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Abstract. The ability to freely publish any information content is causing rapid
growth of unstructured, duplicated and unreliable information volumes with
irregular dynamics. This significantly complicates timely access to actual reli-
able information especially in the tasks of the specific scientific topics moni-
toring or when it is necessary to get quick insight of adjacent scientific fields of
interest. The paper contains the description of the technology of text represen-
tation as a semantic graph. The algorithmic implementation of proposed tech-
nology in the tasks of fuzzy and exploratory information search is developed.
The problems of current search technologies are considered. The proposed
ontology-associative graph matching approach to post-full-text search system
development is capable of solving the problem of document search under
conditions of insufficient initial data for correct query formation.

The proposed graph representation of texts allows restricting usable ontology,
which in turn gives the benefit of thematic localization of the search region in
the field of knowledge.
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1 Introduction

Enormous data volumes accumulated and being progressively generated by digital
society lead to the necessity of intensive development in the field of search technology.
The ability to freely publish any information content is causing rapid growth of
unstructured, duplicated and unreliable information volumes with irregular dynamics.
This significantly complicates timely access to actual reliable information especially in
the tasks of the specific scientific topics monitoring or when it is necessary to get quick
insight of adjacent scientific fields of interest.

The current search technologies are mainly based on full-text search algorithms.
The obvious feature of such approach — to find exact match of search query, becomes a
disadvantage when user is not familiar enough with topic terminology to formulate the
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correct search queries and thus the results of such search algorithm would be of
doubtful relevance [1-3].

In the proposed approach a prepared corpus of texts and search index in given
subject area are presented using an associative-ontological approach in the form of
oriented loaded graphs representing relations of basic concepts [4-8], including the
relationships between key parameters expressed numerically through the use of sta-
tistical analysis. This form of presentation is representative for the expert, in contrast to
the forms of representation of knowledge obtained by machine learning methods that
are “hidden” inside neural networks and are not available for their direct study and
modification [9, 10]. The employment of the proposed form of semantic representation
allows correction of the automatically generated ontologies using the tool of visual-
ization. Many researches all over the world emphasize the importance of data visual-
ization in different areas of scientific research [11-15].

Recent years the interest in semantic data processing technologies in specific
subject areas using ontological models has not weakened, new systems are being
created, actively using ontology matching and ontology mapping technologies. For
example in the work [16] queries are processed and clustering by extracting content
from text description using of NLP-technology. In [17] the mechanism of multi-criteria
spatial semantic queries based on elements of ontology and dynamic construction of
GeoSPARQL queries are developed. In [18, 19], technological innovations are con-
sidered as the way of optimization of the use of vital resources in social biological and
economic systems. In order to manage technological innovations, an ontological
structure 1s created and tested, which reflects the current body of knowledge in the
subject area and allows identifying links and patterns.

To overcome the described problems, the various search technologies based on
semantic search principles are being developed which could be referred as post-full-text
search forming a new paradigm of exploratory information search.

This paradigm could be also characterized as “indirect information search” which
allows using broadly defined topic as a search query. For example, topic could be
defined as a sample document or a collection of documents. But as a new technology it
encounters number of problems to be addressed. For the time being there is no unified
standards for functionality and interface decisions for a such systems. Another disad-
vantage is a frequently unobvious or unexpected reaction to users query. This happens
mostly in two general cases: the found documents are relevant to topic but contain
unfamiliar terminology or documents are irrelevant topic but were found due to
homonymy. The first case can give a positive result of new knowledge acquirement but
the second case can confuse the user and give a negative result.

This paper proposes a variant of post-full-text search system based on the tech-
nology of representing texts as a semantic graph and considering the search task as a
selecting of the documents with graph of text matching the graph of search query as
well as the associative ontology matching method. The graph of text can be also
referred as associative ontology — the ontology reflecting the associative dependencies
between the elements of text [4—6].
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2 The Algorithm for Text Search Based on Associative
Ontology

Let’s consider the case when associative ontology was obtained from corpus of texts.
To bind corpus of texts to associative ontology the following structure will be used:

(U G,~,D,K>, (1)

where D = {d,,d,,d;, . ..,d,} — the set of documents which are belong to corpus of
texts, K = {ky,kz, ks, ..., k,} — the values calculated with use of &, for every docu-
ment d;. All the documents in D are then presented as united graph with set of edges
Eg = |JE, and vertices Vg = |J Va; consisting of graphs for every document d;

(Fig. 13.

Fig. 1. The illustration of the document relation to semantic ontology region principle

We define the associative search as a process of determination which documents are
containing the same semantic relations as search query [4, 7].
Each search query passes through the processes of stop-word removal and

lemmatization w;——w;, then the graph with set of edges Eq C Eg is being created
based on the methods that are represented in previous section. For the words w; from
query Q:

Yw; € Q & VV_V]' cQ= eQ(vT/,-,vT/j) € EQ. (2)

Formally the process of associative search can be defined as the process of getting
document subset from corpus of texts: Vd,eq € Eq V eq € E;. Wherein the number of
matching elements eq can be considered as indicator of relevance.
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The following cases are possible in search operation Er = Eq NEg on query Q:

e |Er| = |[Eq| — the documents containing all relations from query are exist in corpus;

e |Er|<|Eq| — there is no document in corpus of texts containing all relations from
query (the created associative ontology incomplete or the search query is incorrect;

e |Er| = J - nothing is found on search query (associative ontology contains no
relations satisfying search query).

The result of search query processing is a set of documents {d;}, E;, NEq # O,
which is being transformed into ordered list (Search Engine Results Page — SERP) by
the application of ranking function. The search process is illustrated on Fig. 2.

Es

Fig. 2. The illustration of the search process based on associative ontology

3 Implementation

As an illustration of the search index structure representation described in previous
section, the implementation based on relational model is shown. The corpus of texts
can be represented within the framework of relational algebra by ER-diagram (Fig. 3).
The set D corresponds to the document entity, the set corresponds to the link entity [8].
The set corresponds to the word entity.

word 7 document
PK |id_word —] PK |id link PK | id_document
id_baseword !d_word1 id_resource
id word2 -
text T uri
id_document
state
level
stat

Fig. 3. The illustration of the search process based on associative ontology
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The realization of search mechanism using database-management system (DBMS)
is implemented as SQL-query. Generalized SQL-query for search phrase consisting of
n words is as follows [8]:

select id_document from (

select id_document, count(*) as cnt from test where
W_CONDITION group by id_document

) where cnt>N;

where N=(n-1)!,

W_CONDITION=" (((id_wl=id _wordl)and(id_w2=id_word2))or ( (id
~wl=1d _word2)and(id_w2=1d_wordl)))or(((1d_wl=id _wordl)and
(id_w2=1d_word3) )or((id_wl=id word3)and(id_w2=id_wordl)))
or..”

Thus the n-word query needs 4(n — 1)! comparisons given the W_CONDITION
expression.

The speed of such query is limited only by the efficiency of DBMS which is
dependent on the speed of hard drives containing DBMS data structures.

To speed up search operations, a number of approaches can be used, including
NOSQL, “key-value” base, etc. for storing link table indexes (LINK entity).

The proposed realization gives the ability to execute search operations without the
need to store copies of text documents and thus minimizes the demands for data
storage.

4 Associative Ontology Matching

Ontology matching is the basis for fuzzy search algorithms based on the methods of
entering sub-ontologies into ontology, for example for solving tasks of long-term
monitoring in the field of interest.

In this paper we define E, as the ontology built from analysis of texts for the period
of time #; +dt, and Eg — built from analysis of texts for the period of time #, + dt,
where 1| <t,. Then we can define, that

Enew - E_A

is the ontological graph structure, which corresponds to the new trends have appeared
during the time period #, — t;.

Eg
Epack = =—
back En
is the ontological graph structure, which corresponds to the concepts and phenomena
obsolete during the same time period. Figure 4 illustrates the process of ontology
matching.
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Ea

EB\EA EA\EB

Fig. 4. The process of ontology matching when monitoring the temporary changes in the field of
interest

The union of a collection of sets from available sources (anthology) forms the
associative ontology Eg

The union of all the associative semantic environments of texts (associative
ontologies) in the given field of interest give as the thematic area Er:

UEi = Er,
i

where E; is the associative environment of the text T; (Fig. 5).

Fig. 5. The thematic areas illustration
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We have to note that
Er CEg.

Figure 6 shows the common structure of method of ontology constructing, com-
parison and visualization.

Language Stop word
dependent set of list
rules
' — Y Y
- . Stop words .
- |—> Tokenization —» P . —» Lemmatization
=] I filtering
|
. |
, Text - - ¢
ocuments )
Multiword term .
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grap R1 and R2
creation replacement
1 [mseessesmers s |

v

Graph model
comparison

v

The result of
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saving

|

Associative
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matching

visualization

Fig. 6. The common structure of method of ontology constructing, comparison and
visualization

The result of the developed algorithm of ontology matching and visualization of the
resulting ontology is the structure formed by concatenation of three ontology graphs
marked by three colors (red, green, white). The red graph nodes are the out-of-use
terms (from Ep,ex ontology), the green graph nodes are the new terms, which appeared
in the result ontology because of diachrony, white nodes are the terms that present in
both ontologies (the stable terms). The example of two ontologies associative matching
is shown on Fig. 7.
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Fig. 7. Visualization of ontology matching result in the some field of interest

5 Conclusion

The proposed ontology-associative graph matching approach to post-full-text search
system development is capable of solving the problem of document search under
conditions of insufficient initial data for correct query creation. This is paradigm of
exploratory information search. In this case, the minimal set of the search keywords
allows formation of query by iterative adding of new keywords from query associative
environment.

The proposed graph representation of texts allows restricting usable ontology,
which in turn gives the benefit of thematic localization of the search region in the field
of knowledge.

The valuable feature of graph matching approach is an ability to evaluate similarity
of texts and overall text cohesion allowing for most significant parts of text detection
and giving the user brief annotation of documents in the search results.

Another possible application of the associative search algorithm is the analysis of
ontology changes over a given period. Within the framework of the subject domain
under consideration, this makes it possible to create a prediction method based on the
results obtained from ontology changes for the next time interval. Developing a
technology to visualize the dynamics of changing the significance of concepts over
time, studying causal relationships based on the significance of concepts and tools for
automating them will further create an empirical model for predicting changes in a
particular field of interest.
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