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1. Introduction

Anobject—oriented database management system (OODB) is adatabase systemwhich supports an object—o-
riented data modei. Just as any traditional database system, it must provide disk management, data sharing,
data integrity, security, and a query language. Further, in support of an object—oriented data model, it must
manage complex objects with object identity, support objects that encapsulate data and behavior, structure
objects in classes, and organize classes in a hierarchy.

Starting around 1983, the field of object—oriented databases has rapidly turned into a major area of re-
search and become reasonably mature. It has attracted significant attention from the research community,
the business community, and the user community. During the past 7 years much has been accomplished:

» Existing database and programming language technologies have been reused and adapted: Concur-
rency control, recovery techniques, storage techniques, distributed data management, query optimiza-
tion and processing, type theory, and compilation techniques are examples of such technologies.

» New technologies have been developed for OODBs: Data models, query languages, indexing tech-
niques, query optimization, schema modification, user interfaces, authorization mechanisms, perform-
ance metrics, client/server architecture, and in-memory object managers are examples of such new de-
velopments.

o Considerable experimentation has been performed: Complete and partial prototypes have been built,
with IRIS [Fishman et al. 87], ORION [Kim et al. 90], and O2 [Deux et al. 90] being the major prototypes.
These prototypes have been used as vehicles of experimentation with most of the design and implemen-
tation issues for OODBs; they have also been used to evaluate the performance and functionalities of
the OODB technology.

e Afirstconsensus on the definition and core concepts concerning OODBs has been established [Dit-
trich 86], [Kim 90] and [Atkinson et al. 89]; and standards committees are currently attempting to forge
standards for various aspects of the OODB technology.

* Some products have been introducedin the market. Gemstone [Maier et al. 86], Vbase and its succes-
sor Ontos [Andrews 87], and the commercial version of ORION are examples of currently available prod-
ucts. Further, a few additional products are being readied for release in 1990 and 1991.

This highlevel of productivity in research and development is mainly due to the factthat OODB researchers
and designers have reused and adapted the technology and experiences accumulated from the development
of relational systems in the 1970s. We believe that the exploratory and experimentation phase for the OODB
technology is rapidly winding down, and the technology is poised to shift gear into the next phase to take root
in production environments to fulfill the needs that traditional database systems have failed to satisfy. Further,
we believe that the transition from the current phase to the next will take atleast a few years, requiring intensive
further research and consolidation. The research must be focused on bridging and negotiating the gap be-
tween the OODB technology and traditional database technology; and the best results of the past and current
research and development efforts, not only in the field of OODBs but also extensible databases, distributed
databases, and user interfaces, must be consolidated in building the nextgeneration of OODBs for production
environments. On the basis of these observations, we outline in this paper five topics we regard as the most
important and promising, in terms of relevance to OODB developers and/or technical challenges to OODB
researchers.

SIGMOD RECORD, Vol. 19, No. 4, December 1990 49



¢ query model and query optimization
e user interfaces

« design methodologies and tools

e view mechanism

o performance benchmarks

We note that there are other, albeit less pressing in our opinion, topics of relevant research, including the fol-
lowing.

» type theory and its integration into database languages

e architectural issues in implementing object managers
for both client/server and distributed machine configurations

o specification and enforcement of integrity constraints
e design, usage and maintenance of libraries of reusable objects

2. Query Model and Query Optimization

2.1 query model

Aithough some promising research has been done on queries (query model, query languages, and query opti-
mization), various problems remain. The major one is the definition of a query model that would account for
encapsulated objects:

¢ Unlike traditional query languages which only access data, query languages for OODBs must access
data encapsulated in objects by invoking methods. A method may be system—defined or user-supplied;
in either case, a method defines a far richer set of operators on data than those supported in traditional
database systems.

¢ It may be desirable to extend the closure property of the relational query languages to OODBs. A
query language with the closure property takes as input a schema (and a database) and generates as
output another schema (and another database). An OQODB schema usually consists of a set of classes,
classes consist of objects which have a structure and a set of methods. The query languages proposed
for OODBs thus far are in general able to map structured objects into other structured objects. However,
the objects returned do not necessarily belong to any of the existing classes; that is, to save the result
of a query seems to require the creation of some artificial new classes somewhere on the hierarchy of
classes. Further, query languages may take methods as “input” but do not generate objects with new
methods.

If we are to define a formal foundation for OODBs as an extension of the relational framework, it is highly
desirable to define a query model with the closure property. The notion of a complete query language defined
for relational query languages will be heipful to formalize the power of the query languages for OODBs. A com-
plete query language with the closure property will also serve as the basis for a view mechanism for OODBs,
as we will see in Section 5.

2.2 query optimization

Query optimization for OODBSs, just as for relational databases, involves enumeration of logically correct
scan orderings for the classes, generation of query—execution plans, cost estimation for each of the plans,
and application of algorithms and heuristics to reduce the search space for query—execution plans. However,
it is more complex than in relational systems because

1. data has a more complex structure,

2. queries involve method invocation and thus optimizing a query can mean optimizing an entire program,
and
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3. there is no object—oriented equivalent of the simple and concise relational algebra (and it may be impos-
sible to define such an algebra).

The complex structure of data in OODBs simply adds to the computational overhead in generating query—
execution plans, but does not appear to introduce fundamentally new and significant problems that designers
of relational systems have not addressed. However, queries involving methods have no relational equivalent,
and pose some serious problems. If amethod is used as anoperator in a query, conventional access methods,
such as a B-tree index, are no longer useful in optimizing the query; as such, new access methods are neces-
sary to expedite the evaluation of a query involving such an operator. Further, the selectivity of such ageneral
operator must be defined to augmentthe selectivities defined for conventional operators inthe query optimizer
of conventional relational database systems.

3. User Interfaces

Despite the longstanding consensus onthe importance of user interfaces for non—programming users of data-
base systems, the area of user interfaces for database systems remains largely barren. Most of the work has
been focused on the design of a specific user interface for a specific system, rather than on the development
of a generic user-interface technology.

Itis tempting to leave the problem to researchers in the user interface discipline: after all, the database commu-
nity does not develop operating systems to support database systems, so why should it develop user—inter-
face management systems (UIMS) specifically for database systems and users? We believe that the problems
that OODBs pose are particular and challenging, and they will be best addressed by the database community.

First, a specific data model, a specific schema structure, and a specific query language all require a specific
user interface. Atthe very least, one has to design such an interface using available user—interface technology
and tools. User interfaces for OODBs may very well become applications for a UIMS.

Second, evenifone is to design a specific user interface for a specific OODB, the nature of the OODB intro-
duces some new challenges, beyond those addressed for traditional databases. In particular, user interfaces
for OODBs must deal with

» complex objects and their representations on the screen, either by graphs, by embedded graphical
structures or by indented text structures (object sharing aiso requires an adequate visual representation
on the screen),

e muitimedia objects,
+ display and manipulation of very large objects on the screen, and
e active objects.

Interfaces to traditional databases only had to deal with “passive data” which simply needs to be displayed
and edited. In an OODB, objects have associated methods which may be activated directly on the screen,
objects may reference other objects, and objects may be cut and pasted on other objects.

Thus, we believe that one must use existing user interface technology and eventually develop a new one
to build systems which display complex interactive objects and connectthemto an application. These systems
shoulddisplay interactively very iarge objects onthe screen, display multimedia objects, provide a clean sepa-
ration between the application and the interface and allow users to design interactively the display they want
for objects.

4. Design Methodology and Tools

Thereis currently a need for a design methodology for OODB applications. Itis one of the consistentfeedbacks
users have been giving to OODB experimenters. The standard questions are “where and how do we start”
and “where do we go next?”

We must also address some cultural problems. There is a set of available object—oriented software design
methodologies; however, they take little or no account of databases. Further, database application program-
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mers have used existing methodologies for the past decade, based on some formal theories, and sometimes
with associated tools. Itis not reasonable to simply expect that the programmers will discard ali this technology
and culture. We must therefore devise new design methodologies for OODB application by either generalizing
the existing ones or by providing a migration path from the old to the new methodologies.

5. View Mechanism

Views, as provided by relational systems, form a simple and powerful mechanism for data representation and
structuring. The three-level ANS/SPARC architecture which uses the view mechanism is a useful architec-
ture to design complex applications involving several designers. Current OODBSs do not offer a general view
mechanism. A few of them offer some degraded form of views, either through exports of schemas or through
encapsulation, but no complete and simple mechanism is yet available.

One of the reasons was mentioned in Section 2: current query languages are neither closed nor complete.

Another reason is the added complexity the view—derivation relationship introduces to the schema; that
is, the view—derivation relationship results in a directed graph of classes and views along which some aspects
of the class or view definition may be inherited. This “view hierarchy” is in addition to the class hierarchy and
nested attributes of classes.

Objectidentity also makes view supportin OODBs more difficult than in traditional systems. Typically, view
definitions are stored in databases; but this seems to be difficult to do in OODBs because of the need for the
generation of new identifiers. For example, let us consider a database of people, with some of them being mar-
ried. Assume the schema describes this by objects of the class PERSON with an attribute spouse of class
PERSON. Suppose now we need to extract a view of this database with objects of the class COUPLE with
attributes HUSBAND and WIFE of the class PERSON. Then, this view must contain new object identifiers for
the COUPLE objects. One interesting question is whether these identifiers should be persistent or transient/
virtual.

6. Performance Benchmarks

The question of the performance of systems is raised every time a new system or a new generation of systems
is proposed. One of the important contributions the research community should make is to answer the ques-
tion “what is a fast system?”. This is usually done through benchmarks. The two traditional database bench-
marks are the Wisconsin Benchmark which measures relational systems; and the ET1/TP1 benchmarkwhich
measures transaction systems.

A few benchmarks have aiready been proposed for OODBs: the SUN benchmark [Cattell 90], the Hyper-
model benchmark [Anderson et al. 90}, and the ACOB benchmark [DeWitt et al. 90]. All these benchmarks
have been designed for engineering applications. Further, they only exercise complex object manipulation in
0O0DBs.

We believe that a more general benchmark is necessary for OODBs. Such a benchmark should be de-
signed for amuch broader spectrum of application areas than just engineering applications, since applicability
of OODBs is not confined to engineering applications. Further, the benchmark should be designed to exercise
the large set of new database functions that OODB designers have been incorporating into the systems; ex-
amples are message passing, schema modification, version management, multimedia data management,
etc. Finally, the benchmark should subsume relational benchmarks to allow a comparison across different
0OO0DB systems as well as a comparison between OODB systems and relational systems; this is an objective
since there is a large degree of overlap in functions provided by OODB and relational systems, and an OODB
data model can subsume the relational model of data.

7. Concluding Remarks

OODB research has been very active and productive during the past seven years, and the first batch of sys-
tems, incomplete as they may be, have reached the marketin response to a growing demand for better solu-
tions to data management problems than what the traditional systems offer. We believe that, although the
OO0DB technology has significantly matured, there is much room for further research and experimentation
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which should result in significantly more satisfactory next generation of systems. In this paper, we focused
on five topics of research in OODBs which we regard as the most important and relevant in responding to the
demands of the applications and which hold promise for exciting technical challenges.
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