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Preface 

This volume constitutes the proceedings of the sixth European Conference on Object­
Oriented Programming (ECOOP), held in Utrecht (the Netherlands), June 29 -
July 3, 1992. Previous ECOOP conferences were held in Paris (France), Oslo (Nor­
way), Nottingham (England), Ottawa (Canada, jointly with OOPSLA), and Geneva 
(Switzerland). Next year's ECOOP is planned to take place in Kaiserslautern (Ger­
many). 

Since the "French initiative" to organize the first conference in Paris, ECOOP has 
been a very successful forum for discussing the state of art of object-orientation. 
ECOOP has been able to attract papers of a high scientific quality as weil as high 
quality experience papers describing the pros and cons of using object-orientation in 
practice. This duality between theory and practice within object-orientation makes a 
good example of experimental computer science. The enormous commercial success 
of object-orientation may also be a problem for object-orientation. You cannot open a 
journal these days without reading about the great advantages of object-orientation. 
It is quite clear to me that many people are overselling object-orientation. The result 
of this may be that industry reacts negatively to object-orientation when it do es not 
live up to ail the given promises. We are sure that this year's ECOOP will continue 
the tradition of being a high quality conference and that it will contribute to a more 
balanced view on object-orientation. 

This volume consists of 23 papers, including one invited paper and 22 papers selected 
by the programme committee from 124 submissions. The selection process was very 
difficult due to the large amount of good papers and many good papers could not be 
accepted due to space limitations. Each submitted paper has been reviewed by 3-4 
people. The selection of papers was based only on the quality of the papers them­
selves. The quality of a conference is determined by the quality of the submitted 
papers and the quality of the reviewing. The members of the programme commit­
tee and the other referees have invested a large amount of work in the reviewing. 
The authors of submitted papers, the programme committee and the other referees 
deserve my sincere thanks. 

The conference includes presentation of invited and selected papers, a panel, tutori­
ais, workshops, demonstrations and an exhibition. In addition, the 25th anniversary 
of Simula 67, the first object-oriented language, will be celebrated. 1 would like to 
thank Mehmet Ak§it, Pierre America, Gert Florijn, Paul Hendriks and Chris Laffra 
for the great job they have done in organizing this conference. 1 would also like to 
thank the participants for their contributions. Further thanks are due to the spon­
soring organizationsj and to Susanne Br!2lndberg, who was a great help in organizing 
the programme committee work. The success of ECOOP'92 is due to ail these people 
and organizations. . 

May 1992 Ole Lehrmann Madsen 
ECOOP'92 Programme Chair 
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On Unifying Relational and Object-Oriented 

Database Systems 

Won Kim 

UniSQL, Inc. 
9390 Research Blvd. 
Austin, Texas 78759 

Abstract. The past several years have been the gestation period for a new 
generation of database technology. There has been a flurry of activities to 
develop and experiment with database systems that support an 
object-oriented data model or that extend the relational data model with 
sorne object-oriented facilities. These activities have been fueled by the 
emergence of a broad spectrum of database applications which relational 
database systems cannot support and the increasing need to achieve 
another productivity leap in application development. As a result of these 
efforts, there is now a sufficient body of knowledge for the development 
of a commercially viable next-generation database system. Such a system 
should support a unified relational and object-oriented data model; that is, 
a full object-oriented data model in a way that is completely compatible 
with the relational mode!. This article examines motivations for unifying 
the relational and object-oriented data models in a single database system, 
and outlines design and implementation issues that must be addressed in 
building such a system. 

1 Introduction 

During the 1980s, relational database systems [11, 12, 13,33] dominated the database 
market for business data processing applications. The relational database language SQL [3] 
became an industry standard. The theory, implementation, and use of database systems 
became a major discipline of computer science. The simplicity of the relational model of data 
and the dynamic management of a database have been accepted as vehicles for significant 
productivity enhancement in application development 

However, even as the acceptance ofrelational database systems spread, their limitations 
were exposed by the emergence of various classes of new applications. These applications 
include multimedia systems, statistical and scientific modeling and analysis systems, 
geographic information systems, engineering and design systems, knowledge-based 
systems, and so on. The limitations of relational database systems that these applications 
exposed fall into two categories: data model and computational mode!. The data-modeling 
facilities that relational systems lack include those for specifying, querying and updating 
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complex nested entities (such as design and engineering objects, and compounddocuments); 
arbitrary user -defmed data types; frequently useful relationships, such as generalization and 
aggregation relationships; temporal evolution of data (Le., temporal dimension of data, and 
versioning of data); and so on. The computation-modeling facilities that relation al systems 
lack include the management of memory-resident objects for extensive pointer -chasing 
applications (e.g., simulation of a computer-aided design); long-duration, cooperative 
transactions; and sa on. 

The need to reduce the cost of developing and operating these applications pointed to 
the need for a fundamental advancement in database technology, that is, a paradigm shift, 
rather than incremental extensions of the capabilities of existing data management systems. 
The basis of this fundamental advancement in database technology is the object-oriented 
paradigm developed in object-oriented programming languages. There are two major 
reasons the object-oriented paradigm is a sound basis for a new generation of database 
technology. 

One is that the object-oriented paradigm [16,29,32] can be the basis for a data model 
which subsumes the relational (and pre-relational) data models. Solutions to most of the 
data-modeling-related difficulties of relational database systems are inherent in an 
object-oriented data model. Relational systems are designed to manage only limited types 
of data, such as integer, f1oating-point number, string, Boolean, date, time, and money. In 
other words, they are not designed ta managearbitrary user -defined data types. On the other 
hand, a central tenet of an object-oriented data model is the uniform treatment of arbitrary 
data types and the facility to add new data types. Further, an object-oriented data model 
allows the representation of not only data, and relationships and constraints on the data, as 
the relational data model does; but also the encapsulation of data and programs that operate 
on the data, and provides a uniform framework for the treatment of arbitrary user -defined 
data types. 

Another reason is that the object-oriented paradigm, through the notions of 
encapsulation and inheritance (reuse), is fundamentally designed to reduce the difficulty of 
developing and evolving complex software systems or designs. This is precisely the goal that 
has driven the data managementtechnology from file systems ta relational database systems 
during the past three decades. An object-oriented data model thus inherently satisfies the 
objective of reducing the difficulty of design and evolving very large and complex databases. 
The notions of encapsulation and inheritance are a key to the search for further productivity 
enhancement in database application development. 

The promises of a database technology based on an object-oriented data model are 
c1ear. These promises fueled, during the past several years, a rush to develop a first wave of 
object-oriented database systems [30, 2, 8, 15, 14, 20]. About a half dozen systems are 
currently commercially available; sorne are persistent starage systems for C++ applications, 
sorne provide low-Ievel support for engineering and design applications; and sorne offer a 
relatively richer set of database features [25l. 

If the object-oriented technology can truly deliver thefundamental advance in database 
technology to the overall database market, that is, transition the database technology past the 
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current relational technology, it needs to he unified with the relational technology. The 
relational paradigrn should be extended with a set of fundamental object-oriented concepts 
found in most object-oriented programming languages and application systems. The 
database language that embodies the united modeling paradigm should be a minimal 
extension to the SQL relational database language. The database language should then be 
embedded in a wide variety of host programming lanugages to bring object-oriented 
modeling facilities to programmers of these languages. 

SQL--compatibility is a key to the adoption of new database systems that incorporate 
object-oriented modeling facilities. It will minimize the time necessary for the current 
relational users to learn the new technology, and facilitate the migration of relational 
applications to the new systems. However, SQL--compatibility will not solve the mismatch 
that has existed until now between a database language and the host programming language 
in which the database language is embedded. Ideally, database application programmers 
should use a single database programming language for both general-purpose programming 
and database management. Once object-oriented programming languages become solidly 
established as database application programming languages, database systems that 
"seamlessly" support the languages will certainly be usefuL 

Sorne vendors currently offerunified database programming languages by augmenting 
object-oriented programming languages, notably, C++ and Smalltalk, with persistent 
storage, transaction management, and limited query facilities. However, important 
challenges remain. Persistent storage and database management facilities (especially the 
query facilities) must be provided without introducing obtrusive syntax or semantics that is 
different from that of the programming language being augmented. Database management 
facilities and persistent storage should be provided to objects of ail data types allowed in the 
programming language. Further, database management facilities should be provided to not 
only persistent objects, but also nonpersistent objects. Finally, the extensions to one 
programming language should be applicable with minimal changes to a variety of other 
programming languages. It is important to note that, regardless of whether the database 
language is an extension of SQL or sorne object-oriented programming language, most of 
the considerations outlined in this paper remain valid. Ultimately, a database system must 
address the impact of object-oriented modeling concepts on the database architecture. 

A formidable array of technical challenges must be overcome before a next-generation 
database system can be bnilt that incorporates object-oriented modeling concepts into 
relational database systems. The purpose of this paper is to outline these challenges and how 
they may be met. First, the relational and object-oriented data models must he combined into 
a single coherent unified mode!. Second, a database language must be designed to allow the 
specification of dataandrelationships among them, and thequerying and updating of the data. 
Third, the database system must be built to fully support all the facilities the database 
language allows. Fourth, the system must deliver high performance; in particular, it must 
deliver performance comparable to relational database systems for all operations that can be 
performed using relational database systems. The strength of an object-oriented data model 
is also its weakness; the richness of an object-oriented data model that makes it possible to 
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model complex objects and their relationships in nonbusiness data-processing applications 
necessarily introduces added complexities with which the users must cope. The richness of 
an object-oriented data model also implies added difficulties in implementing an 
object-oriented database system. The designers of the unified database language and 
database system must carefully revisit the philosophy and design rationale behind relational 
database systems, and address a host of technical problems in database architecture. 

2 Design Issues 

A database system is in essence a software that implements ail the functions supported 
in a database language. A database language in turo is an embodiment of a data mode!. For 
example, the relational database language SQL stipulates how the users of a database system 
should create tables; specify data types and integrity constraints on the tables and columns 
within tables; populate the tables with rows; query, update, and delete the contents of the 
database; and so forth. A data model is thus the foundation of any database system. 

Further, adatabase language consists ofthree sublanguages: data-nefinition, query and 
data manipulation, and data control language. A data-nefinition language allows the 
definition of a database. A query and data manipulation language allows the database to be 
populated, and the database contents to he queried, updated, and deleted. A data control 
language allows the specification of database sharing and administration. 

ln this section, 1 will show first that a unified relational and object-oriented data model 
is in essence an object-oriented data model obtained by extending the relational model with 
key concepts found in object-oriented programming. Next, 1 will outline in terms of the three 
database languages architectural issues in building a unified database system. 

2.1 Data Model 

The primary advantage of the relational model of data is its simplicity; however, 
simplicity is also a major disadvantage of the relational mode!. Arelational database consists 
of a set of relations (tables), and a relation in turo consists ofrows and columns. An entry in 
a table may have a single value, and the valuemay helongto asetof system-nefined data types 
(e.g., integer, string, float, date, time, money). The user may impose further restrictions, 
called integrity constraints, on these values (e;g., the integer value of an employee age may 
be restricted to between 18 and 65). 

This simple data model is really a subset of an object-oriented data model; that is, the 
relational model can he generalized to arrive at an object-oriented data mode!. First, let us 
regard a table as a data type, and allow each entry of a table to be a single value belonging 
to any arbitrary user-nefmed table, rather than just the system-nefined data types. The first 
CREATE TABLE statement in Figure 1 shows the specification of an Employee table under 
the relational mode!. The values of the Hobby and WorksFor columns are restricted to 
character strings. The second CREATE TABLE in Figure 1 reflects data-type generalization 
for the columns of a table. The value for the Hobby column no longer needs to be restricted 
to a character string; it may now be a row of a user-nefined table Activity. 
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