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Abstract - As the database environment changing,
database is no longer accessed only by using SQL to
communicate with DBMS as in the two-tier client-server
architecture. In modern enterprise distributed systems,
applications are developed and deployed as components
in n-tier architecture. Database system is integrated with
related applications and can only be accessed via
interfaces provided by the application server or
middleware. Moreover, in most of the middleware
systems such as CORBA, J2EE, and RPC, clients and
servers are tightly-coupled and client applications can
only invoke methods by using proprietary communication
protocols. As a consequence, data integration is no
longer achievable by applying existing database
middleware systems. What we dealing now are not just
different DBMS vendors, dialects of SQL, or variants of
data models, but also heterogeneous interfaces and
communication protocols defined in various distributed
paradigms. In this paper, we propose ADIM, an
autonomous data integration middleware, with
WebService for data integration in heterogeneous
environments.
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1 Introduction

Enterprises have been very interested in the
decentralization of processing while achieving an
integration of the information resources within the
geographically distributed systems of databases. A
distributed database is a collection of multiple logicaly
interrelated database distributed over a computer
network. Compared with centralized databases,
distributed databases have the advantages of increased
reliability and availability, better performance, local
autonomy, expandability, and sharability [12]. Nowadays,
distributed databases in organizations commonly are
heterogeneous, i.e., data are organized and managed by a
mix of different data management systems from different
vendors and different operating systems that use different
network protocols. In essence, the data source in such
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federated databases may consist of not only multi-vendor
relational databases, but also non-relational databases
such as object-oriented databases, ASCII data organized
in flat files, or even XML databases. Such autonomous
data sources have no ability to relate data from these
heterogeneous data sources within the organization. The
difficulties result from the diverge of data types, data
representations, data manipulation languages (DML),
data definition languages (DDL), transaction
management, and security. These difficulties cause
serious problems for data distribution and integration in
enterprise applications.

Middleware is a layer of software whose purpose is
to mask heterogeneity and to provide a convenient
programming model to application programmers.
Middleware is represented by processes or services in a
set of computers that interact with each other to
implement communication and resource sharing for
distributed applications. With the same purpose, database
middleware systems are used to integrate heterogeneous
data sources distributed over computer networks. Client
applications serviced by the database middleware are
provided with uniform and transparent view and access
interfaces to the distributed data Whenever an
application wants to access data managed in a
heterogeneous distributed database, instead of writing
code to establish connections to each local and remote
data source and writing proprietary APIs for each data
source, the client applications use local API's for data
access provided by the database middleware. There is no
need to modify or re-write the applications if there is
replacement or insertion of new data sources.

Currently there are two main categories of database
middleware systems. database mediator and database
gateway. The database mediator establishes connections
to data sources and use wrappers to access and translate
the information from the data sources into a globa data
model. The database gateway establishes a point-to-point
connection to one remote database and importing data
into the loca DBMS (Oracle, Informix, Sybase). Both
solutions have been adopted in commercial database



systems to solve the heterogeneous distributed DBMS
problem.

However, as the database environment changing,
database is no longer accessed only by using SQL to
communicate with DBMS as in the two-tier client-server
architecture. In modern enterprise distributed systems,
applications are developed and deployed in 3-tier or n-tier
architecture [2,3]. Database system is integrated with
related applications and can only be accessed via
interfaces provided by the application server or
middleware. Moreover, in most of the middeware
systems such as CORBA, J2EE, and RPC, clients and
servers are tightly-coupled and client applications can
only invoke methods by using proprietary communication
protocols. Figure 1 illustrates an example of distributed
environment. As a consequence, data integration is no
longer achievable by applying existing database
middleware systems. What we dealing now are not just
different DBMS vendors, dialect of SQL, or different
data models, but aso interfaces and communication
protocols defined in various distributed paradigms.
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In this paper, we present an autonomous database
middleware approach for data integration and distribution
in a distributed heterogeneous environment. In section 2,
we start with investigating the requirements for such
database middleware. The proposed architecture and
implementation is presented in section 3. Section 4 gives
a brief overview of the related work. We finally conclude
the paper and give an outlook of the future work in
section 5.

2 Background and Middleware

Requirements

2.1 Typesof distributed database systems

Digtributed database systems (DDBS) can be
characterized with respect to the degree of local
autonomy, the degree of heterogeneity, and the degree of

distribution. For local autonomy, if there is no provision
for the local site to function as a stand-alone DBMS, then
the system has no local autonomy. On the other hand, the
system is fully autonomous if the individual database
systems are stand-alone DBMSs, which know neither the
existence of other DBMSs nor how to communicate with
them. What exists in between is the semi-autonomous
system in which each DBMSS operates independently and
participates in a federation to share its local data. This
type of distributed database systems is commonly
categorized as federated DBMS [12] where there is a
global view or schema of the federations of databases that
is shared by applications and users at each site. For
heterogeneity, it may occur in various forms in
distributed database systems, ranging from operating
systems, programming languages, and communication
protocols to variations of data models, query languages,
and transaction management protocols. If all participating
data servers follow the same form, the DDBS is called
homogeneous; otherwise it is called heterogeneous. For
data distribution, the data is either stored at one site or
physicaly distributed over multiple sites and
communicate each other over the networks.

Our proposed middleware approach is targeting at
the federated heterogeneous distributed database systems.
The data is distributed over multiple sites. Based on the
data model, data is managed by different data servers
which can be a full-fledged database server, a application
server, or even afile server providing access to flat files.
These servers may provide different access interfaces and
communicate with different protocols. Before presenting
the proposed middleware architecture, we first investigate
the requirements for a middleware to process data
distribution and integration in a distributed heterogeneous
database system.

2.2 Global database schema

An important goal of a distributed system is to hide
the fact that its processes and resources are physically
distributed across multiple computers. A distributed
system that is able to present itself to users and
applications as if it were only a single computer system is
said to be transparent. For distributed database system,
the access transparency hides differences in data
representation and how a data source is accessed, where
the location transparency hides where data source is
located. To achieve data integration in a heterogeneous
distributed database with access and location
transparencies, the middleware layer imposes a global
data schema on top of the individual schema used by
each data source. The global schema stores not only the
global database structures but also the information of data
distribution such as address and specifications of vertical
and horizontal fragmentations for each site. The global
schema also needs to include the access interface



infformation for each data source. This information
enables the applications to transparently access the data
sources, no matter if they are stored locally or remotely,
or can be accessed by means of SQL or APIs. With this
mechanism, client applications serviced by the
middleware system are provided with a uniform view and
access interface to the data sets stored by each data
source.

2.3 Client Interfaces

To access data in a distributed database system, the
middleware has to provide interfaces for user client or
applications. The possible interfaces mostly include GUI
for users to pose queries against the database schema and
visualize their results, and APIs for programmer to
develop complicated applications. The query is
represented in a generic format and evaluated in the
middleware. The middleware is responsible to connect to
the data source, get the result, and convert the data into
the format that can be displayed to the client.

2.4 Data Server Interfaces

The middleware has to implement interfaces for the
data sources to be integrated. These interfaces must
overcome the heterogeneous communication protocols as
well as heterogeneous platforms including operating
systems and programming languages. Since the results
are typicaly returned in different formats, the interfaces
should translate them into the reference data model which
is used inside the middleware. In summary, the
middleware has to provide a homogeneous view across
heterogeneous and distributed application interfaces.

25 Middleware Query Processing

For data integration, client applications issue queries
against the global database schema. Providing with
location and access transparencies, client applications
have no idea where the data located, how to connect to
the data server, or what are the access interfaces. All
these tasks are handled by the middleware. The database
middleware  decomposes the query and find
corresponding sites for each data item which can handle
the request. The middleware makes query execution plans
and performsjoin operations if necessary.

2.6 Security

There are four levels of security can be defined [10]
in the middleware architecture: the login right of the
application to the middleware, the access rights of the
middleware to the global schema, the login right of the
application to the foreign data server, and the privileges
of the application to the foreign database.

27 Scalability

The scalability is evaluated as the ability to add
heterogeneous data sources. The middleware should be
able to handle the addition of data source and data servers
to the system and update the global catalog without
having to modify the client applications.

3 Overall Architecture

To solve the problems described in section 1 and
fulfill the requirement listed in section 2, we propose the
middleware architecture Autonomous Data Integration
Middleware (ADIM) as depicted in Figure 2. There are
four main components in ADIM: Global database
Schema, Client, Server, and Web Service.
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Figure 2 Autonomous Data I ntegration Middleware

3.1 Global Database Schema

As mentioned in previous sections, each distributed
data source may implement different data models. To deal
with this heterogeneity, ADIM uses XML document to
represent the global database schema. Because of its
extensibility, the XML document can also include the
distribution information such as rules for horizontal and
vertical fragmentations, addressees, and access interfaces
and protocols of distributed data servers. Figure 3 shows
part of the global schema represented by XML document.
In Figure 3, the XML document describes the table
definition, distributed sites and the local server and access
services.

3.2 Client Components

There are four logica layers in the client
component: API/GUI, Security Manager, Query
Processing Engine (QPE), and XML processor. For user
clients, after logging into the middleware, the GUI
displays the global database schema which is tailored
from the access rights of the local middleware to the



distributed database systems. The user can use the GUI to
issue queries against the global schema and visualize the
results. The queries will be parsed in QPE. Provided with
the distribution information from the global schema,
requests will be sent to data sources at which the
requested data located. As we will discuss in the
following section, all these requests are sent by using
SOAP [13] messages which are prepared in XML
processor. While receiving the results, the XML
processor parses the SOAP message for QPE to process
and the results either displayed on the GUI or returned to
the application program.

3.3 Web Services

As mentioned earlier, in a distributed heterogeneous
database system, different data sites may provide
different access interface for same request and
communicated with different protocols. For the database
gateway approach, it provides a point-to-point connection
to one type of database. In this case, each data source
needs to implement one gateway for each of the other
data sources and communicate with their proprietary
protocols. As we can see from Figure 4(a), while this
approach solves the heterogeneity problem, it introduces
exponential complexity and limits the system scalability.
In ADIM, al the server access interfaces are wrapped
with Web Services and accessed with SOAP, as shown in
4(b), which makes the system scalable in linear
complexity. Web services [15] describes a standardized
way of integrating internet based applications using the
XML, SOAP [13], WSDL [16] and UDDI [14] open
standards over the Internet. Web services alow different
applications from different sources to communicate with
each other without time-consuming custom coding, and
because all communication isin XML, Web services are
not tied to any one operating system, programming
language, or communication protocols. In this way, it
does not matter whether the data is accessed through a
database server, Java server, CORBA server, RPC server,
or even afile server, ADIM can communicate uniformly
with SOAP. Figure 5 gives an example of the SOAP
messages for query and response. Currently there are
seven web services defined for the data server:
UpdateSchema, Execute, ExecuteQuery, ExecuteUpdate,
PrepCommit, Commit, and Abort. Because of the space
limit, we will not describe the detail implementation here.
The service names are pretty much self-explained.

<Tables>
<Table id="Student">
~fields:
“field>
<pame-name</name>
“type=string</type>
“length>2- \length g
</field>
“field=
~name-address=/name>
“type>strng</type>
“length>50</length>
</field>
=field>
“mame=city</name”
“type~sirmg</type”
“length>10</length~
<ield>
“field=
“name >state</name=
“type=string=/type-
“length>2</length™
</field>
</fields=>
~Sites=
<Site>
“CorbaHoestName=192.168.1.101</CorbaHostName
“CorbaPort>1981</CorbaPort>
~Fragmentation_type-Horzontal=/Fragmentation type=
“Fragmentation_Rule™city in ('conway’, 'little rock’, 'north
little rock’, 'sherwood'}</Fragmentation_Rule>
“servicetype-Corba</servicetype>
“services™
“service=Query=/service™
“serviceinsert</service™
“service=load_table</service=
</services™
=/Site=
Sne

Flgure 3 Database Global Schema
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Figure 4 (a) Database Gateway Approach, Exponential API
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Figure 4 (b) Web Service Wrapper, Linear Growth

The server can develop more local services and
update the WSDL and also the global schema to be
available for the middleware. We implement a SOAP
Wrapper Generator to automatically generate Java
programs as a bridge to the backend services. As depicted
in Figure 6(a), having CORBA as the backend service,
the generator reads input from the IDL file and a
configure file containing the host address and port
information, it will then generate Java programs acting as
SOAP service call to the CORBA and the also the WSDL
for middleware to access the service. The calling process
is shown in Figure 6(b). Figure 7 depicts the Java code



generated from the CORBA IDL and aso the WSDL
definition.

Soap message
[Request

<Txml version="1.0" encoding="UTF-8" standalone="no" 7>
“<SOAP-ENV:Envelope

SOAP-ENV-encoding Style="http-//schemas xmlsoap org/soap/'encoding™
xmins: SOAP-ENV="http://schemas xmlsoap org/soap/envelope™

ore/1999 XM Schema-imstance”
3 org/ 199930 Schemsa"=

<nslselect
amlnens 1="wm-dos_soap_db_WSDL">

“param] xsi:type="xsd:string">"select name from
lstudent"</param1>
</nsl:doubleAnInteger-
</SOAP-ENV-Body>
</SOAP-ENV:Envelope-

[Response

<Txml version="1.0" encoding="UTF-8" 7=
“<SOAP-ENV:Envelope
xmins: SOAP-ENV="htt
xmins xsi="http
xmlns xsd="h
=S0AP-ENV:Body
<nslselectResponse
sminsns1="um-dos_soap_db_WSDL"
SOAP-
[ENV:encodingStyle="http://schemas smlsoap. org/soap/encoding">
“retum xsi-type="xsd:int">"<fields\n<field
lid=name=travis=field='n</fields>"</retum >
</nsl:doubleAnTntegerResponses
</SOAP-ENV-Body>
</SOAP-ENV:Envelope™

-//schemas xmisoap.org/soap/envelope™
.org/1990/3MT Schema-instance”
3.0rg/ 1999/ 30T Schema '™

Figure 5 Sample SOAP message
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3.4 Server Component

There are also four logical layers in the server
component: Query Execution Processor (QEP), Query
Mapping Processor (QMP), Security Manager, and XML
Processor. The XML processor parses the SOAP
message received from the client. The security manager
send login information to the server on behalf of the
client for authentication and authorization check. The
Query Mapping Processor (QMP) maps the query against
the local definition for the Query Execution Processor
(QEP) to extract data from the data source. The results
will be translated into the global schema in QMP and
prepared in XML processor as SOAP response message
and send back to the client. The GUI module provide an
interfaces for administrator at central control site to
define data distribution specifications, such as sites

addresses, horizontal and/or vertical fragmentation rules,
and site access authorization. These specifications will
then be added to the global schema, sent to each site, and
stored in the middleware schema repository.

module DBApp
{

interface DB

boolean createTable( in string tblInfo );
boolean loadTable( in string tbiData ):
boolean insert( in string tbIRow ):
string select( in string thlSelection );

¥
e

public class dos_soap_dbService {
public org.omg. CORBA.Object myoby;
public dos_soap_db_Service()
String file = "C:\myfile.ctl";
String port = "8081"
String host = "localhost”
ORB_CONNECT orbConnect = new ORB_CONNECT(String file, String port, String host):
this.myobj = erbConnect.obj:
public boelean createTable (String tblInfo) throws Exception
retum myobj create Table(tblInfo)
public boolean loadTable (String tblData)throws Exception
{
return myobj loadTable(tbIData);
public boolean msert (String thlRow) throws Exception
return myobj insert(tbIRow);

public mt delete (String tblConditional) throws Exception

return myobj delete(tblConditional)

Figure 7 Web Service Wrapper

4 Related Work

There are related proposed architectures for
heterogeneous data integration [1,5,6,7,8,9]. Oracle
distributed database system uses the database gateway
approach (transparent gateway) to access non-Oracle
database systems. MOCHA [10] and [8] are middleware
based integration architectures that implement distributed
guery processing for data and function integration in
federated database systems. CoDIMS-G [5] offers a
standard based communication paradigm based on Web
Service and distributed query processing for distributed
multi-database system in the grid environment. SkyQuery
[9] isaWeb Service based integration architecture for the
integration of astronomy data archives available on the
internet. It adopts Web Services as the main
communication and encapsulation interface both for the
guery processor and data sources wrappers.

5 Conclusion and Future Work

In modern enterprise systems, databases and
applications are distributed over the network for the
benefits of better performance, economy, reliability, and
availability. Nowadays, distributed databases in
organizations commonly are heterogeneous, i.e., data are
organized and managed by a mix of different data model
and data management systems from different vendors and



different operating systems that use different network
protocols. With the emergence of component-based
engineering [6], enterprise systems may consist of
application systems built with different distributed
paradigms, such as EJB, .NET, or CORBA. Databases
encapsulated in such application systems can only be
accessed via provided APIs and connected using
proprietary protocols. In such highly heterogeneous
environment, data integration by using traditional
federated database systems or database gateway are no
longer feasible or sufficient.

In this paper, we propose a database middleware
architecture ADIM (Autonomous Data Integration
Middleware) with WebService for data distribution and
integration in distributed heterogeneous database
systems. The data schema integration is achieved by
XML based global schema which is used by QPE and
QMP in the client and server components to translate and
exchange metadata between data sources. The
heterogeneity of access interfaces and protocols provided
by each distributed paradigm is resolved by adopting
WebService as the communication model for uniformity
of communication protocol in HTTP, message exchange
in SOAP for service request and response, and service
definition and description in WSDL. We aso develop the
SOAP wrapper generator which can generate Java code
to wrap the server APl into Web Services. We have
implemented a prototype of ADIM in the distributed
environment described in section 2. We are now
continuing working on the improvement of query
optimization and XML document join. We are also
working on the two-phase-commit service and distributed
scheduler to extend ADIM to alow database update
operations.
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