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Abstracts

Propesed new software systemas are always larger and more complez than their predeces-
sors. At the same time, the programmers and designers of these systems are put under
pressure to increase their productivity, keep escalating software costs in check, and produce
systems which are more relicble and easy to maintain. Currently, most of this software is
developed using high-level languages bosed on the traditional procedure-dates model of com-
putation. This paper describes an alternative which may prove to be a more appropriate
model for the design of large, complez software systema. It is based on the view that software
systerns should be constructed as communities of active ezperts or "Actors”, each of whom
kas (1) it’s own knowledge base, (2) the ability to perform certain preacribed tasks and (3) is
cble to communicate with other Actors by message-passing. Until recently, systems based on
this model have not generally been available, either tucked away in the rescarch laboratories
of major computer manufacturers, or the journals of the Artificial Intelligence community.
However, as this paper describes, the model is now being used as the basis for commercial
spplications in creas as diverse cs simulation, compuler animation, and office automation.
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1 Introduction

The software systems being developed by Artificial Intelligence researchers are no
different in many respects from the systems being developed by the business and scientific
communities. They are large, intricate systems often very difficult to implement if they must
also be understandable, reliable and maintainable. The Al community has been developing
their own ideas to deal with the construction of such systems; ideas whose application is not
restricted to the Al domain. This paper introduces the concept of Actors, discusses their
properties, and describes how Actor systems and languages are being used in application
areas outside AL

Most of today’s commonly used high level programming languages are based on the
classical procedure-data model of computation. They draw a distinction between the data
or information being manipulated and the procedures that actually perform the manipula-
tion. Some modern languages, Ada for example, have changed this emphasis somewhat by
providing increased language support for data abstraction. This move is a recognition of
the importance of the concepts of locality and modularity to the design of large software
systems. An abstract data type can be thought of as a program module which extends the
predefined data types provided as standard in the language. It consists therefore of a data
structure together with the operations that can be applied to members of the new type
bound together in a single program module. Users of the type need only be provided with
a specification of the values that members of the new type may take and of the effect of
each of the operations. The internal details of the data type module, data structure, details
of the implementation of each operation, and local data and procedures, are hidden from
the user. This supports the generally accepted idea of information hiding; presenting users
with an external functional specification of a module while the internal specification remains
hidden and inaccessible. This allows the internal details of a module to be modified without

impact on any of it’s users.

Actor or object-oriented systems take the view that a single entity, an Actor or object,
should be used to represent both data and procedures. They utilise and extend the explicit
facilities for creating classes and instances which were first introduced by the programming
language Simula 5. However, whereas the object-oriented facilities in Simula can be thought
of as being extensions to a predominantly traditional Algol-like procedure-data language,
Actor systems adopt the far more radical view that programs should consist solely of

communicating actors or objects.

The first truly actor or object-oriented systems evolved from two research efforts; the
development of the Smalltalk *7 family of languages by the Learning Research Group at
Xerox PARC, and the development of the actor model of computation by Hewitt’s research
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group at the Al laboratory at MIT 7.

‘Smalltalk is much more than a programming language; it provides a complete pro-
gramming environment for the design and implementation of software systems. The sys-
tem is designed for use with a powerful personal computer, incorporating a high resolution
bit-mapped graphics display together with a mouse and keyboard. The latest iteration of
the language, Smalltalk-80 !7, has recently been made available on the Xerox Dolphin and
Dorado computers.

Languages which have emerged from the Al world include Act 1 !°, an experimental
language for cobstructing actor systems and studying the actor model of computation,
Director %, an actor-based animation language, Flavors 3, a sublanguage of Lisp Machine
Lisp, ROSS 3, a simulation langauge, and LOOPS !, which adds facilities for data, object
and rule-oriented programming to Interlisp. Al researchers have seen the actor methodology
of organising programs as a society of communicating problem-solving experts as a promising
means of managing the complexity of large Al systems. Most of the Al actor systems are
implemented as cxtensions to one of the many dialects of Lisp.

Smalltalk and the various Al systems share many common ideas and principles. However,
there are differences in the manner in which these are realised; some systems, particularly
the Al variety, introduce concepts unique to themselves. Rather than concentrate on these
differences, the significant characteristics of Actor systems and their advantages will be
summarised. First, a note on terminology. The term ”Actor”, first coined by Hewitt, is
generally used in the Al community, whereas "Object” is used in Smalltalk. As will be seen
in a moment, the term Actor better typifies the activity and dynamism associated with the
concept, whereas Object is suggestive of passivity and an inanimate nature.

2 Characteristics of Actor systems

The actor model of computation is attractively intuitive; the interactions between
independent entities {Actors) in a program can very often be equated to the process of
interaction between humans. Each actor in a system can be thought of as playing out an
active (acting) role not unlike the role humans play in real-life systems. The actor style of
programming, sometimes called anthropomorphic programming, is one which comes very
naturally to programmers. End-users of Actor-based systems enjoy the benefits of being
able to think about actors in a computerised system in the same way as the corresponding
physical actors in a real-life system. For example, in an electronic office environment, the
office principal might read his mail by asking the mail administrator actor "Do you have

any new mail for me?”, or check his appointments by asking the diary administrator actor,



J. R. Pugh Actors - The Stage is Set 4

"What appointments do I have today?”. The office principal himself can be thought of as
just another actor.

What is an actor? An actor is a small processor which is defined solely by it’s behavior.
It's behavior is characterised by its response to receiving a message. Communication between
actors is achieved through the single, uniform metaphor of message passing. When a message
is received by an actor, the actor determines whether it recognises the message as one for
which it has a programmed response. If so, the script, method, or procedure associated with
the message is evaluated and a response, if necessary, is relayed back to the sender of the
original request (or another actor). An actor has a local body of knowledge which it can use
to respond to a message. If appropriate, the actor can provide operations which would allow
other actors to interrogate and (possibly) update this knowledge. The actor "owns” it's own
knowledge; it decides if and when other actors may access it, or even know of it’s existence.
A distinctive feature of actor systems is that there is no central database facility. Rather,
knowledge is embedded in individual actors and thus distributed throughout a system.

Looked at in isolation, an actor consists of a local knowledge base, and a set of behaviors.
A behavior is characterised by a message and a script or method defining what the actor’s
response to that message will be. In order to respond to 3 message, an actor will often need to
seck assistance from other actors it is acquainted with. Thus the scripts for an actor involve
sending messages to other actors and in this way messages propagate throughout an actor
system. Note that, since it is the actor receiving a message that determines the response,
the same message may be sent to different actors and result in many different responses.
The type of messages which may be sent to actors varies greatly from system to system.
The Smalltalk family uses message-sending expressions which must conform to fairly rigid
syntactic rules and in many ways resemble traditional procedure calls. The message specifies
a receiver, a message selector for the receiver to identify, and any arguments necessary for
the processing of the message. The A.l. systems, on the other hand, often allow quite
complex message structures to be used. These systems make use of sophisticated pattern
matchers to parse incoming messages and have led to the development of highly readable
English-like user interfaces to actor systems.

Continuing the analogy with interacting human systems, just as humans or objects
often share similar characteristics and abilities, all actor systems provide mechanisms which
allow actors to share common knowledge and behaviors. This allows, for instance, an actor
to be described as a specialisation or extension of another actor, perhaps being exactly
sitnilar to an existing actor except that the specialised actor has additional knowledge or
behaviors. Knowledge sharing avoids the duplication of scripts for shared behaviors in every
actor and makes the modification of such scripts more manageable by centralising them in

a single actor.
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There is no uniform mechanism for the implementation of knowledge sharing within
actor systems. A common approach is to use the notion of an actor inheriting the knowledge
and behavior of another. The simplest form of inheritance arranges actors in a hierarchy or
tree structure. Actors automatically inherit the knowledge and behavior of their parent in
the tree. In such an environment, an actor receiving a messagé which it itself cannot respond
to, will pass the message on to it’s parent which may be able to respord to the original
message or who in turn may pass the message on to it’s parent. The actor at the root of the
tree is the most general and contains behaviors applicable to all actors. Individual actors may
override the automatic inheritance mechanism by defining their own individual behaviors or
knowledge which will supercede those contained within the parent. In Smalltalk, inheritance
is implemented using a subclassing mechanism. Instances of a class inherit the attributes
of that class. If that class is a subclass of another then the instance may inherit attributes
of the superclass if needed. The actor languages often base the inheritance mechanism on
ancestral information. An actor inherits the capabilities of the actor which created it. The
simple inheritance mechanism based on ancestral information has been found to be too
restrictive for efficiently describing many problem situations. Actors are often not simply
specialisations or extensions of a single actor; rather they embody facets or characteristics
from a number of actors. Thus, mechanisms which support multiple inheritance, the ability
to inherit knowledge from more than one actor, have been incorporated into many actor
systems 241012,

Returning to the analogy with real-life systems one final time, our discussion has so
far peglected one very important fact; humans in real-life systems operate concurrently.
Primitives for dealing with the problems of concurrency have traditionally been grafted
on to procedure-data languages (e.g. Ada, Modula, Concurrent Pascal). One of the main
motivations for much of the work on actor systems has been the belief that they are far
better placed to exploit and control the parallelism which must be harnessed by large Al
systems of the future. For example, the problems of access to shared resources are more
easily controlled in an actor world where knowledge is centralised in resource management
gctors, and where concurrently executing processing units (actors) are largely independent

and communicate solely via message-passing.

3 Applications

To illustrate the broad range of application areas for which the actor paradigm is
appropriate and to provide references to existing actor-based systems, we will briefly describe
their use in three application areas: simulation, animation, and office automation.

Since actor systems view programming as a simulation of the the real world, simulation
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is an obvious application area for actors. A research program in knowledge-based simulation
at the Rand Corporation has led to the development of the actor-oriented language ROSS
13 ROSS has been successfully used as the implementation language for SWIRL 9, an
air battle simulator for use by military strategists. Objects in the air battle domain, for
example, AWACS systems, fighter planes, enemy 'penetrators’, command centres and fighter
bases, are represented as ROSS actors in the simulation system. Actors are either generic
actors or instance actors. The generic Fighter class actor, for example, contains knowledge
and scripts common to all Fighters, while individual Fighter actors contain instance specific
information. Generic knowledge and scripts are accessed through a multiple inberitance
mechanism. Messages to actors are pattern matched, allowing a readable and flexible
English-like command structure appropriate for military personnel who are concerned only
with the air battle domain.

The actor model of computuation has been used extensively in computer animation
systems such as ASAS ¥, DIRECTOR 8, and CINEMIRA !5. These systems use actors to
represent theatrical performers and animated objects and allow the movement of these actors
to be programmed independently in such a way that they appear to move concurrently from
one movie frame to the next. ASAS (Actor/Scriptor Animation System), initially developed
at MIT, was reponsible for the stunning special effects sequences in the recent movie TRON.
ASAS is a general-purpose programming language, built on top of LISP, which has been
extended with primitives for geometric objects and operators and parallel control structures.
When an animated sequence is produced frame by frame, ASAS allows actors to enter and
exit ’on cue’, act in parallel, and synchronise with each other through message-passing.

In the area of office automation, the implementation of the revolutionary graphical user
interface to the Xerox Star '? professional workstation is based on the principles of object-
oriented programming, subclassing and multiple inheritance. The workstation software
comprises over a quarter of 3 million lines of code. Before a single line of code was written,
it was decided that users would best relate to the final system if it were designed around
the metaphor of the physical office. This was achieved through a user interface which,
using a high-resolution bit-mapped display, presents users with a virtual desktop on which
iconic representations of physical office objects such as filing cabinets, appointment books,
and mail trays can be manipulated. The selection of an object-oriented implementation
was 3 natural one. It made possible the situation where the system design metaphor of '
communicating physical office objects was also the model on which the implementation was
based.
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4 Summary

We believe that, when actor and object-oriented languages become more generally
available, the actor paradigm will have a profound influence on programming practice.

The actor model may also prove to be more appropriate in exploiting the parallelism
presented by advanced VLSI computer architectures. We have discussed the notion that
actors can be thought of as independent processing units operating concurrently with their
own ’'instruction sets’, 'memory’, and the ability to communicate with other actors by
message-passing. As memory and processor costs fall, it is possible to seriously envisage
machines whose computational power will be derived from interconnected processors where
each processor has it’s own memory. Using this kind of architecture, actors may be assigned
to different processors and work on the solution to a problem in paraliel. At least one such
system ! is currently under construction. Of course, the problems associated with this type
of distributed computation are far from clearly understood at the present time.

Finally, we would like to acknowledge the work of those researchers without whom this
paper could not have been written and express our thanks to Professor Wilf Lalonde for his
valuable comments on early drafts of this paper.
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