In recent years, the computer science
community has shown increasing interest
in the object-oriented programming para-
digm. Many researchers have pointed out
OOP’s software engineering benefits,
such as ease of reuse, modularity, and ex-
tensibility.! The artificial intelligence
community has also shown interest,2* as
evidenced by many object-oriented ex-
tensions to conventional Al programming
languages such as Lisp and Prolog. The
most prominent recent example is the
Common Lisp Object System,** a hard-
ware-independent standard that demon-
strates a desire to put object-oriented tools
in the hands of large numbers of Al sys-
tem builders.

Such activity reflects a belief that OOP
can benefit Al application developers. To
explore the nature of such benefits, IEEE
Expert is initiating a special track:
“Object-Oriented Programming in AL”
This track will feature case studies dem-
onstrating OOP’s utility in constructing
intelligent systems. Our goal is to illus-
trate the types of Al problems and appli-
cations for which OOP facilitates a com-
putational solution. We begin the special
track with two articles in this issue; sev-
eral more articles will appear in subse-
quent issues.

OOP techniques have been used in
many practical Al systems, including
system development environments and
domain-specific knowledge-based appli-
cations. The experience of building these
systems has revealed a number of inher-
ent benefits of the object-oriented ap-
proach. For example, objects encapsulate
both data and processing capabilities in a
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single entity, facilitating the representa-
tion of both knowledge and the entities of
the domain being modeled. Since we can
view objects as computer-based, execut-
able instances of corresponding entities
in the problem domain,® the object-
oriented approach lets us focus on those
entities and construct computational enti-
ties that map closely to them and have
similar abstracted capabilities.” Systems
can then be “inhabited” by the same enti-
ties as those in the problem domain. This
feature has been exploited in intelligent
simulation research.®® Moreover, these
ideas apply equally well to conceptual
entities, such as goals and rules in an
expert reasoning system, as to concrete
objects.

OOP also offers the advantages of
modularity, which eases the task of the AI
system developer who aims to “carve
nature at the joints.” Modularity com-
bines with the additional object-oriented
features of data hiding and polymorphism
to allow the seamless integration of
heterogeneous knowledge structures and
inferencing mechanisms. Although dif-
ferent objects might employ disparate
representations internally or behave dif-
ferently, they might all respond to an
identical set of messages, or protocol. For
example, in Joshua,'® a generic set of mes-
sages defines a “Protocol of Inference”
for modifying and querying a database of
assertions. Although differ- ent types of
assertions could have different ways of
responding to messages, all are externally
represented and accessed in a uniform
way. In another example, the EDS/OWL
environment'' defines behaviors (meth-

ods, slot access, etc.) as objects adhering
to a common protocol. Specialized be-
havior objects enable the uniform inte-
gration of rule-based, logic, and access-
oriented programming.

Similarly, OOP can be the enabling
technology for integrating AI compo-
nents with conventional applications. Our
first article, by David Franke, describes
an object-oriented protocol that allows
the integration of an inferencing mecha-
nism with CAD tools. The protocol de-
fines a set of messages for performing
both forward and backward chaining in-
ferencing. In particular, the protocol lets
the rules operate on the tool’s data struc-
tures as if the structures were assertions in
the rule base. This provides a tighter
coupling between the existing tool and
the inferencing component, and it avoids
translations between the different repre-
sentations.

OOP also facilitates other strategies
for the construction of intelligent sys-
tems. For example, one approach asserts
that a knowledge-based task can be
accomplished by decomposing it into
several agents, each containing and repre-
senting a chunk of the complete knowl-
edge needed to accomplish the overall
task. By applying the object-oriented
metaphor of intelligent communicating
agents, we can view the computational
system in terms of individual experts
that accomplish goals via interaction. A
variety of applications have employed
these notions, including a natural-
language parser in which objects repre-
senting parsing experts for individual
sentence constituents interact to parse
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entire sentences.'? OOP’s fundamental
characteristics facilitate the construction
of a system with such an architecture:
because objects encapsulate both state
and behavior, and because they possess
inherent communication capabilities,
they are natural candidates for the imple-
mentation of distributed, multiple-agent,
intelligent systems.'3

Our second paper, by Naser Barghouti
and Gail Kaiser, further explores the use
of object orientation in multiple-agent
environments. In their rule-based soft-
ware development environment, objects
model both software modules and the
agents that act on them (either human
users or components of the environment).
Rules capture the requirements of the
software development methodology
being modeled, for example, a require-
ment that certain test suites must be run
after a particular module is modified. The
central issue explored by Barghouti and
Kaiser is how to support cooperation
among a team of software developers
working on a common project. Their so-
lution involves an object-oriented data-
base with a novel concurrency-control
mechanism rooted in the semantics of the
object-oriented representation.

Over the course of this special track
we will examine other issues of interest
to Al application developers, such as
articles that

» compare the use of objects to repre-
sent knowledge with other approaches,
such as frames;

» compare the OOP notion of inheri-
tance to other models of representation
sharing;

» examine the relationship between
the use of objects to implement cooperat-
ing intelligent agents and the Al subfield
of distributed artificial intelligence;

* discuss the adaptability of objects
for automated knowledge acquisition or
machine learning systems;

* explore the integration and manage-
ment of objects in production environ-
ments that emphasize persistence, secu-
rity, and performance; and

« describe the use of object-oriented
programming in other specific knowl-
edge-based application domains.
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