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Problems in the
Integration of Registers of
S· t S" eft! . e L- t e, tat e ..lgnl:lcallce In' a VIa
Janis Biiieoskis '. '....
Head of Department, Faculty of Physics and Mathematics, University of Latvia'

Girts Karnitis
Student, Faculty of Physics and Mathematics, University of Latvia

Infonnation systems and legal activities which record the most important objects under the
authority of the state are caned registers of state importance. A megasystem is the consolida-
tion ojiJario-us registers of state importance, and the megasystem operates on the basis of le-
gal acts which govern individual registers and communications a~ollgthem. Requirements
for the megasystem and its individual registers define data structures, data exchange [ormats,
infonnation accessibility, data quality, security and other aspects. This article analyzes prob-
lems which have arisen in the creation and organization of the megasystem.

CHARACTERWt nON OF THE the ~ata which the information systems store,
P,RESENT SYSJEM the structure ofthe data, the sourceofthe da-

Lttvia, like the other Baltic states, has es- ta, demand for the data, the speed at which
.ablished registers which provide for the' data are processed, and the procedures foren-
recording'of the 'moreimportant objectswhich tering, controlling and processing data. The
ire governed by the state - natural persons existing condition must be analyzed with the
~e Population Register), legal persons (the goal offinding an optimal distribution for the
lillterprise Register), real estate (the Real data among the various information systems,
~state Register), movables (the Movable ofimproving the data model with new objects
rupert' Register), and payment oftaxes (the and attributes, offorrnulating those data pro-
l'axpayersRegister), The condition of these '-j • cessing procedures which are Currently lack-
'eryimportant state iriformationsystems, ac- ing, and ofrestructuring the way in which da-

tromgto a conclusionby an expert commis-. ta are controlled so as to improve their vera- .
OIi in July 1997,is not good, Thereis legal city. The resuit oftbe analysismust be'a pro--
order,a failure ofthe various institutions to posaleoncerning all necessary changes.in Ie-

ooperate, 'insufficient veracity of data, and gislation, aswell as changes in the existing in-:
~rdocumentation in the systems. formation systems. Implementation of the
I There is an increasing demand for credi- proposal will be the next step, and the source
Ieinformation about the main objectsof the .offinancing might be investments.
pte, and that has led to the current reorga- After the establishment ofthe first part of
~ation of the situation. An Informatics' the megasystem, during the.courseof which
epartment has been established under the the operations of the primary information

~

PiceS of the Ministry of Transportation, systems would be brought into order, the con-
among its duties is management of the solidation of other' information systems

, elopment of the computer sector in .around the megasysteni could be continued
atvia, Afirst draft of a national informatics as a second phase ofwork.

19r~ has been elaborated, tz:a Ie-
ation for the sector has been drafted, and

ncrete proposals have been made concern-

Itheintegration ofindividual registers in-
megasystem. .

~

PLANF[JR ESTABUSHING THE.
GASYSTEM .

order toestablish the megasystem, the
sting system must Erst be investigated -

Ie IT Review #8

THE CONSTITUTION OF THE
MEGASYSTEM

The megasystem consists ofthree parts:
• Asection on laws, standards and recom-

mendations;
-. The individual information-systems of

state importance and the data therein;
• An informational section,or a register of

registers.

In the section on laws, standards and re-
commendations, there must be a statement of

· the requirements which the state makes vis-
a-vis its information systems of stateimpor-
tance:

• The content and structure of informa-
·tion stored in registers;

.• The distribution of information among.
registers;, . .' . '. . .

• Procedures and formats for exchange of
information among registers;

• Availabilityofinformation to end users;
•Guarantees of data quality and control

procedures;
•Recommended specification languages,

tools, operating systems and data, base rna- .
nagementsystems;

•Information security requirements and
other requirements.

The megasystem must consist ofvarious
primary information systems of state impor-
tance and the data in them. Existing infor-
mation systems must be reorganized to a
greater or lesser extent "in the context of es-
tablishing the megasystem. Also needed is a
universal search mechanism which would al-
low any interested. party to find the necessary
information from all registers, irrespective of
the register in which the information is'
stored. Of course, this process would be go-
verned by accessrights and the confidentiality
level of the information that IS being sought.

Information in the register of registers
would concern the various registers (general
information, data models, information
sources, data processing procedures, etc.), as
well as the objects in the registers (natural
and legal persons, real estate, movables, etc.),
The register of registers would contain a
mechanisms for analysis of the use of objects
in the various information systems.

Conclusions
In establishing and utilizing the megasys-

tern, the state would obtain many advan-
tages:

• The right of individuals to lnformatiDn
would be implemented (an "information
kiosk");

• Laws about the functioning of each in-
formation system would be put in place;

• Data sources and responsibility for the
veracity of data would be specified;

• Duplication of information collection
and entry among the registers would be
averted;

· • Data quality would be improved;
• Documentation of registers would be

improved, 0
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.The Concept of Setting Up a
ComrnunlcationsServer

Mr. Guntis Arnicans, Dr. Janis Bicevskis, Mr. Girts Karnrtis, Faculty of Physics and

Mathematics, Un iversity of Latvia

, AcommUnfcations. server is a set of software and computer equipment .
, , that allows a'wide range of users, bothdomesticelty andinterna"tionally, ,

'to receive information from a variety of sources (government registers,
'data bases, information systems) through a single contact point. A com-
munications server identifies users, authorizes the use of the respective
data, fulfills a request that involves several information sources, and eval-
uates the cost of the process so that the appropriate financial transaction

'call be made. A communications server allows users to learn where
, information is being stored and what kind of information it is; as well as
to request and to receive information from various registers without any
need for in-depth knowledge about the techn,ical aspects of its storage.

,The need to establish a communications server became evident when the
qovernments of the Baltic States were setting up their joint data trans-
mission network.' In order to allow institutions in one country to obtain
information about objects registered in another (enterprises, persons,
motor vehicles, etc.), it is useful to receive the necessary data from a sin-
gle information source, without havlng to study the data base structures

, of the other country. The use of the communications server, as has been
seen through the elaboration of an integrated state significance intorme-
tion systems project, is aiso of significance within one country, because it
provides a universal resource for information exchange among various
information systems.

A communications server is a set of software and computer equipment that allows a wide range of
users (both in .Latvia and in other countries) to receive information from a variety of sources (government
reqisters, data bases, information systems) through a single contact point. A communications server iden-
tifies users, authorizes the use of the respective data, fulfills a request that involves several information
sources. and evaluates the cost of the process so that the appropriate financial transaction can be made.
'\ communications server allows users to learn where information is being stored and what kind of infor-
nation it is, as well as to request and to receive information from various registers without any need for
n-depth knowledge about the technical aspects of its storage. '

, The need 16 establish a communications server became apparent when the governments of the Baltic
itates were setting up their joint data transmission network. In order to, allow institutions in one country
o obtain information about objects registered in another (enterprises, persons, motor vehicles, etc.). it is
lseful to receive the necessary data from a single information source, without having to study the data
lase structures of the other country. The use of the communications server, as has been seen through the
.laboration of an integrated state significance information systems project, is also of significance within
lne country, because it provides a universal resource for information exchange among various informa-
ion systems. . ..

'ROBLEM 'IDENTIFICATION
The need to establish a communications server was noted in the national program "Informati-cs" -[1and

L as well as during the elaboration of two major projects - the Baltic States Government Data
ransrnission Network (hereafter in the text - the Network) [3 and 4] and the Integrated State Significance
iforrnation System (hereafter - the Megasystem) [5]. The goal in establishing the network is to provide
mdamental improvements in the exchange of telecommunications and data among the administrative
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institutions of the Baltic States. During the first phase of the project (1998 and 1999), universal solution
is being set up to provide for the exchange of data among Latvia's Company Register, Motor Vehicles
Register and Lost Motor Vehicles Register, as well as between these registers and the related internation-
al information structures. So far this has involved three concrete activities:

1) Accession of the Latvian Company Register to the European Business Register (EBR);
2) Cooperation between the Motor Vehicles Register and the related European-level structure EuCaris,

as well as the establishment of a motor vehicles insurance system in Latvia (the so-called "green cards");
3) Improvements to the system whereby lost and stolen motor vehicles are registered in l.atvia.Jndud-

ing a connection to the international data bases of Interpol in this area,
During the second phase of this project, between 2000 and 2002, more work will. be done to include

Latvian reqistersinto the Network and to integrate them into international information structures. In the
second phase, the plan is to place the Population Register, the Lost Persons Register, the Lost Personal
Documents Register, the Educational Documents Data Base, the Visas Data Base, the State Statistics
Information System, the Consular Information System, the Health Care Information System and the
Narcotics Information System on the Network.

In a situation where information from various sources is available on the Network, but users have no
knowledge about the technical details of storing that information, there is an obvious need for a univer-

.sal solution,and that is where the-communications server comes in. The main requirement for a com-
munications server is that it must allow users to formulate their information requests in a simple way and
to receive responses to those requests without having to understand the technical aspects of the process.
Users are not, after all, informatics specialists; they are employees of other administrative structures of the
state; and there is no reason to think that they know anything about the way in which data objects are
distributed among the registers of another country. We 'can expect both standardized and wholly unpre-
dictable requests in this process. In terms ofthe urgency of requests, we can expect demands for on-line
responsesthat require rapid response, as well as requests for off-line responses that can take hours or even
days to fulfill.'Needles5 to say, in setting up the coinmunicationssystem we must provide for all aspects
of information confidentiality and user authorization.

The setting up of the communications system is important not only in the context of the Network, but
also in the context of the Megasystem, which is a .universal resource for the exchange of information
among various information systems within a single country.

THE CONCEPT OF THE SOLUTION
The communications server, which is illustrated in Figure 1, is an Internet resource point. Users of the.

server can access it via various protocols - Hnp, CORBA, DCOM, SMTP (E-mail) and FTP. The.server pro-
vides users with an opportunity to find out where .information is stored and what kind of information is
available, and then to request .and receive information from various registers without studying their struc-
ture. Because users may have access to sensitive information, users are identified with certificates, and all
data transmissions are coded.

Userswho wish to have accessto sensitive information before work with the system is begun must.
receive a certificate that corresponds to the X.509standard. The certificate must issued for a specific peri- ..
od of time (usually one year) by a specialized institution (presumably in Latvia this would occur under the
supervision of the Constitutional Defense Bureau). Certificates ofthis kind contain information that iden-
tifies the user, and they are virtuaJJy impossible to forge. The certificates are used to code data and to
identify the user. Latvia's communications server will use a standard coding protocol such as SSL.-

A user of the communications server sends information requests to it and receives responses from it.
This can happen both on-line (Hnp, CORBA,DCOM) and off-line (Hnp, E-mail, FTP).

In the on-line regime, work with the communications server is based on the following structure: At the
. beginning of the process the user is identified. This means that the user sends his or her certificate to the.
communications server, which reviews it and specifies the user's rights. If the user does not have a cer- ..
tificate, then he or she can access the communications server as a guest and receive alirnited amount of
information from it. Next the user requests information. The communications server once again identi-
fies the user and, on the basis of the level of the user'sauthoriiation, makes the appropriate requests to
the data registers, sending the response to the user when it is received. The register receives not only the
information request from the communications server, but also the user's certificate, which means that the
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register itself can identify the user and the user's level of authorization. The result of this is that the reg-
ister provides only that information to the communications server for which the user is cleared.

.~--~.b....--~~.[L---'i~------= .»
:::::::::.:: .~

REGISTERS .
. '. (APPLICATIONS) /
. DATABASES, WVVVV ..-/

. --- ..
I
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(WIN\N BROWSER, ETC.)

I. I
I
I
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I
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I
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I
USER AND SERVER

. VERIFICATION
USER I

VERIFICATION J
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----------~ DIRECTORY SERVER
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VERIFICATION

I

iFigure 1. The operational structure of the communications server

I
In- an off-line regime, the user requests information via HTIP, E.,.mailor FTP. During periods of time

when it is less busy (usually at niqht), the communications server processes the request - identifies and ver-: .
ifies the user and then requests the respective information from the information registers. The response
~ssent to the user via E-mail, or it is stored until the user asks for it on-line.

The main advantage of an on-line regime in this process is that information can be obtained immedi-
atelywhen the need arises. This system can be used in cases when the speed at which a response is
~eceivedis o.f impo~anc~, eitherfro~ the point of vie~ ~f th,e syst~m (e.g., a~ bor?er. control facilities), or
from the point of Vlew of the operation (e.g., an application In which the registration number of an auto-
~obile is entered and informat. ion. is received about the automobile. from the Road Traffic Safety
pepartment so that it need not be entered a second time).

The advantage of the off-line regime is that registers can even out the volume of work that is required,
riven that at night there should be relative few on-line requests for information. Off-line requests can also
re sent in by userswho have dial-up Internet connections, thus reducing costs. It is advisable to make off-
ine requests less expensive than on-line ones so that users are motivated to use the off-line system.

rHE FUNCTIONS OF THE COMryJUNICATIONS SERVER
We can specify five main functionsfor a communications server:

• User identification
• Authorization with respect to the use of information
• Management of user rights
• Fulfillment of requests that involve several information .sources
• Evaluation of the costs of each request for billing purposes

I

I
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USER IDENTIFICATION IN A COMMUNICATIONS SERVER
As was noted before, user identification involves X.50g-standard certificates. In order to ensure that

the certificate mechanism is operational, a communications system needs both a certificate server and a
directory server. The former is a server that belongs to the certifying organization, generating and main-
taining electronic certificates - both server certificates (issued to the server) and client certificates (issued
to the user). The latter is a server in which the public keys of the certificates are stored, along with infor-
mation about certificates that have been issued - when a certificate has been issued, to whom it was
issued, and whether the certificate is validor has been revoked.

The directory server is available to any interested party. For example, if a \JIJVIiW server has been issued
a certificate; any WWW user.can .ascertainthat the server is secure. - If a WWVV client has been issued a
certificate, in turn, the WWW server can ascertain that the client is authorized to work with the server.
Both the client and the server tan check the validity of the submitted certificates by looking them up in
the directory server.

Work with certificates in WWWapplications involves SSL(Secure Socket Layer) technologies, which are
supported by most WWWservers,as well as the main WWW browsers - Netscape Navigator and Microsoft
Internet Explorer. SSLtechnologies provide the following components of secure communications:

1) WWW server approval: A user can ascertain the fact that the WWW server is secure and that it can
be entrusted with confidential information;

2) The privacy of inform at ibn: The entire information flow between the client and the server iscoded,
using a unique session key. The session key is coded by the server with the client's public key in order to
send the respective information to the client in a secure way, Each session key is used in only one session,
which makes it difficult to decode the information without authorization. The information, in other words,

.cannot be viewed by unauthorized persons, even if it is intercepted on its way between the server and the .
client. -

3) The integrity of the information: Both the server arid the client calculate the control code on the
basis of the content of the information, and if the information has been changed en route, the codes do
not match. This means that the receiver of the information sees precisely the same information that was
sent by the sender.

Secure data exchange between the WI/VW server and the client occurs in the following way when SSL
technologies are used:

1) The client sends a request for data exchange to the WWW server;
2) The server in response sends its certificate to the client, asking for the client's certificate if appro-

priate;
3) The client checks the validity of the server certificate through the digital siqnature of the certificate

server, sending the client's own certificate to the server if necessary;
4) When the authorization process is complete, the client sends the session key to the server, coding

it with the public key of the server;
5) Both the server and the client know the session key, and further data flow between the server and

the client during the respective session is coded with the session key.
The certificates of the server- and the client are exchanged quickly and without any. involvement by the

.user. The same is true with respect to an exchange of certificates among other applications.
When information is requested from the communications server (through the WNW or otherwise), the

process occurs in the following way:
1) The user is identified through the aforementioned protocol, and the communications server checks

the user in the directory server.
2) The communications server hasa data base which records user riqhts, and the server uses this data

base to specify the authorization level of the specific user. In carrying out the user's request, the com:" .
munications server checks the user's rights in its own data base and, if the necessary level of authoriaatlon
is there, then the request is sent along to the concrete register. '. '.

3) The register is also sent identification data about the -user who h.:35 requested the information.
4) The software in the register checks the information in the directory server and authorizes the user.
5) According to the level of the user's authorization, either the request is carried out and the result is

returned to the communications, server, or the communications server is told that the user does not have
the right to carry out the request.
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6) The communications server returns the result to the user.

I ',A user can also request information from the register directly, without passing through the communi-
, cations server. In that case the operational mechanism is similar:

1) When the information i$ requested from the register, the user must supply identifying information

I (a certificate). ' ,
2) The software in the register checks the information in the directory server and authorizes the user.
3) On the basis of the user's authorization and the level of his or her access rights, either the request

r is fulfilled and the result is sent back to the user, or the user is sent information saying that he or she does
not have the right to receive the data.

This mechanism ensures that there is no need for the user to reintroduce identificationcachtirne a new
I request is made.' In each session, the user is identifi'edon the first occasion that a request is made with

respect to a confidential data source, and in later requests the information is sent on to all of the respec-
tive information sources. Another advantage of the mechanism is that there is a centralized method for
distributing user rights, as well as a unified policy with respect to this. It's also true that the user's rights
do not change depending on the way in which he or she accesses the information - via the WWW, via a
different application, or through some other method.

MANAGEMENT'OF USER RIGHTS
The rights of users can be divided into several categories:
• The right to obtain information about what is stored in a concrete register - provided that the infor-

mation is publicly available;
• The right to obtain information about one entry in one table in one register, based on the unique

identifier of that particular entry;
,,''~• The right to obtain a list of data from one table in one register, selected .on the basis of specificcri-

teria; , , ',' ,
• Theright to obtain a list of data from several tables in a single register (whether the link existsor not);
'. The right to obtain information from several tables in one register that -are linked through a specific

relation, the data bei ng chosen on the basis of specific criteria;
• The right to obtain information about one object from several registers on the basis of the primary

key of the object;
, • The right to obtain information about the existence of a link among specific objects from various reg-

isters; ,
• The right to obtain a list of data that are selected on the basis of criteria entered by the user, the data

coming from several tables in several registers that are mutually linked.
• The obtaining of information can be differentiated at four levels:
• A response as to whether the requested information has been found or has not been found;
• A response as to how many entries have been found;
• The primary keys of objects;
• The data that is being requested.

, Each of these levels provides a different volume of information, and there are instances when the jump,
between' proximate levels is quantitative, while in other instances it is qualitative. We could consider four
different requests here:

"Does individual X own an automobile?"
"How many automobiles does individual X own?"
"What automobiles does individual X own?"
"Does individual X own automobile Y?"

, ,The management of user rights is intentionally divided up so that it occurs in several places. The com-
riunicetions server has its own, user jnanaqerncnt module, in which it stores information about the right
)f users to, rnake various kinds of complex requests. Information about the right of a user to receive data
rom a specific register is 'stored either in the communications server or in a concrete register, The place,
vhere information about user rights is stored is harmonized between the communications server and the
egister. Because it is expected that before a register issues information, it will want to check the user's
ights to use the information, then information about the user's rights with respect to a specific register
viII usually be stored in that register. From the perspective of centralized management, it would be bet-
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ter if information about user rights with respect to all registers were stored in the communications server.
For various organizational reasons, unfortunately, this is either impossible on only partly possible.
Information about user rights is stored both in the communications server and in the registers themselves.

The-communications server is desighed to work with both of these options, as well as with a cornbi-
nation of them, and the following scheme emerges:

• The communications server checks the right of the user to make a request in the first place, as well
as the right of the user to seek outa link between objects in various registers;

• The communications server checks whether the user riqbts with respect to the concrete register are
storedin the communications server or the register; ,

• If the rights are stored in the communications server,' then it checks the rights before it sends the
request to the register;

_. If the information is stored in the register, then the register checks the user rights before it fulfills the
request; ,

• If the rights are not stored in the register, then the register can, if necessary, receive information about
the rights from the communications server in order to be able to 'check the rights of the respective indi-

'vidual to makethe request.
Because it is possible for users to connect to the registers hot only via the communications server, but

also directly from an application, and because it should be true that in both instances the user hasthe
same authorization to obtain information, then the check of whether a user has the right to obtain infor-
mation from a specific register should occur not in the communications server, but in the register itself.

INFORMATION REQUESTS AND THE OBTAINING AND DEPICTION OF
INFORMATION

The basic mission of the communications server is to provide users with access to various information
sources so that they can obtain data from them. Let us take a look at the problems that arise in this
process, devoting particular attention to the submission of requests and the obtaining of responses, and
leaving aside the issue of user authorization, control over data access, registration of who has asked for
information and what information has been requested, billing issues and such matters.

INFORMATION SOURCES
An information source or resource facility can be any information system or data base from any organ-

ization. There are administrative regulations concerning the organizations, information systems and data
bases that are included in the communications server's network of services.

Over the course of time, the number of information sources can reach into the tens or even hundreds
of sources. In Latvia alone there are already several dozen government registers, and their number may
increase. Communications servers should also provide access to certain foreign information sources, as
well as to the data bases of various other organizations in Latvia; these, too,could be included in the range,
of services provided by the communications server.

The .cornrnunications server itself, does not have an information sources. Each information source is"
primarily meant to carry out concrete and specific functions inside the respective organization Information,
systems and data bases that are used in an organization are chosen, designed and optimized specifically -,
for the needs of the respective organization. They may not be aimed at providing information to other
entities, but if such an opportunity is intended, then it can be very specific, and many limitations can be
applied to it. This means that the communicafions server must adapt to the information sources, and not .
vice-versa. Of course some information sources can upgrade their information systems and optimize their
data exchange procedures in order to meet the communications server's requirements.

Information sources that are part of the communications server's network can differ in terms of signif-
icance and volume. The more significant a data base, the better must be cooperation with it The size of
data bases must also be taken into account, because it has much to do with the respective data process-
ing mechanisms.

Another key issue is the quality and stability of information sources. Information systems can involve a
wide variety of technologies, and they are of varying ages. Depending on the resources that have been
invested, some are of a higher quality and some - of a lower quality. Of course, it is easier to make con-
tact with a high-quality information system and data base that have been designed with modern tech-
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nologies than with systems that are old and of a lower quality level. A communications server must cer-
tainly be, ready to deal with information sources that are unstable, that make errors and that In some
instances are not even accessible.

, Information systems can be designed with various systems, they may have various data bases, and their
use may involve various operating systems and computer technologies. A communications server must be
prepared to handle these problems, although this is no longer the worst possible difficulty, given that
many different solutions are in existence. ,

Information can be stored in a wide variety of formats - that is the next issue. The most popular
method for data storaqe is still relation data bases. Object-oriented data bases, static WEB pages and
dynamic WEBpa'g€s that are generated from an internal format are becoming rapidly more influential. We
must not; however, forget other information storage methods such as files of many different structures.

A concrete information unit and a logical group of information units can be doubled, stored in various
formats, coded in various ways and stored in such a way that some of the information is kept secret.
Information can be contradictory either within a single information system or among various information

.sources. This means that in the future the field of communications servers will have to involve various laws
and data processing algorithms that are based on the technoJogies or artificial intelligence.,

, All of-these aspects serve to demonstrate how serious is the issue of various information sources being
highly varied. It should also be added that this heterogeneity exists among more than just information
sources: The same situation can exist within a single register or a single organization.

It must also be remembered that each information source exists fairly independently, It can be updat-
ed, changed or liquidated, it can be created anew, its operations can be suspended for a while, or it can
be withdrawn from cooperation with a communications server. This means that a communications serv-
er must exist in an environment that is not only highly varied, but also is extremely changeable.

USERS'
For our purposes, we will say that a communications server user is any subject that wishes to obtain a

service from the server.
Users are usually differentiated on the basis of their level of authorization to obtain specific information

from specific; nformation sources. These rights are regulated by law and by other normative acts, and they

I are managed by a specific user management bloc within the communications server.
From the perspective of the communications server, another very important user classification is based

on a different aspect - the way in which the user requests information and the way in which the user

I,receives a response, A communications server should be operated on the basis of the principle that it is
there for the convenience of users, not vice-versa. This principle means that the server must be ready to
receive information requests of a great many varieties and forms, and it must be ready, every time,to pro-Ivide a response that is convenient for the user in terms of its type and form.

REQUESTS AND RESPONSES '
I,A communicatio,ns server.must be. ready toaccept ,jnf~rmation req.uests that are stated in various ways "

l
andforms. The mam operational regime for cornmurucations servers IS an on-line connection, but this can
Involve a dedicated line to the communications server, dial-up access to the server, or a connection

Ithrough informational networks (the I.nternet, the Latvian State Significance Data Transmission Network
I (VNDPT), or the ne~orks of other natl?nal, global or organizational networks). We must also remember

loth,er '('Jaysto submit a request - E-mail, a request submitted on an electronic information carrier such as
a diskette, a written request submitted on paper, or even an oral request.

Responsesto various requests can be prepared in the same format as the original request. It should be

l
adde?, ho,:""ever, that the user must ,have the ~igh.t to select the method of response, irrespective of the
way In which the request was submitted. Limitations on the ways in which requests and responses are
formatted can be specified by administrative regulations, but in terms of technologies, a communications

I
server must be prepared for all kinds of cooperation methods.

The forms of requests and responses can be highly varied. The most popular cooperation form is prob-
ably a WEB page, both for requests and for responses. This form of cooperation can be highly varied, and
Ithis is u.nderpinned by existing W~f).;.~e applicat10~R-e use of special procedures and functions may
~Iso be Important when the procel:J~reltse1f ~_~s'-para~eJ~rsrhat specify the request and its result (i.e., the
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response to the desired request as specified by the parameters). Cooperation can also occur in the fol-
lowing forms:

1) Special applications that can work with the communications server;
2) Active- objects that can work with the communications s-erverand can be used in the client's appli-

cations;
3) Files with requests that are recorded in a specific format or response files in a specific format;
4)A group of files (including even data bases) for the requests and the responses;
5) Paper documents in an agreed format for requests and responses; -
6) E..:mail,which can be seen as a' modification of items 3, 4 and 5 on-this list
It is cornrnonly held that requests from a user can come ina dialogue regime from a human user and

in an automated regime where the user is an application on the' user's computer.
There must also be plans to work in a synchronous regime (request-wait-response) and in an asyn-

chronous regime (request-processing over-a specific period of time-report to the user about the availabil-
ity ,of a result-response), because this ensures more efficient work for the user and the communications
server alike, especially when it comes to processing large and complex requests, -

In work with the user thought must also be given to such aspects as the various levels of preparedness
among users, the language of communication, the respective text coding formats, the abilities of the user's
computer equipment, operating systems and applications, and limitations in all of these things.

I'nother words, the main mission and, at the same time, the main problem that a communications serv- -
er must handle is the way in which many different kinds of requests can be handled, submitting processed
information from various information sources that sometimes are not compatible, and submitting a result
to the user in the desired type arid form.

- -

INFORMATION ABOUT INFORMATION
As the number of information sources available through the communications server increases, an over-

-abundance of information can quickly occur - one in which even the administrators of the communica-
- tions server can get lost. It is necessary to classify all of the information sources and the information that
is contained therein, keeping firmly in mind that information sources can change.

Communications servers must have data source repositories that contain formal descriptions of the
sources, their properties, the data that are contained within them and the properties of the data. These
repositories must be very flexible, it must be able to change them easily and quickly so that changes in the
surrounding environment can be monitored. If there is to be a proper reaction to user requests, other
parts of the communications system must be able to adapt to changes in the repository in a dynamicway.

The repository is not, however, meant only for internal use in the communications server. The user,
_too, must know where and what he can receive (of course, within the limitations of the user's authoriza-

tion). This means that the communications server must also, so to speak, provide information about infor-
mation. Using forms and terms that the user can understand, the server must describe the information
that can be obtained and the ways in which it can be requested. There must also be efforts to link the

. various request formulation mechanisms as closely as possible to the repository, thus making easier the
work of a user who takes advantage of the communications 'server's services only seldom ...

Users often don't care where and how the desired information is stored. This means that the commu-
nications server must satisfy requests that concern' information from many different sources. The reposi-
tory, therefore, must also describe the links between the sources, as well as the ways in which various con-
tradictions among the sources can be resolved, data be converted, etc. The repository must be an entity
that makes it possible to consider all of the sources in a communications server to be one, big data base.

THE ABILITIES OF THE COMMUNICATIONS SERVER
. . A communications server is a dynamic syst-emwhich must work in a highly changeable external envi-
ronment A communications server must be much more flexible and dynamic than a day-to-day system,
because it must work with highly heterogeneous external information systems that keep up with rapid
technological changes, When it comes to technologies, communications servers must be a step ahead of
other systems, because otherwise it may turn out that the communications server ends up unable to per-
form its functions, .

The goal of this paper is not to describe the internal architecture and ideology of communications
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servers precisely. The establishmentof such systems is a very serious process throughout the world these
days, and various solutions are being sought out that are linked to the following technologies:

• Distributed Dynamic Systems .
- • Distributed and Dynamic Objects
• Dynamic Object-Oriented Programming
• Reflection
• Domain Specific Programming Languages
• Artificial Intelligence _

_ Many of these technologies are 51[11 quite new, and they are still being developecLThis means that not _
all of them have ready-made t601s that support various properties orfunctions of the technologies. Some-
tools exist, some are at the prototype stage, while some have already become popular among profession-
als (this is particularly true of prototype tools that are designed at universities and research laboratories in
order to test the latest technologies). In the design of a communications server it is worthwhile to such
'modern technologies and research results as the Multilanguage Interpreter [6] and the Database Browser
Generator [7].

- -, -

EVALUATION OF REQUESTS FOR BILLING PURPOSES
A billing system is partand parcel of the mechanism whereby a communications server fulfills requests.

When a specific request is fulfilled, the system not only does what has been requested, but it also auto-
matically calculates the resources that are used in the process. Within the communications server, a price
[has been attached to every resource, and it can change on the basis of the volume of information that has
been requested, the time of day when the request is filed, etc. The price of each request is calculated
automatically and stored in a journal that then is used for billing purposes.

A reSOUrC€1San information request to a register. The price of resources changes on the basis of the
type of the request, the complexity of the request, the register that is involved, etc.

USES Of A'COMMUNICATIONS SERVER
There are three major ways to Lisea communications server:
• As an international resource facility that can be used to access information from Latvian registers;
• As an internal resource facility that can be used to search for information in registers;
• As a way of setting up cooperation among various registers.

Register 1

Register 2
Ii

\..

- Public
data

1-.
/U\i Transaction

I\n/] server
Users (people,

registers)

Register 3
/L~,;Transaction

v /~\n'· server

HTIP,
DCOM,
E-mail,
others

Figure 2. The structure of cooperation between a communications server and other entities
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The need to access information from Latvian registers via a single contact facility is the main reason for
elaborating the communications server. Of course, this is more than just a trivia' solution in which a single
Internet application is designed for connection to other registers via their Internet addresses. This simplified
design does not deal with the main issue - the ability to collect information from various sources (i.e., var-
ious registers) without the user having to hook up to each register separately. The information that a user

. needs is collected from the various registers by the communications server, and the user himself may be
completely unaware of the technical details of this process.. Thus the' communications server is needed by
employees of foreign institutions in order to obtain information that is stored in Latvia's registered.

A second usefor the communications server is the fulfillment of domestic information requests in Latvia. The
previous1ydescribed situation in which users do not want to or are unable to understand the technical details
of information storage is typical among the personnelof Latvia'sadministrative structures. ·Of course, given the
fact that accessrights to authorization rnayvary for foreign usersand Latvian users, the communications server
sets out a unified set of requirements in this area, and solutions are the same for both groups of users.

The third way of using a communications server is to use it in order to exchange information among
various registers. It is obviously irrational to maintain communications channels and to conduct informa-
tion exchange individually with each of many registers that are mutually linked. It is much more rational
to set up a centralized contact facility -the communications server - which is linked to all of the registers
and through which information is exchanged among them. The general process of information exchange
among registers via a communications server is shown at Figure 2.

This diagram shows four ways in which a register can be connected to a communications server. Every
register that participates in the data exchange procedure can have its own data base in which those data
that are intended for transfer to other registers and for publication can .be separated out The data base
can be maintained by a separate computer or server so that approaches to the public data base do not
hamper work with the basic data base of the register. Data from the basic database are regularly copied
to the public data base (an automatic replication mechanism). This solution is rational not only from the

. perspective of using cornrnunlcationscharmels: it also ensures:
. • That the fulfillment of external requests does not hamper the work of the register;

• That there is higher security, i.e., that in the caseof unauthorized access,the basicdata base is not damaged.
The link between the communications server and the public data base can be implemented on the basis

of various technologies, such as DCOM object calls, MS Transaction servers and Oracle SQL*NET. User
authorization is provided via a certificate server, a directory server and the Lightweight Directory Access
Protocol (LDAP).
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This paper describes a development of Communications Server, the first
realization version and conclusions. A communications server isa set of
software and computer equipment that allows a wide range of users
(both in Latvia and in other countries) to receive information from a vari-
ety of sources (government registers, data bases, information systems)
through a single contact point. A communications server identifies users,
authorizes the use of the respective data, fulfills a request that involves
several information sources, and evaluates the cost of the process so that
the appropriate financial transaction can be made. A 'communications
server allows users to learn where information is being stored and what
kind of information it is, as well as to request and to receive information
from various registers without any need for in-depth knowledge about
the technical aspects of its storage.

INTRODUCTION
The need to establish a Communications Server became apparent when the governments of the Baltic

States were setting up their joint data transmission network]c]. One of the main tasks is to obtain infor-
mation about objects (enterprises, persons, motor vehicles, etc) without having to study the data base
structures in any country. One year ago the concept of Communications Server was defined [1] and proj-
ect of Communications Server was started in Latvia.

Data retrieval from different autonomous sources has become a hot topic during the last years not only
in Latvia but also In all countries or large enterprises. The problem is very complicated and its solution can
takes several years and many high-qualified specialists to solve it [2][3J[4J. There was made the choice to
develop Communications Server step by step in Latvia. Latvia has several dozens of registers and informa-
tion sources (public and with restricted access). To develop all system at once it is too complex due to, for
example, various organizational and technical problems. Design and implementation of all functionality for
the Communications Server also takes much time.

CORE OF THE COMMUNICATION SERVER
The main functions for a Communications Server are:
1. User identification
2. Authorization with respect to the use of information
3. Management of user rights
4. Fulfillment of requests that involve several information sources
5. Evaluation of the costs of each request for billing purposes
It is more or less clear how to implement the first three functions, but the largest problems arise to

develop last two functions. The original technology was developed to search and obtain data from various
data sources during the design phase. This technology bases on WEB technologies and Meta models of
data sources[5J.

Baltic IT&T 2000, Riga April 6-7 163



~-DU::'IIIt::~~ dllU ':)LJlllUlal.lIl~ l 0"''''-'1 ~- UCVCIVpII.\,;"I ••...-- --- .•.- --:J ..... __. ~_- _

Viewing data objects and attributes of registers

Registers All I Errtities,Alij - Attributes

Enterprise Register Information ~
Land Re ister (Cadastre Re iste Owner of vehicle

Vehicle' " Inexact registration certificate No..•.
Inexact registration No.
Inexact chassis No.
Vehicle owner PI NO
Year of production
First colour
Second colour
Mark
Model
Registration certificate No.
Registration No.
Chass~~_t-Jg.. ..:J

Register of Residents
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Search information

Figure 1. Registers and data objects

For the first version of Communications Server was determined several principles or requirements:
. - It is possible define new source in couple days
- It is possible to access any type of data source
• It is easy and quickly create primitive services (wrappers) to search and obtain needed data from

source
• It is possible to tie related data from various data sources
• It is easy maintain all system (make changes, add new possibilities, etc.)
• The program code have to be simple and small to reduce the possibility to make mistakes
• Initially data is retrieved only from WWW (from end-user point of view)

REGISTER OF REGISTERS
The Register of registers is the information system that contains information of other information sys-

tems maintained in Latvia. There is much useful information, such as ISname, content, owner, data model,
relations with data objects in other information systems, in database of the Register of registers.

The first version of Communications Server widely uses information stored in Register of reglste'rs. For
instance, the information searching starts with high level representation of data sources and objects stored
in them. See the Figure 1.

We can see what data sources are available, what data objects are available from these sources and
what attributes describe each data object. We can start browsing from any data source or data object.

BASIC ADDITIONAL REQUIREMENTS FOR COMMUNICATION SERVER
Various additional aspects and requirements were taken to create first version of Communications Server:
-some data are very sensible (only for authorized and restricted use)
• some data are available for money
For these reasons we keep a close attention to security, to log all activities and to accounting of call

retrieved information to calculate accounts between information providers and consumers. .
Security is designed to fulfill requirements determined by law, government and information source

provider. Atpresent for each user are defined: what data objects (register, information from register, etc.)
are accessible. what operations can' be done (searching and retrieving) and what templates of WWW
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Figure 2. Conceptual shema of Communication Server

pages (data retrieving, combining from various registers and presentation) are available.
All user activities are logged in special journals. The system saves not only the type of activity and user

who have done it, but also the request is stored. It is possible to track for any data object (person, for
instance) all history - who asked what and what data objects arid its attributes were displayed.

We can account costs for information consumers if the cost is defined for some information. Since we
are logging any request with details then we can calculate overall accounts for any user and provider.

TECHNICAL SOLUTION
The main task for a Communications Server is to retrieve information from data sources. Let us see the

rough view to the implementation principles (Figure 2). User asks the Mediator for information. The
Mediator translates requests to set of internal small requests to data sources through wrappers. When the
wrapper returns data, the Mediator forms the information presentation and sends the www page to user.

To retrieve information from data source, we have to create special small programs - data wrappers.
This approach has the following advantages:

• It allows access data source via different protokols and methds - ODBC, OLE DB, SQL*Net, DCOr01,etc.
• Data source usually is made to well suit for specific business tasks, it is not primary made for data

access from other system (Communications Server). The access is limited, it is allowed execute some stored
procedures to query data. Wrapper allows us to execute only authorized functions.

• Querying data source via functions allows us to have easy transfer real data from datasource physi-
cal data model to our logical data model (stored in meta database) that is more understandable for the
user.

• If the data source changes we need only correct the appropriate wrappers.
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To communicate with user via Internet the special browser is designed that bases on a meta model of
data sources. The browser takes the information stored in meta model, generate www pages to commu-·
nicate with user. We can image browser as Driver and Repository (Figure 3).

Repository is database that stores information about data sources, data objects in sources and relations
between them, functions that allows us query source, screen templates (www page structure) and other
useful information.

Driver is special program that generate www pages to manage querying at high level and display infor-
mation. The Driver can analyze relations between data sources and merge together all related information.

Enter search criteria for data object
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Figure 4. Search criteria input window
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DATA SEARCHING AND BROWSING SCENARIO
Let us look at small example how the Communications Server works from end-user point of view. First

step is to choose from which register and which data object information will be quered (Figure 1). Then
system asks search criteria for the choosen object (Figure 4).

User fills in search criteria and' pushes button 'Search', system searches in appropriate the register for
netessary information and results are showed (Figure 5).

From this screen user can easily get related information from other registers, for example, if user wants
Information about Person from Register of Residents, user needs only to click on appropriate link and
appropriate information are showed (Figure 6).

CONCLUSIONS AND FURTHER DIRECTIONS
, The prototype of Communications Server was made in the middle of 1999 [7J. 4 registers (with test data)
were connected for testing purposes. 2 of them use Oracle as DBMSand 2 others use Microsoft SQLServer.
The prototype has shown theeffediveness of designed approach. The prototype of the system was much more
powerful, than we expected and can be used as the real system. At present additional improvements is made
and the first version of the real system is developed. This version is introduced in real exploitation now.

Future direction of our work is to develop a query processor that can take as input SQL-like query and
return as output the result queried from multiple data source.

Other direction that already is partially developed - to make Communications Server available not only
from WWW browsers, but also from custom programs using XML to query data and return answers.

REFERENCES
[1J. ArnicansG, Bicevskis J, Karnitis G, "The Concept of Setting Up a Communications Server" ,in

Abstracts of Papers of 3rd International Conference" Information Technologies and Telecommunications
in the Baltic States", pp.48-57, 1999 '

[2J Tomasic A, Amouroux R, Bonnet P, Kaprtskara 0, Naacke H, and Raschid L, "The distributed infor-
mation search component (disco) and the World Wide Web" in Proceedings of ACM SIGMOD International

Baltic IT&T2000; Riga April 6-7 167



E-Business and Stimulating Factors: Development OT otaie ';)I~I"'''.••••~- -,r------

Infurmation about person View Type: I Expanded-.:J

- - .. _- ---- -- .._~._- --_._----_.
:01016101010 K/\Ll\JS VIKTORSj Information about person

Related information I Person Code 101016101010 i
I '

i N arne l\.lJRTORS
I I j

'Owner.of Register of i I Surname !KP..LNS.Owner of I

i i

lvehicle
I I

)vehicle - iMotor vehicles i I Sex!1\1 iI iRegister of i Birth Date ;1961.01.01;·Owns vehicles Vehicle i t

iMotor vehicles
;

I i
JBirtll CountryLA TVIJA I

iRegister of
I . I

!Has childeren iChildren I
I ;Residentsi I -Children-,._--
I iRegister ofHa'S parents !Parents
I jResidents II I 102028811223 KALNA ILZE

'Information 'Informati on iRegister of
i

-127058511331 KALNS ROBERTS Ilabout persall 'ahour person Residents,

Has passpOJi Passport Register of
Passport'Residents

_.

I

! - - IP N h ll.Al ..."....0'"7 .., Iasport tun er ,L/-U L.V.)'o 1"-'·

! Issue Date /1999.05.12 I
I . I - -
!Date of Expiration ,2009.05.11

I

Parents

Figure 6. Information about person

Conference on Management of Data, Tuscan, Arizona, 1997, Prototype Demonstration.
[3J Haas L. M, Miller R. J, Niswonger B, Tork· Roth M, Schwarz P. M, Wimmers E. L, "Transforming

Heterogeneous Data with Database Middleware: Beyond Integration", Data Engineering Bulletin 1999
[4] Hammer J, Garcia-Molina H,lreland K, Papakonstantinou Y, Ullman J, vVidom J, "Information trans-

lation, mediation, and Mosaic-based browsing in the TSIMMISsystem", in Proceedings of ACM·SIGMOD
International Conference on Management of Data, 1995, Project Demonstration.

[5] Arnicans G, II Application generation for the simple database browser based on the ER diagram",
Proceedings of the Third International Baltic Workshop, pp.198-209, 1998 ..

[6] "The Baltic States Government Data Transmission Network: Conceptual and Methodological
Considerations", Riga, 1998, 11 pp.

[7] www.mega.lv

Contact information:
Datorikas InstitOts
Rair;Jabulv. 29-220
Riga, LV-l050
Latvia
Tel.: +371 7503383
Fax: +371 7503531
E-mail:girts@di.lv

168 Baltic IT&T 2000, Riga April 6-7

http://www.mega.lv
mailto:E-mail:girts@di.lv


Vilnius Gediminas Technical University
Institute of Mathematics and Informatics
Lithuanian Computer Society

DATABASES&
iNFORMATION SYSTEMS

PROCEEDINGS
OF THE

4th
IEEE
INTERNATIONAL
BALTIC
WORKSHOP

Edited by
Albertas CAPLINSKAS

Vol. 1

Vilnius
Lithuania

May 1-5
2000

Vilnius "Technika" 2000



8. References

[I] Burdell; D. Internet Open Trading Protocol Version 0.9.9. The Open Trading Protocol
Consortium, 1998.

[2] Christoffel, M. Pulkowski, S., Schmitt. B., Lockernann, P. Electronic Commerce: The
roadrnap for university libraries and their members to survive in the information jungle.
ACM Sigmod Record, 27(4).1998. pp. 68-73.

[3] Christoffel, M. A Trader for Services in a Scientific.Literature Market. In Proceedings of/he
2nd lntemational Workshop on Engineering Federated lnformation Systems (EFISY9),
KUhlungsbom, 1999. pp. 123-\30.

[4) Hewlett Packard. E-Speak - the platform for Esservtces. http://www.e-speak.hp.com.
[5) ffiM. DB2 Digital Ubmry. http://wwwA.lbm.comlsoftware/ls/dig-lib/aboul.htm!.
[6] JavaSoft. Java Remote Method Invocation SPecification. Technical Report. Sun

Microsystems, 1997. http://www.javasoft.comlproducts/jdkll.lIdocs/guide/imil.
[7] Karlsruher Virtueller Katalog. hnp:/lwww.ubkauni-karlsruhe.de/kvk.hbnl.
[8] MeDoc- The Online Computer Science Library. .

http://rriedoc.in[ormatik. W-m uenchen .delen glishlmedoc .htmJ.
[9] Microsoft. DCOM Technical Overview. Technical Report, Microsoft Corporation.

Redmond. 1996.' .
[10) Object Management Group. CORBA 2.01UOP Specification. Technical Report-PTC/96-03-

04, Framingham Corporate Center. Framingham (MA), USA, 1996.
[J 1) Pulkowski, S. Making Information Sources Available for a New Market in an Electronic

Cornmerce Environment. In Proceedings of the International Conference on Management of
Tnformation and Communication Technology (MICT'99), Copenhagen, 1999.

[12] Pulkowski, S,: Intelligent Wrapping of Information Sources: Getting Ready for the
Electronic Market. In Proceedings of the 10th VALA Conference on Technologies forthe
Hybrid Library. Melbourne. 2000. .

[13] Rachlevsky-Reich, B., Ben-Shaul, I. et. al, GEM: A Global Electronic Market System. In
Information Systems, 24(6), 1999. pp. 495-518.

[14] Schmitt, B., Schmidt, A. METALICA: An Enhanced Meta Search Engine for Literature
Catalogs. In Proceedings of tile 2nd Asian Digital Library Conference (ADL '99), Taipei,
1999.

[15] Stanford Digital Library Project http://www-diglib.stanford.eduldiglib/.
[16) Stevens. W.R. TCPIIP Illustrated, Volume 1, The Protocols. Addison Wesley, Reading,

1995.
[17) Wang Baldonado, W., Winogred. T. Hi-Cites: dynamically created citations with active

highlighting. In Proceedings of tne International Conference on Human factors in
computing systems (CHI Y8), Los Angeles, 1998, pp. 4080415.

[18) World Wide Web Consortium. Extensible Markup Language Recommendation. 1998.
http://www.w3.org[IRlI998/REC-xml-19980210.

174

http://www.e-speak.hp.com.
http://wwwA.lbm.comlsoftware/ls/dig-lib/aboul.htm!.
http://www.javasoft.comlproducts/jdkll.lIdocs/guide/imil.
http://hnp:/lwww.ubkauni-karlsruhe.de/kvk.hbnl.
http://www-diglib.stanford.eduldiglib/.


Heterogeneous Database Browsing in WWW Based on Meta
'Model of Data Sources

Guntls Arnicans, Girts Karnitis
University of Latvia

Faculty of Physics and Mathematics
Ralnis Blvd. 19, Riga LV-1459, latvia

gamican@lanet.lv, girts@di.lv

Abstract . ' ,

This paper describes a development principle and technique for a' simple universal multiple database
browser. The browser operates by: gettinl! lnformetioe from mer.amodel of data sources and actual data
from legacy data sources. Every clement sucb as enllty,. field, relatlou Is mapped 10 some component of
HfML page with appropriate structure and layout, MaJiy templates of Information layouts can be created
allowing 10 dynamically change IITML page to acceptable user Interface. The wrappers are used to
provide browser Willi actual data and to act as mediators between data sources and browser. This
approacb a110M to quickly describing new data sources, 'creating wrappers, making modificallons later
and-managing data browsing in a simple unified style. The browser architecture Is flexible enough to
incorporate data sources with a variety of data models and query capabllities by various protocols. It Is
possible to select logically tied information from all available legacy data sources.

Keywords: Web-based' information system. distributed information system. metamodels, database
browsing.

1. Introduction

Data retrieval from different autonomous sources has become a hot topic during the last

years. For instance, there are such data sources as enterprise register, register of pledges, register of

stale orders. When some state institution wants to order something from private business, civil

servants are interested to know whether applicants are registered, whether they have pledges and

what is their financial situation. Civil servants need information system that can collect related

information from different Data Sources.(OS) and show it

We have found some such systems [21, [31, [41 that allow to do data querying from different

data sources. All those systems are very complex, with their own query processor, but without'

universal user end. We decided to make a simple Universal Browser (UB) that acts on OS model

during development of Megasystem and Communication server [5], [6].

Main ideas of the UB are described in [I], where the idea of database browsing based on the

Ell. model is described. Our approach is a modified VB, that can browse multiple DS, which can be
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made in different technologies and with limited access rights. and possibilities. Access to the OS is

made via wrappers.

2. Repository of conceptual data models of data sources

Repository is ,a database that contains information about data sources (OS) and the links between

them - the specific ER model. Repository also contains a description of functions that can be

executed by OS.

2.1 Metarnodel of repository

. Relellon FIoId
FK1
FK2

Functlon

FIo.Id

FIoId.,.Nomo_l.1olble
, FIUl.,.Nomo_ Tobie

" Field_Typo
[loll_TypO
llaillUily
~r

Figure l. Metamodel.of repcsuory

FI&uro I shows an ER model of Universal Browser's (UB) repository. There are different parts in

this model that are used for different purposes:

e Entities Data Source, Entity, Field, Relation, Relation Field contain OS models and information

about entities and relations.

o Entities Function, Input, Input Function, Output, Output Function contain information about

functions that query iriformation from OS and input and output fiCids of these functions.
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• Entities Representation and Field List contain information about visual representations for each

entity i.e. what fields in what order have to be shown. For instance, let us take tbe entity Citizen

that contains information about a person. In short representation fields PK, Name, Surname are

visible, but in long representation fields PK, Name, Surname, Address have to be shown.

• Entities Frame Set, Frame and Content contain information about visual representation.

2.2 Conceptual model of data source .

OS is a real existing legacy data source that exposes its data to other systems ..Any OS can be made

with different technologies, and expose its data in different ways: Any OS has some functions that

can be' executed to get information from OS. It is not necessary' for the user to know technical

details of OS to get information from it. The user needs a simple and understandable logical

information representation that Is related to lhe objects from the real-world,

For example, information about cars can be stored in many tables. in the real system. We are

interested in conceptual data model, without technical details. It means a car can be represented with

one entity in the conceptual model.

Color' . Car Cars Owners Car Owner

ID ISN
+--Ol

CarlSN PK
Color Number OwnerPK Name

Color 10 Sumame
Model 10 Last Updated

Model r Last Updated
10
Model

Figure 2. Example of physical data model

There can be such technological fields in the real database, which are necessary for the real system

functioning, but they are not interesting for user and are not shown in the conceptual model.

There are two types of fields in the conceptual data model of DS:

• Fields lhat can be queried with some function,

• Fields from which we cannot query information. It means there are no functions where any

of lhose fields are outputs. Usually these fields are not showed to the user.and they are used

as input fields for some functi0I:!.'These fields are also used to link different entities.

There are links between DS entities, which means that, if you know information from one entity,

you can get information from the other entity. There are links between entities, if such functions

exist, which can query information from DS, using as an input information from other entity. For
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example, if you know some information about the person (especially person's PK (person code»,

you can query the information about the person's passport. It means there is a link from person to

passport. This function returns the passport number and the issue date. On the other band, If you

know the passport number, you can't get the passport's owner PK, because there is no function that

returns this information. It also means that there can't be a link from passport to citizen.

2.3 Logical links between the data sources

There are entities of different types used to link together information from different DS. These

entities are used as base class of OS entities and do not belong to any OS. For instance, the entity

Person with PK is such a base class; This base class has only one field PK. This field is primary key

for similar objects that concemperson for most of OS.' If you know the PK you can get the

information related to the person information from the appropriate DS. For instance, Person with

PK links together information from the entities Citizen, Passport, Car and Car Owner (Figure 3).

2.4 An example of repository

Two DS and one base class are given in Figure 3.

Car Owner P ••• port

ISN
Nunibtlr
Color
Model
IOwnor PKI

Figure 3. Example of cooceptual model of clara sources

Fields in square brackets arc invisible fields used for search purposes only. Solid line with arrows

means if you know information from the entity that is a starting point of the arrow, you can get the

related information from the entity that is at the opposite end of the arrow. Interrupted line shows

the relation between nomlal entity and base class entity. The values of arrows are shown in Table I.
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TableI. Description of Relations

End I PKI End2 PK2 RelaUon name
,

Cltizen PK Citizen Child PK Has Parents
Citizen PK Citizen Parent PK Has Children

Citizen PK Passport PK Has
CItizen PK . Person With PK PK

,Car Owner PK Car Owner PK OWIIJI

Car Owner PK Penon With PK PK

Car ISN Car Owner Car ISN Belongs T"
Person With PK PK Car Owner PK IS

Person With PK PK Car PK Owns

'Person With PK PK,. Passport PK Has

Person Wllb,PK PK' Citizen PK Is'
Person With PK PK Citizen Child PK Has Parents

Person With PK PK Citizen Parent PK Has Children

3. Browsing principles

General idea for dynamic browsing of various data sources is to generate Web pages with

predefined information layout and functionality, get data from data sources and put them into page.

A web page consists of a set of frames (Frame) - FrameSel. The Frameset has a prefixed

count of Frames, its layout and sizes. We can deftne as many as we need different FrameSets to

organize and display information for the user. The FrameSet is a view to related data from one or

many data sources. One of the Frames is the main Frame. The information in any other Frame is

logically connected with data in the main Frame. The Frames can contain controls to manage the

content in the other Frame.

The layout of the Frame is defined by rule. lets call it COntent. Theoretically the Content is a

formula or function: Content(frameElltity, jilterExpr) where frameEnlity is any entity from the

metamodel of data sources and[illerExpr is logical expression that fillers data from appropriate data

source. The Content defines.. 1) what is the structure and principles of layout, 2) what data from

metarnodel and from actuallegacy data sources are required to display information. 3) what actual

instances of the defined entity are retrieved. 5) what controls are used to manage the content of the

other Frame or to open the other Fr~eSet and 5) what related entities are involved from the same

or any other data source. If we have various predefined Contents, then we can dynamically apply

any Content to the Frame and get another data presentation for the sameframeEnrlty and[illerExpr.

179



4. Defining the Content of Frame

Let us assume that Content is the function Content(frameEntlty, jilterExpr). Let us determine the

means how we can define Content.We introduce the following data types;

o - entity - determines the entity from the metamodel,

o field - determines the field of t1ie entity from the metamodel,

o relation - determines the relation for two entities from the metamodel,

o record - determines the actual data from the data source for one fixed instance of the entity,

o value - determines the actual data of-the field for one fixed instance of the entity,

o string - determines the character string,

o list - determines the list of elements with any other allowed data type, we denote such types by

the element type followed by postfix "List",

updateAction - determines the action that updates Frame

o _navjgateAction - determines the action that navigates browsing to another FrameSet

o sObjecl- determines the HTML object that contains string to display,

oaObject - determines the HTML object with assigned some action to perform,

o fObject - determines the HTML object that is formatted 'for displaying,

o frame - determ.ines the-Frame,

o frameSet - determines the FrameSet,

o view - determines the list of fields that must be displayed .

. Let us rewrite the Content as a function Contentientity, expr(entity».

Let us introduce several additional functions 10 work with the metamodel and data sources, and 10

format HTML page.

Functions to work with the metamodel:

1. SourceName( entity) 7s/ring - returns the source name the entity belongs to

2. EntityName(entity) 7strlng - returns the entity name

3. RelationList(entity) 7relationList - returns all direct relations from the given entity to another

entity (including itself) from the same data source

4. MetaRelationLlst(entity) 7relationList - returns all indirect relations from the given entity to

another entity from all available data sources

5. FleldList(entlty, view) 7jieldList - returns the list of all the fields of the entity

6. RelationName(relation) 7s/ring - returns the name (role) of the relation

7. FieldName(jield) 7string - returns the name of the field
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8.. RelationEntity(relatlon» 7entity - returns the entity at the opposite end of relation'

Functions to work with data sources through wrappers:

1. Recor(lList(entity, expr(entity» 7recordl1st - returns the list of instances (records) of the entity

according to the given filtering expression

1. ValueLlst(record, view) 7valueList- returns the list values of the given entity instance (record)

3. Value(value) 7strlng - returns the field value as character string

Functions to work with the list:

1. Llst(element_1, elemene2, ... , elemenU> 7lisel - returns the list of given' elements and the

list type /lst_1 is appropriate to the element type

2. 1terateList(no/dlse1, ftmction(n%» 7list-..2 - returns the list list_l that bas as elements the

results applying the given function. The function is executed with each parameter n%that is

taken from the list list] denoted by the identifier n% (n is any unique integer) and the list type

IisC2 is appropriate to the function return type

3. Concatenatetlist L, Iist-..2) 7/1se3 - returns the concatenation of two lists with the same.

element type.

Functions to format HTML page:

1. SO(strlng) 7s0bject- creates sObject from the character string

2. Str/ngUstObject(strlngl1st, separatorStrlng) 7s0bjeet- creates sObject from the list of

character strings separated by separatorString

3. Updateiframe, entity, expr(entity), content) 7updateAetion - activates information update into

the frame with the given entity, filter expression and layout

4. Clear(frame) 7updateAction - clears the given frame

5. Navlgale(frameSet, entity, expr(entity), content) 7navigateAction - navigates to another

Prameset and update main Frame with the given entity, filter expression and layout

6. Link(sObject, navlgaleAction, updateActionList) :-JaObject- converts sObject into aObject and

assign the navigation action and set of update actions to it. Any of action parameters may be

empty.

7. AO(sObject) 7aObject- converts sObject into aObject with empty action.

8. FO(aObject) 7fObject - converts aObject into fObject without any speci.a1 formating

9. Hor/zontaITable(aObjeetListl1st) 7 fObjeet - creates fObject from the list of lists, this frame

object is displayed as table, and internal lists are placed in rows

10. VerlicaITable(aObjecIListList) 7jObjeet - creates fObject from the list of lists, this frame

object is displayed as table, and internal lists are placed incolumns
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II ..L{sIBox(aObjectLisl) ~ [Object> creates fObject from the list. this fraine object is displayed as

Iistbox

12..Horizontal(fObjectList) ~ fObject- creates new fObject by arranging the given list horizontally

13. Verticai(fObjecILisl) ~ /Object -creates new fObject by arranging the given list vertically.

Only frame objects with the type fObject may be displayed in the Web page.

5. Data wrappers

Function Recordl.lst must be implemented to get information from os. The technology we use is

simple, but effective. UB gets information from DS via Wrappers. This approach has the following

advantages:

• It allows to access OS via different protocols and methods - OOBC, OLE DB, SQL*Net,

OCOM.

DS usually are made well suited for specific business tasks. DS are not primary made for data

access fromUB. The access to DS data usually is limited, it is allowed to execute some: stored

. procedures to query data. Wrapper allows us to execute only authorized functions.

Querying OS via functions allows us to have easy transfer real data from os physical data

model to logical data model that is more understandahle for the user.

Information about functions is stored in the VB meta database: defined input and output fields for

each function. Each input field may be mandatory or optional.

During development of the prototype, we discovered some rules for function implementation

and developing conceptual model ofDS.

• First rule - it is desirable to have input and output fields from one entity. It simplifies

development or OS model and wrappers,

Second rule - two approaches possible for making DS model and functions. One approach is that

we already have functions, and we make conceptual data model of DS using the first rule. In

case DS is a system we maintain and own, it is often possible to make functions according to

conceptual data model of OS. In such a case we make conceptual data model of DS at first and

then we make data access functions according to conceptual data model and the first rule. It is

helpful to make two types of functions:
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1. The function gets information identifying the object from ,OS by some search criteria. For

example, get person's PK by its name and surname (might be partial). The answer usually is

a list of person's identifying information according to search criteria.

2~ The function gets information about one object from one entity by its identifier, An example

- get all information about the citizen by its PK.

For instance, we have two functions for the entity Citizen:

I. Input data - Name. Surname (might be partial). Output data- PI{, Name, Surname (full).

2. Input data - PK. Output data - PK, Name, Surname, Address.

There are also 2 functions to get information about the citizen's. parents and children:

3. Input data - Parent PK. Output data - Children PK, Name, Surname.

4. Input data - Child PK. Output data - Parenis PK, Name, Surname.

There is a procedure that implements the function Recordldst, This procedure ge.ts the entity and

filter expression as input and returns data from OS as output. In our implementation this procedure

gets information from the meta database about functions that can be executed over entity from

which we need information. In our implementation the filter expression is fields and corresponding

values for these fields, e.g. PK="123456-111111". There is "brute force" algorithm that finds

functions we can execute e.g. those are functions that have enough input data from the filter

expression to be executed, executes these functions and returns result. There can be, of course, other

implementations.

OS data access via wrappers allows to connect new OS to our system easily and quickly. We

, have to write a new wrapper and add information about new OS to the meta database. With some

experience the writing of wrappers is easy and' fast. process, and there is no need to make any

modification in OS.

6, Templates for Web page structure and functionality

The design of FrameSet and Frames is based on template principle. With some experience the new

FrameSets and Frames can be developed quickly. The design. bas two main steps - FrameSet

structure plannirig and creating formulas for Frame Contents. We give some templates and Ideas

bow the Web pages can be designed. The above given functions are used.
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6.1 Simple entity Instance presentation In table

The first column contains field names and the second - field values

A(enllty, record)" VerticalTable(Usl(AI. A2»
AI " IterateLisl(1 %FieldLlsl(entity, view), AO(SO(FleldName(l %»)))
A2" IterateLlsl(2%ValueLlsl(reco,d; view). AO(SO(Value(2%»)))

~112121211111
IName IAndris
\~;mt [Kabis--..----.------""--.-
rsu-~
~d~~_~~....~_!~.z:~_l_~t::..~:::~~~O
FIgure 4. Example of entity instance presentation

6.2 Entity Instance presentation as text

Instance field values are concatenated according to select view.

B(record) = FO(AO(SO(SlrlogListObjecl(B I, .•.•»»
BI "IteraIeLisl(3%ValueLisl(reco,d, view), Value(3%»

12121211111 Andris Kalns M Riga. Liepu 1-12, LV·] 000

6.3 Entity relations presentation In vertical list

Each relation is represented as relation name concatenated willi entity name at the opposite relation

end.

C(eotity)" Vertical(lte,ateList(4%RelatiooList(entity), CI»
Cl " Hortzontal(List(C2, FO(AO(SO(" »» C3»
C2" FO(AO(SO(RelatlonName(4%»».
C3 = FO(AO(SO(EntltyName(RelatiooEotity(4%)))))

Has Passport
Has Parents Citizen
'Has Children Citizen

Figure S. Example of relations presentatloc

6,4 All relation presentalion In table

The data about .all relations (relation name, entity name and data source) are placed in table with

headings,

D(entity, expr( entity) )"HorizontalTable( Coocatenate(D 1,02»
DI = AO(SningLlstObject( ..Relatloa "." Eotity name", "Data source"»
D2 = IterateList(5%MetaRelatiooLl.t(enlity).List(D3, D4, D5»
D3 = AO(SO(RelationName(5%)))
04·= AO(SO(EntityName(ReladonEntlty(5%))))
D5" AO(SO(SourceName(RelationEntity(5%»»
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Figure 6. Example of relation presemauoa

·6.5 An example of FrameSet

Let us look how a FrameSet can be built. Let us assume FrameSet FRS_J with 4 Frames - FRe-1,

FR_2, fR_3, FR_ 4. FR_1 is used 10 list instances of entity, FR_2 -to show details of fixed instance

in FR_I, FR_3 -to list all relations to other entities in all data sources, FR~4 -to show details of

another related entity instances for FR_2 or FR_4. See Figure 7.

At firstlet US create three presentations or Contents (E, F, 0) for viewing entities. We use

formulas created before: in this paper.

• Content formula EO for Frame FR_4 (from FR_4 we can update all Frames in FRS_I)
E(enuty: exprtentlry) = Vertical(EI, E5)
EI = Horlzonlal(Lisl(FO(E2), FO(AO(SO(" "»)), FO(AO(SO(SourceName(enllty»)))))
E2 = Llnk(SO(EnlityName(endty)), EJ, E4)
EJ = Navlgale("FRS_l", entity. exprtentiry), ••••)
E4 = List(Clear<"FR_2"), Update("FR_3", cnllljl, expr(enllty), "'"J, Clcar(FR_4))
E5 = Vertical(llealCList(6%RecordLisl(eodty, expr(enllty)), A(enuty, 6%»)

• Con lent formula FO and GO for Frame FR_2 (from FR_2 we can update this frame or update

FR_4)
F(enllty, exprfentity) = Vertical(H, FO(AO(SO(" "))), E5)

G(entity, exprtentity) = Vertical(H, FO(AO(SO(" "))), Vertical(ES, GI»
GI c C(entJty), whue CJ is substinue wirh G2 in all places (we have added rhe ocrion)
G2 = FO(Link(SO(EntiryName(ReiallooEnllty(4%))), NULL. G3))
G3 = LlSI(Updale("FR_4", RelaliooEotiiy(4%), expr(RelallooEotlty(4%)), "E"))

H = LlslBox(l:ist(Llnk("Presentation F', NULl., HI), Link("Preseolalion G", NULl., H2)))
HI = Update("FR_2", entity, expr(enDty), "F")
H2 = Update("FR_2", entity, expnentiry), "0")

• Content formula 10 for Frame FR_l (from FR_l we can update FR_2, FR3,FR_4)
I(enuey, expr(enuey)) = Vertical(ll, 12)
II = Horizonlal(List(FO(EnutyName(eoury», FO(AO(SO(" ")), FO(AO(SO(SourceName(entiry)))
.12= HorizonlalTable(lleraIeList(7%RecordLisl,Link(B(7%), NULL, 13)) .
H= L1st(Updale("FR_2", entity, expr(cntity) and expr(7%), "F'),

Updale("FR3', entity, expr(enuty) and expr(7%), ••"), aear("FR_ 4"»

• Content formula JO for Frame FR_3 (from FR_3 we can update FR_4)

J(enlity, expr(entlry» = D(enury, expr(eollty», where D4 is subsritlue wilh J I ill all places (we have add 'he acrioll)
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11 ~ Link(SO(EotiryName(RelatlonEolity(5%))), NULL, 12)
J2 = List(Update("FR_ 4", RelatJonEollty(5%), expr(RelationEntiry(5%)), "E"l)

ClUzen 'Ree:l~ter of Reslden 1\

:~#~~f~lli::k~~'1
OiOfOiOiOTO~'-1J.!ilili'li -iri.;;;....-K.;i;;~- --
..._~._..- "-," "'-"'-"'-'.'~"'~'"'''' .

£!!Rel:i\ter of Motor ~ehli:le8

N;;;;;b~~[iAiooo
-c~ior:-\BilcIc ---

~~~~i=.~;jj:i~~...

_____ """,,-,.,,,,""'J

Figure 7. Example of WWW page

7. Conclusions and future dlrectlous

The prototype of the UB is made during developing Megasystem and Communication Server. Four

registers test databases are connected to the UB for testing purposes, Two of them use Oracle as

DBMS, other two use Microsoft SQL Server.

The UB prototype shows the effectiveness of our approach and is being initiated as rust version of

the real system.

There are many aspects that are very important in real life application, but not covered in this article

- security •.user authorization, logging. query cost calculation. All these features are incorporated in

the UB,

The UB is useful in many large organizations having many autonomous data sources as a browser

for these systems with integrated view.

Future direction of our work is to develop a query processor that can take as input SQL-like query

and return as output the result queried from multiple data sources, Other directions of future work-

to make CS available not only from WWW browsers. but also from custom programs 'using XML to

query data and return answers.
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Abstract

This paper describes a development principle and technique for a simple universal multiple database
browser. The browser operates by getting information from metarnodel of data sources and actual data
from legacy data sources. Every element such as entity, field, and relation is mapped to some component
of HTML page witb appropriate -structure and layouL Many templates of information layouts can be
created allowing 10 dynamical changing of HTMl.. page 10 acceptable user interface. The wrappers are
used to provide browser with actual data and to act as mediators between data sources and browser. This
approach allows 10 quickly describing new data' sources, creating wrappers, making modifications later
and managing data browsing in a simple unified style. The browser architecture is flexible enough to
incorporate data sources with a variety of data models and query capabilities by various protocols. It is
possible 10 select logically tied information from all available legacy data sources.

Keywords: Web-based information system, distributed information system, metamodels, database
browsing .:

1. Introduction

Organisations, both governmental and business, have to manage large amount of information
stored in some form of databases or ftles. One of the main problems to. deal' with information
managing is the weak interoperability between various databases and information systems.
Especially this problem is serious when we want organise collaboration between the information
systems of various organisations.

In nowadays a significant fraction of new information systems or services bases on the Web
solutions. Usually developers use Web applications to organise communications between data
source and data consumer (user) but data sources sometimes remain the old ones from the current or
previous information systems. This leads to the operation with very heterogeneous data. To deal
with problems the metadata of the data Sources (data structure, content, attributes, etc.) are used to
describe the heterogeneous information models. This approach supports the creating of very
dynamical systems and it is easy to maintain system in the rapidly changing world.

In this .paper we describe some results achieved during the development of two projects - the
Integrated State Significance Information System (Megasystem) and the-Baltic States Government
Data Transmission Network (Network) [2, 5]. The goal of these projects is to provide fundamental
improvements in the exchange of telecommunications and data: among the administrative
institutions of the Baltic States. The principles described in this paper were used to build up the first
implementation of Communication server. A Communication server is a set of software and

167

J. Barzdins aIUiA. Caplinskas (eds.), Databases and Information Systems, 167-178.
© 2001 Kluwer Academic; Publishers. Printed in the Netherlands.

mailto:gamican@lanet.lv,


168 G. Amicans, G. Kamitis

computer equipment that allows a wide range of users to receive information from variety of
sources (governmental registers, databases, information systems)· through a single contact point.
Among the other significant functions the Communication server fulfilsa requests that involves
several information sources, merges together information, allows users to learn where information is
stored and what kind of information it is, and to receive information from various registers without
any need for in-depth knowledge about the technical aspects of its storage.

Data retrieval from different autonomous sources has become a hot topic during the last
years in the other countries and large enterprises also. There are many different approaches to deal
with this task. For instance, the systems described in [3, 4, 6, 7] allow dataquerying from different
Data Sources (DS). All those systems are very complex, with their own query processor, but without
universal user· end. The development of these systems consumes many resources (time, money,
people).

Our first aim was to make a simple Universal Browser (VB) that acts on model of data
sources and is very useful in practice (relative to consumed development resources). Main ideas of
the UB are described in [1], where the idea of database browsing based on the ER model is
described. Our approach is a modified UB that can browse multiple DS, which can be made in
different technologies and with limited access rights and possibilities. Access to the DS is made via
wrappers. Information retrieval bases on logical data models, information between different data
model are tied via special logical data entities. The simple means are offered to obtain information
and display it on WWW page - the set of functions that allows to create executable formulas.

2. Repository of Conceptual Data Models of Data Sources

Repository is a database that contains information about data sources (DS) and the links
between them - the specific ER model. Repository also contains a description of functions that can
be executed by DS.

2.1 METAMODEL OF REPOSITORY

Figure 1 shows an ER model of Universal Browser's (VB) repository. There are different
parts in this model that are used for different purposes:

• Entities Data Source, Entity, Field, Relation, Relation Field contain DS models and information
about entities and relations.

• Entities Function, Input, Input Function, Output, Output Function contain information about
functions that query information from DS and input and output fields of these functions.

• Entities Representation and Field List contain information about visual representations for each
entity i.e. what fields in what order have to be shown. For instance, let us take the entity Citizen
that contains information about a person. In short representation fields PK, Name, Surname are
visible, but in long representation fields PK, Name, Surname, Address have to be shown,

• Entities Frame Set, Frame and Content contain information about visual representation.

2.2 CONCEPfUAL MODEL OF DATA SOURCE

DS is a real existing legacy data source that exposes its data to other systems. Any DS can be
made with different technologies, and expose its data in different ways. Any DS has some functions
that can be executed to get information from DS. It is not necessary for the user to know technical
details of DS to get information from it. The user needs a simple and understandable logical.
information representation that is related to the objects from the real world.
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Data Source

Frame Content
Universal

Relation Foeld

FK1
FK2

Frame Set

Universal

Function

Field

FIeId_Name_ VISIble
Foeld_Name_ Table
Field3ype
Data_Type
VlSiJiily
Nr

Figure 1. Metamodel of repository

For example. information about cars can be stored in many tables in the real system. We are
interested in conceptual data model, without technical details. It means a car can be represented with
one entity in the conceptual model.. .

There can be such technological fields in the real database, that are essential for the teal
system functioning, but they are not necessary for user and are not shown in the conceptual model.

There are two types of fields in the conceptual data model of DS:
• Fields that can be queried with some function,
• Fields from which we cannot query information. It means there are no functions where any

of those fields are outputs. Usually these fields are not showed to the user, and they are
used as input fields for some function. These fields are also used to link different entities.

Color

ro
Color

Car

ISN
Number
coio-tn
Model 10
Last Updated

Cars Owners Car Owner

PK
Name
Surname
Last Updated

Model

10
Model

Figure 2. Example of physical data model
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There are links between DS entities, which means that, if you know information from -one
entity, you can get information from the other entity. There are links between entities, if such
functions exist, which can query information from DS, using as an input information from other
entity. For example, if you know some" information about the person (especially person's PK
(person code», you can query the information about the person's passport. It means there is a link
from person to passport, This function returns the passport number and the issue date. On the other
hand, if you know the passport number, you cannot get the passport's owner PK, because there is no
function that returns this information. It also means that there cannot-be .a link from passport to
citizen.

2.3 LOGICAL LINKS BETWEEN THE DATA SOURCES

There are entities of different types used to link together information from different DS. These
entities are used as base class of DS entities and do not belong to any DS. For instance, the entity
Person with PK is such a base class. This base class has only one field PK This field is primary key
for similar objects that concern person for most of DS. If you know the PKyou can get the
information related to the person information from the appropriate DS. For instance, Person with
PK links together information from the entities Citizen, Passport, Car and Car Owner (Figure 3),

2.4 AN EXAMPLE OF REPOSITORY

Two Data Sources and one base class are given in Figure 3.

ear Owner
[Person with PI<] Has

PK I,
PKName

Surname

IT PK

" o.ns Is Naine
Del"'"" to Owns Surname

Has Pnnts Sex
Address

Car Has Parents [Child PI<]

IsN
[Parent PI<]

Number Has ChIlchn
Color
Model
[OwnerPK]

Figure 3. Example of conceptual model of data sources

Fields in square brackets are invisible fields used for search purposes only. Solid line with
arrows means if you know information from the entity that is a starting point of the arrow, you can
get the related information from the entity that is at the opposite end of the arrow. Interrupted line

"shows the relation between normal entity and base class entity. The values of arrows are shown in
Table 1.
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Table I. Description of relations

Endl PK EmU PK2 Relation name
1

Citizen PK Citizen Child PK Has Parents
Citizen PK Citizen ParemPK Has Children
Citizen PK Passoort PK Has
Citizen PK Person With PK PK
Car Owner PK Car Owner PK Owns
Car Owner PK Person With PK PK
Car IS Car Owner Car ISN Belongs To

N -
Person With PK PK Car Owner PK IS
Person With PK PK Car PK Owns
Person With PK PK Passport PK Has
Person With PK PK Citizen PK Is
Person With PK PK Citizen Child PK Has Parents
Person With PK PK Citizen Parent PK Has Children

3. Browsing Principles

General idea for dynamic browsing of various data sources is to generate Web pages with
predefined information layout and functionality, get data from data sources and put them into page.

A Web page consists of a set offrannes (Frame) - FrarneSet. The FrameSet has a prefixed
count of Frames, its layout and sizes. We can define as many as we need different FramcSets to
organise and display information for the user. The FrameSet is a view to related data from one or
many data sources. One of the Frames is the main Frame. The information in any other Frame is
logically connected with data in the main Frame. The Frames can contain controls to manage the
content in the other Frame. -

The layout of the Frame is defined by rule, lets call it Content. Theoretically the Content is a
formula or function: Contenuframelintity, jilterExpr) where frameEntity is any entity from the
metamodel of data sources andjilterExpr is logical expression that filters data from appropriate data
source. The Content defines:

1) what is the structure and principles of layout,
2) what data from metamodel and from actual legacy data sources are required to display

information,
3) what actual instances of the defined entity are retrieved,
4) what controls are used to manage the content of the other Frame or to open the other

FrameSet,
5) what related entities are involved from the same or any other data source. If we have

various predefined Contents, then we can dynamically apply any Content to the Frame
and get another data presentation for the sameframeEntity andjilterExpr.

4. Defining the Content of Frame

Let us assume that Content is the function Content(jrameEntity,filterExpr). Let us determine
the means bow we can define Content.

We introduce the following data types:
• entity - determines the entity from the metamodel,
• field- determines the field of tbe entity from the metamodel,
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• relation - determines the relation for two entities from the metamodel,
• record - determines the actual data from the data source for one fixed instance Of the entity,
• value - determines the actual data of the field for one fixed instance of the entity,
• string - determines the character string,
• list - determines the list of elements with any other allowed data type, we denote such types by

the element type followed by postfix "List",
• updateAction - determines the action that updates Frame,
• navigateAction - determines the action that navigates browsing to another FrameSet,
ill sObject - determines the HTML object that. contains string to display,
• aObject - determines the HTML object with assigned some action to Perform,
• fObject - determines the HTML object that is formatted for displaying,
• frame - determines the Frame,
• frameSet - determines the FrameSet,
• view - determines the list of fields that must be displayed.

Let us rewrite the Content as a function Contentientity, exprtentityi),
Let us introduce several additional functions to work with the metamodel and data sources,

and to format HTML page.

• Functions to work with the metamodel:
1. SourceName(entity) -?string - returns the source name the entity belongs to.
2. EntityName(entity) -?string - returns the entity name.
3. Relationli.st( entity) -nelationlist - returns all direct relations from the given entity to

another entity (including itself) from the same data source.
4. MetaRelntionlist(entity) *eiationList - returns all indirect relations from the given entity

to another entity from all available data sources.
5. Fieldl.istt. entity, view) -7jieldList - returns the list of all the fields of the entity.
6. Rek¢onName(relation) -?string - returns the name (role) of the relation.
7. Fie/dName(field) 7string - returns the name of the field.
8. RelatWnEntity(re1ation» 7entity - returns the entity at the opposite end of relation.

• Functions to work with data sources through wrappers:
1. Recordlist(entity, exprientity} -necordlist - returns the list of instances (records) of the

entity according to the given filtering expression.
2. Valuelist(record, view)7valuelist - returns the list values of the given entity instance

(record).
3. Valuetvalue) 7string ~ returns the field value as character string.

• Functions to work with the list:
.1. List(elemenCl,elemenC2, ... , elemenCi)7list_l - returns the list of given elements and

the list type lise] is appropriate to the element type.
2. IterateList(n%listj, function(n%» 7list_2 - returns the list lisC2 that has as elements the

results applying the given function. The function is executed with eachparameter n% that is
taken from the list list] denoted by the identifier n% (n is any unique integer) and the Jist
type lisl_2 is appropriate to the function return type.

3. Concatenatetlist L, list~) 7lisC3 - returns the concatenation of two lists with the same
element type.
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• Functions 10 format HTML page:
1. SO(string) -nObject - creates sObject from the character string.
2. StringListObject( stringl.ist, separatorstring) -7s0bject - creates sObject from the list of

character strings separated by separatorString.
3. Updatetframe, entity, erpr(entity), content) 7updateAction - activates information update

into the frame with the given entity, filter expression and layout.
4. Clear(frame) 7updateAction - clears the given frame .
5. Navigatetframe Set , entity, erpr(entity), content) 7navigateAction - navigates to another

FrameSet and update main Frame with the given entity, filter expression and layout. .
6. Link(sObjeCt, navigatesction, updateActionList) *Object - converts sObject into aObject

.. and assign the navigation action and set of update actions to it. Any of action parameters
may be empty.

7. AO(sObject) 7aObject - converts sObject into aObject with empty action.
8. FO(aObject) 7jObject - converts aObject into fObject without any special formatting.
9. HorizontaITable(aObjectListList)-7 fObject - creates fObject from the list of lists, this

frame object is displayed as table, and internal lists are placed in rows,
10. VerticaITable(aObjectListList)-7 fObject - creates fObject from the list of lists, this frame

object is displayed as table, and intemallists are placed in columns.
11. ListBox(aObjectList) -7 fObject - creates fObject from the list, this frame object is displayed

as Iistbox.
12.Horizontid(fObjectList)-7 fObjea - creates new fObject by arranging the given list

horizontally.
13. Vertical(fObjectList) -7 fObject - creates new fObject by arranging the given list vertically.

Only frame objects with the type fObject may be displayed in the Web page.

5. Data Wrappers

Function RecordList must be implemented to get information from DS. The technology we
use is simple, but effective. UB gets information from DS via Wrappers. This approach has the
following advantages:
• It allows accessing DS via different protocols and methods - ODBCfM, OLE DBTM,

SQL*Net™, DCOMTM, COM+TM, XML,JfITP.
• DS usually are made well suited for specific business tasks. DS are not primary made for. data

access from VB. The access to DS data usually is limited, it is allowed to execute some stored
procedures to query data. Wrapper allows us to execute only authorised functions ..

• Querying DS via functions allows us to have easy transfer real data from DS physical data
model to logical data model that is more understandable for the user.

Information about functions is stored in the VB meta database: defined input and output fields
for each function. Each input field may be mandatory or optional.

During development of the prototype, we discovered some rules for function implementation
and developing conceptual model of DS.
• First rule - it is desirable to have input and output fields from one entity. It simplifies

development of DS model and wrappers.
• Second rule - two approaches possible for making DS model and functions. One approach is that

we already have functions, and we make conceptual data model of DS using the first rule. In
case DS is a system we maintain and own, it is often possible to make functions according to
conceptual data model of DS. In such a case we make conceptual data model of DS at first and
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then we make data access functions according to conceptual data model and the first rule. It is
helpful to make two types of functions: .

1. The function gets information identifying the object from tis by some search criteria.
For example, get person's PK by its name and surname (might be partial). The answer
usually is a list of person's identifying information according to search criteria.

·2. The function gets information about one objeci from one entity by its identifier. An
example - get all information about the citizen by its PK.

[J

For instance, we have two functions for the entity Citizen:
• Input data -Name, Surname (might be partial). Output data ~PK, Name, Surname (full) ..

.• Input data - PK. Output data - PK. Name, Surname, Address.

There are also 2 functions to get information about the citizen's parents and children:
• Input data - Parent PK. Output data - Children PK, Name, Surname.
• Input data - Child PK. Output data - Parents PK, Name, Surname.

There is a procedure that implements the function Recordl.ist: This procedure gets the entity
and filter expression as input and returns data from. DSas output. In our implementation this
procedure gets information from the meta database about functions that can be executed over entity
from which we need information. In our implementation the filter expression is fields and
corresponding values for these fields,. e.g. PK="123456-III I 11". There is "brute force" algorithm
that finds functions we can execute e.g. those are functions that have enough input data from the
filter expression to be executed, executes these functions and returns result. There can be, of course,
other iniplementations.

DS data access via wrappers allows connecting new DS to our system easily and quickly. We
have to write a new wrapper and add information about new DS to the meta database. With some
experience the writing of wrappers is easy and fast process, and there is no need to make any
modification in DS.

6. Templates for Web Page Structure and Functionality

. The design of FrameSet and Frames is based on template principle. With some experience the
new FrameSets and Frames can be developed quickly. The design has two main steps - FrameSet
structure planning and creating formulas for Frame Contents. We give some templates and ideas
how the Web pages can be designed. The above given functions are used. Formulas are logically
divided into several subparts only for easier understanding. Some formulas use subparts of other
previously defined formulas. The example of visual presentation for each formula is given.

6.1 SIMPLE ENTITY INSTANCE PREsENTATION IN TABLE

The first column contains field names and the second - fieid values. The field values are
retrieved according to the selected view.

A(entity. record) = VerticaJTable(List(Al, A2»
AI = lterateList(I %FieldList(entity, view), AO(SO(FieldNarne(J %»»
A2 = lterateList(2%ValueList(record, view), AO(SO(VaJue(2%))))
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rPK 112121211111

rN'ame IAlldris

Iswname 1Kalns
Isex ~
[AddreSS jRiga, Liepu 1-12, LV-lOOO

Figure 4. Example of entity instance presentation

6.2 ENTITY INSTANCE PRESENTATION AS TEXT

Instance field values are concatenated according to the order of the selected view.

B(record) = FO(AO(SO(StringLi<;tObject(B I, " ''))))
BI = JterateList(3%VaJueList(record, view), VaJue(3%))

112121211111 Andris Kalns M Riga, Liepa 1-12, LV·lOOO 1

Figure 5. Example of entity instance presentation as text

6.3 ENTITY RELATIONS PRESENTATION IN VERTICAL LIST

Each relation is represented as relation name concatenated with entity name at the opposite.
relation end.

Ctentity) == Vertical(IterateList(4%RelationList(eni.ity)~ Cl))
CJ = HorizontaJ(List(C2. FO(AO(SO(" "))), 0»
C2 = FO(AO(SO(RelationName(4%))))
C3 = FO(AO(SO(EntityName(RelationEmity(4%»))))

Has Passport
Has Parents Citizen
Has Children Citizen

Figure 6. Example of relations presentation

6.4 ALL RELATION PRESENTATION IN TABLE
The data about all relations (relation name, entity name and data source) are placed in table

with headings.

D( entity, expr(entity)=HoriwntalTable(Concatenate(D 1,D2))
DJ = AO(StringListObjectC'Relation","Entity name", "Data source'tj)
D2 = IternteUst(5%MetaRelationList(entity),List(D3, D4, D5))
D3 = AO(SO(RelalionName(5%»))
D4 = AO(SO(EntityName(RelationEntity(5%»)))
D5 = AO(SO{SourceNarne(ReJationEntity(5%))))
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/Relation IEIltityname p:>ata source

~ ICitiien !Register of Residents

lHas ~assport /Register of Residents
lHas Parents ICitizen lRegister of Residents
lHas Children ICitizen !Register of Residents

~ ICar Owner !Register of Motor vehicles
10wils ICar lRegister of Motor vehicles

Figure 7. Example of relation presentation

6.5 AN EXAMPLE OF FRAMESET

Let us look how a FrameSet can be built Let us assume FrameSet FRS_l with four Frames -
FR_l. FR_2, FR_3, FR_4. See Figure 8.

FR_l (upper left) - to list instances of entity,
FR_2 (upper right) - to show details of fixed instance in FR_l,
FR_3 (lower left) - to list all relations to other entities in all data sources, .
FR.,..4 (lower right) - to show details of another related entity instances of FR_2.

At first let us create three presentations or Contents (E, F, G) for viewing entities. We use
formulas created before in this paper.

Content formula EO for Frame FR_4 (from FR_ 4 we can update all Frames in FRS_I)

E(entit"j, exprtennry) ~V"rticai(Ei, ES).
Ei ~ H6rizontalCList(F0(E2), FO(AO(SO(" "))), FO(AO(SO(SourceName(entiry))))))
E2 = Link(SO(EntityName(emity», E3, E4)
E3 = Navigate("FRS_I ",.entity, exprtentity), ~)'
E4 = List(Clear(''FRj'), Updale("FR_3", entity, exprtentity), '".'), Oear(FR_ 4»
E5 = Vertical(lteateList(6%RecordLisl(entity, expr(entityj), A(entity, 6%»)

Content formula FO and GO for Frame FR_2 (from FR_2 we can update this frame or update
FR_4)

F(emity, exprtenury) ~ VerticaJ(H, FO(AO(SO(" "»), E5)
G(entity, exprtenriry) = VerticaJ(H, FO(AO(SO(" "»), Vertical(E5, GI»
G I = C(entity), where C3 is substitute with G2 in all places (we have added the action)
G2 = FO(Link(SO(EntityName(RelationEntity(4%»), NULL, G3»
G3 = List(Update(''FR_ 4", RelationEntity(4%), expr(ReJationEntity(4%», "E"»
H = ListBox(List(Link("Presentatinn F", NULL, HI), Linkr'Presentation G", NULL; ill»)

. HI = Update(''FR_2'', entity, exprtennty), "F')
H2 = Update(''FR_2';, entity, exprteruiry), "G'')

I(entity, exprtentity) = Vertical(ll, 12)
II = Horizontal(List(FO(EntuyNarne(entity», FO(AO(SO(" '/», FO(AO(SO(SourceName(entity»)))))
12 = HonwntalTable(lterateList(7%RecordLis!.Link(B(7%), NULL. D»
13 = LiSt(Update("FR_2", entity, expr(entity) and expr(7%), ''P'),
Update(''FR_3'', entity, expr(emiry) and expr(7%), ""). C1ear(''FR_ 4"»
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• Content formula JO for Frame FRc..3 (from FR_3 we can update FR_ 4)

J(entity, exprtentiryj) = D(entity, expnentityj), where D4 is substitute with J1 in all places (we have add Ike
action}

J1 = Link(SO(EntityNarne(RelationEntity(5%»)), NULL, 12)
12 = List(Update(''FR_ 4", RelationEntity(5%), expr(RelationEntity(5%»), "E"»

Citizen Register of Residents ~;ii4l1l1i·PIPresentation G
112121211111 Andris Kalas
111123312345 Anita Kalria ~K 112121211111

101010101010 MiiI"isKalns lName IAIldris
111111111111 Zane KaIna ISurname iKalns

ISex rM
IAddress 1Riga,Liepu 1-12,LV-1000

lRelation IFJIiityname !Data source Car Register of Motor vehicles
.~ ptiZell !Register of Residents

INwnber!LA 10001fIllS wassPOIt lRegister of Residents
IColor /BlackjHas Parents ptiZell lRegister of Residents

rIJas Children ~ lRegister of Residents ~V\~
tIS ICar Owner lRegister of Motor vehicles
1o\lVllS lear tRe<>ister of'Motor vehiclesr .,. II

Figure 8. Example of WWW page

7. Conclusions and Future Directions

The prototype of the VB is made during developing Megasystem and Communication Server -.
Four state significance registers test databases are connected to the VB for testing purposes. Two of
them use Oracle™ as DBMS, other two use Microsoft SQL Server™.

The VB prototype shows the effectiveness of our approach and is being initiated as first
version of the real system at 'present time.

Our approach differs from other systems by several aspects:
• We have developed simple universal user-end that stilI allows us to show to users information in

many different ways. We achieved this goal by implementing user-end using formal formulas.
• DB operates using logical models of DS. Related objects from these models are bound together

.with base classes that do not belong to any particular DS.
• We transfer physical model of DS to our internal logical representation which is much more

comfortable for end-user. We do it by using of data wrappers.
• Our approach allows us to maintenance system and to connect new DS or modify existing one

without interrupting operation of Communication server.
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There are many aspects that are very important in real life application, but not covered in this
article - security, user authorisation, logging, query cost calculation. All these features also are

. incorporated in the VB. The VB is useful in many large enterprises having many autonomous data
sources as a browser for these systems with integrated view.

Future direction of our work is to develop a query processor that can take as input SQL-like
query and return as output the result queried from multiple data sources. Other directions of future
work - to make Communication server available not only from WWW browsers, but also from
Custom programs using XML to query data and return answers.
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ABSTRACT

Principles and basic informatics tools for modernization of governance in Latvia are describ d i th E'. .. . . r h· I e In e paper. nsunng
access to well-developed informatIOn services lor everyone s ould be envisaged as a tool for democrati d I t. t f ICT di . . lor ernocratic eve opmen
and functioning of society Developmen 0 Irecrly .affects polItical/governance p dis· d. . . b . . '. roce ures a 0, usage an
management of public sector informatIOn ecome the base for all governance procedures Itt' d

J. . • n erconnec IOn an
interoperation of public information systems, development of smart Mega-system integratl'on f ti I . r ti.. . ' 0 na IOlIa IDICOrmaon
resources of Latvia in Transeuropean telcmahc networks become components of unified process.

Guntis Arnicans. Girts Karnitis

UNIVERSAL INFORMATION SERVICE

Public sector information, its usage and mm:agem~nt is the real b~e ~or all governance (both G2G and G2C) procedures [1]. It 1
ranks high among various types of informa.tIon by l~S amount and significance, the public sector is the most important (and very
often the single) collector and producer of information content.
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Adm inrstrative

Non-adm inistrative
Public
Private

..
Types

Political I adm inistrative
Business! finance

Sc·ientifi·C! technical
General! reference

.... " .........•.•.•...•..•
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.. ..

.:.:.p<qb}jc ~~.~.¢l~ r j~ f~rffi ·at10 IT~:~••:>.:.;
...:.:.:.::::::::::>:..::::>;-: - - - - .. - - . ,... .

Government
Municipalities
Businesses

Citizens

Figure I. Public sector information

Processing and usage of information that can be deemed as being the information ofnational Significance is the most 'J

significan i component [2]. Within this t~rm we shall mean various information that is necessary for state or regional
ad~nistration, for the development o~ national economy, for management of financial, educational and social proc~sses. T~el '
main subjects of this type of infonnatlOn are real estate and movable property, legal and private persons, substantial for the I
country processes (legislation, statistics, finances: health c~e;etc.). .
In order to ensure wide and active usage of public sector Information, Latvia's approach is developed by the National Program
Informatics and several other more detailed conceptual docwnents [3, 4]. In principle it is similar to EU concept, but more' I

extended and methodologically more advanced. The Program implies under the universal information service a general access' J

to information services for everybody in an order asset by normative acts without any discrimination, a long-time service of a

defined quality at an affordable price. ..,

c.
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Ensuring technical access to telecoi:nrnunications and data transmission networks is well known as the universal
telecomn1Unications service. Exactly inclusion of the Internet access shows clear forward-looking vision for Latvia: developed
data transmission services, convergence of all kinds of information and communications services.
In addition universal information service means ensured access to all types of public sector information (and first of all to
information of national significance). An electronic delivery of information is envisaged (on-line or broadcasting, magnetic
optical or another cartier, etc.). Services can be provided on demand or to be interactive. A number of different informatio~
services are components of the universal information service -- full set of business and finance information services, availability
of data collected in national and municipality information systems (IS), library and reference information services, reference
and entertainment services, etc.
A number of bounded up and interdependent subprograms of the National Program Informatics are directed to development of
the universal information service. The Program Includes both macro level strategy (policy of the development) and micro level
measures (a number of applications and projects).
Although there are number of common principles in provision Of the public sector information to all end-users, many important·
differences exist too. General access of any citizen to the public sector ·information (G2C) differs from utilization of the
information for state governance (G2G), there are different information compositions, level of confidentiality, demands for
completeness, correctness, updating of information. Therefore side by side with common methodological principles, different
approaches are used for development of information processing and provision systems and services.

THE MEGA-SYSTEM: ADVANCED TOOL FOR ADMINISTRA nON OF THE COUNTRY

Creation of corporative sectoral IS for interconnecting related institutions on national and international scale (e.g., EU
Programme IDA [5]) ate important activities that are going on in number of countries. The next step - interoperability of I~,
interchange of data between sectoral information systems/networks and handling requests that require processing data from
various IS.

End-users,

Remote data
entry points

Government

Data

Communications

Network

Register of registers
Communication server

Information
Systems

Figure 2. The Mega-system

Because a drastic improvement.of quality and full interoperability of all IS are vital for the development of e-Governrnent, aJI.
set of public IS in Latvia is being developed as a logically unified and technologically distributed information processing Mega-
system with a common data field as well as unified user's interface, access principles and authorization procedures. SeveraJ
basic principles are implemented into the Mega-system: .

• the Mega-system is a set of separately functioning harmonized IS;
• all objects of national significance (persons, cars, real estate, legal entities, etc.) must be registered in IS;
• data must be fixed electronically in the place where they are originated; each object is allowed to be registered only in

one of primary registers; the source of the information on the object as well as responsibility for its quality must be
defined;
all IS must use information on particular object from corresponding primary register, it is not allowed to duplicate data
entry;it is allowed only to keep copy of the data from the basic register for improvement of access;

•
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• the registration certificate of any object (passport, certificate of legal entity, etc.) must be issued only as the I I
. f bi .. II d I i.:». . . resu t ,registratIOn 0 0 ~ects; It IS not a. owe to repeat manua mrormation mput from registration certificate or othe

documents.
creation of. the. Mega-system is not only technological decision, in fact It means solving of number_ or various informativ I
_ al orgaruzational problems first of all, among them: _

leg; to analyze existing data flows, to fo.rmuiate functions of the Mega-system and to distribute them among IS, te
fonnulate demands on systems and their data structure; -'I

• to define subjects of various IS and the amount of stored information, as well as institutions that are responsibj- fo u
collection, processing and distribution of data; r

• to define a unified user interface, access principles and authorization procedUres;
• to elaborate several intercompatible informative models for implementation by local authorities;
• -to ensure data quality and security as well as interoperability with ED IS; to elaborate a methodology for data

verification;
• to determine the principles of electronic archives. i I

- The integration of primary registers has realized. In addition to various IS the Mega-system includes a portal as a gateway 1.

in£onnation resources, a register of registers for collection and distribution of meta information (formal and informal
description of objects, data models, data flows, etc.) on all components of the Mega-system as wellas communication server I

common central access point to information resources of the Mega-system. Other IS are being attachedto the developed centr.
core of the Mega-system gradually as far as they are prepared. For this purpose development of the IS is being continued, and
primary data entry is taking place in many systems, even as other data are already being used. , J

II

POPULATION
REGISTER

Civil registrar's office

Passpot department

XXX department

MEG SYSTEM

Siate Revenue Service
SRS IS

Road Traffic Secure Dep. RTSD IS
XXX IS

XXX department

Figure 3. The Mega-system: datajlows

All end-systems (various IS, their remote data entry and access points, end-users of information) are interconnected through
high speed Government Data Communications Network, that is an essential communications element for development of th_1
Mega-system. This Network must provide operative and reliable interoperability of all interconnected systems, therefore.

requirements to the Network include: .
• high security and reliability level - there must be uninterrupted action time, undistorted data transmission, a guarante. ~,.

of several levels of confidentiality and security of information; i
• high speed data transmission, some of real time systems need guaranteed channel capacity;

.• presence of a common gateway to public data transmission network (the Internet environment) which contains ;
reliable security system.

On the basis of the Mega-system during ~ollowing years the G2G usage of traditional paper documents will be changed to usage,
of data base files, when an event or fact IS assured not by a paper document, but by a record in a database. Each record in the I~
will become legally approved document. . . -

ICOMMUNICA nON SERVER - A CENTRAL ACCESS POINT TO INFORMA nON RESOURCES.

Cominunication server is a set of nard ware and software that provides a universal resource for information exchange arnon; )
various information systems and other G2G transactions within the Mega-system as well as allows a wide range of users to
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eceive information from a variety of public IS through a single contact point. The need to establish a communication server
ecomes apparent when it is necessary to interconnect a lot of IS and to retrieve information from number of systems in unified

~. .

nformation becomes available on the Network, but users (most of them are employees of administrative structures) shouldn't
ave no knowledge about the technical details of information storage. There is an obvious need for a universal solution, and
at is where the communication server comes in. The main requirement for the communication server is that it must allow

sers to· formulate their information requests in a simple way and to receive responses to those requests without necessity to
derstand the technical aspects of the process and knowledge on distribution of data objects among the IS (by interconnection

ith the register of registers). . .
or these purposes the communication server identifies users, authorizes the use of the respective data, manages users rights,
lfills requests that involves usage of several information sources. It allows users to learn where information is being stored

nd what kind of infortnation it is, as well as to request and to receive information from various registers without any need for
-depth knowledge about the technical aspects of its storage. National ID card is a crucial part to implement person's
entification in communication process, there might be desirable to implement not only ID cards for citizens but also ID card
r legal entities.
he communications server is an Internet resource point Users of the server can access it via various protocols - HTTP, XML,
ORBA, DCOM, SMTP and FTP. The server provides users an opportunity to find out where information is stored and what
inds of data are available, to request and receive information from various IS without studying their structure. Because users
ay have access to confidential and sensitive information, they are identified with certificates, and all data transmissions are
ded. .

HE MEGA-SYSTEM AS A TOOL FOR INTERNATIONAL INTEROPARABILITY

ultilingual and multicultural Europe has a particular interest in international cooperation and united activrties, because
dividuaI national markets for information services are mostly small and ineffective. Competition on the global scale also
quires a common European strategy and intercoordinated development. For this reason, the European Commission sees
lIaboration among all European states - including the associated Central and Eastern European Countries as .an important

omponent of integrated information policy [6]. Integration of national information resources of Latvia in Transeuropean
ormation systems and networks is going on.
order to further develop national IS of Estonia, Latvia and Lithuania, to prepare their future informative and technological

onnection with European IS, prime ministers of the Baltic States in 1997 made the decision to create a Baltic Governmental
ata Communications Network. The Baltic Network is considered as expanding of the Mega-system and the Government Data
ornmunications Network on international scale.
he concept envisages to develop the Baltic Network as a pilot stage for integration of national IS in Transeuropean systems.
JJ principles of the Mega-system structure and user access, data structure and interfaces are being developed so as to allow for
tegration of the Latvia's IS into the Transeuropean corporate telematic networks. International expansion of the Mega-system
volves the creation of resources-points and interfaces for international interconnection of IS, while maintaining the basic
.inciples of the Mega-system.
entralized resources of the Mega-system - register of registers and communication server support both local and international
ormation services. Data on international resources, that are available for Latvia's end-users, are included in the register of

gisters. Common communication server can be used for authorization and access to national information resources for foreign
d-users equally with local users.
ch approach corresponds to basic principles of the IDA Progranune, it is the basis for successful participation of Latvia in the
ogranune. The Programme consists of one central network connecting countries and local networks for each country, it
uest one central access point for each country. The Mega-system serves as Latvia's" local network and communication server
es as Latvia's single access point.

.number' of national IS are already participating in activities of international systems, they are pioneers among CEES at
sent The Enterprise Register has been joined to the European Business Register in order to support international financial
ations and investment processes, as well as business cooperation and foreign trade. Vehicles Register has already been

ected to European Car Register. A number of another national IS are participating in the activities of international systems.

GUIREMENTS TO THE NATIONAL PORTAL: TO BRING ADMINISTRATION CLOSER TO CITIZENS AND
SINESSES

ia has adopted the EU recommended approach to the level of electronization of all 02B, 02C and 020 services identifies
different levels [7]:
• level I: the provision of information - data on services are available on the Internet;
• level 2: interactivity - forms and documents can be downloaded;
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• level 3: multi-directional interactivity - client authorization is enabled, and forms and information can be submitted
electronically;

• level 4: processing of transactions - full handling services, including the taking relevant decisions and the making
payments.

National portals in many countries ensure the fust level, although the quality of theinfonnation that is provided is not always
guaranteed. The possibility to download forms and documents is also fairly common (e.g., United States, France, Estonia)
because this does not demand excessively complicated technologies. "
There are different situations at the third and fourth levels. There are only very few countries that have resolved the client
authorization problem, national Jaws on digital signatures and electronic documents have not been adopted yet E-transactions
are most commonly offered through Great Britain's UK Online and Singapore's eCitizen programs.
Usually national portals contain more than one way of looking of stored information. The following organizational types of
information can be identified:

• around everyday themes (UKOnline, Danmark.dk, eCitizen Singapore);
• by regions (Darunark.dk);
•. by sectors in a catalogue-type principle (in nearly all national portals);
• " around the country's administrative structure (Bundesregierung, FirstGov, etc.);
• separately for citizens, businesses and foreigners (Canada).

In general e-governance means that the government shifts to a more advanced model of functioning. There are changes ~ the
structure of the government and in relations among government institutions. The portal must be seen as an instrument in e-
government, but by no means it cannot be seen as the tool that actually implements e-government. The Mega-system (including
the portal as an interface) will provide government back office functionality.
The Latvia's national portal has been developed as a unified access point for information services what are provided by public
agencies and institutions [8]. The first version of portal has been developed and provides first level services. The first and
second levels services is provided directly by portal, while the third and fourth levels - in cooperation with the communication
server.
The Latvia's national portal is being established defining three groups of individuals with different needs - citiiens, business
people and officials. A system have reciprocal links for all of them. It is important also to define the links between all
categories of users as well as various levels of officials. Several organizational types of information are being developed at
present [9J.
As a result of analysis of the Latvia's situation and the possible demands of users, the basic principles have been defined:

• decentralization of information;
• the national portal is a portal of links;
• high quality (completeness, correctness, actuality) ofthe content;
• access to the public IS (in cooperation with the register of registers and the communication server);
• opportunities for contacts with officials;
• possibility to download forms and documents;
• autentification of users "and personalization of content;
• availability of services in several languages (Latvian is mandatory);
• development of tools for support and maintenance of portal. "

The development of the Latvia's portal is going on, the first version is available at the WWW [10]. The process of fulfilling
portal with actual data is in progress at this moment.

OPENNESS AND TRANSPARENCY - THE MODEL OF E-GOVERNANCE

Rapid evolution of ICT make possible to change general requirements to the governance -principles and procedures in line with
development of e-democracy,
It is very bard task to control state institutions nowadays. Usage Of rCT will help to introduce number of important for
democratic society principles:

• openness - quantity and quality of information that any public institution provides to society, especially on-line;
• transparency -- possibility to track how the institution acts and how it is making decisions;
• interactivity- possibilities that citizens and businesses have to contact with any level institution, its readiness to the

fast reaction and dialog; possibility to offer opinions as well as to influent decisions;
• control, audit, inspection - public possibility to monitor and to control institution from outside.

Governance will become fully democratic only if every member of society will have possibility to get easy detailed information"
on administrative processes that are important foe welfare of citizens and efficiency of businesses [11 J. Citizens or officials
initiate any process .. While developing the Mega-system, it becomes possible to define and identify set of processes any person
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SE1\1ANTICS FOR l\1ANAGING SYSTEl\1S IN
HETEROGENEOUS AND DISTRIBUTED
ENVTR 0 N1\1ENT

Guntis Arnicans and Girts Kamitis
t lniversitv ofLat via

Ahsrrac: The problem of leg<lcy systems collaboration is being solved. Particularly we
look at the collaboration as workflow rn a distributed and heterogeneous
environment. Attention is paid to the description of semantics for workflow
process definition languages. There are many solutions how semantics can be
decomposed into logical fragments, but the problem of obtaining reusable
components that are easy to compile into desired specific semantics still
remains. We evolve the division of semantics by semantic aspects whose
description is based on abstract data types (pre-bui It components) and
connectors (meta-programs to produce the glue code) between them. Th is paper
offers a way in which semantic aspects are linked with the intermediate
representation of a program, and performing of semantics is provided. We mix
together various semantics aspects to get a desirable semantics.

Keywords: workflow, programming language specifications, semantics, interpreter,
compiler, reusable components, domain specific languages, tool generation.

I. Introduction

Nowadays new technologies are ernerging In the government sector
a llowirig to speak about the e-Government. The processes are one of the core
components of e-Government [J]. We stated that there IS practically no
automation of processes in the governmental Institutions that organize
collaboration between legacy systems among varIOUS organizations and
institutions. Document flows are manual, Or by email. The automated
workflows have to be introduced to make the document turnover faster and to
Improve the provided service for citizens, .

5 ]



111 l21 workflow is defined as "the automation of a business process, in
whole or part, dunng which documents, information or tasks are passed from
one participant to another for action, according to a set of procedural rules."

The workflow management system is defined as "a system that defines,
creates and manages the execution of workflows through the use of software,
running-on one or more workflow engines which is able to interpret the
process definition, interact with workflow participants and where required,
invoke the use of IT tools and applications."

11'1 the latest years many researchers and developers have paid attention to
a problem how to organize the col1aboration between legacy systems, and the
exploitation of workflow is one of the most popular solutions [3,4]. Various
workflow process definition languages have been created which can be
considered as domain specific languages.

The workflow implementations commonly are based on one fixed
.scrn.mfics. like most of the programmmg languages, We are interested in
various sernant ics for a particular workflow, for example, common workflow
semantics, a statistical data gathering semantics, a semantics for debugging
and simulating purposes or its composition, therefore we need not only a
compiler or an interpreter, but the necessity for specific supporting tools
becomes a burning question due to demands for high software quality, An
interesting topic is changing of semantics for active instance of workflow on
the fly.

In our approach semantics are connected to syntax elements via semantic
,connectors that naturally allow linking legacy systems into collaborative
workflow and allow to define or to execute multiple different semantics
simultaneously, Actually, each semantic implementation is a tool, similarly to
the principle in [5]. We present fragments of semantic description for simple
programming language to demonstrate usefulness of this approach for a wide
class of programming languages, and ideas how to implement a simple
workflow description language.

2. Implementation of Domain-Specific Language

According to Kinnersley 's investigation [6], there were more than 2000
exploited languages in 1995, and most of them were classified as domain-
specific language (DSL). Together with the growth of DSL many
Implementations and maintenance problems arise (e.g. [7] analysis of
common problems and large annotated bibliography; [8] particular languages
and problems). Unfortunately, formal semantics descriptions lose their
position because ofa weak support to solve practical problems [9, 10,11l
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l.ike natural language. the programmmg language definition consists of
three components or aspects [12, 13]: syntax deals with questions of
superficial form of a language, semantics deals with the underlying meaning
of a language, pragmatics deals with the practical use of a language. The
syntax and semantics of a language can be fon:nalized,' and both
formalizations together form formal specification of a programmmg
language.

The formalisms for dealing with the syntax aspect of a prograrnrmng
language are well developed. The _theory of scanning, parsing and attribute
analysis provides not only means to perform syntactical analysis, but to
generate a whole compiler aswell. There is a lot of problems with practical
use of semantics formalisms. Recently the criticism of classical formalism
has arisen from the difficulty of using formal methods. The main problem to
use widely in practice the formal specifications of programming languages is
that specifications become too complex, too abstruse to manage them, often it
is impossible to express all needs, and in the end - who verifies and proves
1he correctness of the specification?

Summarizing the best practices in compiler construction we can declare
that most of commercial compilers (interpreters or other tools that deal with
programs) are written without using any formalisms or only the first phases
(scanning and parsing) to exploit some formalisms [l OJ.

Let us look at the language description again, try to divide it into smaller
parts and see, what we can obtain from that. Traditionally the first decision is
to separate syntax from semantics, and semantics consists of two parts: static
semantics and dynamic (run-time) semantics. But we should divide syntax
and semantics further, eliminate reusable components and provide a
mechanism to stick all things together.

Syntax components are more or less visible: basic elements (for instance,
terminals andnonterminals, elf we parse program) connected with some
relations (for instance, edges in the parse tree or abstract syntax tree).

To divide semantics Into pieces we offer to split it by semantic aspects.
Here are some examples of semantic aspects: program control flow
management (e.g. loops, conditional branching), execution of commands or
statements (e.g. basic operations, assigning), dfalmg with symbols (e.g.
variables, constants), environment management (e.g. scopes of visibility),
pretty pnntingof program, dynamic accounting of statistic, symbolic
execution, specific program instrumentation, etc ..

We are interested in any formalism to deal with syntax, because we want
to make intermediate representation (IR). of program or structured
information. The situation is clear what refers to conventional programming
languages. But ourgoal is a workflow implementation, and we have to take
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11110 account other languages, for instance, diagrammatic visual languages
(e,g Petri nets, E-R diagrams, Statecharts) and the state-of-art in this field
(e.g. [14]),

Our approach has borrowed some principles from attribute grammars, for
instance, the ways to link semantics with syntax [11], modular decomposition
and reuse of specification [15], distributed computing in real time (e,g,
Communicating Timed AG [16]),

We found out that many formalisms of semantics use abstract data types
(ADT), ADT is a collection of data type and value definitions and operations
on those definitions which behave as primitive data type. This software
design approach decomposes problem into components by identifying the
public interface and private implementation. J/).'lo. typical example is Stack,
Queue, Symbol table [17, 13].

Recently one of the simple and popular methods to build some simple tool
for 8 programming language has become parse and traverse principle [J 8J
that means to build intermediate representation (lR) of program or
I nforrnar 1011. traverse IR and make appropriate computations at each node.
This method IS Similar to the Visitor Pattern [19]. Other useful patterns are
also developed [20, 21]. Besides, there exist also nontraditional traversal
strategies [e.g, 22]. Many solutions can be obtained from Component
collaboration [e,g, 23].

We have taken mto account our experience in building prototypes of
multi-language interpreter [24]. A Multi-Language Interpreter (MU) is a
program which receives source language syntax, source language semantics
and .a program written in the source language, and then it performs the
operations on the basis ofthe program and the relevant semantics.

3. Principles of Semantic Definition and
Implementation

3.1 Runtime Principles

Let us assume that we have fixed some formalism to describe the syntax
of our language (e.g, Hl\IF) , Now we can define the language syntax and
develop a language parser (e.g. by using Lex/Yacc). The parser creates
intermediate representation (lR) of program (e.g. Parse tree), and lR is based
on a desirable structure and contains any needed information about the syntax
(e,g, node type (nonterminal), name (name of nonterminal), value (terminal
value) etc.).

To perform semantics at runtime we choose a principle of parse and
traverse The Traverser that realizes our chosen traversing strategy (e,g, left-
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depth tree traversing) has to be created for ourlR representation. The
computations that have to be done at each node visited by the Traverser are
defined in Semantic Connectors (SC). They use predefined data structures
with operations to establish the cooperation between Legacy Systems (LS)
(Figure 1).

Intermediate
Representation

Traversal
strategy

Node

Semantic
connector

t.eqacy

ADT system

Figuro l . Runtime correspondence between syntax and semantics

Actually, most of work performing semantics is done via operations over
various Abstract Data Types (ADT). In such a way we hide most of
implementation details and concentrate mainly on logic of semantic aspect.
The consequence of this approach is that we can choose the best physical
Implementation of ADT for the given task. For instance, Stack can be
implemented in a contiguous memory or in a linked memory. The instances
of ADT can be distributed objects in a heterogeneous computing network.

A concept of a semantic connector or simply connector is introduced to
connect the instances of ADT and LS in a desirable environment. Connector
is a meta-program that introduces a concrete communication connection into
a set of cornponents.u.e it generates the adaptation and communication glue
code- for a specific connection. This concept is adopted from similar problem:
now [0 connect pre-built components in a distributed and heterogeneous
environment [25]

3.2 Semantic Definition Principles

Similarly to patterns in [l 1] we choose a correspondence Nontennir~al
with visiting aspect = Semantic connector to establish the relationship
between syntax and semantics. Nonterminal with visiting aspect means. that"
we distinguish computations performed at nonterrninal node considering an



aspect of node visiting (e.g. Pre Visit or PostVisit). 'Any connector can see
any rnstance of ADT or LS of the semantic aspect it (connector) belongs to.

The main problem is to find a good way to define semantics and obtain
semantic connectors for the definition. After exploring various approaches
how semantics can be described and organized, we suppose that semantic
aspectis a good basic component for constructing whole semantics according

. toiourvgoals. The conceptual components of a semantics description and
relationships with other concepts are represented in Figure 2.

Nonterminals Syntax Terminals
NT, NT, T, Ti

Pre Pest Pre POSl

VlSIl V~II ViSll Visit

Semantic
Aspects

Implementations
of Semantic

Actions

Semantic
Connectors

ISA,
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SC,

SC,

SA,
SC,

SI\ 151\
." SCm

Logical
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view

Figure 2. The conceptual schema of semantics.

Semantics can be observed from two different sides - a logical definition
view and a physical runtime view. From the logical viewpoint semantics
consists of Semantic Aspects (SA). The SA states what syntax elements
(terminals, nonterrninals) are involved, and what actions have to be.
performed tra versing. internal representation and visiting the corresponding
node to implement the semantic aspect. Let us define the concept Semantic
Action that denotes the action performed to implement SA while visiting a
corresponding node, and the concept Implementation of Semantic Action
(I SA) that denotes a meta program which implements the semantic action. 1n
our example SA, involves nonterminal NT, and terminal T

"
and ISA, is

performed while previsiting NT, and ISA2 - while visiting T,.
The example of semantic aspect INDEFINlTE LOOP is given in Figure 3.

There are various nonterminals and terminals organized by some syntax
descnption. The arrows represent a traversal strategy. The small circles
represent the semantic actions, and" the rectangles connected to the circles
Contain the implementation of semantic action (meta program). A leftcirc1e
into nonterminal stands for PreVisit, and a right circle - for PostVisit. All
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used abstract data types (ADT) are defined within semantic aspect. Another
example of semantic aspect is given in Figure 4.

i ~,:'r'_ - r'!Lor ,INDEF)
i F''':''cq. r'ush (Tf-:UE)

Il~1FOR'T GLUBAJ, Eef.SrQ,--:}:, ::=;or.'t, flaq OL "DT
]T~~v of ADT TleeT~averser. Env of ADT

~(O Gomparis~n (~I DO ~Q::) series 0)-+1 END ~

;_!- ---~
~-_~6ther;~pect~)

~ ,

~~§;h-~;;~~-~~t~~:-

,~f ~,:~ .L(~p(.; =: II-J[iEl·' t he n
J ;.().';;). P.~J ;"":f.s~.;';":;I:.pop;"

_i s r:. .':i'2~\l.r.!;je('F:.:f} '-" fP.LSE
;-U,,~. repl,3.,'-:~T')f.· (fALSE;
"': ,-n,' . ~j,.!;-iiL j F(;!. '-'i ':@Ei:.l[l)

~-
-- .• _--;.-'::=-:- .._---- ~- .

I ~R~fSI~;~~~~-;1~NULL~l.I L____ .-~

I i if SorL t'")FI j :: U~PEr nne! !I na,~.to,,(: ~ ~FUE I
i TId',! ,,._,\.~lt.1Back\, '(.JWHfLS) ,

~ ~.! L::,~i~_-~_ ~ J
".

.. ' ,. I~

Figure 3 Semantic aspect INDEFINITE LOOP. It "goes through" series and back to WHILE
until the comparison sets NULL reference 01' reference with value FALSE

left_hand side

i ~
~~§;;~;;~~-~;t~~-'

LOCAL Res Ref Stack pop!)
LOCAL Var RefStac~_pop()
LOCAL Va l En v getVallle (Re s )

A. En",,' putVal ue ,Va!, Vall
.------/

(c ASSIGN ~ 0

ri.~:(/I·'; Sem;\lltic dSPCCI ASSIGNMENT It takes reference to a variable and reference to a
\·~tllIc /-'0111 thc SI~ICJ;. and Jssigns thc value ro the variable Pushing of references is simulated,
real references will be pushed by other aspects and simulating will be excluded

Let us look at the physical view. The semantic connector contains all
corresponding semantic actions having to be executed while visiting syntax
element (lR node). For instance, visiting any node with the name T, we have
to execute the semantic connector SC2 that contains the Implementation of
the semantic action ISA2. Similarly, SCI IS some composition of ISA, and
JSA,.



.\ . .1 Obtaining Semantics from Semantic Aspects

From the logical point of view semantics is a composition of semantic
aspects with concrete linking to instances of abstract data types, legacy
systems and traverser that performs a traversal strategy over fixed
intermediate representation of program or structured information. We cannot
simply stick all SA together risking to get senseless semantics, A
composition of semantic aspects is operations over a set of implementations
of semantic actions with the aim to get one set of connectors that correspond
to the new mixed semantic aspect (Table 1),

Tab!!.' !. Fragment of semantics description for simple imperative language
compatible with ir_type ParseTree, traverserType Parse'TreeTraverser

syntax elements (program, expression, VARIABLE, .__)
semantic anions «PROGRAM> program Pre Visit : ENV_prepareProgEnvO),

<PROGRAM> program PostVisit :--J ,_)

global Truv of ADT_ Tree Traverser, Env of A-DT_SymboITable
create DofaStack. OperatorStack, CanCreateVar, Loop.SorrStack, LoopCounterStack,
LoopFlagSrock, IfFlagStack of A DT _ Stack, InputFile, OutputFi Ie of A DT .':'pi LE

compose aspect <COMPOSED SA> II composes semantic aspects from predefined aspects
«PROGRAM»
append «ELEMENT>

replace RefStack with DataStack II replaces stack for collaborating work
rename INTEGER Visit with CONSTANT Visit) II renames according to PAM syntax

append «ASSIGNMENT>
replace RefStaek with DataStack
rename left_hand_side Post Visit with VARIABLE Visit,

right_hand_side Post Visit with expression PostVisit
ignor-e lefl_hand _size PostVisit) II ignore pushing of NULL reference

append «INDEFINITE- LOOP>
replace RefStack with Data Stack,

Son with LoopSortStack, Flag With Loopf lag Stack)

end compose aspect
.. other ~lsIJCCI arc defined and composed rogerhcr

liill< 1'11''- COMPOSED SA> Trav to Trec'Traverser, Env to SymbolTable
lise asper I <COM POSED SA> with traverser Tree Traverser

The obtaining of semantics fOT the fixed syntax is achieved in several
steps: 1) select predefined semantic aspects or define new ones for desired
semanrics,2) rename syntax elements and traversing aspect in the selected
semantic aspects with names from fixed syntax and traversing strategy, 3)
rename instances of abstract components to organize the collaboration
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between semantic aspects, 4) make composition from semantic aspects, 5)
specify the runtime environment and translate the meta-code to the code of
the target progranuning language, and 6) compile the semantics.

After obtainmg meta-semantics (Table 1) meta-code is translated into the
target prograrnrrung language, taking into account the target language (e.g.
C'++J, the Implementation of abstract components (e.g. Stack), the operating
system (e.g. Unix), the communications between components (e.g. COREA),
runtime components type (e.g. DLL), etc. The translation may be done by
hand or automatically (desirable in common cases).

By replacing ADT names we achieve an independent working for some
semantic aspects or collaboration between them through common instances
of ADT. Another way to get a new semantics is to combine semantic aspects

.as whole black-box .unit. Self-evident method is to execute several semantic
aspects sequentially, for instance, we perform static semantics first and
dynamic one after that. Instances of ADT can be shared and one semantic
aspect can use the results of others. More complex IS a parallel execution of
many semantics where we need to organize synchronization via instances of
ADT.

4. Workflow Case Study

To demonstrate our approach we use a very simple workt1owdefinition
language that syntax is described with BNF (Table 2). We have two types of
generic statements for describing tasks in a workflow - universal statements
and specific statements.

TaMe 2. Fragment of BNF for simple workflow definition language
workflow·> series
series -> statement I series, statement
statement -.> generic jstrn I cond xtrn
("(Jnd srrn . .> IF cornpar TH EN series ELSE series FI
cnmp.rr -" ex pr relation expr
nfll' -..' cons: I val'

generic_still -> universal_still I specitlcstrn
univcrs;;1 stm -> u_stm_type name
u_stm_type -> DCOM I CORBA I WEBSERVICE I MANUAL
specific_stm -> s_stm_type name
s_stm_type -> ASK I ANSW

The universal statements are used to collaborate with external
applications. The universal statement type descnbes the connection type:



1)( '( ) ['vi CORBA, WEBSERVICE means automatic processing, but
MANU.t\L means, that a human handles this operation. The specific
statement is used to communicate with a:person - usuaIIy with a citizen who
uses the particular service. There are two types of specific statements. ASK
gets information from a person, ANSW sends some information to a person.

Lets us take a look at the following simple workflow:
WEBSERVICE Application_ writing_and_submitting
ASK Communication
DCOM Appljcation~data_c6ntrol_and_update ..
IF Is_datH_control_and_updating_sllccessful <True THEN

DCOM Printing_of_passport
ANSW Positive answer. -
MANUAL Passporr handmgout

ELSE
ANSW Negative_answer

FI
The purpose of this workflow is to issue a new passport for a person. The

workflow 'has the foJlowing activities - a citizen fills in an application form
and submits it to the official. It can be a paper form or a web based
applicati-on. The official or the application asks from the person the
communication type and address, and records data into workflow
environment. Then the official verifies the correctness of the citizen's filled
in forrn with the data in the Population Register, and if all data are correct,
then the passport is issued and delivered to the citizen. Otherwise a negative
answer is sent to the citizen. An example of one semantic aspect of this
worktlow is given in Figure 5.

ii·' Ur!~rdr:,v~·~;I:a,::t.to[J() ::. "As k " \
!F' (l'i"Or::J:v:l!~tl":!',-:I:.:-0~1;) == "Cornruunic.a t r on" {

Lo':a.i Ph, Nan;E:, Su r n ame, Cornm'I'ypa , Cornrn I n f o
(ie;-t."oru:nlnto{F'h, tJanie. Surname, COTIlmType, CornmLn f o )
lJlc'':'londl"~1 f"l.~t:CoHunlrlf.:)(PI<, Name, Sl.::rname, CommType, Commlnfo)
Op;c,: !'olldSt31:t. pop ( )

JJ olher cases
Ope :~-,'t ':H S r dl; L r'op f )

,
. -- -- ... ~-- -'._- .._--~.~------._---------

~-c---s-p;ecific_st .<:.)

s_st:_lype o 10______.name ~

1 I operandStaCy.'PU~ITrav.NOdevalUel)

~ 1'---o-pe-r-a-t-o-rS-t-a-c-} -.P-u-s-h-r,-,A-s-y.-"-)--~~------==-===-
FiRure5 Semantic aspect SPE.CIFIC STATEMENT ASK
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5. Conclusions

We have presented ideas for establishing a framework to deal with
different collaboration problems between legacy systems. The problem is
reduced to describing the collaboration (e.g. workflow) by DSL and building
various tools (various semantics) for this DSL. -

There are many application generators that automatically produce
conventional compiler and interpreter, but we need not only those ones. It is
necessary to obtain various supporting tools that are based on the language
text processing. The existing formal semantics are not well accepted by
language or tool designers. We have made an attempt to search for a
compromise to minimize this gap. The latest related works in this field to
estab lish tool-oriented approach are mentioned in [5], [26], [27].

We have offered ideas how semantics can be decomposed into reusable
parts. and specific semantics can be composed from them, and how execution
is organized. We delegate most of the actual work for semantics to pre-built
components (ADT). Our approach allows minimize semantics descriptions
for an easier management and provides good implementation in, possible
parallel, distributed and heterogeneous environment. Our approach is based
on the experience received by constructing .prototypes of a multi-language
interpreter for conventional programming languages.

Due to practical needs, we lose some precision and benefits of classical
semantic formalisms. The next step is to finish the formalization of oUT
approach and to compare it with other formalisms, especially with attribute
grammars. Other activities have to be the designing of useful collection of
abstract data types.
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