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Abstract — For more relevant informational retrieval and
matching of user request with metadata about biomedical
informational recourses it is necessary to formulize the user
knowledge about this subject domain. We propose to use the
ontologies and associated with them thesauri of the
appropriate subject domains for representation of
biomedicine knowledge. The algorithms of formation and
normalization of the multilinguistic thesauruses, and also
methods of their comparison are given in this work.
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This article consists of ten main parts. In I Introduction
we analyze the state of art of knowledge management in
actual biomedicine applications. In [l.Semantics of
informational resources we means of representation of
semantics of the Web informational resources.
111.Statement of retrieval problem deals with problems of
semantically-based informational retrieval
forbiomedicine domain. In V. Domain thesauri and
ontologies the modern means and languages of
knowledge representation are analysed. In V.Ontological
analysis we describe the formal model of ontology and
propose the classification of ontologies. The part VI.Use
of thesauruses for information resources retrieval deals
with use of thesauri in retrieval procedures. In VIIL
Constructing of domain thesaurus an algorithm of
domain thesauri building on base of base of different
relevant textual documents. VIII. Algorithm of domain and
IR thesaurusus comparison proposes the matchmaking
method of different thesauri that express the semantics of
documents. The part IX Intelligent informational
retrieval in biomedicine domain describes the use of
methods described above in biomedicine on example of
intelligent informational retrieval system MAIPS. In
X.Conclusion we describe the perspectives of semantic
informational retrieval in biomedicine domain.

1. INTRODUCTION

Copyright © 2012 MECS

The effective retrieval in the Internet becomes
difficult and laborious for user that has to process a lot of
documents that satisfy to formal request but are not
pertinent to his/her real information needs. Efficient
informational retrieval has to be semantically oriented
and based on knowledge of some subject domain. That's
why there is necessary to formulize the model of user
interests domain (e.g., as ontology), link all information
resources (IR) with some subject domains and then
develop the algorithm for matching of IR domains with
domain of user interests.

We propose to observe this task in example of
biomedicine domain, because now a huge volume of
biomedical and genome data is Internet-available. But
this data are distributed into heterogeneous biological
data sources, with little or even none information
organization. Therefore, integration and exchange of data
within and among organizations is a universally
recognized need in bioinformatics.

Now there is a lot of research works in field of
knowledge management and ontological analysis in this
domain. The knowledge representation community within
computer science has the aim of representing knowledge
in a form both understandable by humans and one that is
computationally amenable.

Ontology is commonly defined as an explicit and
formal specification of a shared conceptualization of a
domain of interest. Ontologies formalize the intensional
aspects of a domain, whereas the extensional part is
provided by a knowledge base that contains assertions
about instances of concepts and relations as defined by
the ontology. The process of defining and instantiating a
knowledge base is referred to as knowledge markup or
ontology population, whereas (semi-)automatic support in
ontology development is usually referred to as ontology
learning.

Ontologies have been broadly used in knowledge
management applications, with a recent upsurge around
Semantic Web applications and research. In recent years,
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ontologies have regained interest also within the NLP
community, specifically in the context of such
applications as information extraction, text mining, and
question answering. However, as ontology development
is a tedious and costly process there has been an equally
growing interest in the automatic learning or extraction of
ontologies. Much of this work has been directed towards
extraction from textual data as human language is a
primary mode of knowledge transfer.

In this way, textual data provide both a resources for
the ontology learning process as well as an application
medium for developed ontologies.

For the last years, the World Wide Web Consortium
(W3C) Health Care and Life Sciences Interest Group
(HCLSIG) [1] has investigated the use of Semantic Web
technologies in biomedicine. Ontologies play a central
role in the Semantic Web [2], especially in biomedicine
for which a large number of ontologies have been
developed. This group advocates the use of Semantic
Web technologies for supporting translational research [3]
and has demonstrated the feasibility of integrating
disparate resources in the domain of neurosciences,
including Entrez Gene, Gene Ontology Annotations, the
Allen Brain Atlas, PubMed/MEDLINE, and MeSH [4].

Other “mashups” (integrative applications) have been
developed since (e.g., [5]). Similar approaches have been
used to integrate genotype and phenotype information [6],
pathway and disease information [7], and to create drug-
target networks [8]. Biomedical ontologies are crucial to
these integration projects.

There are, however, many obstacles preventing
ontologies from being used efficiently for data integration.
Despite the existence of repositories such as the National
Center for Biomedical Ontology’s BioPortal [9] and the
Unified Medical Language System (UMLS) [10], not all
ontologies can be accessed easily. Furthermore, some
ontologies in the UMLS are subject to intellectual
property restrictions and the UMLS cannot be used
without first signing a license agreement. While OBO and
OWL are popular formalisms for representing ontologies,
many ontologies are available only in proprietary formats.

The increasing volume and diversity of information in
biomedical research is demanding new approaches for
data integration in this domain. In [11] Semantic Web
technologies and applications can leverage the potential
of biomedical information integration and discovery,
facing the problem of semantic heterogeneity of
biomedical information sources. In such an environment,
agent technology can assist users in discovering and
invoking the services available on the Internet. In this
paper authors present SEMMAS, an ontology-based,
domain-independent ~ framework  for  seamlessly
integrating Intelligent Agents and Semantic Web Services.
Our approach is backed with a proof-of-concept
implementation where the breakthrough and efficiency of
integrating disparate biomedical information sources have
been tested.

Ontologies are becoming essential for data integration
as a result of the increase in the quantities and types of
data in the molecular biology domain. Simultaneously,
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the need to organize, co-ordinate and disseminate
ontologies as well as coherent ontology development
methods is now accepted and is evidenced by the funding
of the National Center for Biomedical Ontology (NCBO).
Though the need to use ontologies is widely appreciated,
the right manner in which they should be developed and
applied is not well understood. Researchers still resort to
ad hoc methods in developing and using ontologies,
resulting in lost opportunities for integration and cross-
disciplinary communication, and creation of obstacles to
cross-domain reasoning.

Ontologies are used in biomedicine:

e As a controlled vocabulary to annotate genes and
gene products (e.g The Gene Ontology);

e As a data exchange format and for data
integration (e.g. MGED, SBML and BioPax);

e To define a knowledgebase schema (e.g. BioCyc
and Reactome);

e For driving natural language processing (e.g.
Textpresso and Geneways);

e For semantically rich querying of federated
databases (e.g. TAMBIS);

e Creating formal representations of biological
processes for hypothesis evaluation (e.g.
HyBrow).

The emergence of information and communication
technologies has drastically changed biomedical scientific
processes. Experimental data and results today are easy to
share and repurpose thanks to the Web and public
application programming interfaces (APIs) enabling
connection to databases containing such information.

Biomedical researchers have turned to ontologies and
terminology to describe their data and turn it into
structured and formalized knowledge. For instance, the
Gene Ontology2 (GO) is widely used to describe the
molecular functions, cellular location and biological
processes of gene products as well as integrate these
descriptions across several databases.

The bio-ontology community falls into two camps:
first we have biology domain experts, who actually hold
the knowledge we wish to capture in ontologies; second,
we have ontology specialists, who hold knowledge about
techniques and best practice on ontology development. In
the bio-ontology domain, these two camps have often
come into conflict, especially where pragmatism comes
into conflict with perceived best practice.

II. SEMANTICS OF INFORMATIONAL RESOURCES

Informational resources (IR) represented in the Internet
can be classify on textual and multimedia ones, static and
dynamic, structures and not structured etc., but every IR
has some semantics and is concerned with some subject
domain. In process of information retrieval is very
important to discover IR concerned with the domain
interested to user.

Structures textual information in the Internet is mainly
given in HTML and XML formats. The subject domain
of textual IR can be define by two ways:

1) analyzing of IR textual content and
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2) considering metadata of these IR.

There is a great deal of the widespread formats for a
storing of audio and video information, 3D-scripts and
images. The multimedia resources are accessible for
indexation much worse than textual information.
Therefore for multimedia IRs only the second way is
efficient. Metadata contains machine-readable
information about the document that can be automatically
processed by computer. Now the most perspective and
common metadata model is RDF (Resource Description
Framework) based on XML.

However, most publicly available biomedical data are
unstructured and rarely described with ontology concepts
available in the domains.

The challenge is to create consistent terminology labels
for each element in the public resources that would allow
the identification of all elements that relate to the same
type at a given level of granularity.

Metadata can be built in IR or be stored and updated
independently of resources. With the help of RDF one
can describe the structure of IR and connect it with
appropriate domain. RDF describes IR in a form of
oriented marked graph - each IR can have properties that
also can be IR or their collections. Most widespread set of
elements for metadata specification of the Internet IR is
Dublin Core Metadata Elements.

Initially World Wide Web technology was focused on
work with static IR represented in the Internet. Now a lot
of sites offer to the clients not only the documents, but
also service (for example, sites of e-commerce). They use
application servers that are able to process the data
entered by the user (queries, completed form etc.) and
dynamically generate new IR depending on the
parameters, specified by the user. Such dynamic
component of the Internet grows much faster then static
one and requires application of more complex
information technologies. In this connection it is possible
to consider a separate class of IR - Web-services.

Web-service is a set of logically connected and
program-accessible through the Internet functions that are
based on three basic Web-standards. SOAP (Simple
Object Access Protocol) - the protocol for sending of
messages by the HTTP and other Internets protocols;
WSDL (Web Services Description Language) - language
for the description of program interfaces of Web-services;
UDDI (Universal Description, Discovery and Integration)
- indexing standard of Web-services.

III. STATEMENT OF RETRIEVAL PROBLEM

Efficient informational retrieval in biomedical domain
has to be semantically oriented and based on knowledge
of subject domain. Though we have to develop the
algorithms that can use domain ontological information
and domain rules in the information retrieval process.
That's why there is necessary to formalyse the model of
user interests domain (for example, as ontology), link all
IR with some subject domains and then develop the
algorithm for matching of IR domains with domain of
user interests. The parts of this work are:

¢ Creating an ontological proection of IR (semantic
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markup of natural language by ontological tterms)
and automatical generation of IR metadata (in RDF
format);
e Creation of information model of user as a
intersection of user ontology with domain ontology;
e Matching of IR ontology with user ontology
dependly to domain ontology.

IV. DOMAIN THESAURI AND ONTOLOGIES

By definition, "thesaurus" is the study of term usage in
given domains associated to a human activity. Now a lot
of thesauri exist for medical and biomedicine domain,
mathematics, computer science, etc. A term is a sequence
of words used in a given domain and which makes sense
in this domain.

It is important to understand that terms can be in
synonymous relation in some subject domain but not in
the general usage. Therefore, thesaurus is on the domain
knowledge side and it is used for domain description.

A thesaurus is a sort of terminological base: it is a
collection of terms, plus a set of relations among them. In
some ways a thesaurus can be a bridge from a
terminological base to document indexing. It can be used
as a normalization of indexing terms.

Terms of a thesaurus are used to describe a domain
terms of a thesaurus are used to describe a domain
Manual thesaurus building is a hard task but in this way,
one can guarantee a good quality of the collected terms.

Manual thesaurus building is a hard task but in this
way, one can guarantee a good quality of the collected
terms. Automatic thesaurus building is not guarantee the
quality. It relies on the content of document sources and
also on the Natural Language treatment implemented.

Thesaurus is extracted from natural language text by
means of linguistic analysis.

The structure of thesauri is controlled by international
standards that are among the most influential ever
developed for the library and information field. The main
three standards define the relations to be used between
terms in monolingual thesauri (ISO 2788:1986), the
additional relations for multilingual thesauri (ISO
5964:1985), and methods for examining documents,
determining their subjects, and selecting index terms
(ISO 5963:1985). ISO 2788 contains separate sections
covering indexing terms, compound terms, basic
relationships in a thesaurus, display of terms and their
relationships, and management aspects of thesaurus
construction. The general principles in ISO 2788 are
considered language- and culture-independent. As a result,
ISO 5964:1985, refers to ISO 2788 and uses it as a point
of departure for dealing with the specific requirements
that emerge when a single thesaurus attempts to express
"conceptual equivalencies" among terms selected from
more than one natural language [12].

Every domain has phenomena that people allocate as
conceptual or physical objects, connections and situations.
With the help of various language mechanisms such
phenomena contacts to the certain descriptors (for
example, names, noun phrases).
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At present the usefulness of domain ontologies is
generally recognized and is caused by their widely use.
But the elements and the structure of domain ontologies
are not defined identically in different applications.

Now three main approaches to defining of domain
ontology exist. They are connected with the ways of
ontological analysis application and deal with different
sciences. The first one — humanitarian approach —
suggests definitions in terms understood intuitively but
can't be used for solving of technical problems.

The second one — computer approach — is based on
some computer languages (such as OWL, DAML+OIL)
for representation of domain ontology and applied
software that realized the processing of knowledge
represented on these languages.

The OWL (Web Ontology Language) is being
designed by the W3C Web Ontology Working Group as a
revision of the DAML~+OIL web ontology language. This
description of OWL contains a high-level, abstract syntax
for both OWL and OWL Lite, a subset of OWL. This
syntax serves as part of a high-level specification for the
formalism. A mapping from the abstract syntax to the
OWL exchange syntax is also provided.

The description of OWL here abstracts from concrete
syntax and thus facilities access to and evaluation of the
language. A high-level syntax is used to make the
language features easier to see. This particular syntax has
a frame-like style, where a collection of information
about a class or property is given in one large syntactic
construct, instead of being divided into a number of
atomic chunks (as in most Description Logics) or even
being divided into even more triples, again for ease of
readability. The syntax used here is rather informal, even
for an abstract syntax - in general the arguments of a
construct should be considered to be unordered
whereever the order would not affect the meaning of the
construct.

OWL ontology is a sequence of axioms and facts, plus
inclusion references to other ontologies, which are
considered to be included in the ontology. All OWL
ontologies are web documents, and can be referenced by
means of a URI. Ontologies also have a non-logical
component (not yet specified) that can be used to record
authorship, and other non-logical information associated
with a ontology.

The third one — mathematical approach — defines the
domain ontologies in mathematical terms or by
mathematical constructions.

OWL-DL [13] is an ontology language based on
description logics (DLs), which are a family of logic-
based knowledge representation formalisms describing
"objects", "classes" and the "relationships" between them.
Most DLs are fragments of standard first order logic.
Originally, they were designed to give a unified logical
basis to various well-known traditions of knowledge
representation like frame-based systems and semantic
networks; they have found various applications in
conceptual modeling and as a logical underpinning of
ontology languages. OWL-DL is based on an expressive
DL, i. e., it provides a wealth of constructors to describe
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complex class expressions from atomic classes and
relationships. In this section, we will only use a small
portion of OWL-DL's expressiveness to highlight its core
features. The semantics of OWL-DL is best understood
when talking about "objects" that are "instances" of
"classes", and that are related to other objects via
"relations".

An object can be an instance of a class, and a class can
be a sub-class of another class. For example, the object
Robert is an instance of the class Man which, in turn, is a
subclass of Person. The meaning of the sub-class
relationship is that all instances of the sub-class, Man, are
also instances of its super class(es), Person. In OWL-DL,
to describe a class, we can describe it in terms of other
classes (e.g., saying that Man are "Person and not
Woman") and of properties of its instances.

We can consider that at first step of domain ontology
building the humanitarian approach is used, then the
mathematical model of ontology is constructed, and at
last it's software realization is developed.

Till now no generally accepted universal definition of
domain ontology has been suggested. In [14] different
definitions are analyzed. On the meaningful level domain
ontology will be understood as a set of agreements
(domain term definitions, their commentary, statements
restricting a possible meaning of these terms, and also a
commentary of these statements). Domain ontology is:

®the part of domain knowledge that is not changed;

®the part of domain knowledge that restricts the
meanings of domain terms;

®3 set of agreements about the domain;

®an external approximation represented explicitly of
a conceptualization given implicitly as a subset of
the set of all the situations that can be represented.
We consider that a professional activity is a
characteristic of a domain. This activity consists in
solving different tasks. Task solving needs special
knowledge, the same for all the tasks that can be
represented verbally. Therefore we can speak about
special vocabulary of every domain that is used for
specification of tasks and their solutions in this domain.
A domain is considered as a set of the tasks, which are
solved by specialists of this domain. When solving a task,
a person uses a finite set of objects and relations among
them. These agreements are a result of understanding
among members of the domain community.

V. ONTOLOGICAL ANALYSIS

Every domain has phenomena that people allocate as
conceptual or physical objects, connections and situations.
With the help of various language mechanisms such
phenomena contacts to the certain descriptors (e.g.,
names, noun phrases).

Professional activity is a characteristic of a domain.
This activity consists in solving different tasks. Task
solving needs special knowledge, the same for all the
tasks that can be represented verbally. Therefore we can
speak about special vocabulary of every domain that is
used for specification of tasks and their solutions in this
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domain. A domain is considered as a set of the tasks,
which are solved by specialists of this domain. A domain
ontology is the part of domain knowledge that restricts
the meanings of domain terms, a set of agreements about
the domain.

The formal model of domain ontology O is an ordered
triple O = <X,R F> (1),

where

®X - finite set of subject domain concepts that
represents ontology O;

® R - finite set of the relations between concepts of the
given subject domain;

® [’ - finite set of interpretation functions of given on
concepts and relations of ontology O.

An ontology is a specification of a conceptualization.
The word "ontology" seems to generate a lot of
controversy in discussions about Al. It has a long history
in philosophy, in which it refers to the subject of
existence. It is also often confused with epistemology,
which is about knowledge and knowing.

In the context of knowledge sharing, I use the term
ontology to mean a specification of a conceptualization.
That is, an ontology is a description (like a formal
specification of a program) of the concepts and
relationships that can exist for an agent or a community
of agents. This definition is consistent with the usage of
ontology as set-of-concept-definitions, but more general.
And it is certainly a different sense of the word than its
use in philosophy.

The thesaurus can be considered as a special case of
ontology. A thesaurus is a networked collection of
controlled vocabulary terms. This means that a thesaurus
uses associative relationships in addition to parent-child
relationships. The expressiveness of the associative
relationships in a thesaurus varies and can be as simple as
“related to term” as in term A is related to term B [15].
The formal model of thesaurus based on (1) is a pair

Th = <T, R> (2),

where T - finite set of the terms; and R - finite set of
the relations between these terms.

A formal definition of a thesaurus designed for
indexing is:

®3 list of important terms (single-word or multi-word)
in a given domain of knowledge; and

@3 set of related terms for each term in the list.

Terms are the basic semantic units for conveying
concepts. They are usually single-word nouns, since
nouns are the most concrete part of speech. Term
relationships are links between terms that often describe
synonyms, near-synonyms, or hierarchical relations.

All ontologies can be classified as:

¢ high level, general ontologies;

¢ domain ontologies;

e individual ontologies
ontologies).

(user ontologies, task
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Figurel. General hierarchy of ontologies

General ontologies contains terms that are used by all
people and formalize the use of these terms (synonyms,
hierarchical, mereological and taxonomic relations).

Domain ontologies contains terms that characterize
specific concepts of different sciences, industries,
countries and spheres. They are connected with terms
from general ontologies but include their subclasses. For
example, general term “human” can be concretize and
supported by different properties in various ways for
domain ontologies for medicine, economy and
telecommunications.

Level of individual ontologies is characterized by big
number of instances of classes. For example, for class
“human” user ontology can contain information about
some real people (with their names, addresses etc.).

VI. USE OF THESAURUSES FOR INFORMATION RESOURCES
RETRIEVAL

At thesaurus construction it is necessary to use
ontologies of the appropriate areas (with higher level in
comparison with user domain to normalize the
multilingual thesauruses). Normallization procedure is
similar to stemming and provides for integrated
processing of words in different morphologic forms and
multilingual representations. Normalysed thesaurus
contains relation between equivalent terms in different
languages. As every thesaurus is constructed from the
user point of view (which is reflected in user domain
ontology), therefore it's forming is the user task.

For taking into account semantics of area of user
interests in process of retrieval of IR that satisfy his/her
informational need it is necessary (fig. 2):

1. to generate the domain thesaurus corresponding to
information needs of the user (by analysis of IR that this
user considers relevant to this domain [16];

2.to construct the thesaurus for every IR known to
IRS (simple dictionary without stop-words);

3. to compare the thesauruses of IR relevant to user
query to IRS with the domain thesaurus and to find those
ones that contain the maximum number of words in
intersection.
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Figure 2 — Informational retrieval on base of domain thesauruses

VII. CONSTRUCTING OF DOMAIN THESAURUS

At first user should select the set of IR that he/she
considers relevant to domain of his/her interests. Every
IR is described by not empty set of the textual documents
connected with this IR - text of content, metadescriptions,
results of indexing etc. The domain thesaurus is formed
as a result of the automated analysis of these documents
(the user actions are reduced to constructing of semantic
bunches - by linking of each word of the formed
thesaurus with some term of domain ontology).
Algorithm of domain thesaurus construction consists
from the following steps:

1. Formation of initial set of the textual documents
relevant to domain. At the input of algorithm the set A of
the textual documents describing chosen IR comes
(documents from A can have the coefficients of
importance and the coefficients of IR relevance that
allows to define differently weight of words from these
documents for the IR description).

2. Creation of domain information space. For every

document from A, a;, € A,i=1n, the IR thesaurus
T (a ; ) - dictionary that contains all words occurred in the

document @, - is constructed. The IR thesaurus is formed

n
as union of the thesauruses a;: T, =UT (al.), and
i-1

domain thesaurus - as association of the IR thesauruses.

3. Clearing of the thesauri. User should specify
dictionary for every a, € 4,i =]; containing a stop-
words § ;5 € Voc . 1t is necessary to remove words
contained in § ;8 € Voc from the thesauri. Then all

service information (e.g., marking tags) is rejected. The
cleared thesauri

T‘(ai),VpeT(ai):peT‘(ai)vpesj ,
T ‘(al.)ﬁ s; = (& thus are formed. The cleared IR

thesaurus is constructed as association of the cleared
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thesauruses @, : T, ZUT(ai)T‘,R: UT‘,R(ai), and
i=1 i=1

cleared domain thesaurus
thesauri.

4. Linking of thesaurus with domain ontology. To
integrate processing of words with equivalent semantics
(e.g., synonyms, translations of the term on different
languages, various kinds of a spelling) the domain
thesaurus is associated with some domain ontology (the
user can form it himself, use some ready ontology,
modify it or construct it himself).

Each word from the thesaurus it is necessary to link
with one of the ontological terms. User has to do it
manually on base of his own experience and knowledge
in appropriated subject domain, e.g. to link word
combinations "Lada de Mandraka" (there is my dog —
J.Rogushina) and "Staffordshir terrier" with ontological
term "Dog".

For each word in the list of thesaurus terms user
defines the ontology name, then selects some one from
the list of ontology terms and confirms the link between
them.

If the relation is lacking the word is considered
as a stop-word or mark-up element (e.g., HTML tag)
for domain described in ontology O and should be

rejected. Vp € T‘(ai )Elt = Term(p, O) eT,.If word

is significant for domain then go to step for extend
the domain ontology.

The group of the IR thesaurus words connected with
one ontological term named the semantic bunch

R, j=ln s
VpeT 3R, ={r:rel",,Term(p,0)=Term(r,0)}

It allows to integrate processing of semantics of the
documents written on various languages and, thus, to
ensure the multilinguistic analysis of the Internet IR.

5. Extension of ontology. If the IR thesaurus contains
words that can't be linked with ontological terms but
user considers that these words are significant than it is
necessary to add the appropriate terms to domain
ontology, specify their connection with other terms of
ontology and return to step 4.

We use Protégé to process the ontologies in OWL.
This instrumental tool supports the extension of ontology
by new classes and instances.

The Protégé project has come a long way since 1987
when M.Musen first built the Protégé tool for knowledge-
based systems [17, 18]. Protégé can be run on a variety of
platforms, supports customized user-interface extensions,
incorporates the Open Knowledge Base Connectivity
(OKBC) knowledge model, interacts with standard
storage formats such as relational databases, XML, and
RDF, and has been used by hundreds of individuals and
research groups.

The original goal of Protégé was to reduce the
knowledge-acquisition bottleneck by minimizing the role
of the knowledge engineer in KB constructing. Now

- as association of the IR

considered as a single unit,
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Protégé is a general-purpose environment for knowledge
modeling.

Protégé allows the developers to build inference
mechanisms in an entirely separate component, a
problem-solving method, which could be developed
independently from the knowledge base. These problem-
solving methods (PSMs) were generic algorithms that
could be used with different knowledge bases to solve
different real-world tasks. Protégé extended the original
two-step process—generating a knowledge-acquisition
tool and using it to instantiating a knowledge base—with
additional steps that dealt with the problem-solving
method. This methodology consisted of:

1) developing or reusing a problem-solving method,

2) defining an appropriate domain ontology,

3) generating a knowledge-acquisition tool,

4) building a knowledge base using the tool, and

5) integrating these components into a knowledge-
based system by defining mappings between problem-
solving methods and specific knowledge bases.

The OntoViz tab plug-in used to give an alternative
visualization for the Protégé knowledge base.
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Figure 3 — The default user interface for Protégé

On base of Protégé user can create his own ontologies
on base of existing ones that reflects his individual
believes about subject domain (fig.3). Such ontologies are
not global and widely used but they represent the
personalized knowledge of user and normalize his own
domain thesaurus.

Relations between ontological terms and words from
thesaurus are individual for every user or user’s group.
They reflect informational interests of user and represent
his ability to information processing that is a function of
his educational, cultural characteristics and experience etc.

6. Construction of the normalized domain
thesaurus, i.e. association of all terms of domain
ontology that are connected with words from the
normalized IR thesaurus (Fig.4).
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Figure 4 — Building of normalized IR thesaurus

IR thesaurus

The normalized thesaurus is a projection of set of the
IR thesaurus words on set of the domain ontology terms.

Ly = {t :peT(a,)i=1,nt=Term(p,0)e TO} 1),
and normalized domain thesaurus is a union of the
normalized IR thesauruses (Fig.4). Informational retrieval

systems (IRS) can use this set for representation of
subject domain relevant with textual IR (fig.5).

IR thesaurus

Textual
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Figure 5— Building of domain thesaurus

As result of the user query execution IRS finds a set
of IR. The thesaurus of such IR is simple a dictionary that
does not contain the relations between words (discovery
of such connections from the text is rather difficult and in
this case is not justified). IRS builds this dictionary
automatically by IR content processing.

The algorithm of the IR thesaurus building consists of
the following steps:

1. Formation of the initial IR set U,

U={R,,j=1m| 2.

2. Formation of the IR thesauri from U from (2). For
each IR a thesaurus is formed and cleared.

3. Construction of the normalized IR thesauruses: for
normalization the semantic bunches generated by the

user during formation of the domain thesaurus are
used.
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VIII. ALGORITHM OF DOMAIN AND IR THESAURUSUS

COMPARISON

The normalized IR thesauri L, and domain thesaurus

L, ain are the subsets of the domain ontology terms O
chosen by the user: L, cTerm(O)
Ldomain < Term(O) '

If IR description contains more words linked with
terms of domain interest for user (that is reflected in the
normalized domain thesaurus) then it is possible to
suppose that this IR can satisfy informational needs of the
user with higher probability than other IR relevant to
same formal query. Thus, it is necessary to find IR q
satisfied the conditionst

f(Q’ Ldomain ) =max f(L[R > Ldomain )

function f is defined as number of elements in crossing of

sets L, and L f(A, B) = |A N B| . If the various

terms of the normalized thesauruses have for the user
different importance it is possible to use the appropriate

where the

domain *

weight coefficients w; that take into account their

importance. In that case the criterion function is

f(4,B)= Zy(t_/) 3,

where the function y is determined for all terms of
domain ontology and thesauri.

y(tj): O,tijthfB @,

Wi, t, EA/\‘[j eB

IX. INTELLIGENT INFORMATIONAL RETRIEVAL IN
BIOMEDICINE DOMAIN

Text is the predominant medium for information
exchange among experts. The volume of biomedical
literature is inreasing at such a rate making it difficult to
efficiently locate, retrieve and manage relevant
information without the use of text mining (TM)
applications. In order to share the vast amounts of
biomedical knowledge effectively, textual evidence needs
to be linked to ontologies as the main repositories of
formally represented knowledge.

Ontologies are conceptual models that aim to support
consistent and unambiguous knowledge sharing and that
provide a framework for knowledge integration.
Ontology links concept labels to their interpretations, i.e.
specifications of their meanings including concept
definitions and relations to other concepts. Apart from
relations such as “is-a” and “part-of”, generally present in
almost any domain, ontologies also model domain-
specific relations, e.g. “has-location”, “clinically-
associated-with” and ‘“has-manifestation” are relations
specific for the biomedical domain.

Therefore, ontologies reflect the structure of the
domain and constrain the potential interpretations of
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terms. As such, ontologies can be used to support
automatics semantic interpretation of textual information
(Fig. 6), and thus provide a basis for sophisticated TM.
Fig.6 lists some popular biomedical ontologies. Many
such ontologies exhibit differing degrees of overlap, e x-
haustivity and specificity and indeed differing views over
conceptual space. Therefore, TM applications that rely on
multiple ontologies also need to include methods for
mapping between such on-tologies.

These methods, together with other biomedical
applications (including TM) that rely on the use of
ontologies, would benefit from a standard ontology
language (e.g. using standard initiatives such as RDFa
and OWLD). Still, even when a single standardised
ontology is used, it is not always straightforward to link
textual information with ontology due to the inherent
properties of language. Two major obstacles are: (1) in -
consistent and imprecise practice in the naming of
biomedical concepts (terminology), and (2) incomplete
ontologies as a result of rapid knowledge expansion.

IR is extensively used by biomedical experts to locate
relevant information (most often in the form of relevant
publications) on the Internet. Apart from general-purpose
search engines such as GoogleTM, many IR tools have
been designed specifically to query the databases of
biomedical publications such as PubMed [19.20,21].

It is particularly important in biomedicine not to
restrict IR to exact matching of query terms, because term
ambiguity and variation phenomena may cause irrelevant
information to be retrieved (low precision) and relevant
information to be overlooked (low recall). Some biomedi-
cal ontologies (e.g. UMLS) explicitly store such
terminological information (though not always complete).
In addition, the hierarchical organisation of ontologies
and relations between the described concepts (and
through them the corresponding terms) can be used to
constrain or relax a search query and to navigate the user
through huge volumes of published information. For
example, Suarez et al. [22] utilized UMLS for this
purpose. Similarly, TIMS30 uses ontology to perform a
sophisticated search, which enables users to access
implicitly stated relevant information through hierarchical
query expansion. More recently, Textpresso [23] is an IR
system operating at the sentence level. It uses a
specifically designed ontology to query a corpus for
information on specific classes of biological concepts (e.g.
gene, allele, cell, etc.) and their relations (e.g. association,
regulation, etc.).

Domain ontologies are interoperable and can be used
in non-specialized intelligent informational retrieval
systems. Use of normalized thesauruses linked with
domain ontologies is realized in original intelligent IRS
system MAIPS [24]. These results can be used for
knowledge management in biomedicine domain.

If user want to use MAIPS for informational retrieval
in some sphere where he has some stabil informational
demand, for example, in biomedicine, he has to make
some steps:

e Registration in MAIPS for creation of user profile;
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e Choice of domain ontology (for example, a lot of
biomedicine ontologies are proposed on Protégé site)
(Fig.6);

e Creation of task thesaurus (by set-theoretic
operations on sets of ontological terms and natural
language analysis) by MAIPS means;

e Formulation of stabil informational quari (with
explicide choise of desireble and undesirable
informational recources);

e  Execution of this query.
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Figure 6 List some popular biomedical ontologies

Results of retrieval by external IRS are filtered by
individual user thesauruses built on base of domain
ontologies, corresponded to IR and sequence of logical
operations on thesauri (Fig. 7).
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Figure 7 — MAIPS user interface.

Domain knowledge is represented by OWL ontologies

There is currently a huge volume of biomedical and
genomic data Internet-available [25]. However, data are
distributed into heterogeneous biological data sources,
with little or even none information organisation.
Therefore, integration and exchange of data within and
among organisations is a universally recognised need in
bioinformatics [26,27]. One of the major obstacles for
integration efforts in bioinformatics is that relevant
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information is widely distributed, both across the Internet
and within individual organisations. Besides, it can be
found in a variety of storage formats, including structured
and semi-structured ones.

X. CONCLUSION

We analyze the modern means of knowledge
representation of the Web informational resources
adequate for special purposes of biomedicine subject
domain. The main objectives of ontological approach are
an interoperability of knowledge representation, explicit
semantics suitable for machine processing, high
expressive power and availability of relevant languages,
standards and software tools. Thesauri as a special case of
ontologies are easier for processing and understanding.

The proposed approach to use of domain ontology for
creation and normalization of the IR thesauri allows
fulfilling informational retrieval at a semantic level
abstracting from language of the IR description. The
application of thesaurus measure of the information
allows to offer to the user only understandable to him/her
items of information that provides pertinence of
information retrieval.

In future we plan to construct a repository of
biomedicine ontologies and thesauri accompanied with a
set of Web services for knowledge management.
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