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Abstract

The obvious approach to preparing students for fifth generation computing is to focus on
the two primary languages used by the Artificial Intelligence community: Lisp and Prolog. By
dwelling on the features lacking in traditional didactic languages, €.g. symbolic manipulation and
rule-based programming, an awareness and appreciation for the increased power of fifth generation

systems can be imparted.

However, this emphasis is only a partial solution because it ignores one of the more important
programming languages of the future. We claim that Smalltalk is at least as important as Lisp
and Prolog from the point of view of fifth generation computing. The object-oriented paradigm
that it supports, its emphasis on modularization for “programming in the large”, and its potential
as an Artificial Intelligence programming language combine to make jt an important candidate for

consideration.

1 Introduction

Fifth generation systems are distinguished from traditional systems primarily by their
emphasis on symbolic computing and the highly parallel hardware expected to support it. Since
Lisp and Prolog are the two main programming languages supporting symbolic manipulation,
they are the obvious languages to focus on when the aim is preparing students for fifth generation
computing. Their primary features, advantages and disadvantages can be studied and illustrat.d

through applications in artificial intelligence.



But these are not the only languages worthy of consideration. In particular, Smalltalk is an
equally valid candidate since it is an instance of a new class of programming languages based on
the notion of actors or active objects. Although the design of fifth generation languages is in its
infancy, we believe that features of all three languages will play an important role in a viable
general-purpose fifth generation language of the future. Whether purposeful or not, ignoring the
primary features of any one of these languages is tantamount to neglect. Our aim, in this paper,
is to support the claim that Smalltalk is as important as Lisp and Prolog by briefly reviewing the
three languages in juxtaposition with the object-oriented paradigm. The ultimate conclusion is

that ignoring Smalltalk is as negligent as ignoring Prolog.

'2 The Object-Oriented Paradigm

The object-oriented viewpoint treats objects as the primary focus in designing and

‘ implementing software systems. Objects are endowed with a representation (data) and methods
(code) for responding to messages (queries). Since the objects are directly responsive, they are
active (as opposed to passive) data structures. Such active objects are generally referred to as

actors.

The actor paradigm is receiving renewed interest both as a consequence of the recent
availability of Smalltalk processors'* and as a side-effect of the actor-based research being pursued

by the Artificial Intelligence community.'®?4

Actors are the result of a convergence of several computer science/artiﬁcia.l intelligence

developments and ideas:

1. abstract data types and modularity from programming languages such as Euclid
and Ada,

2. message passing from operating systems and distributed processing,
3. inheritance from frame-based artificial intelligence systems,

4. objects and object-oriented programming from Lisp (Flavors) and the Smalltalk

community.



It is the natural paradigm for describing real world objects since such objects can be made to
correspond one-to-one with actors. The ease of matching actors with domain objects is expected

to play a major role as systems become increasingly knowledge based.

Additionally, inheritance mechanisms that permit data/code sharing along hierarchies permit
modularization to a degree which is not possible with the more primitive scoping mechanisms
of traditional languages. 1In conjunction with generic operations provided automatically
by the object-oriented approach, the inheritance mechanism provides effective support for

programming-in-the-large!°,

The basic notions of general actor systems are embodied in Act/1 and described in several
publications by Hewitt and Lieberman':16=19.24.25  (3thar sources include Byrd et al®, Laff??
Reynolds®® and Thalmann®?. Smalltalk and its style of object-oriented Programming is described
in detail in Goldberg and Robson'* and Goldberg'®. Other sources include Borning®, Curry et
al’, Green et al'® and the Xerox group®®. Applications of actors and object-oriented Programming

include Borning*, Kahn?® and Klahr?!,

The Act/l project is concerned with the design and implementation of a distributed system
with a very large number of processors, the Apiary'®. Problems associated with workload
balancing and special hardware for performance are fundamental problems being considered.
Smalltalk, on the other band, is more concerned with providing an object-oriented programming
system as a replacement for traditional systems. Implementations on conventional hardware
(e.g. M68000 systems) with acceptable performance is the main goal. In spite of interesting

performance improvements! 13133 gyctem performance is still marginal but promising.

From the point of view of ffth generation systems, the actor approach competes with the logic
approach in its promise of providing highly concurrent hardware /software systems for symbolic
computing. However, it deviates by insisting that side-effects, as encapsulated in individual actors
(actors can modify their data), are of paramount importance. The logic school, on the other
hand, ignores the problems associatéd with operations that have side-effects; e.g., add-clause,
delete-clause, ..., as it attempts to develop a highly parallel version of Prolog comparable to
“pure” Lisp. The hope is that side-effects can be introduced after the fact without impacting or

compromising the parallelism.



3 Lisp as a Fifth Generation Language

Traditionally, Lisp has been known for its list processing and language extension capabilities
through macros and powerful readers (among other features). It is the most important A.IL
language of the eighties and required background for any'serious Al endeavour. However, such
capabilities are not the exclusive property of Lisp or its derivatives. For instance, lists are
also available in Smalltalk and so are control structure extension (although the methodology is
different). On the other hand, in its original form Lis.p lacks concurrency primitives, does not
support abstract data types very well, nor is it message oriented. Extending the language to

include these features in an integrated manner is a major effort.

Most recently, object-oriented programming (via Flavors) has been added to extend the power
of the language. Although this is a step in the right direction, the extension is not well integrated
with the existing data types. It is in the direction of helping Lisp ‘become the PL /1 of the eighties.
On the other hand, the MIT methodology!® which consists of a redesign of the Lisp base using

actors and message-passing as the underlying paradigm is a better approach in the long run.

4 Prolog as a Fifth Generation Language

Prolog? is the first practical instance of the logic family of programming languages. It
provides unification and backtracking as the two most important programming concepts. With

t,'227 Prolog and its variants are

the impetus provided by the Japanese fifth generation projec
receiving accelerating interest. New architectures®** for variations of Prolog are being investigated

along with new languages such as Concurrent Prolog?®*°.

From the point of view of a fifth generation language, Prolog suffers from several deficiencies.
The most notable is that it requires and uses side-effects extensively (assert/retract) in spite of the
fact that the language semantics ignores it. Current resez.u'ch is concerned with adding parallelism
to the language but ignores the problems that will be faced by programmers as they attempt to
manage assert/retract in the presence of concurrency. Actor systems, on the other hand, support

both side-effects and concurrency as fundamental principles.

Another problem is that Prolog is very much a research tool. It lacks a comprebensive



programming environment. Morcover, it is data structure oriented rather than data type oriented;
the representation of the data must be known exactly in order to access relevant information (a
regression from the point of view of computer science). It lacks modularization facilities although
simple scoping facilities are appearing. Lastly, it is evolving towards actors since object-oriented

features are being introduced®?,

5 Smalltalk as a Fifth Generation Language

Smalltalk™* is the first member of a new family of actor languages. It consists of a
small, well-defined language (similar to Paseal in size) along with a complete multi-window
programming environment. The virtual machine specification is available along with the source
code. Additionally, it includes extensive libraries with browsing capabilities that allows the system

to be easily extended, modified, and experimented with.

Although Smalltalk is a small, well designed language and environment, it does not offer the

full power of an actor system. For instance,

1. all instances of a specific class must have identical representations and methods.
Thus,
1. instances are not allowed to have personalized methods.
2. multiple representations are not possible.

2. It doesn’t allow specialization of classes with individual representations (subclasses

must have a representation that includes the supertype representation).

3. It has a primitive multiprocessing facility based on scmaphores - higher level

facilities can be provided by more general actor systems.

4. Method inheritance and the is a hierarchy are needlessly intertwined.

Nevertheless, Smalltalk does provide the major properties of an object-oriented system:
modularity, generic operations, inheritance, and message-passing.  Although not originally
conceived as a symbolic manipulation language to rival Lisp, it does have the requisite facilities

(e.g., list manipulation and built-in garbage collection), and extension capabilities to make it so.



6 Conclusion

Although fifth generation languages and systems have yet to appear, it is not too early to

introduce students to the concepts and programming techniques that will play a dominant role.

By focussing on the deficiencies of Lisp and Prolog, we have tried to point out the importance of

Smalltalk as a vehicle for supplying the “missing” pieces.

Additional evidence for the importance of actors and the actor paradigm can be seen from

the increasing popularity of object-oriented programming. Consider Green'?®, Borning?, Kahn?°,

Klahr?!, Reynolds?®, and Thalmann®?. More important is the fact that (a) new object-oriented

languages such as Smallworld®®, Ross®*®, Loops?, and Act/1?* are being designed and (b)

object-oriented features have been added to Lisp via Flavors’->® and Prolog via extensions3”.
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