

decision tasks in such domains as disease diagnosing and 

technical problems; planning and monitoring activities; 

forecasting and classification of events; processing of 

natural language texts (quasi-summarization, quasi-

annotation) and others. 

The main component of DSIS is knowledge base 

(KB), which is formed according to the software on which 

functioning of the system is oriented. Traditional methods 

of knowledge engineering (getting knowledge from 

experts, data mining, machine learning, etc.) are not based 

on a system of verified and accepted standards, that is 

why are based on their basis KB and eventually lose their 

functionality due to low efficiency of their operation. 

Ontology engineering is used as knowledge engineering 

standard, as the result of which knowledge base ontology 

is received. Ontology - a detailed formalization of some 

given field of knowledge using conceptual scheme. This 

scheme consists of a hierarchical structure of concepts, 

relations between them, theorems and restrictions, which 

are taken in a particular software.  

Using ontologies as part of KB DSIS helps to solve a 

number of methodological and technological problems 

that occur during the development of such systems. For 

Ukraine the typical problems are the lack of conceptual 

integrity and coherence of certain techniques and methods 

of knowledge engineering; lack of qualified specialists in 

this field; stiffness of developed software and its low 

adaptive capacity; complexity of DSIS implementation 

due to the psychological aspects. All this demonstrates 

and confirms the relevance of research problems using 

ontologies in building DSIS. 

THE ANALYSIS OF RECENT RESEARCHES AND 

PUBLICATIONS 

Research towards the use of ontologies in the 

development and functioning of information systems, 

including the DSIS, has began late last century and is 

developing intensively. Basic theoretical principles of 

formal mathematical models of ontology were developed 

in the works of T.Hruber [1], who proposed to consider 

ontology as three-dimensional tuple; N.Huarino [2] in his 

works described methods of ontology building and 

possible ways of its development; D.Sova introduced the 

conceptual graphs term [3] and M.Montes-Gomez used it 

for ontology presentation [4]. Analyzing the works in 

general we can conclude that research in the development 

and use of ontologies in the construction of applied 

information systems is actively developing. These facts 

show the topicality of the building DSIS-related problems 

based on ontologies as a subject of research.  

Analysis of the main approaches, methods and tools 

for building DSIS and research areas using ontologies 

shows that the composition of these systems uses not all 

the possibilities of ontologies, especially during 

functionality simulation of such systems, although the 

advantages of ontologies usage in comparison with other 

methods of constructing KB are obvious since ontologies 

reflect objective knowledge and serve as a standard of 

engineering knowledge. In particular, there are some 

unresolved problems: modeling of decision-making 

processes and extraction of new knowledge based on 

ontologies; ontologies filling criteria; assessment of 

ontologies knowledge novelty and so on. 

 

The purpose of the article 

The article solves the problem of development and 

implementation of standardized methods of DSIS 

construction using the ontological approach to improve 

efficiency of KB and of the functioning of such systems. 
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THE BUILDING METRICS ON ONTOLOGY 

Areas of decision support intelligent systems 

development 

DSIS is software package designed to help the user 

make decisions about solving problems in particular 

software on the basis of knowledge of this area. DSIS has 

characteristics that are important in terms of modeling of 

the functioning: it contains a system of knowledge about 

the software which is presented as its model; mechanisms 

of reasoning, which are meta-procedures using knowledge 

to develop solutions; procedures of data mining that is a 

machine learning opportunity. DSIS functioning is a 

constant process of making decisions based on the current 

situations analysis. A typical functioning scheme of DSIS 

consists of the following three steps: 1) planning of 

targeted actions and decisions, that is the analysis of 

possible actions and choices of the one that best agrees 

with the purpose of the system; 2) reversed interpretation 

of the decision, that is the formation of a working 

algorithm to receive a response from the systems; 3) 

implementation of system response, resulting in changes 

in the external situation and the internal state of the 

system. The main component of DSIS is BR, the purpose 

of which is to store, organize and manage information 

about software and problems which occur in it. The most 

important parameter of KB is the quality and 

completeness of knowledge about the software, which it 

sets. The quality of KB depends on the structure and 

format of knowledge, its method of presentation. A clear 

and reasoned standard is required for wide 

implementation of any technology or methodology. In the 

field of KB development ontologies become that standard 

as a way to formal knowledge representation. Ontology is 

knowledge, formally reflected through conceptualization. 

Formal ontology consists of concepts (terms, notions), 

organized in a taxonomy, relations between the concepts, 

related axioms and rules of inference. 

Given the foregoing, a formal ontology model О is: 

 
ˆ ˆ ˆ, ,O C R F

,                             (1) 

where: С – finite set of software concepts (notions, 

terms), which sets is set by the ontology О; :R C C . – 

finite set of relationships between concepts (terms, 

notions) of the given software; F – finite set of 

interpretation functions (axiomatization, restrictions) 

defined on ontology О concepts or relations. 

The known four models of knowledge representation 

are used to build ontologies: frames for concept 

representation, semantic networks for relations 

representation, the second order predicate logic for 

axioms representations, and rules for building productive 

output rules. Semantic frames (concepts) network is 

called conceptual graph (CG).  

Ontology model (1) specifies only explicit 

knowledge. According to the DSIS theory, the DSIS 

effectiveness depends on a combination of explicit and 

implicit knowledge. So this model needs to be developed 

to reflect its implied (implicit) knowledge available to the 

expert or user of the system. Such model development 

will provide quality DSIS functioning as the core of it is 

the KB ontology. For the decision-making process a 

language of requests to ontology is being developed, for 

example SPARQL language. However ontology 

containing tens of thousands of concepts and it is 

physically impossible to remember them all. An 

alternative to language of requests is metrics. It is 

proposed to build such metrics based on ontologies. 

Current research for DSIS development is being 

conducted in two directions: 1) DSIS classification 

(output by precedents: Case-Based Reasoning); 2) DSIS 

activity planning (search for state goal in the space of 

states).  

The choice of DSIS depends on the type of problem. 

Method for inference by precedents is effective when the 

main source of knowledge about the problem is 

experience, but not theory; the solution is not unique to a 

particular situation, and can be used in other cases; aim of 

solving the problem is to receive not guaranteed right 

solution, but the best among the possible. The inference, 

based on precedent, is a method of constructing DSIS, 

which makes decisions about the problem or situation by 

the analogies search results that are stored in a class 

database. From a mathematical point of view, the current 

situation S belongs to the class kClass  among a plurality 

of N classes Class = {Class1, Class2, ..., NClass }, if the 

distance from S to this class is the smallest, i.e.  

 arg min ( , ),  1,k i
i

Class d Class S i N  .         (2) 

DSIS planning activities must reach a state goal. The 

first step is to develop a plan to achieve this state with all 

possible alternative ways. The planning process is based 

on the principle of decomposition. The task of planning 

ZP contains three components: the set of states St, a 

plurality of actions A, states set goal Goal, i.e. 

 ZP , ,St A Goal .                        (3) 

DSIS should be able to assess the condition and 

performance for effective planning. As we see, both types 

of DSIS require metrics. In the first case, it is required for 

vicinity class evaluation, in the second - to determine the 

relevance of states and actions. Efficiency of DSIS 

depends on the method of constructing the metrics [5]. 

Having analyzed the types of problems for which 

ontologies are used we conclude that all tasks can be 

divided into two subtypes. For the first type of problems it 

is essential, which values take properties of concepts. This 

includes tasks like diseases diagnostics, pattern 

recognition, and classification of phenomena on the basis 

of data collected so on. This type of problems should be 

named the feature problems. For the other types of 

problems the values of concepts are not essential; rather 

their semantics or concepts frequency of use in the text, 

etc. These problems include clustering information 

resources, text classification according to the UDC, 

intelligent search engines, quasi-summarization and 

quasi-annotation of text documents. This type of problems 

should be named the semantic problems. As the result we 

receive the division of DSIS into two dimensions (the 

direction of the development and operation of space), as 

shown on (Fig. 1). In each quarter the problems are listed 

that fall to the appropriate type.  

DSIS needs to build metrics for the effective 

functioning, with the help of which it is possible to
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determine the relevance classes or classes. Construction 

of such metrics depends on the type of problems: whether 

they are semantic or feature problems. Thus, there are 

four types of problems that are solved using DSIS. The 

cut in the field of research requires two different 

functional models (class search and planning activities), 

the cut by problem type - using all sorts of metrics for 

finding their solution and evaluating the quality of the 

obtained solutions. We will consider all these types of 

problems, firstly introducing the concept of adaptive 

ontologies (AO). 
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forecasting sporting
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...
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Fig. 1. The types of problems for solving which the 

DSIS is used. 

 

The effectiveness of KB ontology adaptation to the 

characteristics of software define elements of its structure 

and mechanisms of adaptation through learning during 

operation. One approach to implementing such 

mechanisms is automated weighing of KB concepts and 

semantic relations between them during self learning. 

This is the role of concepts importance and relationships. 

Weight of concepts importance (link) - a numerical 

measure which describes the significance of certain 

concepts (link) in a particular software and changes 

dynamically according to certain rules while operating the 

system. It is proposed to expand an ontology model (1) by 

bringing its formal description of weight of concepts 

importance and relations [6,7]. This ontology is defined 

as: 

 ˆ ˆ ˆ, ,O C R F ,  (4) 

where: ˆ ,C C W , ˆ ,R R L , W – weight of concepts 

importance C, L – weight of relations importance R. 

Ontology defined this way is called adaptive, i.e. one 

that adapts to software modifications with the help of 

setting scales of weight of concepts importance and 

relations between them. Such ontology is clearly given as 

a weighted CG. Therefore, metrics is based on such 

graphs. 

Advantages of models (4) over (1) are: 1) the ability 

to build metrics based on ontologies; 2) the ability to 

adapt to the DSIS knowledge base to the user needs; 3) 

the ability to set the importance of knowledge in terms of 

software expert; 4) AO unlike conventional ontology 

reflects not only the explicit knowledge, but also implicit 

(hidden); 5) data mining methods (decision trees, 

Bayesian networks, k-nearest neighbors) is a special case 

of AO depending on the setting of weight of concept 

importance rules and relations. In terms of building KB 

DSIS we receive such an approach: expert or the system 

user receive a ready KB, the core of which is the 

ontology, and their task is only to set up this KB for 

themselves by setting scales of importance of its 

elements. 

Metrics based on adaptive ontology 

Elasticity The process of DSIS functioning for 

classification problems is that some current situation S 

belongs to the class ZClass: ClassS  . To do this, the 

distance between the current situation and particular 

 ,Classi id d S . The situation S belongs to the class to 

which distance is smallest. It is proposed to carry out a 

decision that corresponds to this class. Mostly 

classification methods are reduced to induction of 

decision trees (DT) or nearest neighbor algorithm, 

supplemented by knowledge of the software. As for 

adapting and using the found solution, this problem is still 

not formalized enough and significantly dependent on 

software. It is proposed to use the AO for classification, 

i.e. to design classes and the current situation on the 

ontology software; introduce software metrics within the 

ontology for the required distance search [5, 8].  

For semantic problems it is proposed to determine the 

distance between the class and the situation as the 

distance between the "important" concept of class and 

current situation. Since AO is shown as a weighted CG, 

such concept is called the weights center of the 

respectively weighted CG. If j

classC - class weights center, 

k

sC  – weights center of the current situation, then the 

distance between that class and the current situation is 

defined as  ( , ) ,j k

class sd Class S d C C .  

From a mathematical point of view: the weights 

center of CG is a concept from which the average distance 

to all other concepts is the smallest. Obviously, in a 

manner determined distance will depend on how we ask 

the distance between two adjacent vertexes CG. It is 

proposed to determine the distance between vertices that 

are connected as  

 
 

ij

ij i j

Q
d

L W W



,  (5) 

where: Wi and Wj – importance weights of vertexes Ci and 

Cj respectively; Lij – weight of importance of link 

between the vertexes; Q – constant, which depends on the 

particular ontology. It is assumed that Lij = ∞, then dij = 0. 

Next, the weight centers of corresponding CG are 

found. Weights center id  is the CG vertex, for which the 

average distance and d are the smallest: min ii i
d d  . The 

average distance and id  for the vertex Ci is calculated 

using the formula:  

 
1,

1

n

ij

j j i

i

d

d
n



 





,  (6) 

where : n – the number of vertices; 
*

ijd  – the shortest path 

between vertices Ci and Cj, which can be found by known 

algorithms, such as Floyd-Uorshalla, Ford, Dijkstra 
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algorithms. The proposed distance satisfies the three 

axioms of metrics. 

Then the metric was created to solve the 

classification problems in the feature space. Let the set of 

classes Class={Class1, Class2,…, ClassN} be represented 

by attributes Х={x1, x2, …, xM}. Di – domain of attribute 

xi; wil – weight of attribute importance xil in class Classi.. 

The value of attribute xi we denote by  i iz z x . So, 

 
1 1 2 2

, ,...,
k ki i i i i i i iClass X x z x z x z     , where 

j ji iz D . Then the distance between the class Classi and 

the current situation S is defined as: 

  ,
l l

l i

S

i i i

i I

d z z


 ,  (7) 

where: 
li

z  – the value of attribute 
li

x  in class Classi; 
j

S

iz  – 

значення властивості 
li

x  поточної ситуації S; 
iI  – set 

of indexes of the most important attributes of the class 

Classi, 1 2 ...
ii i i iNI I I I    , iN  – number of properties 

that should be considered in order to make a decision 

regarding affiliation of S to the class Classi,  

1 1 1 arg max
l

l i

i s s i
i I

I i i w


 
  
 

, 
1

2 2 2
/

arg max
l

l i s

i s s i
i I i

I i i w


 
  
 

, 

...  ,    

when:  trying to solve one single problem, we can choose 

as function any known metrics (eg, Euclidean, Manhattan, 

lemming, Zhuravlev, etc.), depending on what data is 

used (quantitative, qualitative or mixed) [9-12]. 

  v St i  is valuation of condition  St i  and k

ija  a 

transition from a condition of  St i  into  St j  with the 

use of alternative k ;  k

ijv a  valuation of an action 
k

ija . 

Condition of the goal Goal is determined by the fact that 

some subset of attributes X must reach certain values 

 ,z x Goal  x X  .  

To evaluate the condition of  St i  we need to 

display 
iY  set of attributes and their values of the 

condition  St i  into the set of attributes and their values 

of the condition Goal, using KB ontology rules (SWRL), 

ie: : o

iY X  . Then the evaluation of the condition 

( ( ))v St i  can be calculated as following: 

( ( )) ( ( ), ) ( ( ( ), ( ),
wx X

v St i d St i Gool z x St i 


     

where^ WX  - set of attributes with the largest weights in 

the AO, function   is the same as in (7). The smaller the 

evaluation of condition is the better condition. The power 

of set WX  is  defined by the system user.  

To select IDSS actions we should take into account 

the rationality of user is behavior, namely the effort to 

minimize the cost of resources for the attainment of the 

goal. Each alternative is characterized by resource costs 

and lifetime. Information on this alternatives and 

resources is stored in the ontology. All information about 

the importance of attributes is contained in the database. 

Of course, some new alternatives may appear because 

DSS module includes the ontology replenishment.  

The assessment of the action is directly proportional 

to the resource costs:  

 k k

ij ijv a E g  , 

where: E – a scalar quantity.  

The decision about the choice of alternative-based 

action we perform according to the formula specified:  

       ,k k

i ij ijo a v a v St j . 

By using methods suitable for solving such problems, 

we find a solution in the form of the transition from the 

initial to the final condition:  

    , iSt j a St i o ,   0 , max(min)St o  . 

If we talk about planning semantic problems it's quite 

difficult to say anything in advance about the condition of 

the goal Goal.  

For example, the condition of the goal Goal for the 

problem of quasi -abstracting is a quasi-referent, but we 

can only imagine what it will be like. The evaluation of 

the condition coincides with the evaluation of the 

importance of semantic units (word, token, sentence) 

depending on the task. The process of creating metrics for 

such tasks must be based on weighting TF-IDF measure 

by ontology software: 

   TF-IDFv St W  . 
This evaluation has significant advantages over the 

others, because it simultaneously takes into account both 

the frequency analysis of the use of terms in text (TFIDF), 

and software specifics. The new condition for the quasi-

referential tasks consists in adding new sentences to 

quasi-referent. 

THE MAIN RESULTS OF THE RESEARCH 

Approbation of metrics 
Described IDSS consists of the following 

components: a knowledge base (KB) with AO as a core; 

Database (DB), in which the set of classes and 

corresponding solutions are stored depending on the type 

of the task, weights of the importance of AO concepts, 

types of ratios and weight of their importance, value of 

characteristics and the history of such values (for planning 

tasks); tasks solving control module (uses the built 

metrics in accordance to the task);  knowledge 

replenishment module (builds, teaches and optimizes the 

ontology). To implement these components the following 

tools were selected: ontology editor Protégé OWL API to 

build ontology; SWRL (included as a separate Protégé 

module) – for saving rules of knowledge base; a database 

management system (7) MySQL to build a database. 

Programming languages PHP, Python, Java, C # were 

used to build the control module and the knowledge 

replenishment module in accordance to the IDSS function 

(purpose) [13-15].  

IDSS was developed for semantic tasks such as 

intelligent search system (ICS) and IDSS text documents 

classification. The search engine is called intelligent if it 

makes context-based searches. Classification IDSS 

belongs to such systems. Indeed, the text unit in 

accordance to which the search is conducted (sentence, 

phrase, phrases, etc.) is the current situation, which we 
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will call standard. The found text documents are classes, 

ranked (graded) according to the distance to the standard.  

The weights of ontology concepts relating to the 

subject matter are taken as weights, used when finding the 

distance. Let us show the efficiency of the IDSS 

functioning on the example of analysis of the scientific 

articles abstracts. Let's explore two abstracts from the 

journal «Physical-chemical Mechanics of Materials». 

1. The correlation between difractometric 

inverstigations and calculations, based on the model of 

rigid spheres, allowed us to make prediction of the change 

of the surface tension and to evaluate the steel wettability 

by extremum of a continuous function of structural melt 

factor. The influence of stainless steel elements laser 

doped into the surface on structural factors of melts Pb 

and Li Pb was investigated.  

2. The damaging of power plant equipment, made of 

stainless austenitic steels is considered. It has been found 

that initiation of intergranular stress corrosion cracks in 

the weld region of the welded joints made of this steel is 

caused by interaction of 3 factors – the determined degree 

of basic metal sensitization, high service stress, that is 

higher than the material yield strength and the increased 

oxygen concentration in the heat carrier. 

The value of concepts weights and relations is taken 

from the developed materials science ontology based on 

the frequency method. Using the formula (5), which 

assumed that Q = 50, we get weighed KG of these 

abstracts, shown in (Fig. 2): 
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Fig. 2. The weighted conceptual graphs of two 

abstracts. 

 
Indexes are marked above the concepts. We use the 

Floyd–War shall algorithm and formula (6) to define that 

the canter of weights are:    1 3 'model'C    3 7,37d  , 

   2 5 'stress'C   , 5 5,8d  . The search is conducted 

for the word „corrosion‟, that is this concept is considered 

to be the center of weights of the current situation, while 
centers of abstract weights are centers of classes weights. 
Since the concept of „corrosion‟ is represented in the 2nd 
abstract, the distance to this abstract is equal to the 
distance between 'corrosion' and the center of weights of 

this abstract:    3 5

2Pr , , 2,2d S d C C  . The distance 

for the first abstract must be found by means of the 
ontology-based techniques. According to the materials 
science ontology the path from  'corrosion' to 'model' is as 
follows: „corrosion‟ - „physical_process‟ - „process‟ - 
„model‟. 

Considering the weights of concepts and relations 
(the first two are hierarchical, when the third is 

functional) we get the following: (  1Pr , 4,6d S  . By 

analogy, we find the distance from the keyword 
„corrosion‟ to other abstracts.  

The developed method is not an alternative to the 
keyword search of information, but its addition. If the 
keyword search  fails to produce the expected results, the 
developed contextual ontology-based search must be 
used. Since ontology defines scientific knowledge, this 
kind of search makes sense only for scientific 
information. So in our case, the result of the search for the 
keyword 'corrosion' would be only the second abstract. 
We offer the user to look through the article which 
corresponds with the first abstract [16-18].  

For feature problems, IDSS plan of pipeline 
diagnosis and upgrading was developed. The challenge 
for IDSS (Р) is to enter the state Goal by using this 
resource and knowledge software stored in its ontology: 

  ,:  0 G OP St Goal . For states evaluation the lifetime 

of the pipeline (r) was applied. For action evaluation - the 
resource consumption g for the transition from state to 
state was applied. Then the formula (9) is simplified as 

follows:  
k

jk

ij k

ij

r
o a

g
 , where k

ijg  - the resource 

consumption for the transition from to state  St i , using 

alternative k , k

jr  – lifetime of the state  St j , for 

alternative 
k . To process the pipe three sub-tasks must 

solved (preparation, coating, protection), the first of 
which is divided into four subtasks (opening tube surface, 
removing the protective coating, degreasing, priming). To 
solve each subtask the alternative solutions must be 
found. For subtask of removal of protective coating one of 
three alternatives (mechanical, chemical, thermal) can be 
chosen. All this information is stored in the materials 
science ontology [19-20]. 

The rationality of activities planning is formulated as 
follows: how to extend the lifetime of the pipeline at a 
minimum cost, taking into account that: 1) the 
electrochemical corrosion of the pipe is the main limiting 
factor; 2) an economic effect that the ISDD user gets from 
the operation of the pipeline; 3) the cost of corrosion 
protection, 4) the indicative dates for trouble-free 
operation of the pipeline and taken measures of its anti-
corrosion protection  known from expert assessments, 
standards, data non-destructive testing and technical 
diagnostics. IF ((it is time to restore the coverage) OR (It 
was the event of damage to the coating) OR (the 
measured parameters exceed the allowable threshold)) 
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AND (needed resources are available) TO (Run coverage 

replacement). To find this information the articles from 

scientific journal Physical-chemical Mechanics of 

Materials were analyzed. Some abstracts are written in the 

developed ontology using SWRL-rules. On the whole, the 

following model was produced: 
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N
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i ij

i

e

N
k

ij

i

o a

r r
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 (8)  

where: min j
j

r r , 
er   term exploitation the desired. 

The problem (8) can be solved by functional 

equations approach, suitable for solving problems of 

dynamic programming. Using AO as part of IDSS KB 

enables to reduce the problem of planning to the problem 

of dynamic programming. 

CONCLUSIONS 

As a result of this research the ontology-based 

method of creating and improving the efficiency of the 

intelligent decision support systems has been developed. 

This was achieved through the use of developed earlier 

software, based on the use of the ontologies in such 

systems, and adaptation ontologies to the specific 

problems of the domain. The structure of traditional 

ontologies was modified by introducing the weights of 

importance of concepts and relations. This made it 

possible to adapt the ontology to the specific problems of 

domain and to the needs of system user  through setting 

up these weights. This model of ontology specifies not 

only explicit, but implicit knowledge. Mathematical 

software was developed for functioning of ontology-based 

intelligent decision support systems, which helped to 

formalize the decision making process of such a system. 

Unlike other metrics, this semantic metric based on 

adaptive ontology takes into account not only their 

taxonomy of the concepts, but also the causal dependence 

between them. The mathematical software based on the 

automated determination of set of properties, according to 

the values of which the decision support process is 

implemented. Based on the built models, methods and 

algorithms, the software of the intelligent decision support 

systems enables to implement individual components and 

functional modules of the intelligent decision support 

systems. 
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