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Abstract

We describe an architecture called WebFINDIT that al-
lows dynamic couplings of Web accessible databases based
on their content and interest. We propose an implementa-
tion using WWW, Java, JDBC, and CORBA’s ORBs that
communicate via the CORBA’s 110P protocol. The combi-
nation of these technologies offers a compelling middleware
infrastructure to implement wide-area enterprise applica-
tions. In addition to a discussion of WebFINDIT's core
concepts and implementalion architecture, we also discuss
an experience of using WebFINDIT in a healthcare appli-
cation.

1. Introduction

The growth of the Internet and the Web increased dra-
matically the need for data sharing. The Web has brought
a wave of new users and service providers to the Internet. It
contains a huge quantity of heterogeneous information and
services (home pages, online digital libraries, product cat-
alogs, etc.) {3]. The result is that the Web is now accepted
as the de facto support in all domains of life activities: fi-
nance, education, travel, business, science, healthcare, art,
etc.

The data provided in the Web is not only semi-
structured (HTML documents, mail messages, etc.) or
unstructured (text files, images, etc.) but also structured
(databases). It is widely recognized that in many emerging
applications such as electronic commerce, best Web sites
are database-based Web sites. In addition, ““useful” and
“sensitive” data (e.g., corporate data) is almost inevitably
stored in databases. Organizations and individuals all over
the world rely on a large number of heterogeneous informa-
tion sources (databases, ftp files, Web search engines, and
so on) to conduct their everyday business. These informa-
tion sources are deployed in a wide area network-based en-
vironment. In such a highly dynamic environment, there
is no formal control over the changes in the information
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space, and several types of applications are developed with-
out knowledge of the availability of particular information
sources.

One of the most frequently encountered issues in a large
cooperative environment, such as database-based Web ap-
plications, is how users can query efficiently the large and
highly intricate amount of available heterogeneous infor-
mation sources. Web users are in general novice. They are
not expected to have experience dealing with databases
or be knowledgeable about available database query lan-
guages. In this respect, requiring users to keep track of in-
formation such as locations, formats (or structures), con-
tent, and query languages of the growing number of dy-
namic sources is unreasonable. The challenge is to provide
across the board transparency to allow users to access and
manipulate data irrespective of platforms, locations, sys-
tems, etc. We distinguish the following key issues when
using Web-resident data:

e Locating appropriate information sources. In Web ap-
plications, the information space is very large and dy-
namic. On top of that, existing Web tools give very lit-
tle support for the logical organization of data. Thus,
the effective use of data in the anarchic Web has be-
come enormously complex.

¢ Understanding the meaning, content, terminology and
patterns of use of the available informatiou sources.
Users have a need to be educated about the infor-
mation of interest and dynamically know what other
databases contain and eventually establish a link to
those databases that contain information of interest.

o Querying these sources for relevant information items.
Once relevant information sources have been found,
users have a need to access and integrate data from
these information sources.

The WebFINDIT architecture has been developed to
address problems of scalability and language support for
Internet/Web-based databases. The information space is
organized in a topic-based (ontological) clustering of infor-
mation sources. These clusters are related to each other
by topic proximity relationships. Clustering of informa-
tion sources are established through the sharing of high



level meta-information where individual sites join and leave
these clusters at their own discretion.

The WebFINDIT prototype is implemented using the
latest in distributed object and Web technologies, includ-
ing CORBA as a distributed computing platform, Java,
and connectivity gateways to access native information
sources. This paper describes the architecture, design and
implementation concepts of WebFINDIT. It also describes
a practical experience using WebFINDIT. Special empha-
sis will be given to the use of CORBA and Java tech-
nologies in the implementation of Internet databases. Sec-
tion 2 overviews briefly the WebFINDIT% approach and
query language. The key middleware technologies (Java
and CORBA) used in the WebFINDIT implementation are
described in more details in Section 3. The major compo-
nents of the WebFINDIT architecture are presented in Sec-
tion 4. We overview our current implementation in Section
5. An experience of using WebFINDIT in healthcare do-
main is reported in Section 6. Related work is discussed in
Section 7. We provide some concluding remarks in Section
8l

2. Design of WebFINDIT

In our approach, a user finds information sources in the
following manner. luitially, the user specifies the query
in terms of relevant information using a special-purpose
language. The query is sent to a local metadata reposi-
tory that holds relevant meta-information about the local
database (clusters of the database, relationships, etc.) We
assume that a user of our system is already a user of a
participating database. If there are several clusters of in-
formation sources that advertise the required information,
the system prompts the user to select the most interest-
ing leads. If the local metadata repository fails to resolve
the user query, using the information on clusters” relation-
ships, the local repository sends the query to one or more
remote metadata repositories. During this interactive pro-
cess the system provides support for educating the user
about available iuformation space. Assuming that there
are many iuformation sources that are offering the required
information, the user will use the meta-data describing in-
formation sources to further decrease their number. To
assist in the decision making process, WebFINDIT pro-
vides support for understanding the information context
and semantics. As a last step, the user queries the selected
information sources. In what follows, we will briefly de-
scribe the WebFINDIT% approach. More details can be
found in [4,13].

2.1. WebFINDIT Fundamental Concepts

WebFINDIT is centered around a two-level approach
to bridge heterogeneity, accommodate database autonomy,
and allow systems consisting of large number of databases

‘In the rest of the paper, we will use Internet databases and Web
databases interchangeably.
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to scale up. The two-level approach corresponds to coali-
tions (clusters) and service links (relationships). Coalitions
are a means for databases to be strongly coupled whereas
service links are a means for them to be loosely connected.
Users are incrementally and dynamically educated about
the available information space. The proposed approach is
enabled by the introduction of a layer of meta-data (called
co-database) that surrounds each local DBMS. This layer
contains information about local DBMSs and their rela-
tionships. Finally, a special language called WebTassili
provides constructs for information space definition, main-
tenance, and exploration.

Coalitions

A coalition is specialized to a single common topic. It pro-
vides domain specific information and terms for interacting
within the coalition and its underlying databases, i.e., pro-
viding an abstraction of a specific domain. This abstrac-
tion is intended to be used by users and other coalitions
as a description of the specific domain. Coalitions dynam-
ically clump databases together based on common areas
of interest into a single atomic unit. For example, the
databases participating in the coalition Medical Workers
Union share descriptions of the information type Medical
Workers Union (see Figure 1). As database node ““inter-
ests” change over time, new coalitions may form, old coali-
tions may be dissolved, and components of existing coali-
tions change. WebFINDIT takes advautage of the fact
that databases are developed with a specific “purpose”,
and uses this as an implicit organizing principle.

Services links

Service links are a simplified way to share information.
They allow sharing with low overhead. The amount of
sharing in a service link involves a minimum of information
exchange. In this respect, service links are low overhead
alternatives to information sharing using coalitions. For
example, the service link between Medical and Medical
Insurance is an agreement between these two coalitions
(see Figure 1). In this case, the coalition Medical pro-
vides minimal description of information type Medical to
coalition Medical Insurance.

Services consist of three types. The first type involves
a service between two coalitions to exchange information.
The second type involves a service between two databases.
The third service involves a service between a coalition
and a database. A service between two coalitions involves
providing a general description of the information that is
to be shared. Likewise, a service between two databases
also involves providing a general description of information
that databases would like to share. The third alternative is
a service between a coalition and a database. In this case,
the database (or coalition) provides a general description
of the information it is willing to share with the coalition
(or database).

As an example of coalitions and service links, we con-
sider databases from the Medical information domain.



Figure 1 shows fourteen databases. These database are
grouped in five coalitions (Research, Medical, Medical In-
surance, etc.) and nine service links (Ambulance to Medi-
cal, ATO to Medical, etc.)

2.2. Co-databases

Locating a set of databases that fit user queries requires
detailed information about the contents of each database in
the system. In our approach, each participating database
has a co-database attached to it. A co-database is an
object-oriented database that stores information about its
associated database, coalitions, and service links. A set
of databases exporting a certain type of information is
represented by a class in the object-oriented co-database
schema. This also means that a coalition is represented
by a class. In particular, every class contains a description
about the participating databases and the type of informa-
tion they contain. Some attributes describe a type of in-
formation while others provide details about the databases
that contain this type of information. Descriptions of the
databases will include information about the data model,
operating system, query language, etc. Descriptions of the
information type will include its general structure and be-
havior. Since databases may have different views on the
same type of information, only the common parts of the
view will be represented in the class.

For example, the co-database attached to the Royal
Brisbane Hospital contains information about all re-
lated coalitions and service links. As the Royal Brisbane
Hospital is member of two coalitions Research and
Medical, it stores information about these two coalitions.
This co-database contains also information about other
coalitions and databases that have a service link with
these two coalitions and the database itself. The co-
database stores information about the service links State
Government Funding and Medical Insurance. It stores
also access information of the Royal Brisbane Hospital
database. This includes the exported interface and the
Internet address. The interface of a database consists of
a set of types containing the exported operations and a
textual description of these types. The Royal Brisbane
Hospital represents an Oracle database that contains the
following relations:

Patient(Patient 1d, Name, Date of Birth, Gender, Address)
Beds(Bed Id, Location, Default Patient Type)
Occupancy(Bed 1d, Patient Id, Date From, Date To)
History(Patient Id, Date Recorded, Description,
Description Notes, Doctor Id)
Doctors(Employee 1d, Qualification, Position)
ResearchProjects(Project 1d, Title, Keywords,
Supervising Doctor, Begin Date, Completed Date, Funding)
MedicalStudent(Student 1d, Name, Course, Year)
ResearchProject Attendants(Project I1d, Student 1d,
Task, Date Started, Date Completed, Results)

If the database administrator decides to make public
some of these relations, they should be advertised through
the co-database by specifying the information type, the
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documentation (a file containing multimedia data or a pro-
gram that plays a product demonstration), and the ac-
cess information which includes the location, the wrap-
per (program allowing access data in the database), and
the set of exported types. Assume that the administra-
tor decides to advertise relations related to Research and
Medical. The Royal Brisbane Hospital will be adver-
tised in WebFINDIT as follows:

Information Source Royal Brisbane Hospital {
Information Type “Research and Medical”
Documentation f‘http://www.medicine.uq.edu.au/RBH’’
Location *‘dba.icis.qut.edu.au’’

Wrapper ‘‘dba.icis.qut.edu.au/WebTassililracle’’
Interface ResearchProjects,PatientHistory

}

The URL http://www.medicine.uq.edu.au/RBH
contains the documentation about Royal Brisbane
Hospital database. It contains any type of presentation
accessible through the Web (a Java applet that plays a
video clip). WebTassiliOracle is the wrapper needed to
access data in the Oracle database using a WebTassili
query. The exported interface contains two types about
research and patients. For example, the PatientHistory
type is defined as follows:

Type PatientHistory {
attribute string Patient.Name;
attribute int History.DateRecorded;
function string Description(string Patient.Name,
int Date History.DateRecorded)

The function Description0 denotes the access rou-
tine that returns the description of a patient sickness at a
given date. This routine is written in Oracle’ C interface.
In the case of an object-oriented database, an attribute de-
notes a class attribute and a function denotes either a class
method or an access routine. Using WebFINDIT, users
can locate the database, then investigate its exported in-
terface and fetch useful attributes and functions to access
the database.

2.3. WebTassili Language

WebTassili is designed to query (meta)data over the
Web organized using WebFINDIT and to manage the evo-
lution of this architecture. The syntax specifications of
this language provide constructs to educate users about the
available space of information, finding the target databases
that are most likely to hold the required type of informa-
tion, and connecting to databases and performing remote
queries. The information metatype name, structure, and
behavior are used as a handle for identifying the appropri-
ate information sources. WebTassili provides the following
manipulation operations:

¢ Search for an information type,

« Search for an information type while providing its
structure,
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Figure 1. Coalitions and Service Links in the Medical World

o Search for an information type while providing
its structure and/or iuformation about the host
databases, and

o Query remote databases.

In order to show the salient features of WebTassili, we
consider the following example from the Medical informa-
tion domain represented in Figure 1. Assume that re-
searchers in the QUT research centre are interested in
gathering some information about health in Queensland in
order to prepare a survey. They are interested in informa-
tion on hospitals, treatment costs, insurance, etc. One of
the researchers at QUT research queries WebFINDIT for
medical research conducted in hospitals. For this purpose,
the researcher can start the investigation by submitting
the following WebTassili query:

Find Coalitions With Information Medical Research;

In order to resolve this query, WebFINDIT starts from
the coalitions the QUT research is member of and checks
if they hold the information. The system found that the
local coalition Research deals with this type of informa-
tion. A point of entry is provided for this coalition using
the following query:

Connect To Coalition Resear ch;

As the user is interested in more specific information
i.e., research conducted in hospitals, a refinement query is
sumitted as follows:

Display SubClasses Of Class Resear ch;

The class Research shows that it contains the sub-
classes: Medical Research in Hospitals and Medical
Research in Universities. Assume that the user is in-
terested in the first subclass, the user then issues a Web-
Tassili query to display instances of this subclass. The user
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decides to query the Royal Brisbane Hospital database
which is a an instance of the class Research. Before
that, the user can become more knowledgeable about this
database using a WebTassili construct that displays the
documentation of this information. The query to achieve
this goal is:

Display Document of Instance Royal Bri sbane Hospital
Of Class Resear ch;

At this point, the user is interested in querying this
database. The user uses then the following WebTassili
query to display the interface exported by the database:

Display Access Information of Instance Royal Brisbane Hospital;

The database Royal Brisbane Hospital is located
at ‘‘dba.icis.qut.edu.aun’’ and exports the followiug
type:

Type ResearchProjects {
attribute String ResearchProjects.Title;
attribute string ResearchProjects.keywords;
attribute int Date ResearchProjects.BeginDate;
function real Funding(ResearchProjects.Title x,
Predicate(x));

The function Funding() returns the budget of a given
research project. For instance, if we are interested in
the budget of the research project AIDS and drugs, we
use the function Funding(ResearchProjects.Title,
(ResearchProjects.Title = “AIDS and drugs™).
This function is translated to the following SQL query:
Select a. Fundi ng

From ResearchProjects a
Where a.Title = "AIDS and drugs"

Assume that another researcher is interested in querying
the system about medical insurance. The following query
is submitted to the system.



Find Coalitions With Information Medical Insurance;

WebFINDIT first checks the coalitions the QUT re-
search is member of. The coalition Research fails to an-
swer the query. As there are no other coalitions or service
links related to the local database, WebFINDIT checks
whether other databases from the local coalition are aware
of a coalition or service link that deal with this informa-
tion type. The system found that the database Royal
Brisbane Hospital (which is member of the local coali-
tion) is member of a coalition Medical that has a service
link with another coalition Insurance that appears to deal
with the requested information type. Therefore, the user
decides to investigate this coalition looking for relevant in-
formation.

3. Middleware Technologies in WebFINDIT

This section presents the overall architecture which
supports the WebFINDIT framework. This architecture
adopts a client-server approach to provide services for in-
terconnecting a large number of distributed, autonomous
and heterogeneous databases. It is based on CORBA and
Java technologies. We briefly overview the use of these
technologies in the implementation of distributed applica-
tions such as Internet databases.

3.1. CORBA

Large scale networked systems need support for data
access and communication. Recently, standardization ef-
forts in the architecture of heterogeneous distributed sys-
tems have produced maturing infrastructure technologies
that address some of these issues. One of the most impor-
tant standards that have emerged is the OMG’s CORBA
[14]. The CORBA’s infrastructure provides mechanisms
to deal with platform heterogeneity, transparent location
and implementation of objects, interoperability and com-
munication between software components of a distributed
object environment. The IDL (Interface Definition Lan-
guage) language is used for the separation between the im-
plementatiou and the interface of a CORBA service. The
CORBA IDL describes the operations and associated at-
tributes of au object’s interface in a way understood by the
rest of the system. In essence, each CORBA object has au
interface defined in IDL. In this fashion, it is possible to
map functions of various resources such as network devices,
databases and other applications into object-oriented in-
terface specifications. CORBA allows clients to discover
and use new types of objects added to the system without
any change to the system.

The issue of interoperability across multi-vendor
CORBA ORBs is addressed in CORBA 2.0. CORBA
2.0 [14] specifies the General Inter-ORB Protocol (GIOP)
which provides a set of message formats and data represen-
tations for communications between ORBs. Specifically, it
defines: (1) the Common Data Representation (CDR) as
data exchange format between an OMG IDL data type and
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a flat networked message representation, and (2) the Inter-
operable Object References (IORs) to allow the creation of
common object references from ORB specific object refer-
ences. GIOP is designed to work on top of any communi-
cation protocol. The Internet Inter-ORB Protocol (110P)
is the specification of GIOP over TCP/IP network. Hence,
the use of IIOP allows objects distributed over the Inter-
net, on different ORBs, to communicate. Any CORBA 2.0
compliant ORB must support IIOP or provide a gateway
to it.

3.2. Java

One language that is gaining popularity for writing In-
ternet applications is Java. Java is a platform independent
object-oriented programming language.

One main feature that makes Java ubiquitous is the no-
tion of applet. The user interface can be provided using
Java applets. Users can dowuload the user interface from
a Web server using a Java-enabled browser. Thus the user
interface is enabled to be available on distributed hetero-
geneous platforms without any overhead in coding and ad-
ministration (write once, run everywhere). With regard to
distributed applications, several Java technologies (Java,
Java Remote Method Invocation - Java RMI, JavaBeans,
Java Database Connectivity - JDBC, Java Native Inter-
face - JNI, and so on) are relevant. These technologies
provide object and database access services (Java-to-Java,
Java-to-CORBA, and Java-to-databases communication).
In particular there are two main reasons that make Java a
technology of choice in the context of data sharing. First,
JDBC is an ODBC-like API (a set of Java classes) that
provides a generic interface to SQL interfaced relational
databases (DB2, Sybase, SQL Server, Paradox, Progress,
Oracle, mSQL, etc.) from Java applications. Second, most
DBMS vendors provide Java interfaces.

3.3. Binding Java and CORBA

Java and CORBA technologies seem to be converging
to provide complementary types of services. CORBA is
concerned with the communication between objects im-
plemented in different languages, using different platforms
across the network. Java can be used for the implemen-
tation of these objects. In addition Java RMI objects can
only talk to other Java RMI objects since RMI is not de-
signed to interoperate with other ORBs and languages.
However, tools to bridge Java and CORBA are provided in
several ways. Thus, Java applications (JavaBeans) can ac-
cess components written in different languages and hosted
on a variety of computing platforms. As pointed out be-
fore, several CORBA ORBs, such as VisiBroker for Java
and OrbixWeb, allow Java applications to access CORBA
objects. JavalDL, which is a part of JDK (1.2 beta), is
another 11OP compliant ORB. Java applets can be down-
loaded onto the user machine and used to communicate
with system components, i.e., CORBA objects. Java offers
a portable infrastructure where an applet may be loaded



and executed from any machine in the Internet to com-
municate with CORBA services without any runtime con-
figuration. In addition JDBC can be used to access SQL
relational databases from Java applications. It is clear that
using these two technologies together provides greater flex-
ibility and power than either technology does alone. A ro-
bust distributed architecture can be created using Java as
programming language, Java applets to provide user inter-
faces, and CORBA as an integration technology.

Other technologies such as HTTP/CGI approach and
ActiveX/DCOM ([14] are also used for developing intranet-
and Internet-based applications. It is recognized that
the HTTP/CGI approach may be adequate when there
is no need for sophisticated remote server capabilities
and no data sharing among databases is required. Oth-
erwise, Java/CORBA approach offers several advantages
over HTTP/CGI. We note also that the CORBA’s IIOP
and HTTP can run on the same networks as both of them
uses the Internet as the backbone. Also, the interoper-
ability between CORBA and ActiveX/DCOM is already a
reality with the beta-version of Orbix COMet Desktop.

4. WebFINDIT Architecture

The WebFINDIT components are grouped in four lay-
ers that interact among themselves to query Internet
databases using a Web-based interface (see Figure 2). In
this section we introduce the different layers and their in-
teraction. The basic components of WebFINDIT are the
query layer, the communication layer, the meta-data layer,
and the data layer.

Query Layer

Communic ation
Layer

Intemet

ORB ORB

Meta-dsta
Layer

Co-database  SES3AR
Servers

Information Source
Interfaces
Data Layer

Database
Servers

Figure 2. WebFINDIT Layers
4.1. Query Layer

The query layer provides users access to WebFINDIT
services. It has two components: The browser and the
query processor.

Browser: is the user interface to WebFINDIT. It uses
the meta-data stored in the co-databases to educate
users about the available information space, locate

223

the information source servers, send queries to remote
databases and display their results. The browser al-
lows users to browse the information using graphical
and text queries. It allows users to browse classes or
instances. Users are allowed to follow links between
objects, to focus on the details of particular objects,
and to specify filters which restrict the browsing to
particular sets of objects.

Query Processor: receives queries from the browser,
coordinates their execution and returns their results
to the browser. WebTassili queries submitted by the
browser are preprocessed to check the syntax. The
query processor follows an algorithm that determines
the steps for the query resolution. Each time a query
from the browser is received, a new instantiation of the
execution plan is initialized. The query is decomposed
if needed. The query processor interacts with the com-
munication layer (next layer) which dispatches Web-
Tassili queries to the co-databases (meta-data layer)
and databases (data layer).

4.2. Communication Layer

The communication layer manages the interaction be-
tween WebFINDIT components. It mediates requests
between the query processor and co-database/database
servers. The query processor interacts with the servers
without knowing where the servers are on the network or
how they accomplish their tasks. The communication layer
locates the set of servers that can perform the tasks. It
responds to the query processors tasks with information
about these servers and information about data stored in
these servers.

4.3. Meta-data Layer

The meta-data layer consists of a set of co-database
servers that stores meta-data about the associated
databases (information type, location, coalitions, service
links, and so on). Co-databases are designed to respond
to queries regarding available information space and locat-
ing sources of an information-type. A typical co-database
schema contains subschemas that represent coalitions and
service links that deal with specific types of information.
The first sub-schema consists of a lattice of classes where
each class represents a set of databases that can answer
gueries about a specialized type of information. This sub-
schema represents coalitions. The co-database also con-
tains another type of subschema. This subschema consists
on one hand, of a subschema of service links the coalitions
(it is a member of) has with other databases and coalitions;
and on the other hand of a subschema of service links the
database has with other databases and coalitions. Each of
these subschemas consists in turn of two subclasses that re-
spectively describe service links with databases and service
links with other coalitions.
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Figure 3. WebFINDIT Implementation.

4.4. Data Layer

The data layer has two components: databases and In-
formation Source Interfaces (ISls). The curreut version of
WebFINDIT supports relational (mSQL, Oracle, Sybase,
DB2) and object oriented databases (ObjectStore and On-
tos). An information source interface provides access to a
specific database server. This involves delivering requests
from the communication layer and retrieving results from
this database. We provide the possibility to have an in-
formation source interface located at a different site from
the database. In this case, au information source interface
relies on another gateway protocol (e.g., JDBC)and can
be associated to several information sources.

5. WebFINDIT Implementation

We have completed the implementation of a scalable and
portable architecture of WebFINDIT. This architecture
has been implemented using the latest in object and Web
teclmologies, including CORBA, Java, and database con-
nectivity gateways to access native databases. The proto-
type that we developed uses three different CORBA ORBs
that are 11OP compliant, namely Orbix, OrbixWeb, and
VisiBroker for Java. These ORBs connect 28 databases
(databases and their co-databases). Each database is en-
capsulated in a CORBA server object (a proxy). These
databases are implemented using five different DBMSs:
Oracle, mSQL, DB2, ObjectStore,and Ontos. The JDBC
bridge is used to connect relational databases to their
CORBA server objects. In this case, the CORBA objects
are implemented in Java (OrbixWeb or VisiBroker for Java
server objects). The object-oriented databases communi-
cate with the CORBA server objects that are implemented
in C++ (Orbix server objects) using C++ method invoca-
tion. The object-oriented databases communicate with the
CORBA server objects that are implemented in Java (Or-
bixWeb server objects) using .JNI. The user interface is im-
plemented as Java applets that communicate with CORBA
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objects.

The curreut implementation of our system is based on
Solaris (2.6), JDK (1.1.5) which includes JDBC (2.0) (used
to access the relatioual databases), three CORBA prod-
ucts, namely Orbix (2), OrbixWeb (3), and VisiBroker
(3.2) for Java. ObjectStore databases are connected to
Orbix (see Figure 3). The Ontos database is connected to
OrbixWeb. Relational databases (stored in Oracle, mSQL,
and DB2) are connected to a Java-interfaced CORBA. Or-
acle databases are connected to VisiBroker, whereas mSQL
and DB2 are connected to OrbixWeb. CORBA server ob-
jects use JDBC to communicate with relational databases,
C++ method invocation to communicate with C++ in-
terfaced object-oriented databases from C++ CORBA
servers (both Orbix and ObjectStore support C++- inter-
face), JNI to communicate with C++ interfaced object-
oriented databases from Java CORBA servers (from Or-
bixWeb to Ontos). CORBA objects communicate via
110P.

6. Using a Healthcare Application

In order to illustrate the viability of this architecture
and show how to query global information system using
WebFINDIT, we have used a Healthcare application.
Healthcare applications provide a very relevant context
where tools such as WebFINDIT can be used. The appli-
cation supports queries about healthcare related services
and enable a large number of heterogeneous and au-
tonomous healthcare providers to communicate with each
other. In this application, fourteen databases are used:
State Government Funding, RBH - Royal Brisbane
Hospital, RBH Workers Union,Centre Link, Medibank,
MBF, RMIT Medical Research, Queensland Cancer
Fund, Australian Taxation Off ice, Medicare, QUT
Research, Ambulance, AMP, Prince Charles Hospital
(see Figure 1). Each database is accompanied with
its own co-database. The 28 databases (databases and
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Figure 4. Display Document on RBH Co-Database

their co-databases) are implemented using four different
database management systems, namely Oracle, mSQL,
DB2, ObjectStore, and Ontos.

As pointed out before, users in WebFINDIT query the
system at two levels: meta-data level (explore the available
information, display meta information about a particular
database, and so on) and data level (query actual informa-
tion stored in databases). Typically, a user of this applica-
tion starts by submitting queries about specific area in the
healthcare domain. As an example, the following WebTas-
sili query ““Display Coalitions With Information Medical
Research” is submitted. The system finds that both coali-
tions Medical and Research provide information about
Medical and Research. The user can then browse these
coalitions.

Suppose that the user wishes to display all members
(databases) of the Research coalition. This can be done
either by clicking on the Research coalition or by sub-
mitting the WebTassili query “Display Instances of Class
Research”. The user can view the result in the lower half
of the left hand side window of the Figure 4.

To know more on a particular database, the user can
click on this database. For example, when the user clicks
on the Royal Brisbane Hospital database, the available
formats of documentation is displayed (e.g., text, HTML)
in the right hand side window of the Figure 4. Note that
the user can type the WebTassili query “Display Docu-
mentation of Instance Royal Brisbane Hospital of Class
Research” to display the same result. If the user decides
to read the documentation using HTML, he/she clicks
on the HTML button. Figure 5 displays the content of
the HTML file containing the documentation of Royal
Brisbane Hospital database.

So far, the user has only used the system to query meta-
data. Assume that after locating and understanding the
content of the Royal Brisbane Hospital database, the
user decides to query some actual data in this database.
Querying actual data is performed with WebTassili queries
(if supported by the target database); or directly by using
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the database® native query language. In the first case,
the WebTassili query is mapped to an equivaleut query
in the underlying database. Assume that the user wants
to know about the Medical Students who are doing in-
ternships in the hospital Royal Brisbane Hospital). As
the underlying database support SQL, the user can use
SQL statement ““select * fromm medical-students™ to get
the required information. Once the definition of the query
is accomplished, the query is submitted for execution by
clicking on the Fetch button. Figure 6 shows the result of
the query.

7. Related Work

There is a large body of relevant literature on informa-
tion extraction, access, and integration. We consider those
that are most closely related to our work, namely, multi-
databases [6], WWW information retrieval systems (7], and
information brokering systems [8].

7.1. Multidatabases

Multidatabases have traditionally investigated static
approaches to sharing data among small numbers of com-
ponent databases [6]. This has involved finding solutions
to data heterogeneity and facets of autonomy. These solu-
tions usually rely on centralized database administrators
to document database semantics or to develop transla-
tors that hide differences in query languages and database
structures. Tightly-coupled approaches offer better so-
lutions for the heterogeneity problem by using a global
schema [3]. However, this scheme does not provide site
autonomy nor does it scale-up given the complexity when
constructing the global schema for a large number of het-
erogeneous systems. The MIND project investigated the
use of CORBA to implement a tightly-coupled interop-
erability approach [15]. Loosely-coupled approaches offer
better solutions for autonomy but they expect users to
know the semantics and locations of the available systems
[6]. This assumption is not reasonable in Web-based envi-
ronments.
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7.2. WW W Information Retrieval

In most information retrieval systems, the emphasis is
usually on how to build an indexing scheme to efficiently
access information given some hints about the resource [7].
Issues like the information space organization, terminolog-
ical problems, and semantic support for users requests are
not addressed. For instance, Harvest {5] is an information
gathering that presents an interesting model for finding re-
sources in a network of computer systems. As the research
is conducted from a system% point of view, databases is-
sues are simplified. Another approach that addressed the
issue of information discovery on the Web is proposed by
the database community. The idea is to provide a uniform
and declarative interface for data sharing on the Web. Sev-
eral proposals of database-like languages for the WWW
have recently emerged (e.g., W3QL[9], WebSQL[11], and
ARANEUS [1]). These languages tend to abstract the un-
structured collection of Web documents using a graphi-
cal organization (Web pages are represented as nodes in a
graph with a fixed set of attributes, using one single type).
Some combinations of textual retrieval with structure and
topology-based queries are supported. The proposed tech-
niques are mainly based on information retrieval systems
and as a result they cannot focus on database related top-
ics.

7.3. WWW Information Brokering

Information brokering-based systems investigated solu-
tions for data sharing in the context of a large and dynamic
iuformation space. Here a component can be a structured
(e.g., relational database), semi-structured (e.g., HTML
documents), or unstructured (e.g., text files) source. Ex-
isting systems focused mostly on unstructured and sermni-
structured data. They propose interesting capabilities in
mediations and translations. However, these systems lack
facilities for information organization, user education and
information source location. in the remainder of this
section, we briefly overview some of the most important
projects.
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The TSIMMIS project [16] proposed a new data model,
called the Object Ezchange Model (OEM), for integra-
tion of heterogeneous information sources that may in-
clude both unstructured and semistructured data. TSIM-
MIS primarily focused on the semi-automatic generation
of wrappers and mediators that allow the integration and
access to underlying information sources when processing
OEM-based queries. However, the issues of information
discovery, information space organization, and terminolog-
ical problems are not tackled.

The DISCO project[17] uses an extension of ODMC-93
and OQL as common data model and query language. It
provides support for unavailable information sources and
transparent addition of new information sources. As in
TSIMMIS, the issues of information discovery, informa-
tion space organization, and terminological problems are
not tackled in DISCO. The WebSemantics project [12] ex-
tends DISCO by providing a protocol and architecture for
locating data sources and translators.

Information Manifold (IM) [10] is a system that provides
uniform access to collections of heterogeneous information
sources on the WWW. It provides a high-level query sys-
tem that describes the content and capabilities of various
iuformation sources. The domain model is the common
global knowledge base that describes the browsable infor-
mation space including the vocabulary of a domain, the
contents of information sources and the capability of query-
ing. We argue that it is difficult to create and maintain
such common ontology because of the variety and charac-
teristics of the underlying Web repositories.

The InfoSleuth project [2] presents an approach for in-
formation retrieval and processing in a dynamic Web-based
environment. It integrates agent technology, domain on-
tologies, and information brokering to handle the inter-
operation of data and services over information networks.
Although this system provides an architecture that deals
with scalable information networks, it does not provide
facilities for user education and information space organi-
zation. InfoSleuth supports the use of several domain on-
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tologies, however, the inter-ontology relationships are not
considered.

8. Conclusion

Our experience with WebFINDIT project has shown
that the combination of CORBA, Java, and JDBC of-
fers a very useful middleware infrastructure to implement
Web-resident data sharing architectures. CORBA com-
bined with meta-data repositories (co-databases) provides
support for dynamic location and integration of informa-
tion sources while maintaining their autonomy. Java al-
lows our system to be deployed dynamically over the Web
and provides users with sophisticated interfaces to use it.
JDBC s a simple API that can be used to access relational
databases from Java applications. Most database vendors
have recently announced their own Java clients. In addi-
tion, most of relatioual database products provide JDBC
and ODBC drivers.
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