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Letter from the Editor-in-Chiet

| would like to announce changes to the editorial board effective June 1990. Dina Bitton, Michael Carey,
Roger King, and Sunil Sarin have completed their two year terms as Associate Editors, and Rakesh
Agrawal, Ahmed Elmargarmid, and Yannis loannidis have agreed to take their places on the editorial board.
On behalf of the TC, | thank the outgoing Associate Editors for the fine jobs they did, and welcome the
new Associate Editors.

Meral Ozsoyoglu is organizing the September ‘90 issue in cooperation with Zbigniew Michalewicz. The

issue will feature selected papers from the 5th International Conference on Statistical and Scientific
Database Management which was held in April in Charlotte, Noth Carolina. | will edit the December issue,
which will be a special issue with ACM SIGMOD RRECORD on Directions for R&D Databases.

Won Kim
June 1990
Austin, TX

Letter from the TC Chalir

This will be my last message to you as Chair of our TC on Data Engineering. | am happy to announce that
the new Chair is Professor John V. Carlis of the University of Minnesota. Dr. Carlis has been active in our
TC, having served as Program Chair and then General Chair of the Data Engineering Conferences. John
and his group at Minnesota are doing some pioneering research in the relationships between knowledge
and data engineering. Welcome aboard John!

We have seen several changes to the TC over the last couple of years. First, we initiated a dues policy in
an effort to lead the Technical Activities Board — the governing body for the Technical Committees —
toward a cost-center concept in which each TC is responsible for its budget. The dues are supposed to
partially offset the costs incurred by the TC. In our case the major expenses are the publication of the
excellent Data Engineering Bulletin and the sponsorship of the International Conference on Data
Engineering. The Data Engineering Bulletin has an excellent reputation within the community. It has
been ably guided by Dr. Won Kim.

There are several news items associated with the Data Engineering Conference. Next year, for the first
time, the conference will leave the United States and travel to Kobe, Japan. Thereafter, it will be hosted in
the US one year and outside the US the next, in a two year cycle. We are seeing the Data Engineering
Conference become truly international. | hope our readership will continue to support the conference by
writing papers, reviewing papers, and attending the conference. In conjunction with the Data Engineering
Conference in Kobe, there will be an International Workshop on Interoperability in Multidatabase Systems,
to be held April 8-9, 1991 in historic Kyoto, Japan. _

Another important event has been the publication of the new IEEE Transactions on Knowledge and Data
Engineering, under the expert guidance of Professors C.V. Ramamoorthy of UC-Berkeley and Benjamin
Wah of the University of lllinois.

It has been a pleasure to have been able to work with you and to have served as TC Chair.
Larry Kerschberg

Chair, Department of Information Systems and Systems Engineering, George Mason University _
Fairfax, Virginia '



Letter from the Issue Editor:
From Theory to Practice in Heterogeneous DBMS Access

David Reiner
Lotus Development Corporation

One Canal Park
Cambridge, MA 02141
(617)-577-8500
dreiner@lotus.com

This issue is an experiment, bringing together papers from both research and
unabashedly commercial perspectives. This combination is particularly appropriate in
the area of heterogeneous database access, which has been a lively and interesting
research area over the past ten years, but which is now turning into a commercial
reality, driven by the rapidly increasing connectivity of computer systems.

To a database user, the potential payoff is great in accessing and integrating
diverse corporate, organizational, and workgroup data sources, and in broadening the
“field of vision” to include related but separately-developed databases. To both
researchers and commercial developers, the challenge has been equally great.
Heterogeneous database systems are not just on different hardware and software
platforms; they differ in connection protocols, data models, query languages,
processing capabilities, and transaction models. Databases built on these systems
have meta-data conflicts, where similar information is structured and defined
differently, and data conflicts, where units and data values disagree. It is often non-
trivial even to match up corresponding records on different systems.

The juxtaposition of research and commercial viewpoints in this issue is also an
interesting reminder of some of their fundamental differences. | have learned though
occasionally painful experience of the difficulties of moving from theory to practice,
from research prototypes to viable commercial systems. Often it is a case of depth
versus breadth.

Researchers tend to concentrate on one particular aspect of a problem, while
making a number of simplifying assumptions about issues they see as tangential. The
results can be valuable insights, representations, algorithms, heuristics, approaches,
or proofs of concept. But they can also be idiosyncratic, isolated, or incompatible with
related results, and consequently of sharply limited practical utility.

Commercial developers, on the other hand, are faced with multiple target
platforms, a gallimaufry of standards, the need for compatibility with previous
decisions, and the goal of hiding complexity from the user. Their concerns must be
broader almost by definition, with at least some thought given to every issue. The



results can be intuitive and easy-to-use products that greatly increase productivity and
solve real problems in an innovative fashion. However, products can also be non-
rigorous or complex, with inconsistent user interfaces, narrow applicability, and feature
sets driven more by deadlines and competitive checklists than by technical
considerations.

Have | offended everyone by now? | hope not, for what the best efforts of
researchers and commercial developers have in common is a combination of
penetrating insights, simple yet elegant design, consistency and coherence, and solid
engineering.

This issue comprises eight papers, four from each camp. Dennis McLeod leads
off the Research System section with a paper on the INTERBASE project at USC,
covering the spectrum of heterogeneity, its accomodation in a federated system, and
heuristic support for information sharing. Stuart Madnick, Michael Siegal, and Y.
Richard Wang describe research on database instance matching, value interpretation
and coercion, semantic reconciliation, and tagging of data sources, in the context of
the CISL project at the Sloan School of MIT. The paper by Bipin Desai of UNC-
Charlotte and Richard Pollock of Concordia University gives a general reference
schema architecture, an associated mapping language, and approaches to database
integration and query processing in their MDAS prototype. Finally, Alfonso Cardenas
of UCLA covers pictorial database management, graph database modeling, and visual
queries, for heterogeneous and multi-media databases.

The Commercial System section starts with an overview paper by Amar Gupta
and Stuart Madnick of MIT's Sloan School comparing the data models, languages,
and processing strategies used by eight commercial systems to integrate
heterogeneous information systems. Wayne Duquaine of Sybase, Inc. describes the
use of a general purpose client/server interface to provide mainframe database access
(e.g., DB/2 under CICS) from workstations, via an extended RPC mechanism. Dave
Simonson and Dave Benningfield of Ingres Corporation discuss the Ingres approach
to Open SQL, network access, Gateways to diverse DBMSs, and distributed queries
and transactions. Lastly, Peter Harris and | cover the Datalens specification, a
capability-based interface that permits Lotus applications such as 1-2-3/3 to access
and manipulate data sources ranging from relational servers to flat files and CD-ROM
databases.

I would like to express my thanks to all of the authors who contributed to this
special issue. They worked under time pressure to produce clear and concise
descriptions of their systems and approaches.

David Reiner
June, 1990



INTERBASE: An Approach to Controlled Sharing among
Autonomous, Heterogeneous Database Systems

Dennis McLeod
Computer Science Department
University of Southern California
Los Angeles, CA 90089-0782

Telephone: (213) 743-8302
E-mail: mcleod@pollux.usc.edu

Abstract

The problem of accommodating the controlled sharing and exchange of information among
a collection of distributed and/or heterogeneous data’knowledge bases has been examined
over the years from a number of points of view, and is currently resurfacing as an
emphasis in database research. This short paper describes several aspects of the
INTERBASE project at USC, which focuses on an approach and experimental system for
information sharing and coordination among autonomous, heterogeneous database
systems.

1. Introduction

Consider an environment which consists of a collection of data’knowledge bases and their
supporting systems, and in which it is desired to accommodate the controlled sharing and
exchange of information among the collection. We shall refer to this as the
(interconnected) autonomous heterogeneous database environment. Such environments
are extremely common in various application domains, including office information
systems, computer-integrated manufacturing systems (with computer-aided design as a
subset), personal computing, business and financial computing, and scientific research
information bases. The trend towards the decentralization of computing that has
occurred over the past decade has accentuated the need for effective principles,
techniques, and mechanisms to support the sharing and exchange among the component
data’knowledge base systems in such an environment, while maximally retaining
autonomy for the components.

Traditional research on “distributed databases" (see, e.g., [Ceri 84-1]), assumed a
common, integrated database specification (conceptual database schema). While some of
the research results obtained in this general area of endeavor are applicable in the
autonomous heterogeneous database environment, such approaches generally assume a
single conceptual database which is physically distributed. Work on "multi-databases”,
"superviews", and "virtual databases” has stressed the need to provide a unified, perhaps
partial, global view of a collection of existing databases [Dayal 84-1, Litwin 86-1,
Motro 81-1].  Techniques for database integration [Batini 86-1], which are often
primarily considered for the design of a single database system based upon a number of
application subsystems, have application to the problem of partially integrating existing
heterogeneous databases as well. Notably, techniques for multi-databases and database
integration all focus on conceptual schema level diversity. "Federated database”
architectural issues and techniques for information sharing at the conceptual schema



level have also been specifically addressed in the interconnected, autonomous database
environment [Heimbigner 85-1, Lyngbaek 84-1].

In this short paper, we briefly examine the INTERBASE project at USC. A major focus of
this project is to devise and experimentally implement techniques and mechanisms to
support the controlled sharing of information among a collection of autonomous,
heterogeneous database systems. We shall not endeavor here to examine the thrusts of
this research project in detail, but rather briefly examine two of its principal
distinguishing aspects. First, the INTERBASE approach adopts a more general view of
inter-operability among autonomous database systems than previously supported. In
particular, we examine information sharing and coordination beyond the conceptual
schema level; we note that sharing may be at a number of levels of abstraction and
granularity, ranging from specific information units (data objects), to meta-data
(structural schema specifications and semantic integrity constraints), to behavior
(operations), to database model and supporting system (DBMS). Second, we propose a
specific architecture (or, more precisely, a class of architectures) which directly
address the need to support the dynamics of inter-database sharing patterns, and explore
the notion of an "intelligent” advisor to assist non-expert database system users in
establishing and refining sharing with external database systems.

2. The Spectrum of Heterogeneity

As a basis for our analysis of and approach to the various kinds of diversity which may
exist in the interconnected autonomous database environment, consider a federation of
components, which are individual data/knowledge base systems. A component includes
both structural and behavioral information. Structural information involves the
representation of information units (viz., objects) and their inter-relationships, at
various levels of abstraction; included are both specific data facts and higher-level
meta-data specifications. Behavioral information includes operations to manipulate
information units and their inter-relationships, which can be either invoked by users
or by the system itself; also included are services that a component may provide to itself
or other components in the federation.

In this context, we can consider a spectrum of heterogeneity. That is, the heterogeneity
in the federation may be at various levels of abstraction:

Meta-data language / Conceptual database model:
The components may use different collections of and techniques for combining
the structures, constraints, and operations used to describe data.

Meta-data specification / Conceptual schema:

While the components share a common meta-data language (conceptual
database model), they may have independent specifications of their data
(varied conceptual schemas).

Object comparability / Database:

The components may agree upon a conceptual schema, or more generally,
agree upon common subparts of their schemas; however, there may be
differences in which information objects are represented, how they are
identified, etc. This variety of heterogeneity relates to the interpretation of
atomic data values as denotations of information modeled in a database
(naming).



Low-level data form / Data format:

While the components agree at the model, schema, and object comparability
levels, they may utilize different low-level representation techniques for
atomic data values (e.g., "units of measure”).

Tool / DBMS:

The components may utilize different tools to manage and provide an interface
to their data. This kind of heterogeneity may exist with or without the
varieties described immediately above.

3. Accommodating Heterogeneity in a Federation

One approach to accommodating heterogeneity in a federation is to deal with it on a
component pairwise basis. This of course requires n? inter-component translators for a
federation with n components. A second approach is to provide some common "language”
which allows the components to communicate and share information and services. Both
of these approaches have been explored to an extent, as noted above. In INTERBASE, we
specifically attempt to provide a common inter-component communication and sharing
model. This model, termed the kernel object database model (KODM) addresses the
middle three levels of heterogeneity above (viz., meta-data, object, and low-level data
form diversity).

Figure 1 illustrates the top level architecture of INTERBASE. Here, a number of
component database systems (DBSs) share information via a sharing mechanism that
supports KODM. Each DBS may be based upon KODM, or may support another model via a
tailored translator. Note that this provides a means to handle database system
heterogeneity (the fifth kind of semantic diversity above), but that this approach of
course provides no specific support for it. An interesting special case is the one in
which each DBS support KODM as a kernel, with some higher level model built on top of
it. In this case, the heterogeneity supported involves the meta-data and object levels.

Sharing Mechanism -
Kernel Object Database Model (KODM)

Sharing INTERBASE Sharing
Information Advisor Heuristics

Figure 1. The Architecture of INTERBASE
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