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ABSTRACT

The most effective way to solve the problems of organizing access to distributed information resources is to
organize information about them in information systems that are open in the form of electronic libraries.
We formulated the basic principles of EduDIS implementation based on the use of the ideas of the
electronic library. The article is about the implementation of an information system that provides unified
access to distributed resources. The paper considers general issues of organizing access to distributed
information resources, as well as the main components of such a system. The main aspects of joint use of
7.39.50 protocols for access to distributed information resources are disclosed. In our paper, we provided a
functional overview of the protocol itself and the history of standards, described some of the European
initiatives that use it, and addressed various questions related to its future use and adoption. Z39.50 is an
important building block of future distributed information systems. Moreover, in this paper, we discuss the
description of the search for terms in the thesaurus and the algorithm for constructing a tree of terms based
on abstract access to the thesaurus, organized in accordance with the Zthes profile of the Z39.50 protocol.

Keywords: distributed information systems, EduDIS, Z39.50, thesaurus, Zthes, RPN.

1. INTRODUCTION processing. In order to consider this issue, we will

analyze the problems that arise during the design

In modern society, there is a need to
improve the quality and speed of processing, first of
all, "big data" [1] and, secondly, data in distributed
systems [2]. In this regard, the importance of
distributed storage systems [3] and data processing
as a means of solving this problem is increasing.
One of the main tasks of any distributed system is
to analyze the properties of the obtained data,
which, for a number of reasons, cannot be
evaluated at a single node. To achieve this goal and
speed up the processing time, it is necessary at the
first stage to send data to distributed nodes of the
system, at the second to collect data from
distributed nodes and aggregate this data into a
general global view. This is a difficult task due to
the dynamics that are often encountered in these
types of problems, which imposes very frequent
changes in local values that affect the general
global properties of the entire problem. Creation of
efficient and adaptive distributed systems can
significantly accelerate the speed of data

and operation of distributed systems.

For distributed information systems, which
include many different databases with different
structures and contents, the issue of searching for
information in databases wusing ontologies,
thesaurus and classification schemes presented in
the form of separate databases is very relevant.

There are many different ways to build a
database, organize access to their content and
implement explicit and implicit connections
between the database and other information
resources. Many of these methods are based on
strict ontological models and, for practical
implementation, impose very strict requirements on
the organization of information systems and
databases, up to the complete reloading of
information into intermediate storages, the
functional properties of which make it possible to
identify all semantic relationships between
information objects based on the given ontological
models. This approach has already been discussed
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in other literature; however, the question remains of
how to enable the search for semantically related
information in existing distributed information
resources, and in the case when they cannot be
overloaded into specialized repositories [4].

As a result of using this protocol, it is
possible to create distributed information systems,
which include databases of various organizations.

In the global network, there are a large
number of information resources, each of which has
its own form of presentation and storage of
information. This causes a global problem of
uniform access to information. Each database has a
unique structure for storing information, where
each field has its own name and purpose.

Also, different rules and programming
languages are used to compose search queries to
different information resources. In addition, the
way of presenting the found information is
different. These features cause certain difficulties
during the search for information and its issuance.
Therefore, each information resource has its own
individual interface, which is suitable for storing
the data formats used. The user is forced to master a
new interface each time and use the information
format provided by the resource.

A paradigm is a collection of fundamental
scientific knowledge, concepts and terms, accepted
and shared by the scientific community. The
programming paradigm defines the initial
conceptual scheme for setting tasks and how to
solve them.

The implementation of the abstract search
paradigm today exists in the form of several models
for organizing search services, for example, the
739.50 model and the simpler SRW/SRU model
[5]. The pinnacle of excellence in the formulation
of attributive search terms belongs to the Z39.50
protocol.

The practical implementation of abstract
search services will give a significantly new quality
of thesaurus - the ability to include their resources
in global search engines at a higher level than the
level of external indexing of static WEB pages by
other systems [6].

There are many technological developments
of information systems for digital libraries. The
most famous in Russia are, for example, Euro CRIS

(eurocris.org), eLibrary (elibrary.ru), Informika
(informika.ru), = MathNET  (mathnet.ru). In
Kazakhstan, the Republican Interuniversity

Electronic Library (RI EB) operates on the basis of
university educational resources using a unified
technology proposed by the Association of
Universities of the Republic of Kazakhstan and the

scientific and educational computer network of
Kazakhstan KAZRENA and the Institute of
Information and Computing Technologies of the
Committee of Science of the Ministry of Education
and Science of the Republic of Kazakhstan. One of
the pioneers, and as a result, one of the world
leaders in the development of the scientific and
educational information system is the "Electronic
Library of the Siberian Branch of the RAS", which
is now called the Portal of the SB RAS (sbras.ru).
This resource, according to Webometrics, ranks
first in Russia among scientific organizations and
45th in the world [7].

Educational distributed information systems
(Educational distributed information systems -
EduDIS) are widely used in the construction of
corporate information systems. The concepts of
building distributed information systems are
characterized by the presence of a large variety of
technologies for their implementation.

EduDIS is focused on the creation of
distributed information systems (DIS) that integrate
heterogeneous information resources managed by
various DBMS, based on uniform policies for
organizing access to these resources. EduDIS
software components operate on various server
hardware and software platforms, concentrated in
the nodes of a distributed system. The interaction of
nodes with each other is carried out by means of
network protocols of the application layer based on
the transport protocol TCP / IP. The number of
nodes in EduDIS is not standardized and can be
anything. The EduDIS system can consist of one
single node. This choice of node infrastructure
allows providing a sufficiently flexible distributed
information system and implementing all the
necessary functionality that is provided by EduDIS
subsystems.

One of the possible options for the
implementation of EduDIS is their construction
based on the ANSI / NISO Z39.50 protocol. The
739.50 protocol is intended for communication
between computer systems and defines the
information retrieval model and the format of its
output, but does not define the formats for storing
information in databases [8].

Therefore, the task that we have is to
develop an application that allows obtaining unified
access to a thesaurus with different data structures.
Access should be done using specialized protocols
that describe the attributes for constructing abstract
queries. For the organization of unified access to
the thesaurus database, approaches have been
developed based on the Z39.50 [9] and SRU/SRW
[10] protocols.
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Requirements for a  distributed
information system. Application of the Z39.50
protocol allows organizing a general-purpose
distributed  information system with rich
functionality. Such a system should ideally meet
the following requirements:

e Working with distributed data - the
information system must provide a possibility to
work with data located on different physical
servers, different hardware and software platforms
and stored in various internal formats.

e Logical grouping of data - the system
should allow processing all queries on logical
groups of databases, thereby completely hiding the
physical location of the latter.

e Abstract data model - an information
system is built on the basis of an abstract data
schema to which concrete databases must be
mapped. This allows data from disparate systems to
be combined into one logical grouping.

e Abstract query system - the system
should operate not with a specific query syntax, but
with its logical essence based on abstract attributes.

e Meta-information - the system must
provide complete information about itself and about
all its resources.

e Access control - the system should be
able to provide different levels of privileges for
users to access information.

e Accounting and control - the system
should be able to collect statistics on user requests
and keep their budgets.

e Openness - the system should be easy
to expand and be based on open standards and
protocols.

e Communication with other systems -
the ability to integrate your resources with the
resources of other information systems.

e FEase of communication - for users, the
system should provide simple interfaces to access
information. A necessary element of the system
today is also the presence of a WEB gateway.

739.50 can help the library in a number of
ways, but there are also problems with the provided
capabilities. Some of them are listed below:

Table 1: SWOT analysis

Capabilities

Problems

choose your client carefully

complex searches
v Provides flexible and customizable search

v' Provides a single interface for finding information -

v’ Provides access to many different databases, not
just databases online library supports simple and

v' With sophistication comes complexity

v’ 739.50 is misunderstood and invisible to most
users

v Unrealistic expectations

Advantage

Disadvantages

outside the local library.
one interface

one interface
¥ You can easily create a "consolidated" directory

v 1t will be easier for visitors to access information
v’ Access is provided to multiple databases through

v’ Access is provided to several types of data through

v" Costs - Grant Verification

v' Complexity: Tuning requires an understanding of
both the library database and the server.

v' Increased visibility and use

The information system must contain the
required number of database servers (Z39.50
servers) connected by a network, a WEB server
with a WWW-Z39.50 gateway and specialized

client workstations. The latter component is
necessary for users with increased requirements for
the information system; for others, access to it is
possible via the WEB (see Fig. 1).

[ remuesns wrarws

Fig. 1 Information system diagram
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When discussing technologies for is no way for the client to determine which

building information systems and distributed
databases, the question of processing distributed
transactions is usually raised. Undoubtedly, this
is the most complex part of the system, allowing
remote dynamic updating of data with updating
of the latter in real time. However, in the case of
a public information system, the task of updating
data is separated from the tasks of finding and
providing information. The task of updating data
is an administrative task that can be solved for
each specific DBMS in its own way. As for
maintaining data integrity, it can be globally
guaranteed provided that an information system
is built from completely closed modules - groups
of databases, each of which is controlled by its
own DBMS, which monitors, as far as possible,
the integrity of data in its group.

The authors have built a prototype of
such an information system [9]. The fact of
filling the described system with bibliographic
information does not prohibit filling it with data
of a different nature. The central place in the
information system is undoubtedly the database
server supporting the Z39.50 protocol.

Earlier, in their works, they described in
detail the process of abstract access to
information resources by O.L. Zhizhimov and
N.A. Mazov [1,3,5]. Their works were devoted
to the application of the technology of the
739.50 protocol, which has significant
differences from other technologies of network
access to databases.

O.L. Zhizhimov in his work
"Introduction to Z39.50" [14], which contains a
complete list of search attributes and rules for
constructing abstract queries.

2. BASICS OF THE Z39.50 STANDARD

The Z39.50 protocol defines the order
of interaction between the client and the server,
the procedures for searching and retrieving
information from databases, and the formats for
presenting this information.

The Z39.50 protocol does not define the
formats for storing data in specific databases,
methods of indexing them, and procedures for
the functioning of various DBMSs. The Z39.50
protocol also does not define the user-client
interfaces.

In the Z39.50 ideologies, within the
same schema, all databases are exactly the same,
despite their physical differences in the used
DBMS, fields and query syntax. In Z39.50, there
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database management system is used to store the
data it retrieves. This seemingly limitation makes
a lot of sense, the essence of which will be
clarified in the following sections. However, it
can be noted that the client does not need such
information, because he always works with the
same query system and receives data in the same
formats [11].

Information Retrieval (Z239.50):
Application Service Definition and Protocol
Specification defines an application service and
protocol specification for retrieving and
retrieving information from databases.

It is designed to unify network access to
databases and defines procedures for searching,
retrieving, and information presentation formats
[12].

The first version of the protocol, called
739.50, was prepared by the National
Information Standards Organization (NISO) and
was introduced in 1988 by the Z39.50-1988
standard. The effect of this version was extended
only to work with bibliographic information.

In 1989, the Maintenance Agency
739.50 was organized under the administration
of the US Congressional Laboratory, and in 1990
the Implementation Team was formed.

739.50 (Z39.50 Implementors Group -
Z1G). Producers, sellers, distributors of various
types of information (bibliographic, textual,
graphic, financial, chemical, etc.) have become
its members. The Z39.50 Support Agency is a
permanent body that maintains and develops this
standard. The agency's network address is
https://www.loc.gov/z3950/agency/ here you can
find all the information on the protocol, news,
documentation, object registers, etc. [13].

In 1992, these organizations developed
version 2 of the standard (Z39.50-1992),
replacing the 1988 standard. Version 3 of the
standard (Z39.50-1995) was developed in 1995.
Since the Z39.50-1995 standard is a development
of the version 1992 and is compatible with it, it
defines the protocol versions 2 and 3. In 1995,
the Z39.50 protocol was adopted as the
American national ANSI standard (ANSI/NISO
739.50-1995), and in November 1998 as an
international 1SO-23950 standard. The current
ANSI/NISO 739.50-2003 [6] standard was
approved in November 2002. It is a technical
revision of the ANSI/NISO Z39.50-1995
standard and also defines versions 2 and 3, but
additionally includes various clarifications, fixes,
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and conventions recommended by the Z39.50 -
Z1G Implementation Team.

In the first years of its existence, the
protocol was used mainly for organizing access
to bibliographic resources; today the scope of its
application has been significantly expanded. It is
used to access scientific, technical, financial
information, geoinformation resources, global
metadata databases, thesaurus and rubricators,
digital collections [14] and museum information
[15].

The 739.50 standard defines a client /
server service and protocol for information
retrieval. It specifies procedures and formats for
a client to search databases provided by a server,
retrieve records from databases, and perform
other information retrieval functions. The Z39.50
protocol only defines the interaction between
client and server retrieval applications, it does
not define the interaction between the client and
the end user. More precisely, the Z39.50 protocol
does not define the formats for storing data in
specific databases, methods of indexing them,
and procedures for the functioning of various
DBMSs. It also does not define the user-client
interfaces.

Without going into the details of the
protocol, we can say that the Z39.50 standard
defines such rules for the interaction of
computers that allow unifying access to various
databases. Thus, a user using only one client
application can search for information in remote
distributed databases with a wide variety of
structures and information presentation formats
[16].

Two main features distinguish the
739.50 protocol from other protocols. First, it is
an abstract model for presenting the information.
In the Z39.50 ideologies, within the same data
schema, all databases are exactly the same,
despite their physical differences in the used
DBMS, fields and query syntax. In other words,
the protocol provides an abstract model for
representing information at each stage of client-
server interaction. In Z239.50, the client always
works with the same query system and receives
data in the same formats.

The second feature is that the Z39.50
protocol fully provides session communication
between the client and the server. This feature is
embedded in the protocol itself and is
implemented in all its applications, be it a server
system or a client program [17].

It should be noted that Z39.50 is not a
search engine. The Z39.50 client can send search
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results to one or more databases on remote
systems at the same time. The model allows
clients to connect to each individual server,
searching for the current contents of the database
and retrieving results directly from the original
databases [18].

But the web search engine is essentially
a single information retrieval system that has the
additional function of collecting resources from
the Internet and performing a kind of indexing to
make those resources searchable. In distributed
and integrated access, finding information from a
single server is not too difficult, but becomes
more problematic if the search occurs from
multiple databases on multiple servers. It is also
difficult for Z39.50 to understand the requests
and responses of the two systems. The lack of
semantic interoperability has led to a loss of user
confidence in the Z39.50 interface for search
engines.

3. THESAURUS IN Z39.50 TECHNOLOGY

As defined by the International
Organization for Standardization (ISO), a
thesaurus is an indexing language-driven
vocabulary formally organized to establish
explicit a priori relationships between concepts
[19]. This definition establishes lexical units and
semantic relations between these units as the
elements that make up the thesaurus. Thesaurus
relations (genus - species, part-whole, etc.) are
imposed on the taxonomy structure, i.e. the main
taxonomies of the subject area are identified.

Historically, the thesaurus was created
for manual indexing of documents and did not
take into account the issues associated with
automatic indexing when creating them.

The difficulty of constructing a
thesaurus corresponding to the entire thematic
variety of indexed information is the main reason
for its unpopularity in modern information
systems. Nevertheless, the effectiveness of
information retrieval systems to support
scientific and educational activities directly
depends on the use of a specialized thesaurus.

An information retrieval thesaurus (in
accordance with the definitions of standards) is a
normative (controlled) dictionary of key terms in
natural language with explicitly specified
semantic relations between terms, designed to
describe the content of documents and search
queries [20]. The thesaurus is intended to
describe a specific subject area, each term of
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which denotes or describes a concept from this
subject area.

Based on the general ideology of
739.50, access to any database should be carried
out through a single standard data schema, to
which all private structures should be correctly
mapped. The scheme was named Zthes.

Zthes is designed to work using the
739.50 protocol. Note that this scheme assumes
the use of a very limited set of types of relations
between terms. This is intentional for better
compatibility.

The following types of links are
established between the terms, in accordance
with the recommendations of the standard:

* BT - link to the parent term, ie. with a
term of broader meaning;

* NT - a relationship with a child term,
that is, with a term of a narrower meaning. The
BT« NT relationship is reciprocal,

* USE - link to the term that is used

instead;
e« UF - mutual feedback USE,
USE«~UF;
* RT is a link that defines a related term;
« LE - relationship between

linguistically equivalent terms.

Links BT and NT, as well as USE and
UF, are reciprocal. The RT, as well as LE bonds,
are symmetrical.

In addition, the type of term is

determined in accordance with the
recommendations of the standard.
The following types of terms are

distinguished in the Zthes schema:

* TT is a top-level term, ie. a term that
does not have related terms of a broader class
(terms with the BT link type);

* NT is not a top-level term, that is, a
descriptor with BT-type links;

* ND is a minor term;

* NL is a dummy term, that is, a term
not used for indexing documents, but included in
a hierarchy to indicate the logical basis of a class
section [21].

The thesaurus on IT technologies used
in the IS for support of scientific and educational
activities is built in a client-server architecture
based on the Z39.50 protocol. Z39.50 protocol.
defines the mechanism of information exchange
in the process of processing search queries and
the protocol for the exchange of data in the
systems performing the search. Proceeding from
the general ideology of Z39.50 [22], access to
any database, including the thesaurus database,
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must be carried out through a single standard
data schema, on which all private structures of
the thesaurus database must be correctly mapped.
In addition to describing the abstract structure of
a record, the Zthes profile defines the types of
terms and the types of relationships between
terms. The authors in [23] developed a thesaurus
on IT technologies taking into account the
morphology of the Kazakh language.

In connection with the rapid growth of
various sources of information, the problem of
extracting the necessary data from a huge
number of documents is becoming increasingly
important. Often, the question is no longer about
finding a book or article where information of
interest to a person is mentioned, but about
choosing the most appropriate and most fully
illuminating documents from hundreds and
thousands of similar sources. Information
retrieval systems can solve this problem.

Information search is a line of research
that studies the issues of document search,
processing of search results, as well as a number
of related issues: modeling, classification,
clustering and filtering of documents, design of
search engine architectures and user interfaces,
query languages, etc. [24].

Any system operating on the Z39.50
protocol must necessarily support the Bib-1
attribute set, which determines how terms are
specified in a search query. There are six
attribute groups in Bib-1:

a set of Use - the fields themselves, or
as they are called "access points";

set Relation - attributes of relations (for
example,>, <, =, etc.);

set Position - attributes that determine
the location of the search engine

term in a field (first word in a field, in a
subfield, any position)

set Structure - attributes defining the
structure of the search term (word, phrase, key,
etc.)

Truncation set - attributes that
determine the possibility of term truncation;

Completeness set - Attributes defining
the completeness of a field or subfield.

On the one hand, such granularity in
defining the properties of search terms implies
quite a lot of flexibility in composing queries,
but, on the other hand, it creates obstacles for
searching for a single query that is
simultaneously addressed to several servers.

This is due to the fact that due to the use
of different database management tools on
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different servers, it is almost impossible to
implement all the sets of attributes offered by the
standard. It often happens that for a search on
one server, specifying an attribute is a
prerequisite for a successful search, while on
another server this attribute, or even the entire
group of attributes, is simply not implemented.
In this case, it will not be possible to use a single
query to access the databases.

This problem is especially relevant in
the case of a search when the exact location of
the resource is unknown, and the search must be
carried out on several Z servers. First of all,
when forming a query, the problem of choosing
search fields (access points) to be included in the
search expression arises. The sets of access
points supported by different Z-servers are often
different. Although fields such as Author, Title,
or Date of Issue are supported in almost all
databases, this is often not enough. And fields
such as ISSN, for example, may not be supported
by the server. All this entails the unpredictability
of search success.

Every system based on the Z39.50
protocol must support at a minimum the
processing of requests in RPN (Reverse Polish
Notation) format, which is expressed using a set
of abstract identifiers (OID numeric indexes).
The Z39.50 server, upon receiving such a
request, MUST convert it to a form suitable for
the specific database. The Z39.50 server can
process queries in the form of ZSQL, which can
also rely on abstract data structures (for example,
instead of the name of a table field, use its
numerical value from the corresponding set of
attributes, and specify the data schema identifier
in the FROM section, etc.) [25]. ZSQL queries
can be expressed in the form of "familiar" SQL,
but this contradicts the Z39.50 ideology,
although it can be used in a narrow circle as an
alternative to ODBC, JDBC, etc. technologies,
providing a single network interface for data
exchange. When using relational DBMS, it is
necessary to determine which tables will
participate in the query, what the type of
relationships between them will be, and take into
account the possibility of arbitrary nesting of
queries. Figure 1 shows an example RPN and
ZSQL query using Bib-1 search attribute OIDs
and tags (tagset-G). For more information on
requests, see the description of the protocol
specifications.

EduDIS uses static configuration files to
establish correspondences between real tables
and search attributes. These files, which can be
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unique for each database, must contain
information about the correspondence of OID
elements to SQL query elements. If we restrict
ourselves only to search queries (select), then the
configuration files should contain information on
the correspondence of table fields to search
attributes and data schema elements, on the types
of fields, and on the nature of relationships
between tables. In the general case, if unified
query converters are created, then inevitably
there is a need for information about the SQL
dialects of a particular DBMS, because, despite
the existence of SQL standards, there are some
differences in query languages.

In general, the structure of the
configuration file is quite complex. But for a
number of applications, such files can be
significantly simplified. Indeed, very often the
volume and nature of information provided by
open information systems does not imply the use
of complex queries to many related tables. It is
often wiser to use stored procedures and pseudo-
tables (views) instead of loading the Z39.50
server [26].

a) @and @attr 1=4 @attr 5=3
{system} @attr 1=1005 { OIGGM } @attr
1=1003 {Serikbayeva}

b) select [(2,1)]
from [1.2.840.10003.13.2]

where [(2,4)] =  (select
min([(2,4)])) from [1.2.840.10003.13.2]
¢)
ind ind
firm_ind uind
name fname
nd | | =4 /=
Gitle field m field k
aut nd personal company
field n nd
book field 1
field 2
Fed o
table_f

Figure 2. Conversion of requests: a) request in the
form of RPN; b) a request in the form of ZSQL-
abstract; c) an example of tables and relationships
between them in a relational database that contains
the required information

To build RPN (PQF) queries, the following
model should be used:

query ::= top-set query-struct




Journal of Theoretical and Applied Information Technology
31 May 2021. Vol.99. No 10

B

© 2021 Little Lion Scientific

SMiil

ISSN: 1992-8645

www jatit.org

E-ISSN: 1817-3195

top-set ::= [ '@attrset' attrsetname ]
attrsetname :: 'Bib-1' | 'XD-1" | 'util' |

'Zthes'

query-struct ::= simple | complex

complex := operator query-struct
query-struct.

operator ::='@and' | '@or' | '@not’

simple ::= attr-spec term.

attr-spec ::= '@attr' [ attrsetname | typ
'=' value [ attr-spec ]

typ 1. 112!

value :: numeric or string
term ::= string.

An example of a simple RPN request is
a search request for the term "Information
System" that appears in the header (termName):

@attr XD-1 1=1 Information System
where
@attr XD-1 1=1 — corresponds to
the "Term name" field;
Information system - search term.

An example of a more complex query to
search for the terms "Information system" or
"Informatics" found in the headings:

@or @attr XD-1 1 = 1 Information
system @attr XD-1 1 = 1 Informatics

An example of a query that finds
records that contain "Information system" in the
termName field and "ru" in the termLanguage
field or " Informatics" in the termName field and
"ru" in the termLanguage field:

@or @and @attr XD-1
Information system @attr util 1 =3 ru

@and @attr XD-1 1 = 1 Informatics
@attrutil 1 =3 ru

1 =1

An example of a query using an
additional attribute that allows you to specify a
sequence of characters contained in a word as a
search term:

@attr XD-1 1 =1 @attr util 5 =4 @attr
util 9 =2 {search inf}

The result of such a request may be the
terms: "Information search" and "Information
search".

An example of a query where a phrase
is specified as a search term. A phrase is a set of
words separated by a space. The result of the

query depends on the sequence of words in the
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query. In this case, the answer will contain the
phrase - "Information search".

@attr XD-1 1 =
{search inf}

An example of a query that finds all
records for the 2019™ year, the search is
performed by the termCreatedDate field:

1 @attr util 5 = 4

@attr util 1=1 @attr util 12=2 {2019}
4. SEARCHING RESULTS

As a result of performing a database
search, the client can receive the following
information from the server: an error message,
the number of records found, or the records
found themselves. The first answer is associated
with some kind of error, the second and third
answers correspond to a successful search.
Which one will be received by the client depends
on the parameters that are passed to the server
along with the search request.

For this, the concepts of small, medium
and large sets are introduced. Here, a set is
understood as a collection of found records,
numbered through. All records from the small set
are always returned, all records from the large set
are never returned, and some records from the
middle set are returned. Next, the following
parameters are set.

* The upper limit of the small set, i.c.,
the maximum record number in the small set that
starts with the first record.

* The lower bound of a large set, i.c., the
number from which the entries are added to the
large set. All records with numbers greater than
the upper limit of the small set but less than the
lower limit of the large set is considered to be
from the middle set.

* The number of records returned from
the middle set.

By changing these three parameters,
you can achieve the return of any number of
records, including none.

Finally, it should be noted that all
records found during the search should be saved
by the server in the session block for later use. If
the server allows the option of naming the search
result, this stored collection can be named, if not,
the collection is kept unnamed and overwritten in
subsequent searches. Named result sets that are
stored on the server can be used in subsequent
RPN requests, where they act as operands like
APT blocks.
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To access the thesaurus database, the
user should build an abstract query. For this, a
custom WEB application was developed that
generates abstract queries to the thesaurus
database. To get an abstract query, the user must
fill in the form input fields with the following
search parameters: the name of the search term,
the name of the set of attributes, the search
attribute of the Use (Access Point) type. If
desired, the user can build queries to find more
precise information using additional search
attributes and logical operators.

MoucKoBEIA TEpM:

WHopmanLoHHas cuctema

Wms Habopa aTpubyToB:

XD-1

MouckoBoe none:

1-Title

[BononHuTensHLIM aTpudyT:

BbiOpaTh 4ONONHUTENBHBIA aTPHOYT

Noruyeckuin oneparop:

BoiGop noruyeckoro oneparopa

[obapute  Cregyrolumi ypoBeHs

CTpoka 3anpoca:

0 i wi
Figure 3. Choice of parameters of an abstract query

After filling in the data, you must click on the
"Add" button. The selected search parameters
will be displayed in the input field below.
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AononHuTentsHem atpubyT:

BbifpaTs QONONHATENsHBIA STPHOYT

Torm4eckHi onepaTop:
BtiBop NOrMHECKOND OnepaTopa
[OofasuTe | CReylowms yposeHs
Crpoka 3anpoca:
Eatir X0-1 1=1 Muhopmaimionsan cuetema
CHHCTHTE CpOpMUpOBATE 3aNPOG

Figure 4. Choice of parameters of an abstract query

To transform an abstract query into a
real SQL query to the thesaurus database, a
function was developed that is embedded in the
DBMS, which works according to the following
algorithm.

To begin with, the user must build an
abstract query, for example, using the application
and check its correctness using the application:

@or @attr XD-1 1 = 1 Information
system @attr XD-1 1 =1 @attr 5 = 1 Informatics

This request in the form of a string is
passed to the function as an input parameter.
Next, the request is parsed:

@or - logical OR operator

@attr XD-1 1 =1 - search by "Term
name"

Information system - search term

@attr XD-1 1 =1 - search by "Term
name"

@attr 5 =1 - right truncation

Informatics- search term

The resulting result is replaced with
fragments of the SQL query:

@or -> or
@attr XD-11=1 > title
Information system ->
system’
@attr XD-1 1 =1 -> search by title
@attr 5=1->LIKE
Informatics -> ‘Informatics%’

‘Information
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Next comes the arrangement of logical
operators and brackets:

((title = ‘Information System’) or (title
LIKE ‘Informatics%"’))

description

After that, an SQL query is executed
against the thesaurus database:
SELECT * FROM zthes cat WHERE ((title =
‘Information ~ System’) or (title LIKE
‘Informatics%"))
The resulting result is displayed in a table in the
user application:

document_language @ term_category

WHGbopmamuka — 3mo Hayka, komopaa | ru
3aHUMAENICA 8bINUCTIEHUEM, XPaHEHUEM

v obpabomkod uHghopmayuy. OHa
pa3sueaemcs emMecme ¢

KOMIIbIOmepamu U Cembio UHMepHem, a
rnomoumy b6azupyemcsa Ha

KOMITbIOMEPHOU MEeXHUKe U He803MOXHA

bes Hee

WMHchopmaumoHHan cuctema — ato ru
B3aWMOCBA3AHHAA COBOKYMHOCTbL

CpeAcTs, METOA0B W NepcoHana,
MCNOMnb3yeMbIX 115 XpaHeHUs,

0obpaboTku 1 Bblgaqn nHopmauym Ana
[OCTVKEHUSA LIENK ynpasrexuns

Figure 5. Search result

No title link_id term_qualifier term_vocabulary
7 WHbopmaTHKa 54F38EQC publ555
2 WUrndopmaumorHan BFC88BB8 abacus_ru
cucTema
5. CONCLUSION

In our paper, we discussed the basic
concepts of a distributed information system and
methods for building EduDIS technology in the
739.50 protocol. We presented the full cycle of
work with abstract RPN requests (PQF) of the
7.39.50 protocol (from request to execution), and
also considered an alternative approach based on
SQL query language.

As a result of the work, a function was
developed in the built-in language PostgreSQL.
The aim of this function is to transform an
abstract query into a real SQL query to the
thesaurus database.

The function input is a string with an
abstract request. First, the syntax of the query is
checked, then the search attributes are replaced
with real fragments of the SQL query. At the end
of the function, the brackets and logical operators
are placed.

We also created a user interface written in
the PHP programming language. Using the
resulting interface, one can generate abstract
requests and check their syntax. The user can
choose the type of the generated request: the
request can be simple or complex [9].

Abstract queries are generated based on
search attributes from the Zthes-1, bib-1, XD-1,
and util sets. These attribute sets are included in
the Use attribute group [10] and are intended to
be searched by the thesaurus.

Simple queries are built without using
boolean operators and search for one search
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parameter. Complex queries include logical
operators that link multiple simple queries
together. To obtain a more accurate search result,
when building a query, five groups of additional
attributes  (Relation,  Position,  Structure,
Truncation, Completeness) are used. Queries can
be simple or complex. A recorded WEB
application that interactively creates an RPN
request, validates it, and then executes it.

739. 50 is a client-server architecture
standard in which the search engine and interface
are separated into independent parts. If both the
client and server conform to the standard, the
739.50 client can search for any brand of Z39.50
server. The most common databases on different
local systems can be found through the same
local client or through an interface. This does not
solve the problem of how the interface should
look or how it should act, it is up to the user to
choose the interface. The connection of library
systems with the Internet and the development of
the Z39.50 protocol open up the prospect of
access to an ever-growing array of bibliographic
databases and full-text databases through a local
automated system. The ability to directly link
users to resources that provide various
computing platforms has made the Z39.50
protocol more attractive to libraries in the
institutional systems. As a result of using this
protocol, it is possible to create distributed
information systems containing databases of
various organizations.
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