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Abstract

Most of the data sources in business and academia are financial data. Non-financial data are difficult to collect,
integrate, and retrieve and are in most cases stored as separate and heterogeneous data sources that could not be
readily used in financial analysis and research. However the recent development in finance research has put
significant attention on the behavioral aspects of the participants of business and financial activities, which in
turn requires the inclusion of the non-financial data that are related to such activities. One of the possible
solutions is the federated database, which is a collection of distributed databases that are heterogeneous and
autonomous in nature. This research extends previous works on federated database systems and proposes a
conceptual framework for an FDBS (federated database system) that facilitates centralized control, as in a
centralized database system, over distributed heterogeneous databases with the capabilities of autonomously
discovering and retrieving data from dispersed internal and external database systems. A comparison of
centralized, distributed, and federated database systems is also provided.

Introduction

Accounting/financial data have been widely used in academic research where COMPUSTAT, CRISP, and
Datastream are examples of well-established accounting/financial databases.Meanwhile, non-accounting/financial
data played an important role in research, but lack integrated databases. Most of the time, researchers have to
collect needed non-accounting/financial data by hand. The hand collection process could be very time consuming
and be difficult to avoid errors even when extra cautious were used. This lack of data or the high cost of non-
accounting/financial data may have hindered research in various subjects. Schiller (2003) reviewed the evolution
of behavioral finance research that argues financial markets are inefficient. Traditional finance theories believe
that financial markets are efficient. It was not until the late 1990s that behavioral finance started to be
acknowledged by the mainstream. He points out that the non-financial data that are ignored by traditional finance
theories may have played significant roles in the inefficiency of the market.

Data is not only needed in academic research but also in the decision making of all sorts of businesses. Firms
need data, both financial and non-financial, for strategic and operational decisions. Due to the high level of
competition and fast changing business environment, firms cannot afford to wait for a lengthy data collection to
obtain needed data for their decisions. It is critical that firms receive needed data, both financial and non-
financial, in a timely manner. Other than utilizing previously mentioned popular academic accounting/financial
data bases, many large enterprises maintain their data in various distinct independent databases that have been
developed at different times on different platforms and database management systems (DBMSs). Additionally,
due to increasing globalization, mergers, and acquisitions it is inevitable that different portions of many of these
enterprises will use various heterogeneous systems to store and retrieve their critical data. For these reasons,
along with the evolution of information technologies such as the Internet, the diversity of data and information
formats continues to expand. Without the capability of combining all the available data from these systems it is
understandably difficult for the enterprises to make fully informed decisions.
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This underutilization of available data sources is a contributing factor to sub-optimization in the business
decision-making environment. Due to prohibitive financial and organizational costs, enterprises cannot afford to
replace the existing disparate databases with a common system. Hence, the need arises to integrate the functions
of the enterprise and their information systems along with the databases they are based on. Users and application
programs should be able to access data as if they were stored in a homogeneous and consistent database (Thiran,
et al., 2000). Integrated with other features, functionalities, and capabilities to retrieve and process external data,
this type of system has been termed a federated database system (FDBS). This concept has also occasionally been
referred to as virtual database technology (Prasad and Rajaraman, 1998; Rajaraman, 1998; Gupta et al., 1997) and
enables the Web and other external data sources to behave as an extension of an enterprise’s internal database
management systems (Prasad and Rajaraman, 1998). This federated database system is often enabled by a
centralized system that controls and manages relationships and interactions among distributed information sources
in order to process queries (Panti, et al., 2002).

FDBS technology has drawn interest from industry. One of the first commercial products associated with the
FDBS concept is DataJoiner, middleware that IBM introduced in 1995. Since then software venders have been
providing applications that implement this technology. For example, the Microsoft SQL Server 2000 has a
“Federated Database Servers” feature that enables a group of SQL Servers to share processing load and allow the
users to scale a set of servers to support exceptional processing needs.  Exponential advances in computer
technologies are producing data of unprecedented quantity and quality. Multi-terabyte and even petabyte
(1000TB) data collections are emerging as major assets to modern enterprises. Additionally, dramatic
improvements in storage and network performance also drive the demand for systems that can integrate, correlate,
and mine distributed data (Foster and Grossman, 2003). The traditional centralized DBMSs and distributed
DBMSs do not have sufficient features to accommodate and fully utilize these phenomenal advances. Further,
collecting and processing heterogeneous data from different sources using the existing DBMSs and applications
requires a huge amount of time and labor making obtaining integrated information very difficult and time
consuming. Incorporating artificial intelligence (Al) capabilities into the system to autonomously search and
process the data may aid in solving these problems.

This paper introduces a framework for integrating the concepts of centralized DBMS and distributed DBMS
taking advantage of both in terms of centralized control and access to distributed heterogeneous data sources. The
Al components are added to the framework to enable autonomous data discovery in a heterogeneous environment.
In this framework, centralized control does not mean that the federated architecture has control over the data on
the component database systems (DBSs); instead, it provides a mechanism of controlling the data retrieved and
transferred from the component DBSs. This paper is organized in the following manner: first, basic FDBS
concepts are introduced. A framework is then proposed illustrating how a federated database system can provide
centralized control and autonomous searching in a heterogeneous and distributed data source environment.
Further discussion of this framework is undertaken and some future research directions are also addressed.

BACKGROUND

Early studies of the concept of FDBS began in the late 1970’s, when this term was coined in the literature (Sheth
and Larson, 1990). Most present research has focused on highly technical aspects and on algorithm development.
FDBS has its initial roots in investigations into distributed database systems. Several different definitions of
FDBS exist. Some suggest that a FDBS is simply a distributed database, the components of which are physically
stored in a number of distinct real databases at a number of distinct sites (Sadanandan and Chakravarthy, 1994).
Others simply define FDBS as an application that interacts with other enterprise systems via database APIs,
EAI/EDI messages, XML messages, distributed objects or through its own “proxy” agents (Blackham, et al.,
2001). Sheth and Larson (1990) define it as a collection of cooperating database systems that are autonomous and
possibly heterogeneous.

Significant work is done by Sheth and Larson (1990), who define a reference architecture for distributed DBMSs
from system and schema viewpoints and show how various FDBS architectures can be developed. Further study
was conducted by Gardarin et al. (1995), who introduce mechanisms for federating object-oriented and relational
databases. The authors suggest that the system adopts the federated approach to database interoperability to
overcome the limitations of traditional homogeneous distributed DBMSs. This adds layers of software to pre-
existing heterogeneous DBMSs without privileging one system.
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Additionally, this system does not violate the autonomy of the pre-existing databases; that is, databases
participating in a federation do not lose control over their data and administrators ideally do not have to
restructure their systems in order to participate in the federation. Pitoura et al. (1995) studied a federation of pre-
existing distributed, heterogeneous, and autonomous database systems they termed a multidatabase system. They
provide a concrete analysis and categorization of the various ways in which object-orientation has affected the
task of designing and implementing these types of systems. A FDBS may be characterized along three
dimensions: distribution, heterogeneity, and autonomy (Sheth and Larson, 1990). Distribution implies that
multiple databases may be stored on a single computer system or on multiple computer systems interconnected by
communication systems. Data may be distributed among these multiple databases in different ways including
vertical and horizontal database partitions. Heterogeneities may results from structural or technical issues as well
as semantic differences. Autonomy refers to the degree that database systems are under separate and independent
control and data is shared only as long as the autonomous database systems retain control of their own data.
Three component autonomy types are identified as design, association, and execution autonomy.

Egyhazy (2000) notes that the “investment in existing databases is enormous, and a critical factor in their
potential reuse in tomorrow’s distributed and interoperable environments lies in the development of software
architectures, and tools for the resolution of the database heterogeneity problem.” Three primary sources of
database heterogeneity are identified as data models, data values, and logical representations. He further states
that the heterogeneous database problem arises primarily when individual queries require access to multiple
autonomous databases. The practical importance of integrating heterogeneous databases consists of enabling
coexistence of different DBMSs that support various data models meeting specific application requirements.
Kalinichenko (1990) argues that this integration requires the introduction of a DBMS-independent generalized
level of data representation and manipulation along with a generalized model of a corresponding integration
system. He proposes an approach for transformation of heterogeneous data models utilizing equivalent data
model mapping construction. Additionally, Wache and Stuckenschmidt (2001) introduce context transformation
theory to tackle the heterogeneity problems and address the issues in practical context transformation for
information system interoperability.

Evolution of Models

Sheth and Larson (1990) provided the foundation for developing models for FDBSs. They propose a FDBS
reference architecture consisting of data, databases, commands, processors, and schemas and mappings.
Processors and schemas “play especially important roles in defining various architectures.” Processors are defined
as software modules that manipulate commands and data; while schemas are descriptions of data managed by one
or more DBMSs.

In the reference architecture, Sheth and Larson (1990) identify four types of processors. As shown in Figure 1,
these processors each perform different functions on data manipulation commands and accessed data and may
work independently. These processors may also be employed in a cooperative manner as shown in Figure 2,
adding logical interrelationships among these processors. The five-level schema architecture of a federated
database system includes the local schema (conceptual schema of a component DBS), the component schema
(which is derived by translating local schemas into a data model called the canonical or common data model), the
export schema (which represents a subset of component schema that is available), the federated schema (an
integration of multiple export schemas), and the external schema (which defines a schema for a user and/or an
application or a class of users/applications). The simplified architecture using these schemas is illustrated in
Figure 3.
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Figure 1: Processor types in reference architecture of Sheth and Larson (1990)

Nijenuis et al. (1997) report issues related to the use of workflow management systems and FDBSs to support
business processes that operate on large, heterogeneous, and autonomous collections of information systems. The
integrated architecture suggested is based on the OSCA architecture (Bellcore 1992), which describes a three
layer architecture: the data layer (which groups the corporate data management functionality), the processing
layer (which contains business operations and management functionality), and the user layer (which contains the
human interaction functionality). A FDBS is positioned in the data layer as a uniform access mechanism for
accessing the data layer components, shown in Figure 4.

Other approaches have also been proposed. Gardarin et al. (1997) worked on the IRO-DB project and developed
tools for integrated access of relational and object-oriented databases and for designing and maintaining integrated
applications on large federations of heterogeneous databases. One of the major contributions of the authors is to
identify seven problems associated with designing a FDBS: choosing a pivot database model, organizing
schemas and repositories, identifying objects, choosing an interchange protocol, managing integrated objects,
optimizing distributed queries, and managing distributed transactions.
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Figure 2: Simplified diagram of logical relationships among processors

Gardarin et al (1997) define the FDBS architecture with three layers, but with different names, which are: local
layer, communication layer, and interoperable layer. This architecture is shown in Figure 5.

The InterDB architecture was developed by Thiran et al. (1998). This architecture is based on four defined
schemas:

Local Physical Schema (LPS) (extracted according to a common abstract physical model)

Local Logical Schema (LLS) (obtained by cleaning and enriching the physical schema)

Local Conceptual Schema (LCS) (interprets the logical structure by extracting their underlying semantics)
Global Conceptual Schema (GCS) (includes the semantics of the local schemas)
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A FDBS’ ability to integrate data across geographically distant resources would be expected to be greatly
enhanced by dramatic improvements in network performance. Distributed system middleware allows distributed
communities, or virtual organizations, to access and share data, networks, and other resources in a controlled and
secure manner. Advances in these areas promise to provide required capabilities. Foster and Grossman (2003)
provide three different scenarios to illustrate applications impossible during the first few years of the new
millennium but achievable over advanced networks that are quickly becoming more available. In the virtual data
warehouses scenario, high-speed optical networks make it possible for data to be stored at its sources rather than
centralized. Reports can be generated upon demand by merging from multiple sources with most recent data as
long as bandwidth is available. In the business world, with all-optical networks and distributed data services, it
becomes feasible to consider replicating transformations from core systems to remote backup systems for
business continuity. The third scenario addresses large data sets. Instead of performing data processing offline
and preparing and distributing data periodically, with optical networks and data-integration services, large data
sets can be continuously updated and users always have access to current data.

Due to its systematic heterogeneous nature, the FDBS needs to address the problem of interoperability of database
systems or information systems in general. Wrappers have been described as a method of achieving this. A
wrapper (or translator) is a component that converts queries and data from one format to another. Wrappers are
typically utilized to provide integrated access to heterogeneous information sources (Papakonstantinou et al.
1995). When an application issues queries in a standard query language the wrapper for each source converts the
query so that it is understandable by the underlying data sources. The wrapper receives the results and translates
them into a format understood by the application. A wrapper can perform three types of processes: directly
supported queries, logically supported queries, and indirectly supported queries (Papakonstantinou et al. 1995).
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Figure 5: Simplified IRO-DB schema architecture

THE FRAMEWORK

Based on the evolution of the system architecture for FDBS, the framework proposed for federated database
systems (Figure 6) is built on four main schemas and six layers. The schemas are consistent with those of Sheth
and Larson (1990) reference architecture with a minor alteration of encapsulating the component schema within
the export schema. The development of the layer structure is a logical and conceptual integration of the works by
Gardarin (1997), Nijenhuis et al. (1997), Thiran et al. (1998), Thiran et al. (2000), and Foster and Grossman
(2003). This was informed additionally by the advances in the theory and application of agent-based
technologies. The following sections will look into each segment of the framework. These segments are based on
the schema hierarchy (data, export, federated, and external schemas) and incorporate the layer sub-structure.

Data Schema

The data schema, with the network components added to it, consists of the internal and external data layers. Each
component data source has a conceptual local schema which is expressed in the native data model of the
component DBMS and hence different local schemas may be expressed in different data models. The internal
local DBSs are tightly coupled and are owned by the enterprise that implements the FDBS framework, which may
be centralized or distributed logically or geographically. This layer has a relatively stable structure over time and
the data managed by this layer generally has an enterprise-wide scope. Changes in the architecture of the internal
data layer are typically related to business changes; examples include new products, services, customer types, etc.
The access to these internal local DBSs is through the enterprise local area network (LAN) providing a low
latency connection with limited bandwidth (often Ethernet with 100mbps). In this layer, the enterprise has full
and/or partial control over these DBSs.

Unlike the internal DBSs, the external DBSs are those outside of enterprise boundary. These may include such
heterogeneous data sources as the Internet and sources from associated enterprises or organizations such as
vendors and industry groups, virtual enterprises, or others. The enterprise has limited or no direct control over
these DBSs and thus they are loosely coupled. To facilitate this layer an optical backbone may be required for
fast connection and large data transformations. The data sources from the scenarios described in Foster and
Grossman (2003) can also be categorized into this layer.
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Export Schema

The export schema in this framework is the combination of component and export schemas as described in Sheth
and Larson (1990). The three major functionalities of this schema are data source discovery, transformation, and
uploading to the FDBS upper layer. These functionalities are implemented by wrappers and agents.

Wrapper / Agent Dispatcher

A wrapper is a software component that provides access to heterogeneous information sources by converting
application queries into source specific queries or commands. The wrappers describe the divergent local schemas
using a single representation and can add the semantics that are missing in a data schema to the export schema.
They can facilitate negotiation and integration tasks performed when developing a tightly coupled FDBS.
Similarly, they may facilitate negotiation and specification of views and multi-database queries in a loosely
coupled FDBS (Sheth and Larson , 1990). Essentially, wrappers are used to process schema translation from data
schema to an export schema by generating the mappings between two schemas, in another words, they map
incoming queries into native commands of the underlying source. The wrapper implementation toolkit developed
by Papakonstantinou et al. (1995) may be used for rapidly building wrappers.

The wrappers may be stand alone software as described above for data transformation. However, they may also be
autonomous and be implemented by using agent-based technology providing autonomous data discovery
functionality for the FDBS.

Jennings and Wooldridge (1998) provide the definition of agent as is used in this discussion, “An agent is a
computer system situated in some environment, and that is capable of autonomous action in this environment in
order to meet its design objectives.” Agents also have the following properties (Wooldridge and Jennings, 1995,
p.2):

e Autonomy: agents operate without the direct intervention of humans or others, and have some kind of
control over their actions and internal state;

e Social Ability: agents interact with other agents (and possibly humans) via some kind of agent-
communication language (ACL);

e Reactivity: agents perceive their environment (which may be the physical world, a user via a
graphical user interface, a collection of other agents, the Internet, or perhaps all of these combined)
and respond in a timely fashion to changes that occur in it;

e Pro-activeness: agents do not simply act in response to their environment; they are able to exhibit
goal-directed behavior by taking the initiative.
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Figure 6: Federated Database System

This notion of an agent as being a self-contained and concurrently executing software process that encapsulates
some state and is able to communicate with other agents via message passing is seen as a natural development of
the object-oriented concurrent programming paradigm (Agha, 1986; Agha and Yonezawa, 1993). According to
Lau and Wong (2001), there are five cooperative types of agent:
e Coordinating agent: inputs the requests of the partners and sends them out to other appropriate
partners,
e Communication agent: is responsible for receiving and sending all kinds of message packets and
ensures quick and safe communications among the agents dispatched and member databases (both
internal and external),
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e Information agent: deals with the decision-making using the knowledge and information from other

agents,

e Search agent: assists in the search and collection of information from the underlying DBSs in the
lower layers,

e Reporting agent: collects and sends information about the operational situation within the database
system.

The agent-based wrappers can provide autonomous data discovery and transformation services to the export
schema and pass the controls to the upper layers in the federated schema.

Federated Schema

A federated schema encompasses two layers: the federated database layer and the control layer. It is an
integration of multiple export schemas and also includes the information on data distribution that is generated
when integrating export schemas. Some systems use a separate schema called distribution schema or an
allocation schema to contain this information (Sheth and Larson, 1990). The federated database layer is a
collection of relational or objected-oriented databases including a virtual data warehouse that is constructed on the
fly; stream-based processing of data that access large data sets that are continuously updated; and a repository that
keeps copies of data exported from the lower layer that provides critical infrastructure for disaster recovery and
business continuity. These databases are accessible and controlled by the mediator that resides in the applications
and control layer.The mediator is a middleware software module that exploits encoded knowledge about some
sets or subsets of data to create information for a higher layer of applications (Wiederhold, 1995). A mediator
provides transparency to users by hiding details about the location and representation of relevant data to
applications. Two types of controls are defined in this framework. Administrative control handles the
maintenance and updates of the mediator. Process control controls the federated database through the mediator.
This function includes data manipulation, access control, maintenance of the database and integrity constraints,
updates, debugging, and administration, as well as security and policy management.

External Schema

The external schema defines a schema for a user and/or application or a class of users/applications. The layer
associated with this schema is the applications and interfaces layer. The reasons for the use of external schemas
are as follows (Sheth and Larson, 1990):

e Customization: a federated schema can be quite large, complex, and difficult to change. An external
schema can be used to specify a subset of information in a federated schema that is relevant to the users of
the external schema. They can be changed more readily to meet changing users’ needs. The data model
for an external schema may be different than that of the federated schema.

o Additional integrity constraints can also be specified in the external schema.

Additional access control: Export schemas provide additional access control with respect to the data
managed in the lower layer FDBS.

The applications include data mining tools that generate reports for different users such as clients and customers,
as well as enterprise users on different levels and from different departments or subsidiaries. The major task of
the applications is to provide data exploration and analysis. Data rendered accessible from the mediator can be
analyzed in detail. These services can provide basic statistical summaries, enable visual exploration of data, and
support standard exploratory functions, such as building clusters, computing the regression of one variable on
another. Interfaces provide users convenient graphical tools for interaction with the FDBS. Access control is
enforced on the applications as well as in the control layer. On the business side, the external users — clients and
customers — can easily interact with the enterprise database through Internet or special network access
arrangements such as EDI (Electronic Data Interchange). On the enterprise side, internal users can interact with
the database through their PCs via networks such as a LAN or VPN (Virtual Private Network).

Both external and internal users are provided appropriate interfaces and access privileges. For example, top
management level users may access the critical financial and personnel data with a DSS (Decision Support
System) interface for decision making; operations managers may access the production control data for quality
assurance and volume control; and customers may access the enterprise store-front on the Internet to obtain
product information and support through web page interfaces with very limited access to the FDBS.
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CONCLUSIONS AND FUTURE RESEARCH

This research has developed a conceptual FDBS framework, a logical architecture for realizing federations of
centralized, distributed, and other federated heterogeneous database systems to provide centralized control over as
well as autonomous data source discovery and intelligent data retrieval from dispersed database systems. The
advances in network bandwidth capabilities enables the FDBS in the framework to access much larger data
sources, utilize more unstructured data, and stream the data to the centrally controlled data warehouses and
repository for real-time processing. In addition to accessing the enterprise-wide database systems, FDBS is able
to discover and access external rich data sources such as millions of websites. Relevant technologies include web
services mechanisms such as the Web Services Description language specifications, Grid-enabled data access and
integration services, directory services (such as Lightweight Directory Access Protocol), XML and relational
databases, semantic web technologies, and text-based web search mechanisms applied to unstructured text-based
meta-data (Foster and Grossman, 2003).

Intelligent agents give life to the framework. The cooperation between the agents makes the autonomous data
source discovery and data retrieval possible. Less human intervention in these processes makes the FDBS easy to
maintain and operate. However, artificial intelligence is still at an infantile stage and the capability of agents still
needs further development in terms of autonomy, social ability, reactivity, and pro-activeness. This paper has
several limitations. Because the purpose of this research is to develop a conceptual framework, the technical
details of each layer are not developed. To make the framework easier to implement in practice, further research
needs to address the following issues: the interoperability of the heterogeneous DBMS at the data schema level,
access control of the agents and wrappers to the lower level DBMS, technology-based limitations on agents in
autonomously accomplishing their tasks, and the mechanisms managing the federated database. This final point
includes the specification of integrity constraints, interoperability of different DBSs, data representation, and data
mining techniques.

Other research issues may include: “How will the FDBS impact the business strategy and decision-making when
more data is available with better accuracy?” “What financial implications will be, given the implementation of
this framework may be complicated and costly?” “What other elements can be added to this framework?”
“When implemented, will people accept it?” The technology acceptance model (Davis, 1989) may be used to test
this. By answering these questions including others, the author believes that the study of FDBS will be further
advanced.
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