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The article is devoted to the study of the problem of information 

search on the Internet by using knowledge about the domains of the 

Web space. The domain information model (IM), the virtual Web 

environment model (VWE) and the user query model (UQ) are pro-

posed, as well as the relationships and mapping principles between 

them are investigated. The possibility of providing a thematic focus, 

improving the quality and efficiency of the search process, improv-

ing results using an information model of domain representation is 

considered. Based on this model, a domain-oriented information 

search system for the Internet Web space has been developed. To 

improve the quality of the search engine and search results, a fuzzy 

logic approach is used, thanks to which a fuzzy domain-oriented 

information model of the Web space is proposed. Within the frame-

work of the proposed models, methods have been developed for de-

termining the content connectivity of Web documents, dividing the 

Web space into related Web areas, and virtual unification of Web 

areas. 
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1. Introduction 

 

An analysis of the problems of the Internet information space, as well as studies in the field of 

information search on the Internet, shows that in the current context of astonishing growth of the 

amount of information on the Internet, the efficiency of information search tools is clearly lagging 

behind the desired level. The main reason is primarily the poor organization of information resources, 

including Web-documents in the Internet environment [1-6].  

This is due to the following factors:  

– information resources of the Internet, including Web documents, are created independently 

of one another in an arbitrary form, at the discretion of the authors or owners; 

– each information resource is characterized only by a certain set of features, at best, and their 

frequency characteristics;  

– links between information resources are generally placed without regard to their subject 

matter, and a logical and meaningful link between information resources therefore exists 

only between neighboring ones, at least through two or three links;  
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– existing search engines mainly allow quasi-random (poorly targeted) search on the Web, 

the effectiveness of which depends on the level of knowledge of the subject area of the 

search. 

The above shows that for search engines to be effective, the Internet information resources need 

to be systematized (indexed, classified, etc.). This is to some extent carried out in the most widely 

known Internet search engines, such as Google, Bing, Yandex, etc. The main disadvantage of this 

approach is that each Web document is characterized by a set of keywords and its location on the 

Internet, i.e., URL, or each keyword or word combination is matched by a set of URLs in which Web 

documents with these information attributes are located [7-9, 24].  

Normally, semantic relatedness between information resources and their subject matter prox-

imity are practically not taken into account in search organization [10,11]. Consequently, with such 

an approach, information search can be non-oriented, perhaps even moving in a "false" direction. 

Studies show that modern information search systems do not allow making full use of the capabilities 

of Internet resources, efficiency, accuracy, and completeness of information search generally does 

not reach the required level and leaves much to be desired [4,5,16].  

Despite the great complexity of the Internet information space, it can be systematized in such a 

way that it is rationally covered by search engines. In other words, it is proposed to partition the 

information space into search zones (domains) such that they are the coverage areas of individual 

search engines. This implies that the semantic relatedness between such search zones should be quite 

weak, but the information resources included in the same search zone should have a greater content 

relatedness [12-16]. 

Through this distribution of information resources across domains using the proposed approach, 

information search becomes partly subject-oriented and follows the principle of navigating through 

content-relevant links, rather than "random" hyperlinks or keywords [16-22]. 

The purpose of this research is to develop methods and tools for semantically supported infor-

mation search on the Internet and the use of fuzzy logic capabilities to improve the efficiency of the 

search process. 

– Given the above, this article is devoted to the study of methods and tools to develop a do-

main-oriented search system (DOSS) to organize information search using the information 

model of domains, ontology, hypertext structure of information resources of the Internet. 

The basic principles of DOSS are the use of the information model of domains for the de-

scription of information resources of the Internet, the user query and the execution of the 

data mapping mechanisms between them. Further in the paper we propose a domain infor-

mation model (IM – Information Model) to describe the resources of information space of 

the Internet, a Virtual Web Environment model (VWE – Virtual Web Environment) and a 

user query model (UQ – User Query). Methods of mapping one model to another, deter-

mining the relevance of mapping and ranking of results are also discussed in the context of 

the proposed models. 

 

2. DOSS architecture and operating principle  

 

Based on the goal set, in this paper, the domain-oriented search is achieved within the proposed 

models by completing the following tasks: 

- Building a Web document model; 

- Building a model of the virtual Web environment of the Internet using the information model 

of domains: 
 

VWE ⎯ context closest ⎯ IM; 
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- Developing the knowledge base (KB1) for IM; 

- Developing the knowledge base (KB2) for VWE; 

- Building the user interface – forming UQ, using IM; 

- Mapping between the information model of domains IM and the virtual Web environment 

VWE using KB1 and KB2; 

- Mapping between UQ and VWE: creating mapping of KBм; 

- Adaptation of the knowledge bases of the system;  

- Optimizing the view. 

In the following paragraphs, we propose the development of a DOSS that includes all the nec-

essary blocks and modules to solve the above tasks. The generalized structure of a DOSS is shown in 

Fig.1.  

 

As we see in the figure, the DOSS user interface consists of three modules [22]: 

- the UQ forming module; 

- the browser module (Google Chrome, Mozilla Firefox, Safari, Opera, Internet Explorer, etc.); 

- module for assessing the relevance of search results to the user query. 

UQ formation allows the user to express their requirements to the information model hierarchy 

and, using the available browser, sends UQ through the mapping block Mapping-2 to the VWE 

model. 

VWE contains information about Internet domains in some form similar to IM and uses a Web 

document model. For creating a VWE with an IM structure system, there is a second mapping block 

Mapping-1 between the IM and the VWE. To create a virtual environment VWE, available Web 

browsers are used, making it possible to obtain information about domains and the Web document 

model. 

The Mapping-2 block, which has knowledge of UQ and VWE, implements the mechanism of 

mapping between UQ and VWE. In addition, Mapping-2 implements browsing (search) optimization, 

which means determining which direction and which search route would be the optimal way to create 

the UQ. 

When the user receives a list of Web documents from the VWE, the block for assessing the 

relevance of search results to the user query uses the relevance criterion to implement a ranking of 
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the Web documents found.  

If we are dealing with an IM with fuzzy relations, then the adaptation block can implement the 

mechanism of adaptation by Mapping-1 and Mapping-2, depending on the results of the description 

of relevance. 

The formal representation of DOSS models and the operating principles of the mapping blocks 

are discussed in the following sections. 

 

3. Formal representation of the information model of Web space domains  
 

As a result of this research, an information model of domains IM is proposed. In this model, it 

is assumed that the information space is organized as a hierarchical structure, at the levels of which 

Web areas containing objects with their attributes are defined [21,22,24-28]. In other words, the in-

formation space (Web space) of the Internet consists of domain areas containing sets of websites 

servers and other information services, which we will call domain objects. 

It is assumed that an IM includes a set of objects and attributes, a set of relations between objects 

and their attributes, as well as between the objects themselves, a hierarchy of objects, which are rep-

resented by appropriate categorization, rules, functions, etc. Each object is described by a set of at-

tributes, descriptors, keywords and terms. Suppose that N is the maximum number of levels in the 

Web space domain hierarchy, 𝐸 = {𝑒𝑖}𝑛 is the set of objects (entities) in the domain, 𝐴 = {𝑎𝑗}
𝑚

 is 

the set of attributes used to describe objects in the domain. The principles of placement of objects on 

the levels, relations between objects, between objects and their attributes, and between attributes of 

objects are also defined in this model. 

In view of the above, the information model IM of domains in general form can be represented 

as follows: 

𝐼𝑀 → {𝑁, 𝐸, 𝐻(𝐸), 𝐻(𝐸, 𝐸∗), 𝐴, 𝑅(𝐸, 𝐴), 𝑅(𝐴, 𝐴∗), 𝑅(𝐸, 𝐸∗)}  (1) 

where 

- 𝐻(𝐸) is the matrix (or vector) of placement of objects (categories) on the domain hierarchy 

levels, where 𝐻(𝑒𝑖) = 1, if the object 𝑒𝑖 is in the domain, 𝐻(𝑒𝑖) = 0, otherwise, 𝑖 = 1, 𝑛̅̅ ̅̅̅; 

- 𝐻(𝐸, 𝐸∗) is the matrix of categorization relations (subcategory and supracategory nesting) be-

tween objects, where 𝐻(𝑒𝑖 , 𝑒𝑗
∗) = 1, if the object 𝑒𝑖 has a nesting relationship with the object 

𝑒𝑗
∗, 𝐻(𝑒𝑖 , 𝑒𝑗

∗) = 0, otherwise, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅̅; 

- 𝑅(𝐸, 𝐴) is the matrix of relations between objects and attributes of domains, where 𝑅(𝑒𝑖 , 𝑎𝑗) =

1, if the object 𝑒𝑖 has a relevance relationship with the attribute 𝑎𝑗, 𝑅(𝑒𝑖 , 𝑎𝑗) = 0, otherwise, 

𝑖 = 1, 𝑛̅̅ ̅̅̅, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅ ; 

- 𝑅(𝐴, 𝐴∗) is the matrix of relations between attributes describing domain objects, where 

𝑅(𝑎𝑖 , 𝑎𝑗
∗) = 1, if the attribute 𝑎𝑖 has a relevance relationship (e.g., synonyms, associative 

words, etc.) with the attribute 𝑎𝑗
∗, 𝑅(𝑎𝑖 , 𝑎𝑗

∗) = 0, otherwise, 𝑖, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅ ; 

- 𝑅(𝐸, 𝐸∗) is the matrix of relations between objects of domains 𝑅(𝑒𝑖 , 𝑒𝑗
∗) = 1, if the object 𝑒𝑖 

has a relationship with the object 𝑒𝑗
∗, 𝑅(𝑒𝑖 , 𝑒𝑗

∗) = 0, otherwise, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅̅. 

 

4. Information model of the virtual Web-environment  
 

Based on information model of domains (1), the VWE information model can be represented 

as: 

𝑉𝑊𝐸 → {𝑈𝑅𝐿, 𝐾, 𝑅(𝑈𝑅𝐿, 𝐾), 𝑅(𝐾, 𝐾), 𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿)},   (2) 
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where 

- URL is the set of linked (having a relevance relation) Web documents of the Internet; 

- K  is the set of descriptors (keywords) used to describe Web documents; 

- 𝑅(𝑈𝑅𝐿, 𝐾) is the matrix of relations between Web documents and keywords; 

- 𝑅(𝐾, 𝐾)  is the matrix of relations between keywords within Web documents;  

- 𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿) is the matrix of links between Web documents. 

VWE is part of the Web environment of the Internet and is related (relevant) to the domain in 

question. The optimal structure for VWE is an IM structure, because in it the user forms their quiery 

(UQ) according to the information model of domains. The VWE model formally has a graph structure. 

The vertices of this graph correspond to Web documents of the Internet, related by context (content) 

to a given domain, and the arcs correspond to the links (relations) between Web documents. 

It follows from the above that the set of Web documents URL is also a domain object, so we 

can write 𝑈𝑅𝐿 ⊂ 𝐸. Then, the set of descriptors (keywords) K is also a subset of the set of attributes, 

i.e., 𝐾 ⊂ 𝐴. Given this, the relational matrices 𝑅(𝑈𝑅𝐿, 𝐾), 𝑅(𝐾, 𝐾) and 𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿) can be con-

sidered as 𝑅(𝐾𝐸 , 𝐾𝐴), 𝑅(𝐾𝐴, 𝐾𝐴) and 𝑅(𝐾𝐸 , 𝐾𝐸∗
). Here 𝐾𝐸 is the subset of descriptors (keywords) 

describing the object 𝐸, 𝐾𝐴 is the set of descriptors (keywords) describing Web documents, i.e., 𝐾𝐸 ∈
𝐸 and 𝐾𝐴 ∈ 𝐴. 

The relational matrices between objects and attributes within the VWE model are presented as 

follows: 

- 𝑅(𝐾𝐸 , 𝐾𝐴) is the relationship between objects and their attributes that define Web documents 

in the form of 

𝑉1 = ‖𝑣𝑖𝑗
1 ‖

𝑛×𝑚
, 

where 

𝑣𝑖𝑗
1 = {

𝑈𝑅𝐿,     if  𝑅(𝐾𝐸 , 𝐾𝐴) = 1
0,          otherwise              

 

- 𝑅(𝐾𝐸 , 𝐾𝐸∗
) is the relationship between objects that define Web documents in the form of 

𝑉2 = ‖𝑣𝑖𝑗
2 ‖

𝑛×𝑛
, 

where 

𝑣𝑖𝑗
2 = {

𝑈𝑅𝐿,     if  𝑅(𝐾𝐸 , 𝐾𝐸) = 1
0,          otherwise              

 

- 𝑅(𝐾𝐴, 𝐾𝐴) is the relationship between the descriptors (keywords) of Web documents in the 

form of 

𝑉3 = ‖𝑣𝑖𝑗
3 ‖

𝑚×𝑚
, 

where 

𝑣𝑖𝑗
3 = {

1, if keywords 𝑖 and 𝑗 are correlated
0, otherwise                                              

. 

The latter matrix makes it possible to use relations between keywords to enhance the efficiency 

of the search result by taking into account the semantic relatedness of words, synonyms and associa-

tive words. 

 

5. User query model 
 

Since the user forms a query according to the IM model, the user query can also be represented 
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within this model. However, it is clear that this model will not contain all the information character-

istics of the IM model, but only some of them. Taking into account that the user searches for Web 

documents from the information space of the Internet, which contain (usually) keywords and links 

from (2), then the user query can be generally represented as 

𝑈𝑄 → {𝐸, 𝐴, 𝑅(𝐾𝐸 , 𝐾𝐴), 𝑅(𝐾𝐸 , 𝐾𝐸∗
)}.    (3) 

where 

𝑅(𝐾𝐸 , 𝐾𝐴), 𝑅(𝐾𝐸 , 𝐾𝐸∗
) ∈ {0,1}. 

In this case, the weights of keywords and links from other Web documents can be used to filter 

results. 
 

6. Mapping between VWE and IM models 

 

Note that the VWE is an information model of information sources, which can never be equiv-

alent to IMD domains, but the VWE must have a structure that is very close to the IM structure. 

Now we consider the problem of transforming model (2) into model (1) for a specified domain. 

As noted above, the main parameters in the information model of domains are E – a set of objects 

and A  – sets of their attributes. Given that the sets of keywords are taken from the set of descriptors  

𝐾 ∈ 𝐸 ∪ 𝐴, 

then we can consider the transformation of model (2) into model (1) as  

𝐾 ∈ 𝐾𝐸 ∪ 𝐾𝐴, 

where  𝐾𝐸 ∈ 𝐸 and 𝐾𝐴 ∈ 𝐴. 

Note that it is not difficult to distinguish (classify)  𝐾𝐸 from E  and 𝐾𝐴 from A  for the specified 

objects. 

Thus, the relationship between objects and attributes 𝑅(𝐾𝐸 , 𝐾𝐴) in the set of keywords for 

VWE will be 

𝑅(𝐾𝐸 , 𝐾𝐴) = {
1, if 𝑅(𝐾𝐸 , 𝐾𝐴) = 1                         

1, if 𝑅(𝑈𝑅𝐿(𝐾𝐸), 𝑈𝑅𝐿(𝐾𝐴)) = 1
0, otherwise                                     

 

Here the expression 𝑅(𝐾𝐸 , 𝐾𝐴) = 1 means that within Web documents there are links between 

𝐾𝐸 and 𝐾𝐴, and the expression 𝑅(𝑈𝑅𝐿(𝐾𝐸), 𝑈𝑅𝐿(𝐾𝐴))  shows the links between Web documents 

containing 𝐾𝐸 and 𝐾𝐴. 

Similarly to the expression 𝑅(𝐾𝐸 , 𝐾𝐴), the relations are determined between objects 𝑅(𝐾𝐸 , 𝐾𝐸) 

with respect to their keywords for VWE: 

𝑅(𝐾𝐸 , 𝐾𝐴) = {
1, if 𝑅(𝐾𝐸 , 𝐾𝐸) = 1                         

1, if 𝑅(𝑈𝑅𝐿(𝐾𝐸), 𝑈𝑅𝐿(𝐾𝐸)) = 1
0, otherwise                                     

 

 

7. Mapping the UQ model to the VWE model: information search 

 

Mapping the UQ model to the VWE model is the process of finding information in the VWE 

based on the UQ. It determines the correspondence between the UQ and VWE elements:  

- the set of objects of the user query E is mapped to the set of keywords (descriptors) 𝐾𝐴 de-

scribing these objects of WVE, i.e., 𝐸 → 𝐾𝐸; 
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- the set of attributes A of domain objects is mapped to the set of keywords (descriptors) de-

scribing these attributes, i.e., 𝐴 → 𝐾𝐴; 

- since the sets E and A are mapped, respectively, to the sets 𝐾𝐸 and 𝐾𝐴, then the relations 

between objects and attributes, as well as between objects themselves, will be mapped to the 

following relations: 

𝑅(𝐸, 𝐴) → 𝑅(𝐾𝐸 , 𝐾𝐴) 

and 

𝑅(𝐸, 𝐸∗) → 𝑅(𝐾𝐸 , 𝐾𝐸∗
) 

According to this mapping, the selection (search) of Web documents from the VWE upon query 

is implemented by one of the following lines: 

№ 𝐸→𝐾 𝐴→KA 𝑅(𝐸, 𝐴)→𝑅(𝐾𝐸, 𝐾𝐴) 𝑅(𝐸,𝐸∗)→𝑅(𝐾𝐸,𝐾𝐸*) Results 

(Web documents) 

1. T T T T 𝑉1 ∩ 𝑉2 

2. T T T F 𝑉1 

3. T T F T 𝑉2 

4. T T F F 𝑉1 ∪ 𝑉2 

5. T F F T 𝑉2 

6. F T F F 𝑉1 

7. F F F F - 
 

8. Search for Web documents, determining relevance and ranking search results 

 

Determining the relevance of Web documents given to the user as a search result satisfying the 

query in the most correct manner, i.e., the best search result of Web-documents based on a user query 

[7,19,22,24].  

There are two methods of determining relevance: 

- feedback, i.e., the user’s response;  

- analytical determination of relevance on the basis of the search result and user query.  

In the first option, search results are evaluated on a certain rating scale by users as their query 

is satisfied. In most cases, this is not done by users, and sometimes the evaluations are subjective. 

Therefore, we do not consider this method. 

Let us dwell on the second method. Here we have the following two sets for comparison: 

𝑈𝑄 → {𝐸, 𝐴, 𝑅(𝐾𝐸 , 𝐾𝐴), 𝑅(𝐾𝐸 , 𝐾𝐸∗
)} 

and 

𝑈𝑅𝐿 → {𝐾, 𝑅(𝑈𝑅𝐿, 𝐾), 𝑅(𝐾, 𝐾), 𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿)}. 

The second expression follows from model (2). In the latter expression. 𝑅(𝑈𝑅𝐿, 𝐾) is the rele-

vance of the keywords to the Web documents where they occur, i.e., the weights of keywords K for 

the corresponding Web documents, 𝑅(𝐾, 𝐾) is the relations (relevance relationship) between the key-

words within Web documents (these relations are implemented within a single Web document), 

𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿) is the relevance relationship between different Web documents. 

It can be seen that maximum relevance can be achieved by satisfying the following conditions: 

1. 𝐸, 𝐴 ∈ 𝐾 

2. 𝑅(𝑈𝑅𝐿, 𝐾𝐸) ∙ 𝑅(𝑈𝑅𝐿, 𝐾𝐴) = max
𝑘

𝑅(𝑈𝑅𝐿, 𝐾)                              (4) 

3. 𝑅(𝐾𝐸 , 𝐾𝐸∗
)&𝑅(𝐾𝐴, 𝐾𝐴)&𝑅(𝐾𝐸 , 𝐾𝐴)&𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿) = 1 
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4. 𝑅(𝐾𝐸 , 𝐾𝐸∗
)&𝑅(𝐾𝐸 , 𝐾𝐸∗

)&𝑅(𝐸, 𝐸∗)&𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿) = 1 

Expression (4) can be used to rank the results, allowing the user to have an alternative to select 

the most suitable (optimal options of) Web documents. In this case, it is possible to perform an auto-

matically adapting search process, because we are dealing with a specific VWE. 

 

9. Fuzzy domain-oriented information model of the Web-space 

  

The fuzziness of a domain-oriented model is related to the assumed fuzziness in the description 

and presentation of Internet information sources, as well as in the building of search queries [7,9,16]. 

Thus, practice shows that when creating, designing and presenting Internet information resources, 

authors and owners use different keywords that are not clearly related to their content. In Web docu-

ments of the same area, different keywords (synonyms) defining the same concept and having fuzzy 

relations of proximity can be used. In other words, keywords have a fuzzy relevance relationship to 

the subject matter of the Web document content.  In this case, the keywords describing the Web 

document can be defined by the functions of their membership in the set of terms, taking values in 

the interval [0,1]. 

Search queries are also fuzzy in two respects: firstly, the above fuzzy set of keywords (or syn-

onyms) and their relations to Web documents are used in creating them; secondly, search queries are 

the result of subjective thinking of users who, due to lack of knowledge of the subject area or inex-

perience in creating queries even with good knowledge of the subject area, may not formulate a search 

query clearly. 

Considering the above and models (1)-(4), we can conclude that a fuzzy model of the Internet 

information space should describe the fuzzy content relatedness between the available Web docu-

ments and the geographical transparency of the distributed information resources of the Web-space. 

Based on the above, the information space of the World Wide Web can be formally represented in 

the following form [6,8,13,27]: 

𝐼𝑀𝑓 = {𝑈𝑅𝐿, 𝐾, 𝐷, 𝑅(𝑈𝑅𝐿, 𝐾), 𝑅(𝐾, 𝐾), 𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿)},   (5) 

where 

- 𝑈𝑅𝐿 = {𝑢1, 𝑢2, … , 𝑢𝑚} is the set of Web documents;  

- 𝐾 = {𝑘1, 𝑘2, … , 𝑘𝑛} is the set of information attributes (keywords, terms) describing Web-

documents, in the future they will be called keywords;  

- 𝐷 = ‖𝑑𝑗𝑗′‖
𝑚×𝑚

 is the matrix of distances between Web documents (or sites, or subspaces), 

where distances 𝑑𝑗𝑗′ ∈ {0,1,2, … }, 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅  are determined by the number of levels of hyper-

links between Web-documents;  

- 𝑅(𝑈𝑅𝐿, 𝐾) is the relationship between Web documents and the keywords K that describe 

them. The keywords extracted from or attached to Web documents during indexing may reflect 

their content unclearly. These relations will be described by the matrix 𝑊 = ‖𝑤𝑖𝑗‖
𝑛×𝑚

; 

- 𝑅(𝐾, 𝐾) is the relationship between the keywords in Web documents. The relevance relations 

of keywords are usually fuzzy, that is, one keyword may be relevant to another keyword in 

some way and not clearly reflect the meaning of the first (for instance, synonyms have close 

but not exactly the same meanings); 

- 𝑅(𝑈𝑅𝐿, 𝑈𝑅𝐿) is the relationship (links) between Web documents established through links. 

This relationship will be described by the matrix 𝑅 = ‖𝑟𝑗𝑗′‖
𝑚×𝑚

, where 𝑟𝑗𝑗′ ∈

{0,1,2, … }, 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅  determine the number of links between the Web documents. 
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It should be noted that the set of Web documents 𝑈𝑅𝐿 = {𝑢𝑖}𝑚 included in model (5) is repre-

sented by the subset of the keywords 𝐾𝑖 of the set 𝐾, i.e., the subset of the keywords mapped to these 

Web documents. The keywords are assigned weight coefficients determining the degrees of im-

portance of these terms for each Web document. 

Suppose that 𝐾𝑖 = {𝑘𝑖1, 𝑘𝑖2, … , 𝑘𝑖𝑛}, 𝑖 = 1, 𝑚̅̅ ̅̅ ̅̅  is the subset of keywords describing the Web 

document 𝑢𝑖. The weight coefficients of the keywords with respect to each Web-document are deter-

mined as a function of the membership of these keywords in the subset 𝐾𝑖. The membership function 

takes values in the interval [0,1] and its values indicate the degree of membership of a particular 

keyword in the subset 𝐾𝑖 and determine the degree of subject matter proximity (relevance) of it to the 

content of the Web document. In particular case, the value "1" indicates full membership (full rele-

vance) of the keyword in this subset, and the value "0" indicates zero membership (lack of relevance).  

It should be noted that all subsets  𝐾𝑖 are normalized, i.e., the keywords of the set 𝐾, which are 

absent in 𝐾𝑖, are added to the latter, but the values of their membership functions are taken as equal 

to zero. Thus, each document is described by a vector of size n. The elements of this vector define 

the values of the functions of membership of each keyword 𝑘𝑗 in the subset 𝐾𝑖. 

In general, the set of Web documents 𝑈𝑅𝐿 = {𝑢1, 𝑢2, … , 𝑢𝑚} can be represented as a fuzzy 

𝑚 × 𝑛 relational matrix. The element at the intersection of row i  and column j  determines the value 

of the membership function of the keyword 𝑘𝑗 for the Web-document 𝑢𝑖. The Web document 𝑢𝑖 is 

represented in the search engine index database using fuzzy relations as follows: 

𝑢𝑖 = {𝑘𝑗/𝑤𝑘𝑗
(𝑢𝑖)} , 𝑖 = 1, 𝑚̅̅ ̅̅ ̅̅ , 𝑗 = 1, 𝑛̅̅ ̅̅̅. 

Here the relationship between the keyword 𝑘𝑗 and the Web document 𝑢𝑖 is determined as: 

𝑊 = {𝑤𝑘𝑗
(𝑢𝑖): 𝐾: 𝐾𝑖 → [0,1]} , 𝑖 = 1, 𝑚̅̅ ̅̅ ̅̅ , 𝑗 = 1, 𝑛̅̅ ̅̅ ̅                            (6) 

where 𝑤𝑘𝑗
(𝑢𝑖) is the function of membership of the keyword 𝑘𝑗 in the subset 𝐾𝑖 of the Web document 

𝑢𝑖, in other words, the weight coefficient of the keyword 𝑘𝑗 for the Web document 𝑢𝑖. 

 

10. Determining the content relatedness between Web documents  
 

If we take into account the weight coefficients of the keyword for the Web-documents 𝑤𝑖𝑗 ∈

[0,1], 𝑖 = 1, 𝑛̅̅ ̅̅̅, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅ , then taking into account the introduced parameters, the content relatedness 

of Web documents can be determined as [10,16] 

𝛼𝑗𝑗′ = ∑ 𝑤𝑖𝑗 ∙ 𝑤𝑖𝑗′

𝑛

𝑖=1

, 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅                                                                     (7) 

Further we consider the distribution of Web space on three levels of hierarchization. At the first 

level a set of local Web areas is determined, which can correspond to individual Web servers or 

groups of them, united by thematic or geographical features. At the second level, regional Web areas 

are determined, which may consist of a set of groups united by local Web areas. Finally, the third 

level determines the global Web space, which unites both thematically and geographically distributed 

Web areas. 

In the following paragraphs, we consider the tasks that allow formally obtaining the mapping 

of the Web space of the Internet to the proposed three-level structure depending on its information-

topological structure. This structuring corresponds to the hierarchization of the Web space and creates 

prerequisites for the organization of a multilevel subject-oriented and meta-search system. 
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11. Partitioning the Web space into related Web areas 

 

The connectedness of Web areas 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅ refers to the degree of connectivity of the Web 

documents 𝑢𝑗 ∈ 𝑈𝑅𝐿, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅  included in these areas. Let us introduce the variables  𝑥𝑗𝑙 , 𝑗 =

1, 𝑚̅̅ ̅̅ ̅̅ , 𝑙 = 1, 𝐿̅̅ ̅̅̅ determined as: 𝑥𝑗𝑙 = 1, if the Web document 𝑢𝑗 is part of the Web area 𝜈𝑙, 𝑥𝑗𝑙 = 0 if 

not [10,16].  

The optimal partitioning of the Web space into maximally connected Web-areas is analytically 

expressed through the total connectivity of areas 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅: 

∑ ∑ ∑ 𝑥𝑗𝑙𝑥𝑗′𝑙𝛼𝑗𝑗′

𝑚

𝑗=1

𝑚

𝑗′=1

𝐿

𝑙=1

→ max
𝑥𝑗𝑙

                                                         (8) 

The following conditions should be met here: 

- each Web document should be included in at least one Web area of 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅: 

1 < ∑ 𝑥𝑗𝑙

𝐿

𝑙=1

< 𝑘, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅ ,                                                                      (9) 

where k is the maximum allowed number of copies of Web documents. 

- the number of Web documents in each area should have both upper and lower limits: 

𝑄𝑚𝑖𝑛 ≤ ∑ 𝑥𝑗𝑙

𝑚

𝑗=1

≤ 𝑄𝑚𝑎𝑥, 𝑙 = 1, 𝐿̅̅ ̅̅̅,                                                        (10) 

Thus, the solution of problem (8)-(10) will give the intended partitioning of the Web space into 

the maximal connected Web areas with an upper limit of their number. This allows narrowing the 

scope of the Internet search. 

 

12. Virtual joining of Web areas 

The second task in the posed problem is joining Web areas 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅ into some subsets 

𝜔𝜐 ∈ Ω, 𝜐 = 1, 𝜐𝑚̅̅ ̅̅ ̅̅ ̅ on the basis of their proximity. This task is solved when building metadata search 

engines, or subject-oriented search engines. The proximity between Web areas is determined as [14, 

30]: 

𝛽𝑙𝑙′ = ∑ ∑ 𝑥𝑗𝑙𝑥𝑗′𝑙𝛼𝑗𝑗′

𝑚

𝑗=1

𝑚

𝑗′=1

.                                                          (11) 

To determine the membership of Web areas 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅ in the subsets to be joined, we 

introduce the variables 𝑦𝑙𝜐, 𝑙 = 1, 𝐿̅̅ ̅̅̅, 𝜐 = 1, 𝜐𝑚̅̅ ̅̅ ̅̅ ̅  where 𝑦𝑙𝜐 = 1, if the domain 𝜈𝑙 is a member of the 

subset 𝜔𝑣, otherwise, 𝑦𝑙𝜐 = 0. Here 𝜐𝑚 is the maximum number of subsets. Note that in this formu-

lation 𝜐𝑚 is preset. Although this provision limits the efficiency of application of the solution of the 

problem in practice, however, in the first approximation it is necessary to simplify the solution of the 

problem.  

Thus, the total proximity of the subsets 𝜔𝑣 in the optimal joining of the Web areas 𝜈𝑙 ∈ 𝑉, 𝑙 =
1, 𝐿̅̅ ̅̅̅ will be: 
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∑ ∑ ∑ 𝛽𝑗𝑗′𝑦𝑙𝜐𝑦𝑙′𝜐

𝐿

𝑙′=1

𝐿

𝑙=1

𝜐𝑚

𝜐=1

→ 𝑚𝑎𝑥                                                             (12) 

Next, we determine the conditions arising from the practical requirements of the problem: 

- each Web area 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅ should be part of at least one subset 𝜔𝑣: 

∑ 𝑦𝑙𝜐

𝜐𝑚

𝜐=1

≥ 1, 𝑙 = 1, 𝐿̅̅ ̅̅̅,                                                                             (13) 

- each subset 𝜔𝑣 can include only a limited number of areas 𝜈𝑙 ∈ 𝑉, 𝑙 = 1, 𝐿̅̅ ̅̅̅: 

∑ 𝑦𝑙𝜐

𝑙

𝑙=1

≤ 𝐵, 𝜐 = 1, 𝜐𝑚̅̅ ̅̅ ̅̅ ̅,                                                                           (14) 

Thus, the problem of joining Web areas on the basis of their proximity comes down to the 

solution of a bilinear programming problem, i.e., finding 𝑦𝑙𝜐, 𝑙 = 1, 𝐿̅̅ ̅̅̅, 𝜐 = 1, 𝜐𝑚̅̅ ̅̅ ̅̅ ̅ such that maximize 

functional (12) and satisfy constraints (13)-(14). 

Often the existing set of links ‖𝑟𝑗𝑗′‖
𝑚×𝑚

 is far from reality, i.e., does not reflect the actual 

relatedness of Web documents. The question arises: what should the web be like so that with a limited 

number of links the content relatedness is maximum? In this case this problem can be formally framed 

as follows: find 𝑟𝑗𝑗′ , 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅  such that allow synthesizing the optimal web, i.e., the web with the 

optimal links. The optimal links are the links connecting Web documents with the maximum content-

relevant proximity at the minimum distance: 

𝑙𝑗𝑗′ =
1

𝑑𝑗𝑗′
∑ 𝑤𝑖𝑗𝑤𝑖𝑗′

𝑛

𝑖=1

, 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅ ,                                                     (15) 

where 𝑙𝑗𝑗′ is the coefficient of content-relevant proximity of the Web documents 𝑢𝑗 and 𝑢𝑗′, 𝑑𝑗𝑗′ ∈

{0,1,2, … } is the distance between the Web documents 𝑢𝑗 and 𝑢𝑗′. 

The set of optimal links can be determined using the following functional: 

∑ ∑ 𝑙𝑗𝑗′𝑟𝑗𝑗′

𝑚

𝑗′=1

𝑚

𝑗=1

→ 𝑚𝑎𝑥                                                                           (16) 

The number of links should be limited to limit the confusion on the web: 

𝑟𝑗𝑗′ ≤ 𝑟𝑚, 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅                                                                              (17) 

Thus, the solution of the problem of construction of the optimal web is reduced to determining 

𝑟𝑗𝑗′ , 𝑗, 𝑗′ = 1, 𝑚̅̅ ̅̅ ̅̅  such that would give a maximum to functional (16) and satisfy constraints (17). 

However, in this formulation the efficiency of solution (16) strongly depends on the choice of the 

maximum value of the number of links 𝑟𝑚. 

Based on the solution of the above two tasks, the following conclusions can be tentatively 

drawn:  

- the Web areas that fall into the same subset can be covered by the same search engine;  

- areas that fall into multiple subsets simultaneously should be covered by multiple search en-

gines, which are global or meta-search engines.  

 

13. Conclusion 
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The proposed domain-oriented information model of the Web space allows us to deliberately 

influence the process of information search. The methods developed for this purpose make it possible 

to partition the Web space into such Web areas (domain zones) that could act as separate search zones. 

When creating such zones in addition to the subject matter proximity of Web documents belonging 

to the same zone, factors such as their content relatedness via hyperlinks, the distance between the 

subjects of the web containing these resources, are taken into account. It should be noted that the 

solution of these problems can improve the efficiency of information search by systematizing the 

Web space, narrowing the scope of search and organizing a subject-oriented search, while leaving the 

software and hardware parameters of search engines unchanged. To improve the quality of the search 

engine and search results, as well as to describe Web documents, relations between them and the 

keywords, to organize a domain-oriented search, the fuzzy logic approach and a fuzzy model of the 

Web space are used. 
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