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the verb of the relative clause, e.g. “The man whom I know
lives here™:

PRON(REL,~"WHO") VP(TRANS ,SUBJECT,-OBJECT)—
VP(RELCL = ¢VP,PRMODS = PRON. .. PRMODS,
OBJECT = PRON)

This rule says that if a relative pronoun other than “who” is
followed by a transitive verb phrase (actually a clause) that
already has a subject but no direct object, a new verb phrase
can be formed to cover these two segments. This new VP is
marked as a relative clause, and the relative pronoun is picked
up as a premodifier of the head verb and is also called the
direct object. (The equal sign is the assignment operator, and
the cent sign means to make a copy of a record.)

If the sentence being processed had erroneously been writ-
ten with “who” instead of “whom”, e.g. “The man who I
know lives here”, the above rule would not be applicable and
the sentence would not be parsed during the first step of the
processing described above. However, during the second step
the following rule is added to the set of rules to be considered,
and in fact would be applicable, resulting in a parse:

PRON(“WHO"”) VP(TRANS,SUBJECT,~OBJECT)—
VP(RELCL = ¢VP,PRMODS = PRON . ..
PRMODS,OBJECT = PRON,

ERRORS = ERRORS . .. <“ERROR”,TYPE =
“PNCASE2”, ,
EHEADB = PRON,CSEGS = < ¢PRON,'"WHOM' > >)

This rule is similar to the one above, but requires that the
relative pronoun be “who.” When this rule is applied, in
addition to describing the new segment formed with the same
information as above, it is also given another attribute
(ERRORS) with information about the error made by the
writer. This additional information is itself in the form of a
record with attributes to specify the type of error, where it
occurs in the sentence, and what correction should be made.
If the segment record created by applying this rule ends up as
a node in the parse tree, this information will be used to
produce a diagnostic message to the writer.

We consider the idea of having separate error-detection
rules of this sort as temporary in the current implementation,
and intend to replace them with a scheme that would simply
allow restrictions in the original rules to be relaxed semi-
automatically, much in the manner described in the papers by
Weischedel and Black and by Kwasny and Sondheimer, cited
above:

3. Detecting Use of “Of” for “Have” After a Modal

An error that occurs commonly in spoken English and
sometimes in written English is to use “of” instead of the
contracted form of ““have,” because they sound alike, e.g., “I
should of gone” instead of “I should’ve gone.” Such a sen-
tence would fail to parse during the first step of processing
with our grammar. However, during the second step the fol-
lowing rule is added to the set of rules to be considered and
would be applied in such a case:

VERB(MODAL)/ PREP(‘OF’)—
VERB(‘HAV’ -INDIC,INF,ERRORS = < ‘ERROR’;
TYPE = ‘AUX!’,EHEADB = PREP,
CSEGS = < ¢PREP,'HAV’,INF,SEGTYPE = ‘VERB’ > >)

This rule says that if the preposition “of”” is preceded by a
modal, treat it as if the verb “have” had appeared there in-
stead. (Note the use of the modal as a left-context element.)
As with the error detection rule shown above, this rule creates
a record describing the segment as it should be and also asso-
ciates with it information about the error made.

F. FUTURE DIRECTIONS

In the near future we expect to implement a variety of Type
IT syntactically-based stylistic evaluations, such as those pro-
vided by the Writer’s Workbench. In our very long range
objectives, however, we hope to shift at least two of the three
critique factors, and move from the sentence to the paragraph
level, as well as change from a syntactic to a semantic perspec-
tive. For example, we would like to be able to represent the
meaning of a sentence as a series of related propositions, and
then assess the degree of continuity between these proposi-
tions and previous ones, in particular being guided by a few
pattern models typifying acceptable exposition principles.
Two such models that seem to characterize some of our letters
are a parallel pattern in which the initial one or two sentences
establish a variety of propositions to be subsequently dealt
with in turn, and a sequential narrative-type model in which
the previous sentence’s propositions are those to which the
next sentence’s propositions most closely relate. Thus, para-
graphs having irregular, nonmodel associations among succes-
sive sentence propositions could be judged as much less con-
nected or cohesive than those that conform well to a model.
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ABSTRACT

We have completed the development of the REL System, a
system for communicating with the computer in natural lan-
guage concerning a relational database. We have been using
that system in a series of experiments on how people actually
do communicate in solving an intellectual task. These experi-
ments, together with our general experience with REL, and
related work elsewhere, have led us to the specification and
development of a new system, the POL (Problem Oriented
Language) System. POL is an evolutionary extension of REL,
preserving what has worked, and extending and adding new
capabilities to meet observed needs. These improvements in-
clude more responsive diagnostics, handling of sentence frag-
ments, inter knowledge base communications, and new facili-
ties for building and extending the knowledge bases of users.
This'| paper introduces POL.

INTRODUCTION

We have completed the development of the REL System, a
system for communicating with the computer in natural lan-
guage concerning a relational data base. We have been using
that system in a series of experiments on how people actually
do’communicate in solving an intellectual task. These experi-
ments, together with our general experience with REL, and
related work elsewhere, have led us to the specification and
development of a new system, the POL (Problem Oriented
Language) System. POL is an evolutionary extension of REL,
preserving what has worked, and extending and adding new
capabilities to meet observed needs. This paper introduces
POL.

KNOWLEDGE BASED SYSTEMS IN THE RAPIDLY
CHANGING ENVIRONMENT ‘

The continuing rapid increase in both the capability and avail-
ability of computers has raised the expectations of what they
can do for us. In the near future they should be able to re-
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spond intelligently to directions we give to them in our own
natural language. Intelligent response to natural language im-
plies more than the understanding of the structure of lan-
guage. It also implies knowledge of the meanings of the tech-
nical terms we use in dealing with the complex problems of
our work domains, and the ability to use that knowledge in
formulating responses. In communicating about technical
matters, we make use of many facts and relationships that are
tacitly understood. Thus the computer must not only have
available to it a body of facts, a database, but knowledge of
the relationships that tie that data together. We will refer to
this wider body of knowledge as a “knowledge base.”

A knowledge base concerning a given subject area contains
the relevant data concerning that area; the notion of knowl-
edge base incorporates and extends the notion of database.
When one queries a database, one expects to get back only the
raw data one asks for. Most database systems go somewhat
beyond simple recitation of data that has been put into them,
providing, for example, statistical reduction of that data. A
knowledge base goes well beyond this, incorporating knowl-
edge of the domain that it can use in dlgestmg the query in
conjunction with its data.

A simple example may be useful. Consider a system con-
cerned with the loading of cargo ships. One can instruct it to
put various items into the ship’s cargo spaces. If the system is
knowledgeable, it will be able to answer a query concerning
the remaining area available in a given cargo space, for it will
know that the remaining area is the total area less that oc-
cupied by shipments and that it can compute the area oc-
cupied by a shipment from the dimensions of each particular
type of shipment, dimensions contained in its data.

Knowledge is closely associated with language. Certainly it
is knowledge of the language that gives a system the capability
to respond to natural language queries. In the above example
it was knowledge of the term ‘“‘remaining area” that allowed
the system to give a useful reply concerning the remaining
area of a cargo space after a variety of shipments had been
placed there. Thus a knowledge base is a language-database
package where the language component includes the seman-
tics of the domain of application.
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Knowledge base systems cover a wide range. We first char-
acterize this range and then identify that area within this range
where our interests lie. At the low end of this spectrum are the
programming languages, such as Fortran, Pascal, and Coni-
ver; they know nothing about the domain of the user. The
high end of the spectrum is open ended, as there is no “most
knowledgeable” system.

The most intelligent systems now are typified by the medi-
cal diagnostic systems such as MYCIN. In these systems, the
physician who is not a specialist in a particular field of medi-
cine can call up the computer, hold a highly technical dialogue
concerning the history and symptoms of his patient, and ex-
pect to get diagnostic information reflecting the knowledge of
the best specialists in the field. We point out several properties
of such systems. The task of putting into a system the best
knowledge available in the field is expensive in both time and
resources. Further, the source of this knowledge is not the
user, but experts removed in time and place. To make such
systems economically viable, the domain must be stable, the
technical terms of the domain widely known and un-
ambiguous, the application must be widespread and im-
portant, and the expectation must be that the knowledge base
will change only slowly with time.

In contrast to this type of knowledge domain, there is the
knowledge base of the typical research team, management
staff, or administrative office. A research team may be de-
signing, constructing a prototype and testing a new device; the
inventory control staff of a firm may be keeping track of and
reordering a large variety of parts; a government agency may
be administering contracts and evaluating proposals. In each
of these cases the user is intimately involved in the mainte-
nance of his or her knowledge base. It may appear that the
structures of these respective knowledge bases are rather stat-
ic; however, this is not the case. Indeed it is the constant
shifting in structure of the knowledge base and its associated
vocabulary that mark these organizations that must operate in
a constantly changing environment. Not the least of these
changes is in the personnel themselves, each with their own
ways of doing things, ways which must be reflected in the
base. These knowledge base systems are the properties of
their users, and the principal tasks of their development and
maintenance lies with their users.

REL and POL are designed as knowledge base systems for
these rapidly changing environments.

In these systems there are two levels of change that are
important. First, there is change by the users themselves.
They must be able not only to modify the various data items
in the knowledge base, but to extend and modify the structure
of the base itself. They must be able to add definitions and
other abbreviated means for extracting and manipulating the
data, and by these means add their own tacit knowledge and
expectations so that the computer will respond meaningfully
and succinctly to their further queries.

The second level of change is at the application pro-
grammers’ level. Preparing the knowledge base for a particu-
lar using community constitutes a major task. For a system
like MYCIN, the clerical aspects of this task are dwarfed by
the time resources of true experts. The mundane aspects of
actually putting their knowledge into the computer can be
relegated to far less costly resources. However, in the case of

systems on which we are focusing, the “‘experts” are more
local to the using group and are called upon far more fre-
quently to prepare knowledgeable working environments to
fit the newly arising tasks or circumstances confronting their
user clients. The systems on which we are working must sup-
port both levels of change.

THE REL/POL KNOWLEDGE BASE SYSTEMS

In designing the REL and POL Systems, we sought to build
into the system all aspects that would be common to all or
most rapidly changing knowledge base environments. These
include managing the input and output, data storage and re-
trieval, and processing of the language—parsing and semantic
interpretation. They also provide facilities for creating and for
extending and modifying a knowledge base, for adding and
changing data and vocabulary, and for handling definitions.
These capabilities are essentially identical in REL and POL.
Since they are adequately covered in the REL documenta-
tion,'"*> we will cover them only briefly here. Here are some
of the main features of POL.

The core of a knowledge base system is its language pro-
cessor. The POL language processor consists of four parts:

® the Preparser, which takes care of such tasks as line
continuation, multiple blanks, recognizing whole num-
bers, and looking up all words in the lexicon;

® the Parser, which develops the parsing tree for the input
by using a pattern matching algorithm in conjunction
with the particular grammar table for the specific lan-
guage involved;

® the Semantic Processor, which uses the parsing tree to
compose the interpretive routines that are associated
with the grammar rules;

® the Output Processor, which does a variety of final ed-
iting on the results of semantic processing to prepare
the lines to be output.

Following is some information about the various techniques
we use in each of these four steps of message processing.

The most interesting aspect of the Preparser is the lexicon
processing method. We use a triple hashing technique. Given
an identifier, or word, to look up in the lexicon, we hash it one
character at a time into the first hash bit table of 2**14 bits.
If the corresponding bit in this table is 0, then the segment so
far hashed can not be the initial segment of a word in the
lexicon, and we can stop. Otherwise we refer to the second
hash bit table, again of 2**14 bits. If this corresponding bit is
0, then the segment hashed so far is not itself in the lexicon.
Only on success here do we finally hash down to 64 hash
buckets and search the appropriate bucket for identical key.
This technique is in general very fast, since the hash bit tables
can be kept in highspeed memory. Moreover, it results in a
particularly fast, lexicon-driven spelling corrector.

There are today two parsing algorithms being used for
grammar-driven natural language processing, the top down
ATN parser, developed by Woods,'* and the bottom up Pow-
erful Parser of Kay.® Both are chart parsers in the sense of R.
Kaplan,* and it is now known that their basic algorithms are
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essentially identical (as shown by Papachristidis’). REL and
POL use the Kay parser. We feel that the bottom up approach
provides the basis for more useful diagnostics and for more
useful information in handling sentence fragments such as
ellipses, false starts and added information.

We do not order our grammar rules or multiple parsings,
thus we get all possible parses of the input message. A dis-
tinctive feature is that ambiguities are handled internal to the
semantic processor routine, and thus interpretive routines,
associated with the grammar rules, do not have to be aware of
the possibility of ambiguity. The semantic processor also ex-
pands definitions, including instantiation of variables. This
agdin leaves the interpretive routines to deal only with local
problems of the immediate phrase and its immediate constitu-
ents. ,

An interesting aspect of the Output Processor is that it
distinguishes between diagnostic messages and substantive an-
swers. Any interpretive routine, looking at its local context,
can output a message and may mark it as a diagnostic. At the
end of output processinig, the Output Processor considers all
messages, diagnostic and substantive alike. If there is at least
one substantive response, all diagnostics are repressed. Re-
maining ambiguous messages ate edited for redundancy. We
give two illustrations of the use of this mechanism.

First, suppose the input message was ‘“What is the rank of
the radiation officer of the Alamo?”’ In the processing of this
message, an interpretive routine will be called to determine
the radiation officer of the Alamo; suppose it finds by refer-
ence to the data base that the Alamo does not have a radiation
officer. This interpretive routine then issues the diagnostic
message: “There is no radiation officer of the Alamo.” and
otherwise signals that it was unsuccessful, aborting the re-
mainder of semantic processing. This meassage would then be
output. )

As a second example, suppose that the term “gross sales”
was multiply defined, having two entries in the lexicon; one
that resulted in summing the sales for a given product, the
other summing the sales made by a given sales person. In
answering the question “What is the gross sales of diodes?”
the interpretive routine interpreting the construction “gross
sales of diodes” would be called twice by the semantic pro-
cessor, once for each definition of ‘“gross sales.” In the first
case, it would issue a substantive response; in the second case
it would issue a diagnostic: “Diodes is not a sales person.”
The Output Processor, seeing that a substantive response is
forthcoming, would repress the diaghostic, and the user would
get only the response he or she desired.

The data base organization underlying both REL and POL
is the relational one. It is complete, in the technical sense of
that term as used in relational data base theory. We have
devoted a great deal of attention to optimization of data base
algorithms, particularly in regard to access to peripheral stor-
age. Indeed, efficiency of processing was a paramount con-
cern thtoughout the development of REL. A principal objec-
tive of REL was to establish that fully operational, natural
language, relational data base systems could be realized in the
near term. A primdry requirement therefore was good re-
sponse time. Total throughput message processing time, on an
IBM370/3032 computer and using a data base developed by
others for testing just such systems (the Navy “blue” file), is

averagihg about four seconds. The total response time from
input to output of the answer for the query

What is the destination and cargo type of each ship whose
port of departure was some Soviet port?

is less than 10 seconds.

THE REL EXPERIMENTS

We have learned a great deal from REL and, in particular,
from the series of experiments on human-to-human and
human-to-computer communication. The majority of these
experiments involved a real life task of loading Navy cargo
ships. The total time spent by subjects was over 50 hours,
which yielded for final comparisons 20 face-to-face protocols,
11 terminal-to-terminal protocols, and 21 human-to-computer
protocols, containing over 80,000 words. (See Thompson'? for
a complete report.)

It was found that in task-oriented situations the syntax of
interaction is influenced in all modes by this context in the
direction of simplification, resulting in short, simple sentences
(averaging in all three modes about seven words). Users seek
to maximize efficiency in solving the problem. When given a
chance, in the human-to-computer mode, to use special de-
vices facilitating the solution of the problem, they all resort to
them.

In reporting on the analysis of these protocols, the term
“message” refers to an utterance of one speaker; a ‘‘sen-
tence” was required to contain both a noun phrase and a verb
phrase, be confined to a single message and have substantial
semantic cohesiveness. Parts of messages not also parts of
sentences were identified as either “phatics” or “fragments.”
A phaticis any string whose function was to keep the channels
of communication open, e.g., “okay,” “I see,” and—to the
computer—*“You lie.” The following table presents some of
the results of analysis (F-F = face to face, T-T = terminal to
terminal, H-C = human to computer).

F-F IT HC
Sentence length 6.8 6.1 7.8
Message length 9.5 10.3 7.
Fragment length 2.7 2.8 2.8
% of words in sentences 68.8 72.8 89.3
% of words in fragments 17.2 21.1 10.7
sentences per message .96 1.22 .81
fragments per message .59 74 .19
phatics per message 1.1 .59 .04

The types of sentences used in human to computer commu-
nication is of considerable interest:

Total Percent
All sentences 882 100
Simple sentences, e.g., “List the decks
of the Alamo.” 651 73.8
Wh-type questions, €.g., “What are ships?” 658 75.0
Sentences with pronouns, e.g.,
“What is its length?”’ 30 3.4
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Total Percent

Sentences with quantifiers, e.g., “‘List the

class of each cargo.” 101 11.4
Sentences with conjunctions, e.g., “List

hatch width and hatch length of each

deck of Alamo.” 113 12.8
Sentences with relative clause, e.g.,
“List the ships that have water.” 16 1.9

The dominance of simple sentences is striking. The reason
is certainly not the lack of availability of complex sentences.
We think that several factors account for this. The problem-
solving situation influences the subject to work in a simple
manner, often employing what we have termed special strate-
gies, e.g., repetition of the same type of requests. Another
reason is definitions. Once subjects introduce a definition
whose right hand side is complex, they use it in subsequent
messages, which are therefore short and simple. Another rea-
son may be that subjects tend to be more formal in con-
versation with a computer. On the whole, one is forced to
conclude that monotony of structure is the rule rather than the
exception in human-computer communication.

Fragments compose a significant part of communication in
all three modes. In an earlier paper on human dialogue in
problem-solving situations, it was noted by Chapanis' on the
basis of extensive experiments that “people do not naturally
speak in sentences” and that “in general great unruliness
characterizes communication.” At first sight of the protocols
one tends to confirm the impression. But a closer look and
careful analysis reveals a considerable orderliness. Over the
course of analysis of these protocols we have been led to
classify fragments into eleven categories,'? each suggesting
corresponding procedures for processing them. We will brief-
ly comment on three of these categories here.

Terse Question: e.g., “How about pyrotechnics?” ‘“How
many?”’, “Which ones?” Elliptical questions of this type
should be handleable by computational means. Note that in
handling pronouns, one looks in the preceding part of the
protocol for a referent that can be substituted for the pro-
noun. The same techniques appear applicable in this case,
when one seeks a referent that can be replaced or modified by
the body of the elliptical expression.

Added Information: e.g., “What are the destinations of
ships?...Soviet ships,” “It doesn’t say anything about
weight. . . . Except for the crushables.” The frequency of such
added information suggests that the terminal keyboard should
be kept open and additional input before start of output
should be incorporated into message processing.

False Start: e.g., “Do ships What Ships carry ammunition?”
Although computer terminals usually provide a convenient
means for deleting an input and starting over, they are not
always used. Ways of intercepting these occurrences should
not be difficult to incorporate.

Important insights into ways to improve the habitability of
human-computer systems was gained by analysis of the errors
that occurred in the protocols. In the human to computer
protocols there were 446 errors. A breakdown into eight
categories is given by the following table:

Total Percent
Vocabulary 161 36.1
Punctuation 72 16.1
Syntax 62 13.9
Spelling 61 13.6
Transmission 32 7.2
Definition format 30 6.7
Improper response to prompt 16 3.6
“Bug,” error in system 12 2.7

THE EXTENDED CAPABILITIES OF POL

Although the core of the POL System is similar to REL, it
also embodies several significant extensions. In the first place,
in the development of REL, very little attention was given to
problems of habitability, a property of human-computer sys-
tems sometimes referred to as “friendliness.” For example,
there was no spelling corrector and substantive diagnostics
were particularly weak. Analysis of the experimental proto-
cols has indicated concrete directions for improvements. To
illustrate, you will notice in the table immediately above that
the greatest source of errors was the use of words that were
not in the vocabulary of the particular application. REL did
not identify those words nor even indicate the nature of the
problem. The user would often try paraphrases using the same
missing word before sensing the source of his or her difficulty.
POL immediately identifies such words, as in the following
example:

User: What is the usual use of the super deck of the Alamo?
REL: Input error: please re-enter request.
POL: The following word is not in the vocabulary: usual

Other illustrations will be given below.

In REL, we were preoccupied with the core of the system
and with REL English and its relational database system.
Capabilities beyond these core concerns are, however, also
important, in particular those facilitating inter database com-
munication, the distributed database problem, and also capa-
bilities to facilitate the building of specialized user applica-
tions. We have had two fine doctoral dissertations which have
introduced significant improvements in these two areas.
These have added new dimensions to POL beyond REL, as
described below. Finally, we are incorporating several meth-
ods for augmenting natural language for more efficient
human-computer communications. These topics will be dis-
cussed in the following four subsections.

All of these topics, however, share a common theme. Prob-
lems of natural language processing and efficient database
processing are now well in hand and quite adequate for imple-
mentation of practical systems with good response times. The
REL System gives quite convincing evidence of this. The next
stage in improving human-computer communication will be
through a better understanding of how users will actually be-
have as they productively interact with the computer in ways
that are natural for them. The systems that we can now pro-
vide are unfriendly, they are too sensitive to trivial errors, too
pedantic in the messages they are willing to understand, they
make inadequate provision for building the user’s knowledge
base and vocabulary into the system, they do not offer ade-
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quate protection from catastrophic mishap, and they do not
provide for normal kinds of inter knowledge base commu-
nication. The user is in a position where s/he realizes s/he is
doing something wrong but has no idea how to proceed. The
thrust of our work in extending REL to POL is to relieve these
unfriendly aspects of using the computer and to.replace them
by a habitable working environment.

Diagnostics

The user inadvertently makes mistakes. Even when the
user’s message is quite correct and the computer formulates a
correct response, that response may still be confusing. In
these cases, the computer needs to provide a more useful
response. Diagnostics are of two kinds: semantic, which must
be accounted for in the interpretive routines of the specific
language involved; and syntactic, which can largely be taken
care of in the language processor. We give several illustrations
of POL diagnostic techniques.

The first step in correcting the diagnostic deficiencies in
REL was to maintain with each phrase recognized by the
parser its underlying literal string so that this string is available
to both the system and the interpretive routines for framing
meaningful responses. Thus for example: “San Diego ships”
may be found to be ambiguous, referring both to those ships
located in San Diego or to those ships whose home port is San
Diego. REL provides these two interpretations but does not
provide the user with any indication of the source of the
ambiguity. In POL, the interpretation routine that is looking
for San Diego ships discovers the ambiguity and, having the
string “San Diego ships” available, is able to tag them. Thus:

>What are the destinations of San Diego ships?
Ambiguous:
(1) San Diego (location) ships
New York
Tokyo
(2) San Diego (home port) ships
Naples
San Diego

Using this technique we have been able to incorporate many
of the ideas concerning diagnostics expressed by S.J. Kaplan,®
as illustrated by the following example:

>What is the square foot capacity of the super deck of the
Alamo?
The Alamo does not have a super deck.

A technique we are widely employing in POL, facilitated by
an “evaluate” procedure that can be called from an inter-
pretive routine, is to check out possible corrections by calling
the parser and semantic processor, and using these evalu-
ations in deciding on a response. When corrections are made,
we signal the interpretation by echoing. If the number of
potential corrections exceeds some small number at any given
point, then any attempt at correction is discontinued and a less
informative diagnostic is given. Thus the query:

>Who is the commander of the Alemo?

might, as the case may be, yield any one of the following
responses:

® Capt H. Smith
® The Alemo does not have a commander.
® Spelling corrected: “Alamo” for “Alemo” Capt H.
Smith
® Ambiguous:
(1) Spelling corrected: ““Alamo” for “Alemo”
Capt H. Smith
(2) Spelling corrected: “Alimo” for “Alemo”
Capt K. Jones
® The following word is not in the vocabulary: Alemo

We are augmenting the POL English grammar with many
rules which recognize what are, strictly speaking, un-
grammatical forms. The interpretive routines associated with
these rules will have checks and safeguards built into them,
again with use of evaluate, and will echo the corrected form
before giving the response. For example:

»width, length of M74 truck

Width and length of M74 truck?

96 180

>What is the destination of the Alamo.
What is the destination of the Alamo?
London

These methods do not, however, handle the problem where
the input message does not completely parse because it does
not strictly adhere to the grammar. How to frame truly helpful
responses in these cases is a difficult research question. The
work of Sondheimer and Weischedel'® provides important di-
rections.

Fragments and Pronouns

There has been some excellent work by Grosz on identi-
fying and following the focus of a dialogue® and by Sidner on
using this notion of focus in identifying the referent for pro-
nouns and anaphoric expressions.” Using these and other lin-
guistic analyses of pronouns, Roach has developed a consid-
erably improved method for handling pronouns in POL.* We
hope to be able to apply these same techniques to the pro-
cessing of terse questions and added information. The dis-
cussion above of the experimental profocols indicates other
areas where we plan to strengthen POL’s ability to handle a
variety of sentence fragments.

Inter-Knowledge-Base Relationships

A research or management staff has not one but many
knowledge bases. For example, in a manufacturing firm there
would be a personnel base, an inventory control base, a pur-
chasing base, a customer base, etc. Each of these has its own
practices for updating and deleting, and each is the re-
sponsibility of a different part of the firm. In the past, at-
tempts have been made to consolidate all of these into a single
corporate database, but this has been found to be unsatis-
factory. Similarly, in a research staff or project team, there
may be a variety of knowledge bases, each documenting a



662 National Computer Conference, 1981

variation of a basic experimental design. In these rapidly
changing environments, where members of the staff are in-
volved in modifying and extending their knowledge bases,
backup copies must be maintained, contingencies examined,
alternative plans evaluated—requiring several working copies
of a common knowledge base.

POL provides the capability for creating and maintaining
many knowledge bases within the same knowledge base sys-
tem. Further, these several knowledge bases may be inter-
related in a variety of different ways. One such relationship is
“basing.” One knowledge base, say B, can be “based’” upon
another, say A. Once this basing operation has taken place,
all of the information available in A is automatically available
in B, and any subsequent changes in A are automatically
reflected in B. Changes in B, on the other hand, will not affect
A at all. A knowledge base may be based upon several other
knowledge bases, and many knowledge bases may be based
upon a single one.

To see how these capabilities might be used, suppose the
accounts in a firm were divided into three groups, aa, bb and
cc, each the responsibility of a separate desk in the accounting
section. Then three knowledge bases, AA, BB and CC would
be created, each owned by its respective desk which would
preserve the rights to modify it. The general accounting base,
say GG, would be based on all three. The higher management
base MM and the home office base HH would be based on
GG. A staff office, studying the effects of a change in pricing
policy, could also base their study base SS on GG, making
what ever changes they were interested in in SS but not affect-
ing GG at all. These capabilities reflect the doctoral dis-
sertation of Yu.'?

Metalanguage

POL incorporates a significant new notion of meta-
language, the knowledge-base environment for the applica-
tion programmer. The bottom ‘‘knowledge base” of the POL
System is POL English, containing the syntax of a subset of
natural English, a mathematics package and the function
words of English, e.g., “‘have,” “and,” “which” etc. All other
knowledge bases for users are based upon POL English in the
sense described in the last paragraph. There is another basic
“knowledge base,”” namely MetaEnglish. It contains a variety
of constructions, including (1) all of Pascal, (2) the capability
of writing in succinct form new grammar rules for a given
target language and their associated interpretive routines, (3)
a similar capability to extend the metalanguage itself with
either new procedures or macros, (4) a variety of useful utility
procedures for dealing with the relational database, effec-
tively handling input and output, literals, and the evaluate
function, and (5) a compiler/linker that is able to relate this
self-extended Pascal and its associated syntax. POL English
and MetaEnglish are associated with each other.

When a knowledge base, say AA, is based upon POL En-
glish, a parallel knowledge base, MetaAA is also created,
based on MetaEnglish; AA and MetaAA are associated with
each other. An application programmer using MetaAA adds
grammar rules and associated interpretive routines to her us-
er’s knowledge base AA. In doing this, she may expeditiously
add new utilities to her own “‘knowledge base,” namely Meta-

AA. Obviously she can use the utilities and procedures of
MetaEnglish, since her MetaAA is based on MetaEnglish. In
fact the whole basing structure of hierarchically related
knowledge bases is strictly paralleled by the associated Meta-
basing structure.

This base/meta-base apparatus is designed to facilitate the
building of specialized knowledge bases that extend and spe-
cialize more general capabilities to the needs of users. This
aspect of POL reflects the doctoral thesis of Hess.>

IMPLEMENTATION

REL was implemented on a large IBM-370/3032 computer.
POL, on the other hand, is being implemented on a desk top
computer, the Hewlett-Packard HP-9845B with a 50 mega-
byte disk. POL is written in Pascal.

At the present time all of the central parts of the system—
preparser, parser, semantic processor, output processor, defi-
nition handling, paging, list processor—have been completed.
Basing has been completed and we are in the last stages of
completion of the metalanguage. Much of POL English has
been completed, including the optimized utilities for manag-
ing the relational data base.

Of course there is much left to be done. But the most
important work on POL will start when the system is com-
pleted, response times have been brought under control and
the first applications implemented. For then we can observe,
in an environment much closer to being friendly and condu-
cive to natural propensities, just how professionals with a job
to do will communicate with computers. That is the exciting
moment, for as we know from our REL experience, reality
reveals the directions to truly more responsive systems.
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Computer speech for people with cerebral palsy

by JAY HEWITT

University of Missouri at Kansas City
Kansas City, Missouri

ABSTRACT

Using a grant from the Apple Educational Foundation, a
speech system was constructed using an Apple micro-compu-
ter, a Corvus hard disk drive, and the Mountain Hardware
Supertalker. Since digitized rather than synthesized speech is
employed, speech quality is extremely high. Use of an 8M
byte hard disk drive permitted the system to contain approxi-
mately 5000 words. In normal operation, user types in the first
two letters of a desired word. A list of words beginning with
those two letters than appears on a TV monitor. To select a
word, user enters the number which is beside each word. At
the end of a sentence, user types a period and the computer
speaks the n words in the sentence in approximately 2n sec-
onds. For individuals unable to operate a keyboard, two alter-
native means of input exist. The paper describes the nature of
the words in the system, the computer program, and certain
characteristics of the hardware.

INTRODUCTION

Certain individuals are above average in 1.Q. and are capable
of complex communication but lack sufficient control over
throat and mouth muscles to generate speech. Most of these
individuals would have cerebral palsy but the condition may
also be found in those with muscular dystrophy and, on rare
occasions, in those who have suffered from a stroke. When
these individuals have reliable control over some other mus-
cles (e.g. hand or foot), it is possible to provide them with
microprocessor controlled artificial speech.

Two of these speech units, all based on the principle of
synthesized speech, have recently been developed. One is an
inexpensive toy—the Texas Instruments Speak and Spell. In-
dividuals who can press the keys on this device with either
hand or toes can use it to spell out the letters of a word. There
is one key for each letter of the alphabet and a keypress
generates the sound of that letter. The other device is called
the Handi-Voice. The unit contains the Votrax speech syn-
thesizer and is capable of producing either 500 or 1000 words
depending on which model is selected. In the model with 500
words, the words are written on the top of the device and the
individual touches a particular square to generate a word. In
the unit with 1000 words, user enters a three digit code and the
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device then speaks the word. Although the Handi-Voice is a
major contribution to the area of artificial communication,
there are certain built in disadvantages. It has been estimated
that a child of 5 already has a vocabulary of over 2500 words;
500 words is far too few for adequate communication and the
unit with 1000 words requires the user to learn approximately
1000 3-digit codes. Speech quality is also a problem. The voice
output has an extremely artificial “robot-like”” quality and the
words are sometimes hard to understand.

The current paper describes an alternate communication
system that was designed to overcome the problems of limited
vocabulary and poor speech quality. The system uses an Ap-
ple computer, a high quality speech reproduction system sold
by Mt. Hardware called the Supertalker, and a Corvus hard
disk drive. Although it is not portable, the unit contains ap-
proximately 5000 words with speech quality similar to that
obtained on a tape recorder.

SYSTEM OPERATION

When using the computer keyboard to input words, user types
in the first two letters of the desired word. A list of words
beginning with those two letters is then shown on a TV screen.
If the desired word is not on the list, user can press a particular
key and another list of words beginning with those two letters
will be presented. Beside each word is a number. When the
desired word is located, user types in the corresponding num-
ber and the word is then printed at the top of the TV screen.
Subsequent words in the sentence are printed to the right of
the first word so that an entire sentence can be generated and
shown on the TV screen. At the end of the sentence, user
types a period and the computer then speaks the words in the
sentence. A sentence of n words is spoken in approximately
2n seconds.

ADDITIONAL WORDS IN SYSTEM

In addition to the usual words found in a dictionary and used
by a college graduate, several additional sets of words are
available. One is a set of 67 common first names (e.g. Jane,
Jack). Another is a set of 82 food items. A third is a list which
makes it possible for user to generate any number. A fourth
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is a set of 75 locations—primarily names of states and large
U.S. cities. Finally, one Corvus volume has been set aside for
idiosyncratic words desired by a given user. A friend or parent
can record up to 80 of these words and make them available
to the user.

USE AND ADVANTAGES OF SYSTEM

The system makes use of a Corvus hard disk drive which
makes the unit non-portable and rather expensive. The cost of
a Corvus is approximately $5000. It is estimated that a school
system would be the best location for the unit. If there is more
than one child needing to make use of the unit and both are
located in the same class, a multiplexer can be purchased
which will allow multiple users to access the speech system
simultaneously. For individuals without manual control, a
five-pedal foot switch system is available. When running in
this mode, the computer asks for the first two letters of a word
and then presents, on the TV screen, a matrix consisting of
letters and computer commands. One switch scans up the
columns, one down the columns, one scans to the right on a
given row, one scans to the left on a given row, and one
selects, as input, the letter or command on which the cursor
is located. A second alternative means of input is a joy-stick.
Using a joy-stick, user can move directly to the desired row
and column for a letter or command. These alternative means
of input together with high voice quality and large vocabulary
are the central advantages of the current system. Another
advantage, at least as far as the listener is concerned, is that
the message is not delivered until it is complete. An individual
with severe motor handicap could take up to three minutes to
construct a sentence. It is far easier on the listener to attend
for a single 20 second period at the end than to attend to the
user during the entire three minute period of message con-
struction.

DETAILS ON THE SUPERTALKER COMPONENT

The Mt. Hardware Supertalker device consists of a card that
fits in the back of an Apple Computer, a loudspeaker, plus
some software. It is normally used with a single Apple disk. In
the initial stage, user creates something called a phrase table
containing up to 18 spoken words. Each word is spoken into
a microphone, the hardware digitizes the word and then stores
it in memory. When the phrase table is full, user stores the
phrase table on disk. Between 80 and 90 words can be nor-
mally be stored on one Apple diskette. When it is desired to
speak a word during program execution, user gives a com-
mand to load a given phrase table into the computer and then
gives another command to send a particular word to the loud-
speaker.

The current system uses not an Apple disk but a Corvus
hard disk drive. Sixty-four Corvus volumes were used to store
approximately 500 phrase tables. During program execution,

when it comes time to speak a given word, the appropriate
Corvus volume is made the default volume, the desired phrase
table is loaded into the Apple, and the desired work within the
phrase table is sent to the loudspeaker.

DETAILS ON PROGRAM OPERATION

A phrase table containing only one spoken word would take
up at least 3k. Storing only one word in each phrase table
would not be an efficient utilization of the space on the Corvus
and it would only be possible to store, under this procedure,
about 2400 words. Furthermore, there would not be sufficient
memory available in the Apple—about 32K under this
procedure—to store information about the location of each
word on the disk. As a result, it was necessary to store several
words in each phrase table. With up to 20K being taken up by
a phrase table, only 15K remained in order to store informa-
tion about the location of words on the Corvus. An initial
attempt was made to determine the exact phrase table a given
word would be in should it be on the disk. There was not
sufficient computer memory available to do this. As a con-
sequence, the program operates by determining the first of
several phrase tables a given would be in if it should be on the
disk. A list of these words on the first phrase table is presented
to the user. If the desired word has not yet appeared—in
alphabetical order—user can bring in and examine sub-
sequent lists with a single keyboard stroke.

For every phrase table located on the disk there is a cor-
responding text file containing a list of the spoken words in the
phrase table. The text file, which is only 2K in length, is much
faster to load into the computer than is a phrase table which
can be up to 19K in length. When a list of words is shown on
the TV screen, it is the list from the text file that is being
presented. The name of the text file indicates the location of
the corresponding phrase table. For example, a given text file
might have the name Corvus Volume = 32 --- phrase table
number = 5. If the individual were to select word 7 from this
list, the program would then have information that the spoken
word was located on Corvus volume 32 in phrase table 5 and
that the desired word was word 7. As each word was selected,
the program would keep track of the location of each spoken
word. At the end of the sentence, the program would use this
information to load in and present each word. Each text file
also contains both a forward and a backward pointer. These
pointers contain information about the name of the preceding
and the name of the subsequent text file that should be loaded
in and presented should a given key be pressed. With the use
of text files and pointers, it was thus possible for the user to
gain quick access to each of 5000 words, at the same time
preserving the rather scarce RAM memory.
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GRASS3, a language for interactive graphics

by NOLA DONATO

Wizard Software
Chicago, Illinois

ABSTRACT

With the advance of technology, graphics devices are be-
coming more powerful and less expensive, making interactive
graphics increasingly popular as a method of man-machine
communication. Often nonprogrammers play a principal role
in the design and implementation of graphics applications.
Interactive graphics requires a high level of feedback both
with the user and with the hardware. For these reasons; con-
ventional programming languages are not well suited for such
applications.

This paper describes GRASS3, an interpretive language
designed as a base for interactive graphics systems. The work
derives from the author’s thesis at the University of Illinois at
Chicago Circle (UICC)' and similar work done by the author
for the Bally Manufacturing Corp.? Design rationale for the
language is given, followed by an overview including examples
and a description of a specific real-time graphics system based
on GRASS3.

DESIGN PHILOSOPHY

The GRASS3 language (GRASS3 stands for GRAphics Sym-
biosis System version 3) was designed as a base language for
development of interactive graphics systems. Although
GRASS3 bears very little resemblance to its predecessor,
GRASS2,”> much of the interactivity and simplicity which
made old GRASS so powerful have been preserved in
GRASS3. The language also borrows heavily from C and
SNOBOL*” for language design and internal structure.
One of the most serious drawbacks of conventional pro-
gramming languages in the graphics environment is the diffi-
culty of tailoring them to a particular device. In most of the
higher level languages, subroutines are the only feasible way
to add new features. Consequently, it is almost impossible to
achieve the communication between hardware and software
needed to support a real-time application. Even the recent
efforts at graphics standardization such as the Core System
are aimed primarily at static devices such as plotters.
Sofar, the standard way of solving this problem has been to
design a special purpose language revolving around a particu-
lar device or hardware system. This approach was taken by the
designers of SMALLTALK (which depends heavily on the
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Interim Dynabook®). GRASS2, a language used by artists at
UICC,? revolves around the Vector General refresh CRT.

GRASS3 is designed to interface easily with specialized
hardware and software. Depending on what devices it must
talk to, GRASS3 may require a set of special commands,
device-dependent variables or even new datatypes. A refresh
Cathode Ray Tube, for example, needs a “picture” datatype.
Creation and manipulation of display lists require a special set
of functions. Device variables are also needed if the system
has dials or joysticks.

The GRASS3 language is designed to make such internal
rearrangements simple and straightforward. To a large extent
the language is table driven. Because of this, it is not difficult
to add commands, datatypes, or even new operators. One can
define new conversions rules or redefine old ones. Many exist-
ing features (such as floating point support, interactive de-
bugging, etc.) can be eliminated simply by recompiling the
source. Almost all of the system commands can be made to
dynamically swap in and out when needed. (One can also do
this with user functions). Thus, GRASS3 can be easily config-
ured to meet user specifications.

Another important feature of GRASS3 is that it is inter-
active. Almost anything allowed in a program may also be
typed directly on the terminal. A user may “try out” a state-
ment, display a picture or inspect her variables all without
having to write a program.

This kind of interaction is necessary for interactive graph-
ics. The feedback provided by such a system speeds up pro-
gram development and the evolution of a graphics applica-
tion. One should not have to go through the whole cycle of
updating a source file, compiling, loading, initializing and
then setting up the proper environment in order to determine
the implications of a trivial change.

Interactivity is also essential when a human must be in the
loop to supply decisions about how the animation is to pro-
not predict whether one will be excited or bored by a particu-
lar effect and it is not capable of making artistic judgements.
Conversational graphics systems are structured to permit just
this sort of thing. Thomas Standish comes to the same conclu-
sion in his paper on computer animation.’

Recent trends in home computing show that interactive
systems are better for beginning programmers. Most commer-
cially available home computers use some derivative of BA-
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SIC.? Even experimental home computers, such as the Intet-
im Dynabook, rely heavily on interactive feedback.®

Interactivity can help overcome the qualities of computer
languages that are unnatural to the novice user. The immedi-
ate response available in an interactive system can surmount
barriers that make a system difficult to program. For instance,
both LISP and APL®'* are cryptic languages, yet they are very
popular in interactive environments. LOGO, a derivative of
LISP designed especially for naive programmers, was used as
the base language for a graphics system developed by Abel-
son.'1?

The GRASS3 language is high level, but easy to learn and
understand as well. Novices do not have to become super
programmers to try out their ideas and experiment with the
system. But as they gain experience they are able to expand
their use of the more general features. GRASS3 can be useful
to the naive user with minimal learning and, as she demands
more powerful capabilities, they can be easily absorbed in
small increments. This is important because problems in com-
puter graphics are often tackled by nonprogrammers like edu-
cators and engineers. The designers of GLIDE, a language
developed for CAD applications, discuss this in their book."

If the graphics language is easy to learn and use, small
projects can be done without hiring a professional pro-
grammer. For large projects, a readable language can allow a
greater level of understanding and communication between
designers and programmers. By reducing the gap between
these two classes, systems can be tailored closely to the re-
quirements of individual designers.

Much of learning involves making generalizations upon
what one already knows. In learning a new programming
language, one will often look at examples already known to
work and modify them to suit a new purpose. If the semantics
of a language are consistent (that is, operators in expressions
always behave the same way, expressions are allowed when-
ever constants of the same type can be used, etc.) the learning
process will be faster because the user’s generalizations will be
correct more often.

Consider, for example, the calculation of a subscript in
FORTRAN. There are explicit rules governing the form such
an expression may take, which may be found in any FOR-
TRAN manual. Yet many FORTRAN programs are full of
statements such as

K=1-5
B = ARRAY(K)

when it is perfectly legal to combine the two (B=
ARRAY(I - 5)). One may argue that, since the restrictions
on subscripts are documented and consistent, cases like those
above are programming errors and not limitations in the
FORTRAN language. But constructions such as the above are
rarely seen in C programs. Because there are no restrictiohs
at all on subscripts in C, it does not occur to programmers to
worry about whether a particular expression is permitted or
not. Similar views are expressed by Weinberg in his book on
the psychology of computer programming.**

In addition to being interactive, a graphics language must
do a certain amount of housekeeping for the user. Most spe-
cial purpose languages have a set of high level, nonprocedural

primitives that free the user from the burden of managing
details and allow her to concentrate on the real problem.
ORACLE," a relational database systém, can do very com-
plex queries in one-or two statements’ SIMULA,'® an
ALGOL" derivative designed for simulation, supports so-
phisticated multi-tasking capabilities. This ‘‘behind-the-
scenes” management is especially important in graphics
where data must be displayed as well as generated.

Part of system housekeeping includes maintaining data-
types. High-level datatypes such as strings, arrays, pictures,
and list structures can be very useful for managing and or-
ganizing information. Consider the task of comparing two
strings, something done often in programming. The C lan-
guage does not have a string datatype.* A string is considered
as a collection of characters. The following C program will
return TRUE if the two given strings are the same:

index = 0;

while (stringl[index] = = string2[index])
{if(string1{index] = = END) return(TRUE);
index = index + 1;}

return(FALSE);

GRASS3 allows the user to directly compare strings. Since
strings are datatypes, the routine can be reduced to a single
statement.

The same idea can be applied to computer graphics. A
graphics programmer is often faced with displaying a series of
pictures consecutively on the screen. If she can manipulate a
picture as a single entity and group it with other pictures in an
array or list she can trivially solve this problem. But if she
must first create her own mechanism for dealing with pictures
as whole objects, the simple display problem becomes a time-
consuming programming task.

Another job the system can take over is memory manage-
ment. All languages do this to some degree. Many, like FOR-
TRAN and BASIC, have only static allocation. A program
cannot reclaim memory used by arrays for other purposes (not
even for different arrays). Others, like PL/1 and C, have prim-
itives that will parcel out chunks of a dynamic memory area
and reclaim them again. The programmer is responsible for
maintaining the integrity of this area. Finally, there are lan-
guages like ALGOL and SNOBOL* that manage all memory
automatically. The user thinks only in terms of the logical
datatypes. To delete a list of items in PL/1, a subroutine is
needed:

PTR = LIST;

WHILE PTR ! =NULL;
DO
TEMP = PTR —-> LINK;
FREE PTR,;
PTR = TEMP;
END;

LIST = NULL;

RETURN;

In GRASSS3 a single statement suffices:

list = null;
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There are other housekeeping burdens the system assumes.
Conversions between datatypes are done automatically when-
ever possible. The system provides simple mechanisms to in-
put datatypes from the terminal or disk. User functions can be
easily designed to accept arguments if supplied and prompt
for them if omitted. Such things allow a programmer to de-
scribe her problem in terms which are closer to her logical
conception of it.

GRASS3 is extensible and allows the user to program her
own commands and configure environments easily and quick-
ly. She can create independent subroutines and pass informa-
tion between them. A logically clear method of passing pa-
rameters and returning values permits her to make extensions
to the system. Local variables ensure that these extensions
will be independent of one another.

User-extensible datatypes like structures and arrays help
the user build complex constructions from simpler ones. Con-
sider the implementation of an animation system. An artist
typically creates a number of separate frames and displays
them in a fixed order. The individual animation sequence
determines how many frames there are and how long each one
is displayed. If the programmer can associate a display time
and duration with each frame and then group the frames
together in a list, implementing a simple animation system
becomes much easier. '

String manipulation facilities also help the user configure
environments. String manipulation is especially important for
communication with the user on a terminal. If capabilities
exist in the language to facilitate parsing, a programmer can
develop a tailored sub-language whose syntax need not be a
derivative of the syntax of the base system.

GRASS3 also has many easy-to-use debugging aids. De-
bugging tools include the ability to set breakpoints, examine
variables, patch code, and trace a program’s flow. Clear and
plentiful error messages are part of this, too. Most pro-
grammers, especially novices, spend the majority of their time
debugging. GRASS3 debugging features make programming
less painful and can significantly decrease the time spent de-
veloping an application.

LANGUAGE OVERVIEW

The main way of communicating with GRASS3 is to type to
it on the terminal. You can ask it to print information, create
and run programs, or read files off the disk. Many statements
are commands requesting the system to do something. For
example, to print something on the terminal, you can type

print “The print command prints”
print ““things on the terminal.”
print 1,23

Other statements ask GRASS3 to evaluate an expression and
perhaps save its value.

a=2+ 3

And, of course, GRASS3 can evaluate expressions and use
their results with a command.

print “The sum of 2 and 3is”,2 + 3
print “The value of a is”,a
print “The average of 1 thru 5is”,(1+2+3+4+5)/5

Expressions need not involve only numbers. There are
several other datatypes which can also be used in expressions.

integer 16 bit integers

float 32 bit floating point

string variable length strings

array N-dimensional arrays

node programmer-defined datatypes
picture device dependent

process program which is scheduled

Most of the operators (like *“ + ”” and ¢ — ) operate on num-
bers. A few, like “$” (concatenation) or “@" (indirection),
need one of the other datatypes to operate on. In general,
GRASS3 will attempt to convert whatever it is given to the
type it wants.

print 1+2,'1'+2,'1+2’

The statement above prints “33 1 + 2 on the terminal. In the
first case, 1 and 2 are added and the result (integer 3) is
converted to a string and printed. The second case requires
the string 1’ to be converted to integer 1 before the addition.
The last case is already a string and is printed as is.

Most of the commands need their arguments to be of a
certain type, too. For example, the print command will only
print strings. Since numbers (integer and floating) can be
converted to strings, it can print numbers or the results of
expressions involving numbers, too. But the print command
cannot print arrays, nodes or pictures.

To do complicated things you have to write a program.
Programs are really the same as strings. To create a program,
you just define a string containing the commands GRASS3
must execute. To run it, simply type its name.

hello = [print “howdy”’]
hello

The example above creates a program called hello with a
single print command in it. When executed (by the second
statement above) “howdy” is printed on the terminal. There
are four sets of string delimiters—single quotes, double
quotes, square brackets and curly brackets. The quotes
(“ and ') may not be nested. The brackets ([] and {}) may be
nested so long as they are paired.

You pass arguments to programs the same way you do to
system commands. A program gets its arguments by using the
input command. ’

max = [;return the maximum of 2 arguments
input int,A,B

if A>B, return A

return B]

In the example above, the input command fetches the next
two arguments to the program, converts them both to type
integer and stores them in the variables A and B. The return
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command returns a single value (A or B) depending on their
relative magnitudes.

The prompt command can be used in conjunction with
input to provide the program with a means of prompting for
arguments which were not supplied.

max = [;return the maximum of 2 arguments
prompt ‘‘enter first value”

input int,A

prompt ‘“‘enter second value”

input int,B

return A *(A> B) + B* (A< =B)]

The alternate version of max above will prompt the user for
any argument that is not supplied. She may then enter it on
the terminal and the program will proceed. Note that the
relational operators (< > <= >= == !=)can be used
in expressions with other operators. Any line starting with a
semicolon is considered a comment and ignored.

There are two types of names in GRASS3—dynamic and
fixed. Fixed names are one or two characters long and may
only have one kind of datatype associated with them. For
example, fixed names a,b,. . .,z can only have integer values.
Fixed names fa,fb,...,fz can only be floating point. De-
pending on your system there may be names d0,d1,. . .for dials
and jx,jy,jz for joysticks as well.

Dynamic names can be up to seven characters long and can
be assigned any kind of data. No declarations are needed in
GRASS3. One simply assigns a value or expression to a name
as needed. When a new value is assigned, the old value is
deleted.

Dynamic names that begin with a lower case letter are
known throughout the system to all programs. Those that
begin with an upper case letter are local. If a local name is
used in a program, it is deleted when that program exits. This
allows programs to use the same names without confusion.

Transfer of control in GRASS3 can be done with the goto
command and labels, or by the more elegant structured con-
structs like while and do. The following program prints the
values of an array.

prompt “Which array”
input array, ARRAY
=~1
S = size(ARRAY)
while + +I<S, print , ARRAY(I)

Statements may also be grouped within brackets, as illustrated
in the following loop, which prints the types of its arguments.

do[prompt ‘“‘enter argument”
input value, ARG
if ARG = ="' break
TYPE = type(ARG)
if TYPE = = “array”, TYPE = $* of ” $ type(ARG(0))
print “Type is”, TYPE
I

Some explanation is in order here. The do command is like

while except that the test (if any) is done at the end of the
loop. Using value in the input command allows any type of

argument to be fetched. The type command returns a string
giving the type of its argument. Note that array arguments are
further inspected as to the type of their elements. When a null
argument is gotten, break is used to exit the current loop.

For beginning programmers, GRASS3 has some nice fea-
tures to make programming easier (and more enjoyable).
First, there are interactive helps. If a user forgets the syntax
or arguments of a command, she simply types help followed
by the command name and GRASS3 responds with a descrip-
tion of the command and examples of how to use it. You don’t
have to look in the manual if you forget what a command does
or how to call it.

Second comes interactive debugging. When GRASSS3 finds
something wrong, (it is requested, say, to do something it
can’t do or the system runs out of some resource), an error
message is printed on the terminal. If this error occurred
inside a program, GRASS3 puts that program into debug
mode. When in debug mode, the normal “*” prompt is re-
placed by “#” to let the user know she can issue debugging
commands. With the debugger, the user can set breakpoints,
single step, trace program execution, and even make simple
patches. The edit command (which invokes the GRASS3 text
editor) can also be used in debug mode. In addition to debug
directives, the user can still issue any other GRASS3 com-
mands, too. If one is not absolutely sure a program is correct,
the debug command can be used to place the program in
debug mode before an error actually occurs.

GRASS3 can be configured for small systems where memo-
ry is tight using the automatic swap feature. Some of the
GRASS3 commands are not resident—they live on the disk.
When a nonresident command is requested, GRASS3 will
automatically read it off the disk and then delete it when it has
finished execution. The user can request some of her own
programs to automatically swap off the disk, too. The keep
command allows a nonresident module to remain in memory
after it has finished execution. Keep can speed up programs
where a swapping command is used repeatedly or in a loop.

One of the most powerful features of the GRASS3 language
is that the user can run two or more independent programs at
the same time. For example, suppose we have already written
a program called walk, which makes a little person walk
across the screen. It accepts arguments telling it where to start
the person and which way she is to walk. On most systems the
program would have to be completely rewritten if you wanted
to have two people walking at the same time. In GRASS3 you
would use the schedule command as follows:

sched walk,100,10,left
sched walk,10,10,right

The walk program can be scheduled twice with different argu-
ments to show two people walking. GRASS3 will execute one
line from the first scheduled program, one line from the next,
etc. to give the illusion that all scheduled programs are run-
ning at the same time.

THE VISION II INTERFACE

Although the GRASSS3 language definition does not include
graphics primitives, the system is designed to make the addi-
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tion of new commands and datatypes as easy as possible. The
VISION II raster graphics system'® is the most recent device
to be interfaced to GRASS3. The screen is a 256 x 256 array
of pixels, directly addressable by their X,Y coordinates. Com-
mands exist in GRASS3 to draw lines, boxes, and points,
display text, save areas of the screen on the disk or in memory
and display them again, etc. A picture datatype and utilities to
create and manipulate pictures are also part of the system.

Suppose we have some function describing a particular. se-
quence of X,Y coordinates. It could be algorithmic and coded
as a program or it could describe some inputs from the outside
world (joysticks, perhaps). Let us assume the GRASS3 vari-
ables x and y are being updated (in real time) according to
this function.

If we have a previously created picture, CAR, and we want
it to move around on the screen according to the path speci-
fied by x and y we would code '

sched [plot CAR,x,y,erase
repeat |

This would schedule a program to continuously move CAR as
directed by the variables x and y. Using this method, any
number of pictures may be moved simultaneously on the
screen.

CONCLUSIONS

Experiments with VISION II and other systems have shown
GRASS3 to be very powerful in putting together complex
graphics applications quickly. (The VISION II picture editor
described by Rocchetti'® was implemented by the author in a
single evening). The language has proven to be easy to learn
by a variety of nonprogrammers (several of them children). A
subset of GRASS3, called ZGRASS, was used by Bally in
their FUN 'N BRAINS home computer system.” About half
of the programs used to demonstrate the above unit were
written by nonprogrammers (advertising executives) over a
period of several weeks. The other half were written by the
developers within the span of a few days. Had the same appli-
cations been implemented the conventional way (in assembly
language), the combined effort would have exceeded many
man-months.

Isolation of operating system interface code made it trivial
to port GRASS3 from UNIX"™ to the DEC operating systems.
This was particularly desirable, since at the time GRASS3 was
developed UNIX had no real-time primitives. An experienced
assembly language programmer coded and debugged the RT-
11 operating system interface in under a week. It was running
under RSX-11M several days after that. Note that the above
times represent only coding of language features (like file I/O,
panic traps, etc.). The author does not mean to imply that
device- or hardware-dependent applications can be ported to
a new operating system nontrivially. (It would be impossible,

for example, to fully support a refresh CRT under UNIX
without making operating system modifications).

When GRASS3 was born (1976), the only implementation
language that spanned all PDP-11 operating systems was
MACRO-11 (PDP-11 assembler). Since then, the C language
has grown in popularity and has been implemented on many
different machines and operating systems. A portable version
of GRASS3 (coded in C) is currently being written. The new
version will have more powerful string manipulation prim-
itives and enhanced multitasking capabilities (similar to those
in the ADA language® ). We hope that these efforts will also
yield a GRASS3 compiler, which will produce C or some sort
of portable macroassembler source.

Another feature in the works is a picture compiler, which
will compile a subset of GRASS3 into a form that can be
loaded and executed by the VISION II graphics processor.
Thus, picture programs could be created and debugged inter-
actively with GRASS3 and finally executed by one or more
VISION II processors.

REFERENCES

1. Donato, Nola, “GRASS3—A Base System For Interactive Graphics,”
Masters Thesis. University of Illinois, 1978.

2. DeFanti, T. A.; Jay Fenton; and Nola Donato, *“Basic Zgrass—A Sophis-
ticated Graphics Language for the Bally Home Library Computer,” Com-
puter Graphics, Vol. 12, No. 3 (August 1978), pp. 33-37.

3. DeFanti, T. A. Dissertation. Ohio State University, 1973.

4. Ritchie, D. M. C Reference Manual. Bell Telephone Laboratories, Murray
Hill, 1974.

5. Griswold, R. E.; J. F. Poage; and 1. P. Polonsky. The SNOBOL4 Pro-
gramming Language. Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1968.

6. Kay, Alan and Adele Goldberg. SMALLTALK-72 Instruction Manual.
Xerox Corporation, March 1976.

7. Standish, Thomas A., “Remarks on Interactive Computer Mediated Ani-
mation,” Proceedings of the Ninth Annual UAIDE Meeting, 1970.

8. Kemeny, John G. and Thomas E. Kurtz. BASIC Programming. New York:
John Wiley & Sons, Inc., 1971.

9. Howard, Forrest William. LISP Programmer’s Manual. HRSTS Science
Center, September 1975.

10. Freeman, Peter. Software Systems Principles. Chicago: Science Research
Associates, Inc. 1975.

11. Abelson, Hal.; Nat Goodman; and Lee Rudolph. Logo Manual. Massa-
chusetts Institute of Technology, 1974.

12. Goldstein, Iran, and others. LLOGO: An Implementation of LOGO in
LISP. Massachusetts Institute of Technology, June 1974.

13. Eastman, Charles and Max Henrion. “GLIDE: A Language for Design
Information Systems,”” Computer Graphics. Vol. 11, No. 2, Summer 1977.

14. Weinberg, Gerald M. The Psychology of Computer Programming. New
York: Van Nostrand Reinhold Company, 1971.

15. Preger, R.L. “ORACLE User’s Guide.” Relational Software Inc., Menlo
Park, California, 1980.

16. Birtwistle, G.M., et al. SIMULA begin. Auerbach Publishing Co., 1973.

17. Tanenbaum, A. S., “A Tutorial on ALGOL 68,” ACM Computing Surveys.
Vol. 8, No. 2, June 1976.

18. Rocchetti, R. J., “VISION II—A Small Scale Expandable-Graphies Sys-
tem,” Masters Thesis. University of Illinois, 1978.

19. Ritchie, D. M. and K. Thompson, “The UNIX Time-Sharing System,” The
Bell System Technical Journal. Vol. 57, No. 6, July-August 1978.

20. Ichbiah, J. D. et al., “Rationale for the Design of the ADA Programming
Language,” SIGPLAN Notices. Vol. 14, No. 6, June 1979.






VISION II: A dynamic raster-scan display

by ROBERT ROCCHETTI
Wizard Software
Chicago, Illinois

ABSTRACT

The analog graphxcs display is one of the most fascinating
devices that computer technology has produced. The fluidity
and complexny of motion possible with line-drawing displays
is quite captivating and has initiated many interesting and
- fruitful softwdre endeavors.

Unlike their analog counterparts the majority of raster-
scan dlsplay systems have beén capable of producing only text
or static imagery. Dynamic graphics on raster displays has yet
to be explored thoroughly in either the hardware or software
area. This paper describes a digital video display system archi-
tecture with dynamic graphics capablhtles The hardware de-
sign and implementation derives from the author’s thesis work
at the Univérsity of Tllinois."

CURRENT DIGITAL VIDEO
SYSTEM ARCHITECTURES

A digital video display system maintains a digital represen-
tation of the image in the computer meémory, or frame buffer,
and displays it on a raster-scan cathode ray tube. The frame
buffer may contain the actual scteen pixels or an encoded
reprcsentatlon of the plcture Displaying (or decodmg) the
final image from the frame buffer representation is called
scan-conversion.

With a digital display, a picture need not be made up only
of lines and points. Areas can be shaded, lines can be thick-
ened and gray scale or color can be employed. It is precisely
this rich set of capabilities and potential for realism that allows
the digital video display to be attractive for dynamic graphics.

When raster-scan displays first emerged, they had signifi-
cant problems to overcome. Screen resolution was limited due
to the high cost of electronic memory. They were slow because
of the processing required for scan conversion. Since then,
memory has become much cheaper, making feasible systems
that were impossible a few years ago.

Scan conversion, however, is still a time-consuming compu-
tation. It can be carried out in different ways depending upon
the representation of the picture before and after the con-
version process and the amount of available memory. Various
scan conversion algorithms may be found in articles by New-
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man and Sproull, 'Metzger,, and Bérrgt and Jordan.>**5¢

Some of thé more popular scan conversion techniques are
described below.

Character mapping is widely used in CRT terminals and
home computers. It is simple, inéxpensive and supports dy-
namic motion in a somewhat limited framework. The screen
is broken up into M by N pixel rectangles, each of which is
assigned a pointer. The pointer for a position refers to the
particular member of the character set that will be displayed
in that position.

Character mapping is common among alphanumeric video
terminals because it is ideally suited for displaying text.” By
generalizing the characters, the class of possible images can be
greatly enriched.® Systems exist that can display text lines or
binary pictutes.'° Many home compuiteis provide graphics-
oriented character sets. Two examples of this are the Commo-
dore PET and the Radio Shack TRS-80. The Exidy SOR-
CERER and the ISC Intecolor have programmable character
generators with which the user can define her/his own charac-
ters. .

Even though they ate not strictly limited to text, most char-
acter mapping systems do not have ehough memory to assign
a unique pointer to every character position on the screen.
With these systems, it is possible to define static scenes that
are too complex to display. Since the display may only be
changed by updating character pointers, motioh is not fluid—
it is limited to character boundaries.

One way to enhance character mapping and provide fluid
motion is to predefine a set of hardware registers that may
contain objects and their X,Y coordinates. This scheme al-
lows motion on bit boundaries but restricts the number of
objects. A general implementation of this scheme with a rea-
sonable number of objects of medium complexity would be
very expensive.

Another alternative to character mapping refreshes the
screen directly from a coded picture definition. This architec-
ture is very similar to the use of structured picture definitions
with vector displays.

Several recent systems have been based on run-length en-
coding, which provides an efficient storage technique for sim-
ple graphic displays and is easily decoded by araster-scanning
refresh processor.'""'>'* There are also high-performance sys-
tems which use pipelined processors to produce real-time
moving images from three-dimensional edge and surface
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simulation can even remove hidden surfaces and do smooth
shading."* The Interim Dynabook'*"'®!” uses a double buffer-
ing architecture to separate the image expansion and raster-

" scan refresh processes. Although pictures are stored in highly

.compact form, the system has an expensive scan converter and
a large amount of memory devoted to storing three represen-
tations of the picture. Because the special purpose hardware
needed to decode the condensed digital representation is very
expensive, general implementations of the coded picture
scheme are either severely limited or still in the experimental
stage.

The last scan conversion scheme we will discuss is bit map-
ping. In a bit mapping system, scan conversion is done in
software. The picture is displayed directly from the frame
buffer and requires minimal hardware. Arbitrary shapes may
be easily defined and displayed at any X,Y position. Although
it is very flexible, bit mapping has major drawbacks when
portraying real-time motion. The amount of data to be pro-
cessed is much greater than with any of the previously dis-
cussed methods. Consequently, only small objects may be
moved quickly if current processor speeds are considered.

VISION II ARCHITECTURE

VISION II is a multiprocessor raster graphics display capable
of supporting a high-level programming language. It is de-
signed to be inexpensive but able to operate in real-time for
a significant range of dynamic graphics applications.

The current system uses two processors linked by a 9600
baud serial port. A DEC PDP-11/03 functions as a language
processor to provide communication between the user and the
display. It is responsible for terminal I/O, disk I/O and run-
ning applications programs. It also supports an interactive
graphics language called GRASS3. The PDP-11 family of
computers was chosen because of the wide range of com-
puting power and the hardware/software compatibility be-
tween all of its members.™®

Software scan conversions (plotting boxes, lines, etc.) is
performed by a Z80 microprocessor.'® Simple programs in-
volving display functions are also handled by the Z80. Al-
though the most powerful configuration uses both processors,
the two components may operate independently. For exam-

_ple, the Z80 by itself allows the graphics processor hardware
to emulate devices such as those discussed in the first section.

The frame buffer is a 256x256 pixel array. The number of
bits per pixel is determined by how many planes of video
memory are installed in the graphics unit. Each pixel is
formed by fetching one bit from each bank. Thus the Nth bit
of a pixel can be found in the Nth memory bank. The diagram
below shows a 4 bit per pixel system.

The frame buffer can be accessed by the graphics processor
as normal memory. Each bank is 8K bytes. Changing a byte
will modify one bit of 8 consecutive pixels. The first bank
contains the least significant bit of all pixels. Successive banks
are higher order pixel bits.

Pixels can also be accessed by specifying their X,Y coordi-
nates. A single pixel can be modified independently of other
pixels on the screen. This access method touches one bit of
each bank simultaneously.

32K bytes Each 4 bit pixel is formed by
------- fetching one bit from each bank.
24K bank3
——————— o 1 2 30 3t
16K bank2 [
------- - 32
8K bank1 64| = omm———- > X
0K bank0
—— y
------- ' screen co-ordinate system
I vs. memory addressing scheme
"'“l‘“ I“',"'l (byte address)
4 bit pixel

The bit-map technique was chosen because it is the most
flexible display mechanism. Because the X,Y pixel mapping is
done in hardware, the graphic processor is not bogged down
with isolating individual bits in memory. Consequently, dis-
plays and transformations are faster. A similar technique was
used at Bell Telephone Laboratories in Murray Hill, New
Jersey‘zo. 21, 22

In addition to the X,Y pixel mapping, VISION II has
another important hardware assist called pixel mapping to
further reduce processor overhead. Each pixel value under-
goes a state transformation to another pixel value when the
screen is refreshed by the hardware. This refresh rate may be
set by the user. If the new state of a pixel is mapped to its
former value, all of the pixels with that value will remain
unchanged on the screen. If it is different, all such pixels
assume the new state during the next refresh.

By mapping pixels to successively dimmer colors or gray
levels until the background is reached, an object will appear
to decay without processor intervention. Unlike coded picture
definitions described earlier, the pixel-mapping mapping
technique does not restrict picture definition or movement. It
is also simple and inexpensive to implement in hardware.
Pixel mapping can be used to emulate a refresh CRT (albeit
a slow one) such as a Vector General.” It is also flexible
enough to produce a variety of other effects which would
otherwise consume considerable processor time.

THE GRAPHICS PROCESSOR

The VISION II graphics processor consists of a Z80 CPU,
ROM (permanent programs), RAM (scratch-pad area), a
frame buffer and a serial I/O port for communication with the
language processor. Ports to peripherals such as joysticks,
dials, a data tablet and buttons may be added easily. Below is
a block diagram of the VISION II system.

In the current configuration, ROM contains the SDB-80
operating system and debugger. The graphics processor soft-
ware and data areas (character sets, variables) reside in RAM;
it will eventually be moved to PROMS. The frame buffer, of
course, contains the objects being displayed. Communication
with the language processor is via a full-duplex asynchronous
serial port.

The graphics processor scan conversion software has the
following capabilities:



VISION II: A Dynamic Raster-Scan Display 673
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. Plot a point (at arbitrary X,Y) of a given color;

2. Draw an arbitrary rectangle in any color anywhere on
the screen;

3. Draw a line of any color between any two points;

4. Save an arbitrary rectangle on the screen in local
memory;

5. Plot a previously saved rectangle anywhere on the
screen; and

6. Display a text string anywhere on the screen.

There are several plot modes possible. A pixel can be
changed to a given color. It is also possible to conditionally
modify a pixel depending on the color it contains. For exam-
ple, one can tell the graphics software to only plot a pixel if the
new color is greater (numerically) than the color that was
there before. This can be used to have one object pass over
another. One can exchange a pixel or rectangle on the screen
with one in scratch memory.

The basic primitives above can be combined in pictures.
The graphics processor can be asked to display a list of such
pictures continuously, i.e. it can refresh the VISION II
screen. Associated with each picture is a plot mode and X,Y
position. The graphics processor has commands to change the
attributes of a particular picture. For example, changing the
X,Y position of a picture will cause it to be displayed at a
different spot when it is refreshed. If pixel mapping is en-
abled, the picture will be automatically erased.

THE LANGUAGE PROCESSOR

The VISION II language processor is a DEC PDP-11. Choos-
ing a PDP-11 gives the widest range of computing power
possible while still permitting hardware and software com-
patibility. All members of the PDP-11 family have the same
instruction set. Consequently, software that runs on a small,
single user LSI-11 will also run on a multi-user VAX-11/780.

GRASS3, the language interpreter, is implemented for
most of the PDP-11 operating systems.* The language is easy
to learn and use, yet powerful enough to do high-level appli-
cations. Although the system is interpretive, a compiler can
be invoked to speed up individual programs. A user may

schedule two or more routines to run in parallel. In this case,
GRASS3 executes one line from each in a round-robin
fashion. Other features include interactive debugging, file
I/O, error trapping and on-line helps.

The GRASS3 base system is device-independent, but a
software interface for the VISION II graphics unit has been
implemented. There are commands to draw boxes, lines,
points and text strings. A user may save an arbitrary rectangle
on the screen and display it at any X,Y coordinate. Pictures
composed of the basic primitives can be linked to GRASS3
variables to control their screen position. Special variables
allow access to joysticks, dials, etc. Because it is easy to add
commands to the language, one can write a specialized func-
tion in assembler and call it as system directive.

Communication with the Z80 graphics processor is via a

~ serial port. When a user issues a graphics command, informa-

tion is sent to the Z80 telling it what to do. When the graphics
processor has finished its task, it sends confirmation back to
GRASS3. GRASS3 will wait for confirmation before sending
another display directive.

Updates on the analog input devices (joysticks, dials, etc.)
are sent to the language processor at intervals. The graphics
processor uses one of its internal timers to determine when to
send the information. Updates will not be sent if none of the
devices have changed since last transmission.

The VISION II interface consists of several new GRASS3
commands (written in assembly language) and a set of utility
programs (written in GRASS3). The new commands allow a
user to directly manipulate the display:

point X,Y,M plot or read a point
box S,Y, XL, YLM draw a box

line X, Y,M draw a line

text X,Y,M,S display a string of text
snap X,Y,XL,YL save a picture

display X,Y ,M display a picture

xchg X, Y,M exchange pictures

move pix,X,Y,M move picture dynamically
Data may be displayed in a variety of modes (the M argument
above). In addition to direct plotting, many bit operations
such as exclusive or, complement, etc. are provided. For ex-
ample, the following program will exclusive-or random boxes
on the screen forever.

box ran(—128, 128),ran(—128,128),ran(10,40),ran(10,40)
,5
repeat

The move command links a picture with GRASS3 variables
that, when updated, control its movement. A picture can be
a simple screen rectangle, or a collection of basic primitives
such as boxes, lines and text. Associated with each picture is
an X,Y position and a display mode. If we wanted to move a
previously created picture called cursor based on the joystick
variables we would type:

move Cursor,jx,jy,5

Whenever the joystick was moved, the picture would follow its
movement on the screen.
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A set of utility programs which use the VISION II com-
mands have been developed to facilitate the creation and ma-
nipulation of pictures as objects. Because they are written in
GRASS3, these programs are easy to understand and modify.
Although they are useful as tools, they also make excellent
tutorial examples for learning VISION II.

zinit initialize Z80 memory

zalloc allocate block of Z80 memory

zfree free previously allocated block

zmap print Z80 memory map

save save picture from screen in Z80 memory
putdsk  save picture on disk

getdsk  get picture from disk

scale make picture bigger, smaller

reflec reflect picture about axes

draw picture “editor” to create pictures

Pictures (rectangular screen areas) may be saved in the Z80
memory (graphics processor) or in the PDP-11 memory (lan-
guage processor). If a picture resides in Z80 memory, dis-
playing it is fast but manipulating it from GRASS3 is slow.
This is because the picture does not have to be sent to the
graphics processor before it is displayed—it is already there.
To get at it from GRASS3, the pixels must be accessed indi-
vidually with the point command. Keeping a picture in the
PDP-11 memory requires more space but allows straight-
forward manipulation of individual pixels without changes to
the screen. Displaying such information, however, is very slow
because the pixels must be plotted one at a time. The utility
programs can deal with pictures in either place and can trans-
fer pictures back and forth between the Z80 and the PDP-11.

To create pictures of any complexity, the draw program can
be used. With draw one can move a cursor of arbitrary size
around the screen using the keyboard or joystick. By combin-
ing draw and scale, a picture can be created at low resolution
with a larger cursor and scaled down to a higher resolution.
This feature is useful for creating small, detailed objects such
as members of a character set.

After a picture is created, it is easy to manipulate it with
GRASS3. For example, to move a picture of a car across the
screen one would write:

draw ;draw the car

...draw the car...

car = save(x,y,10,5)
do {

;save 10 by 5 car

disply car,x,y,1 ;display it
box car,x,y,10,5,0 ;erase it
‘x=+10 ;move it
repeat ;keep doing it
}

By using arrays, it is possible to move the car along a prede-
termined path. In the program below, successive coordinates
are sorted in a two dimensional array and used to move the
car. -
next = array(integer,99,1) ;array of X,Ys
...store X,Ys in array. ..

S = size (next) ;how many?

{I=-1
while+ +1<S {disply next
(1,0),next(1,1),1,car box x,y,10,5,0}
}

;start at Oth pair -

repeat ;wrap around path

}

One of the most powerful features of GRASS3 is that two
or more independent programs can run at the same time. For
example, suppose we want to further develop the program
above to accept the picture of display and the array of points
as arguments. Let us define a picture of a Volkswagen Beetle
and an array of points describing a figure 8. Thus we can move
the beetle picture in a figure 8 with the command below.

drive beetle, fig8
To move a pinto in a figure 8, we would type
drive pinto, fig8

On most systems, our drive program would have to be com-
pletely rewritten if we wanted to move both the Beetle and the
Pinto at the same time. In GRASS3 one would use the sched-
ule command:

sched drive,,beetle,fig8
sched drive,,pinto,fig8

The drive program can be scheduled twice (or more) with
different arguments to show two cars moving. GRASS3 will
execute one line from the first scheduled program, one line
from the next, etc. to give the illusion that all scheduled pro-
grams are running at the same time. Note that if you wanted
to make the seat on the Beetle eject and the Pinto explode
whenever they collided it would require extra programming.

DISTRIBUTED DESIGN

If you were to poll a group of computer hobbyists on how to
increase the power of a particular microcomputer system, you
would most likely get two suggestions, namely “add memory
and I/O devices” and “‘substitute a faster processor with a
more powerful instruction set.” If someone suggested “‘add a
few more processors,” he/she might draw stares of disap-
proval.

There are few examples of distributed processing as applied
to digital display devices. All too often the solution to scan
conversion speed problems has been to increase the complex-
ity (thereby reducing the generality) of the hardware or im-
pose limitations on the pictyres or transformations possible on
the system. ‘

With the VISION H system, not only can a graphics pro-
cessor support several frame buffers, but multiple graphics
processors can be attached to a single language processor.
Connecting the various modules in different configurations
allows the VISION II system to be tailored to a specific appli-
cation. Graphics processors can be added to control different
groups of objects, thereby alleviating speed problems. The
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generality of pictures and motions is not affected because scan
conversion is still done in software. ‘

For example, consider the problem of displaying geographic
maps and panning over landscapes. Each feature (e.g., rivers,
cities) could be assigned to a graphics processor. The output
of the processors could then be merged to display the whole
map. With this approach, a feature can be enhanced or elim-
inated independently of the others. Synchronization would be
controlled by the language processor.

By using a larger language processor in a timesharing envi-
ronment, many graphics units can be handled simultaneously.
This approach would be useful for an interactive educational
system. Lessons could be written in GRASS3. Each student
would have his/her own terminal and graphics unit but would
be able to communicate with others through a common data-
base.

Because scan conversion is in software, VISION II can
easily be programmed to emulate other systems. By changing
the graphics processor software, the display unit can behave
like a vector plotter, incremental plotter, plasma panel, CRT
terminal, etc. The VISION II display can thus be used with
existing software packages. This allows users to run software
already written with little or no modification.

CONCLUSIONS

Experience with VISION II has shown that dynamic graphics
is possible on a raster-scan display with relatively simple hard-
ware assist. Several small objects can be moved simulta-
neously with somewhat fluid motion on the current system.
Increasing the speed of the graphics processor CPU could
improve this. The Z80 currently runs at 2 MHz and could be
replaced with a 4 MHz version. It could also be replaced with
one of the newer, faster 16 bit microprocessors which have
recently been developed. ‘

Software on the VISION II system evolved gradually. Ini-
tially the software was very primitive. The graphics processor
could plot points, lines, and boxes, and the GRASS3 interface
merely provided these capabilities to the user. The next phase
was to allow the user to define arbitrary screen rectangles,
save them, and display them. This was still essentially static
graphics, since movement could be achieved only in a very
procedural way and was not at all fluid.

The most recent software development allows the graphics
processor to emulate a display list processor. It maintains a
display list in local memory and constantly refreshes screen
memory. Each picture has an X,Y position associated with it,
which may be updated by the language processor. If the pic-
ture’s position has changed since it was last refreshed, it is
redisplayed by the display list processor. Note that it does not
have to be erased first—the pixel mapping feature takes care
of this. In this way, the graphics processor looks like a (slow)
refresh CRT. Admittedly, the number and complexity of the
objects that may be moved in this way is not comparable to a
vector display, but neither is the cost.

It is worth mentioning here that the generality of bit map-
ping more than offset the increased processing time necessary
for movement of objects. Because the system is bit mapped,

a user can define an arbitrary picture on the screen easily and
move it to any position. Pictures can be scaled, rotated and
otherwise transformed. There is no limit to the size of a pic-
ture (although defining pictures larger than the screen is diffi-
cult) or to its complexity.

VISION II has proven to be easy to configure and expand.
The first version had 1 bit per pixel (one plane of memory)
and a resolution of 256 by 256. Two other memory planes were
added to the system—it now has 3 bits per pixel. The next
version will have 4 bits per pixel and a resolution of 512 by
512.

Experience with naive users has shown that more commu-
nication between the language processor and graphics pro-
cessor is needed. The graphics primitives are nonprocedural
and do much of the behind-the-scenes work necessary to re-
fresh the display. For this reason, it is not straightforward to
synchronize the movements of one object with the movements
of another. To do this currently places the burden on the
programmer and is beyond the ability of most beginners.

Future plans for the software include a GRASS3 picture
compiler which will translate a subset of the GRASS3 lan-
guage into a form executable by the graphics processor. The
user will then be able to use GRASS3 control structures in
pictures to initiate or synchronize movement. GRASS3 multi-
tasking primitives are also being enhanced. Process control
capabilities such as those of the ADA language® are being
considered, along with a general message-sending facility to
communicate between GRASS3, multiple graphics processors
and the host operating system.
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The development of the reactor safety film

by NANCY N. SHEHEEN and PATRICK J. HODSON

Los Alamos Scientific Laboratory*
Los Alamos, New Mexico

ABSTRACT

The first computer-generated film of LASL’s Reactor Safety
efforts was developed using the ANIMATE framework, a
program that adds visual capabilities to MAPPER. Numerous
software limitations had to be overcome within a very limited
production schedule. A significant achievement was the
15,000-vector-per-frame sequence depicting a pressurized wa-
ter reactor core with parts flashing while pumps circulate fluid
through the system.

INTRODUCTION

In August of 1978, the Energy Division of the Los Alamos
Scientific Laboratory (LASL) was asked to participate in the
Seventh Annual Energy Technology Conference to be held in
Washington, D.C., in March of 1979. Subsequent meetings
regarding our contribution crystallized the idea of presenting
an overview of LASL’s Reactor Safety efforts using the very
computers on which we develop large and sophisticated codes
to evaluate postulated accidents as well as actual occurrences
in nuclear reactors.

Visual sequences are often used by the Reactor Safety ana-
lysts for presentation of technical data; however, these usually
present only singular concepts and are limited to highly tech-
nical data. Before the present work, no attempts had been
made to develop computer-generated technical material into
educational form. Using the software packages MAPPER,
ANIMATE, and ANIPLT developed here at LASL, we cre-
ated a film about our Reactor Safety efforts.

The following hardware was used in the development of the
film: a Tektronix model 4014-1 graphics terminal, a Tektronix
model 4954 tablet, a CDC-7600 computer, and an FR-80 mi-
crofilm recorder. The personnel involved included a senior
programmer, a data analyst, a technical writer, and a graphic
artist in addition to program sponsors who served as technical
advisors.

*The Los Alamos Scientific Laboratory was renamed the Los Alamos National
Laboratory on January 1, 1981.
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PROGRAM DESCRIPTIONS

MAPPER is a program created by David A. Dahl, of the
LASL Environmental Surveillance group. MAPPER reads
English language-based commands from a file that has been
generated by the user. These commands tell MAPPER to
draw boxes, circles, ellipses, characters, complex line seg-
ments, etc. on a specified graphics device in a wide variety of
line format characteristics. The following is a list of some of
the options available in MAPPER:

six types of label commands,

twelve different character styles,

color controls,

shading controls,

projection ports,

symbol generation and distortion, and
movie controls

ANIMATE is a program created by David A. Dahl and
Kenneth H. Rea, also with LASL. ANIMATE reads a spe-
cially constructed movie file and produces an input file. The
user starts with a MAPPER command file that defines every-
thing that needs to be drawn in one frame. Then the user
modifies this command file using the ANIMATE commands
and syntax to define how things should be changed from frame
to frame during a movie sequence. ANIMATE allows the user
the following capabilities:

® to switch on or off specified sections of the command file,

® to overlap switches,

® to specify how much and in what way specified values in
the command file should vary from frame to frame, and

® to specify the number of frames for each sequence

PROGRAM DEVELOPMENT

Two new commands were added to the MAPPER program to
aid in the production of the Reactor Safety movie. The first
command assists in the drawing of pipes. The user simply
specifies where the pipes in the reactor are to go and MAP-
PER inserts them with speed and precision. The second addi-
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tion is a command to assist in drawing wavy lines for the
simulation of water level and movement. The user specifies
the X-Y start and stop points, the numbet of points to use in
drawing the curve, and the type of curve desired. MAPPER
then draws the wavy line as specified. '

The ANIMATE program required two modifications. The
first changes the way ANIMATE handles the frame-to-frame
variations for specified values inside a MAPPER command
fite. The chan he frame-to-frame variations based
on a circular function. This fix makes it easier to do the same
series of frame-to-frame vatiation repeatedly without havmg
to specify duplicate variations for different frame periods. The
second modification to ANIMATE dumps to a file the values
for each switch and variable on a frame-by-frame basis. This
provides an accurate record of what happened during a se-
quence of frames so that the user can, with greater ease,
match soundtrack to action. _ »

To get a better idea of what happens to certain values during
a movie sequence, a program called ANIPLT was cteated.
ANIPLT reads the ANIMATE dump file contammg the
frame-by-frame values and then makes two-dimensional plots
of each variable vs. frathe numbér. The frae fiumber is the

X axis and the switch or variable is the ¥ axis. This makes it
very easy to see the approxxmate condition of a particular
switch or variable at any frame number in a séquence.

PROGRAMMING THE FILM’S MAJOR SEQUENCE

The Reactot Safety filn’s major sequence starts wnh a bisic
drawing of a nuclear reactor power plant. The drang was
made on a finely meshed sheet of gfaph paper. Actual X-Y
locations for each line drawn wete manually read from the
drawing and typed into the computer in a forimat compatible
with the MAPPER program. Then MAPPER shading and
color commands were used to set up the differént color tonies
for the various reactor componéats. The command file was
then modified for the ANIMATE program. These modifica-
tions included the following:

® setting up the variables to illustrate pump action,

® setting up the variables to show water level and wave
action,

® setting up a variable to handle the turbine blade rotation
_at a cofistant rate,

® setting up the variables to control the projection port
capabilities in MAPPER so that we could zoom in on the
various reactor coniponénts,

¢ setting up the switches and variables for ANIMATE to
control the purmp actions,

® setting up a complex switching and shadmg scheme in the
command file to give the illusion of water flow in the
pipes and the reactor vessel, and

® setting up the switches to control the flashing of the var-
ious comiponents as they wete being described.

After the MAPPER command file had been prepated, it
was then processed by ANIMATE to generate a command file
for MAPPER and a file to be postprocessed by ANIPLT.
When the results from the running of ANIPLT revealed that
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FIGURE 1—ANIPLT plot indieating variafice of ohe color.

This shows the user how ANIMATE changed the variable CLR1 through a
range of 60 different colors starting at 30 on frame 1.

all of the vanables and switches were perfortning correctly,
the command file génerated by ANIMATE wis run through
MAPPER to genérate a graphics file to be processed by the
FR-80 microfilm recorder. Aftér viewing the film and making
some corrections and modifications the comimand file was
again run through ANIMATE ANIPLT, MAPPER, and the
FR-80 microfilm recorder to obtain the final copy of the se-
quence. It was then spliced in with many other séquences to
make the entite movie.

PRODUCTION COSTS

The ofiginal 11-1/2-minute film required 70 houts on the Lab-
oratory’s CDYC-76(0s; of this tithe, 40% was spent on software
dévelopment and on developient of visual coricepts. In addi-
tion, every sequence required several remakes to obtain ac-
ceptable footage. Additional expense was incurréd because of
substantial overtime charges, sonie priority use of the 7600s,
the taping of the narrative, adding a music track, and having
the film commercially finalized.

Approximately eleven man months were reqmred when all
relevant charges were factoreéd in, the ptoduction costs repre-
sented $3400/min. Had animation artists developed the film,
charges would have ranged from $4000-$7500/min. We esti-
mate that succeeding projects of this nature would represent
a 50% decrease from the initial expenditure because of the
experience gainéd and the now significantly improved soft-
ware. In addition, future Reactor Safety film efforts will em-
ploy the Energy-Division VAX cottiputers, which may be
even more cost effective for this kind of work.

CONCLUSIONS

Out computer-generated film évolved from a simple outline
into a sophisticated afid complex medium. It required large
amounts of computer résources and extension of the available
graphics software capabilities.
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Impending deadlines required the abandonment of several
sequences and concomitant deletions from the narrative.
Thus, the finalized version is not as originally envisioned.
Nonetheless, the film was received favorably and we have
subsequently had numerous requests for copies. This clearly
reflects the impact of computer-generated animation upon
viewing audiences. It has shown itself to be a highly effective
means of communicating technical information to varied audi-
ences. We also recognize its potential as a technical tool for
translating complex calculations into tangible form.
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The MODEL/IMAGES? system: An application of
computer graphics and three-dimensional geometric
modeling to the jet impingement problem
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ABSTRACT

The design of a nuclear power plant requires the consideration
of many abnormal conditions, including the effects of a fluid
jet emerging from a postulated break in a high-pressure pipe
and striking other plant components. This paper describes the
computer graphics and three-dimensional modeling system,
MODEL/IMAGES?2, which has been used successfully to
automate the solution of the jet impingement problem. The
MODEL program is used to construct the targets, using mod-
eling techniques such as stacking of graphic primitives, set
operations, and coordinate operations. The IMAGES?2 pro-
gram constructs a model of the fluid jet, determines the target
struck, and computes the impinged areas. The MODEL/
IMAGES?2 system has reduced the man-hours required for
analysis and improved the accuracy and reliability of the re-
sults.

INTRODUCTION

The design of a nuclear power plant requires careful consid-
eration of many abnormal conditions. An important calcu-
lation, the jet impingement problem, considers the effects of
a fluid jet emerging from a postulated break in a high-pressure
pipe and striking plant components. The portion of the analy-
sis of particular interest here is the calculation of the loads
exerted on the plant components by the jet. The analysis is
broken down into two parts—an engineering problem and a
geometric problem.

® Engineering problem—Computation of break size,
fluid properties at the break, jet expansion character-
istics and dynamic pressures within the jet

® Geometric problem—Description of target geometry
and computation of effective cross-sectional areas

This paper describes a computer graphics system, MODEL/
IMAGES2, which has successfully automated the solution of
the geometric jet impingement problem. This automation has
reduced the man-hours required for the analysis and im-
proved the accuracy and reliability of the results.

PROBLEM DESCRIPTION

The basic geometric problem of the jet impingement analysis
will be described with the aid of Figure 1. This figure shows a
typical reactor coolant pump, its supports and restraints, and
two postulated breaks in the horizontal pipe connected to it.

Consideration of the break on top of the pipe reveals two
problems immediately: (1) The geometry of the jet, the
pump, and the supports and restraints must be described. The
ideal situation would be to actually construct (three-dimen-
sional) mathematical models of these objects and perform the
calculations on them. (2) The portion of the target actually
lying within the boundary of the jet must be determined. The
parts of the target that lie outside the jet boundary are not of
interest, since they could not be struck by the jet.

Consideration of the lower break reveals another problem:
(3) The restraints just below the break are potentially shield-
ing the supports on the base of the pump. The computation of
this shielding requires that the target surfaces be projected
along stream lines to a projection plane and the projected
surfaces clipped against one another to account for shielding
and thus determine the parts of the surfaces actually exposed
to the fluid.

Once these problems are resolved, one must compute the
effective cross-sectional areas of the exposed surfaces,
which—in combination with the fluid pressures—give the jet
impingement loads on the targets. Five steps are involved in
the jet impingement analysis:

1. Model the targets that are nuclear steam system com-
ponents, supports, and restraints. .

2. Model the jet and intersect the jet and targets to deter-
mine the portion of the target lying within the jet
boundary. :

3. Project target surface along stream lines to the projec-
tion plane.

4. Compute the shielding of one surface by another.

5. Compute the -projection plane areas of exposed sur-
faces. ‘

Each of these steps involves a geometric analysis; and, be-
cause the problem is three-dimensional, each is nontrivial.
The major accomplishment of the MODEL/IMAGES?2 sys-
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Figure 1—Reactor coolant pump with postulated pipe breaks

tem is the ability to do the difficult three-dimensional geome-
try and thus perform Steps 1 through 5 straightforwardly.

Historical Remarks

Prior to the development of the MODEL/IMAGES? sys-
tem, computation of jet impingement target areas was done
by hand. In the hand computational procedure, the targets
" were approximated by simple shapes, such as cylinders and
-cubes. In the simplest case, the jet would be approximated as
a right circular cone. The analyst would derive the equations
of the curves of intersection (of the cone and the targets),
project these curves back to a projection plane, and compute
their areas.

As an analytical technique, this procedure has a number of
drawbacks: (1) Many power plant components cannot be well
approximated by simple shapes such as cylinders and cubes.
However, in order to do the intersection described above, the
analyst is restricted to geometrically simple shapes. (2) Com-
putation of the shielding of one component by another is
typically quite difficult. (3) Next-of-a-kind calculation, in-
volving a change in the break location or the introduction of

Figure 2—Nuclear steam system component supports and restraints

a new target requiring shielding, are typically as expensive as
the original calculation. Little is gained by having done the
original calculation. (4) The computed loads are often arti-
ficially high and must often be multiplied by very conservative
safety factors, since only very simple geometries can be used
in the hand calculation.

Overall, area computation by hand is a tedious, time-
consuming, and inaccurate process.

Cylinder m

@ Hemisphere

Reducer

Figure 3—Piping primitives



The MODEL/IMAGES?2 System 683

Figure 4—Model for nuclear steam system constructed from piping
primitives using MODEL

METHOD OF SOLUTION

The solution of the problem posed in the previous section is
achieved by two computer programs, MODEL and IM-
AGES?2. The modeling of power system components, sup-
ports, and restraints is performed by the MODEL program.
The models, along with certain engineeringvdata, form the
input for IMAGES?2, the program that actually does the area
calculations.

Bend Curve

—

Duct

Figure 5—Ductwork primitives

The MODEL Program'

The scope of the modeling problem can be appreciated by
referring to Figure 2.

The plant components are a mixture of regular shapes (such
as pipes) and irregular shapes (supports and restraints). Since
each object in this figure is a potential jet impingement target,
the modeling program must be capable of representing all
these shapes. The overall goal then is to construct mathe-
matical models of three-dimensional objects. The solution to
this problem is subject to a number of constraints. These
constraints essentially guarantee the utility of the models con-
structed:

® The models must be fully three-dimensional. It is not
sufficient simply to construct different views of an ob-
ject, as is done in various computer-aided drafting sys-
tems.

® The models must be amenable to the ready com-
putation of basic quantities such as interferences, areas,
volumes, and centroids.

® The models must be readily displayed as wire frame
drawings, hidden line drawings, and cross-sectional
views.

® The models must be easy to manipulate by coordinate
operations, such as rotation, translation, scaling, and
reflection.

® The models must be easily constructed from such basic
information as position, orientation, and dimensions.
That is, one should not transform a tedious manual
calculation into tedious data preparation.

The solution t6 the above problem that was chosen is the
polyhedral approximation of solids. All -models built by
MODEL are combinations of polyhedra. The choice of a
polyhedral approximation instead of an exact curvilinear sur-
face representation involves a number of considerations:

® Polyhedra are among the simplest three-dimensional
solids to work with.

® Surface area, volume, and centroid of a polyhedron are
straightforward to compute.

3 .,
Figure 6—Model of heating system ductwork constructed from ductwork
primitives using IMAGES2
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Figure 7—Illustration of set operations involving simple cylinders

® Computation of the intersection (interference) of two
polyhedra is straightforward. The intersection of two
polyhedral surfaces reduces to the intersection of
planes, a computationally simple process. Intersection
of two curvilinear surfaces requires the solution of sys-
tems of nonlinear equations, a computationally more
complex process.

® Polyhedra are easily displayed as wire frame drawings.
Computation of hidden surface and cross-sectional
views is straightforward and can be automated.

® Polyhedra can be easily rotated, translated, scaled, and
reflected.

® The overall modeling process using polyhedra is
straightforward.

In short, tradeoff of polyhedra versus curvilinear surfaces is
one of ease of construction and computational power versus
exact representation.

The modeling process

Three basic modeling techniques are implemented in
MODEL:

® Graphic primitives
® Set operations
® Coordinate operations

Graphics primitives

Two basic classes of primitives are supported in the MOD-
EL program: the piping primitives and the duct primitives.
The piping primitives are illustrated in Figure 3 and a model
of the primary components of a nuclear steam system, built
with these primitives, is shown in Figure 4. The duct primitives
are illustrated in Figure 5; and a model of heating system
ductwork, built with these primitives, is shown in Figure 6.

For both classes of primitives the basic modeling technique
is one of stacking. The user specifies a starting point, starting
direction, and starting dimensions, such as radius for the pipe
and width and height for the duct. Then the particular prim-
itive is specified, along with any additional parameters, such

L~

Figure 8—Model of concrete shielding built using set operations in MODEL
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Simple Cone

Complex Cone

Figure 9—Models of conical jets

as length for a cylinder and radius of curvature for an elbow.
The program automatically constructs the data structure for
the primitive and moves the user to the other end, where the
user specifies the next primitive and its associated parameters,
such as a cylinder and its length. The program then constructs
that primitive and puts it in place.

Set operations

The set operations used in modeling are union, inter-
section, and difference, as illustrated in Figure 7. These oper-
ations may be thought of, respectively, as welding two objects
together, computing the overlap or interference of two ob-
jects, and cutting one object with another. These operations
supplement the graphic primitives by permitting the user to
construct odd-shaped objects by welding and cutting prim-
itives.

An example of the application of the set operations is
shown in Figure 8. The model was made by first unioning a
block to a large cylinder, then subtracting a number of smaller
cylinders to make the cuts shown.

Coordinate operations

The coordinate operations—rotation, translation, scaling,
and reflection—are used to change the location and shape of

Simple Disc

Complex Disc
Figure 10—Models of disc jets

a model and to build models by exploitation of symmetry. For
example, the model in Figure 4 was constructed by building
essentially one-fourth of it directly from piping primitives and
generating the remainder by reflection.

The IMAGES2 Program®

The actual computation of jet impingement areas is per-
formed by the IMAGES?2 program. It receives input from the
user in the form of models constructed by the MODEL pro-
gram and data files describing the break and.the jet charac-
teristics. The output of the program is a set of effective cross-
sectional areas and related geometrical information about the
targets.

Two basic types of jets are analyzed: the conical jet (Figure
9) emerging from a split/guillotine break and disc jet (Figure
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Figure 11—Models of pressurizer and support structures

10) emerging from a limited displacement rupture (circum-
ferential pipe break). The axis of the disc jet lie in a plane
perpendicular to the pipe axis at the break. The axis of the
conical jet is perpendicular to the plane of the break. The
cross-section of the conical jet is assumed to be circular. The
jet models are constructed by IMAGES?2 from information
about the break location, size, and jet expansion angle.

Sample Jet Impingement Calculation

Figures 11 through 13 show a sample jet impingement case.
The targets, a pressurizer, and its support framing are shown
in Figure 11. The targets were built by the techniques outlined
in the previous section. Figure 12 shows the targets again,
viewed from the back side, with the jet syperimposed. The jet
is a simple conical jet emerging from a postulated break in the
upper cold leg of the reactor coolant system. Finally, Figure
13 shows the pictorial output of the analysis. The picture

Figure 12—Models of pressurizer and support structures with fluid jet model
superimposed (different viewing point from that of Figure 11)

shows the portions of the targets actually struck by the fluid.
To understand this picture, one should think of the stream
lines radiating from the apex of the cone as lines of sight for
an eye located at the apex. Then this fluid cone is equivalent

03 e |

Figure 13—Pictorial output from jet impingement analysis showing
impinged surfaces
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to a cone of vision, and the visible surfaces are in fact those
struck by the fluid. Finally, the projected areas are computed
for the IMAGES? output.

SUMMARY

The MODEL/IMAGES?2 system transforms a costly and time-
consuming manual calculation into an efficient and inexpen-
sive computer calculation. The human error and approxi-
mations associated with manual calculations have been elimi-
nated. Next-of-kind-analyses are inexpensive, since models
and data files can be retrieved from backup and used for later
calculations.

Extensions

An active effort is under way to create additional en-
gineering applications programs that will use the models cre-
ated by MODEL. Two particular areas of interest are piping
system layout and design and automatic interference deter-
mination. The goal in both-cases is to automate these calcu-
lations in the same fashion that jet impingement has been
automated.
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INTRODUCTION

The literature on computer-based consultation systems has
often suggested the possibility of building an expert system in
the field of law, but it is only recently that several researchers
have begun to explore this possibility seriously. For this ses-
sion, we have assembled summaries of six major projects on
the applications of artificial intelligence to legal problem do-
mains, and we have invited representatives of these six
projects to participate in a panel discussion of their work.
The work is quite diverse. Two of the projects are con-
cerned primarily with practical applications: Hafner, repre-
sented in Section I below, has explored the use of a conceptual
knowledge-base in an enhanced legal retrieval system, and
Sprowl, in Section II, has developed and tested a system which
assists an attorney in the drafting of routine legal documents.
Several of the projects have considered the general problem
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of designing a language in which legal rules and legal concepts
might be easily expressed: the LEGOL project (Section IV)
and the TAXMAN project (Section V) fit within this catego-
ry, as does the work of Meldman (Section III) on the design
of a system for computer-aided legal analysis. Finally, two of
the projects are exploring some general theoretical issues -
about the legal process: McCarty and Sridharan (Section V)
are attempting to understand the patterns of argument that
appear in a contested corporate tax case, and Waterman and
Peterson (Section VI) are attempting to understand the deci-
sionmaking procedures of attorneys and claims adjusters in
product liability cases.

Despite these diverse objectives, there appears to be a basic
paradigm underlying all of the attempts to apply artificial
intelligence techniques to legal problem domains. In one way
or another, a legal consultation system must represent the
“facts” of a case at a comfortable level of abstraction, and it
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must represent the “law” in the chosen area of application,
where the “law” consists of a system of ‘“rules” and ‘“‘con-
cepts” which specify the rights and obligations of the parties
in the case. Legal analysis, in its simplest form, is then a
process of applying the “law” to the “facts.” However, this
formulation is deceptively simple, since it masks the real diffi-
culties of the representation problem. The facts of a legal case
typically involve all the complexities of daily life: human ac-
tions, beliefs, intentions, motivations, etc., in a world of ordi-
nary objects like houses and automobiles, and complex insti-
tutions like businesses and courts. And even if the facts of a
particular case could be represented in a computer systér, the
legal rules theimselves would often be problematical. Faced
with these difficulties, the designer of an artificial intelligence
system in a legal problem domain must make several strategic
choices, and several compromises, as illustrated in the project
summaries printed below.

One strategic choice is the decision to provide either a
shallow coverage of a broad area of law, or a deeper coverage
of a narrow area of law. Another strategic choice, but one
clearly related to the first, is the decision to work with either
a syntactically simple, or a semantically rich, representation
language. In general, the projects which are most clearly di-

~ rected towards a practical application have tended to follow
the first option: broad but shallow coverage, using a simple
and uniform language. Thus Hafner* develops a very sketchy
model of negotiable instruments law, but demonstrates that a
shallow conceptual model of this sort is adequate for the pur-
poses of document retrieval. Sprow!l’s approach'”- *® is even
simpler: his system provides some limited syntactic pro-
cessing, but leaves the semantics of the legal document entire-
ly in the hands of the user. The rule-based system of Water-
man and Peterson® takes an intermediate posmop on this
issue: the ‘‘antecedent-consequent” rules are themselves
quite simple in structure, but they can be assembled into “rule
sets’’ in order to model a more complicated legal concept. On
the other hand, thére are several projects in this collection
which build serhantic structures of varying degrees of com-
plexity directly into the representation language itself: for
example, the representation of “time” in LEGOL; or the
representation of “situations” in Meldman’s prototype sys-
tem;'* or the representation of “rights” and ““obligations” in
McCarty and Sridharan’s TAXMAN project.” It remains to
be seen which of these approaches will turn out to be the most
satisfactory.

~ The knowledge representation problem is related to anoth-
er problem which faces the designer of an artificial intel-
ligence system in a legal problem domain: how can we build
up a realistic legal data base? Even assummg that the legal
4;onceptualmodeLhas been adequately defined, there remains
the task of acquiring a large number of case descriptions and
classificatory rules. Although Hafner was able to code her
collection of 200 cases and 200 statutory provisions by hand,
an automated knowledge- -acquisition system would clearly be
necessary to extend this data base into the thousands, or,
realistically, the tens of thousands. More difficult still is the
task of modifying the legal conceptual model itself, when the
legal rules change and an entirely new factor is deemed rele-
vant to the analysis of a class of cases. One approach here is
to insist on the clarity and the semantic integrity of the repre-

sentation language: thus the LEGOL project has sought to
develop a high-level legally otiented language which is inde-
pendent of its lower-level implementations; and Waterman
and Peterson have emphasized the modularity, and hence the
modifiability, of their antecedent-consequent rules, Another
approach, exemplified by the work of McCarty and Sridharan
on the TAXMAN project, is to study how legal rules and legal
concepts have actually been modified, over time, in the course
of deciding contested cases. The expectation here is that the
mechanisms which provide an adequate historical account of
the structure and dynamics of legal conicepts will also turn out
to be useful in building and modifying a contemporary legal
data base.

As this survey suggests, the application of artificial intel-
ligence techniques to legal problem domains raises a host of
difficult issues. But these issues need not all be addressed at
once. By selecting a particular area of the law, or a particular
kind of application, we can simplify some of these issues tem-
porarily and focus our attention on others. In this way, too, we
might hope to provide some useful tools for the practicing
attorney, long before the more difficult theoretical issues are
fully resolved. The diversity of strategic choices in this field
helps to explain some of the diversity of the projects which are
described below.

I. A Knowledge-Based Approach to Legal Document Re-
trieval, by Carole D. Hafner, University of Michigan,
Ann Arbor, Michigan. Current address: General Mo-
tors Research Laboratories, Warren, Michigan.

The Legal Research System (LRS) is a knowledge-based in-
formation retrieval system, intended to be used by lawyers
and legal assistants to retrieve documents based on their rele-
vance to specific legal problems. The subject of the system’s
knowledge is Negotiable Instruments Law, an area of Com-
mercial Law that deals with chécks and promissory notes. The
current implementation, described in Hafner,* has a database
of about 200 statutes from the Uniform Commercial Code®
and 200 related cases.

In LRS, a semantic network is used to represent knowledge
about legal concepts and relationships, enabling the system to
interpret and compare descriptions of complex situations.
(For other examples of semantic networks, see Findler) The
legal knowledge encoded in the setantic netwdrk is accessed
by general-purpose rules for “descriptive inference,” whnch
determine whether a document in the database “satisfies”
description éntered by the user. Thus, documents are re-
trieved which are semantically implied by the user’s query,
even if none of the terms in the query appear in the document.

The semantic network model consists of six types of links,
corresponding to general knowledge-structuring functions.
The descriptive inference rules operate on these network
structures regardless of the subject-area concepts that are
encoded; thus, the systern could be adapted to other legal or
non-legal databases. The link types are described below:

1. Set/member links represent individual concepts be-
longing to a class; for instance, a set/membér link en-
codes the fact that U.S.A. is a member of the class
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GOVERNMENT. If a user query asks for cases where
the plaintiff is a government, those cases where the
plaintiff was ‘“U.S.A.” will be retrieved by the system.

2. Constituent links represent the fact that one object is a
constituent of another object; for example, a legal in-
strument such as a check has two kinds of constituents:
signatures and terms.

3. Property links represent attributes of objects, e.g., a
signature can have the property “forged.”

4. Subclass/superclass links encode the hierarchical rela-
tionships among types of objects. For example, a
“check” is a subclass of ‘“draft”; thus, if a user query
asks for cases involving a draft, the system will retrieve
cases dealing with checks also.

5. Role links are used to describe concepts that are re-
lational in nature, such as “payee,” “signer,” and “pur-
chaser.” These concepts are an important part of the
legal vocabulary. A “‘signer,” for example, is described
as a role whose role filler is a person, and whose role
object is a legal instrument.

6. Event-condition links are used to describe the things that
can happen to an object, e.g., “ratified” is an event-
condition of an unauthorized signature, which changes
its legal meaning.

In LRS, knowledge about properties, roles, and event-
conditions is combined with knowledge about superclass/sub-
class relationships to interpret and compare descriptions of
complex situations. For example, the description “an un-
authorized signature on a draft” is satisfied by the description
“a forged endorsement on a check” since forged is a subclass
of unauthorized, an endorsement is a role whose filler is a
signature, and a check is a subclass of draft.

Keyword retrieval systems such as LEXIS® are already
providing valuable aid to lawyers in searching the large and
rapidly expanding database of legal rules and precedents.
However, a user of LEXIS must generate many different com-
binations of words to describe the concepts he is interested in,
in order to retrieve the relevant documents. Techniques for
representing conceptual knowledge, which are being devel-
oped by workers in artificial intelligence, offer great promise
for transferring some of this burden to the computer.

II. Automating the Delivery of Instruction And the Prepara-
tion of Legal Documents, by James A. Sprowl, Ameri-
can Bar Foundation, Chicago, Illinois.

Attorneys are quite used to working with books of legal forms
and with published compilations of statutes. We have con-
structed a prototype computer system that is “programmed”
by feeding into it document descriptions that resemble pub-
lished legal forms and computational procedures that resem-
ble statutes. Using these elements as a guide, the prototype
system can teach, ask questions, accept answers, draw conclu-
sions, and assemble client-customized versions of the docu-
ments ready for court filing.'” '8

The language used in drafting the document descriptions
and procedures is an ALGOL-68-like language in which the
operators are special symbols (“+”, “—", etc.) and capital-

ized words (“IF,” “REPEAT,” etc.). The variables are long,
meaningful strings of lower-case letters, commas, apostro-
phes, quotation marks, periods, and spaces (‘‘the name of the
client,” “the client’s gross income,” etc.). No declarations or
data structure specifications are required since space for data
storage is allocated dynamically at run time.

To allow document descriptions to resemble legal forms,
“stand-alone” variables and expressions are permitted that
would have no meaning in a conventional programming lan-
guage. Textual comments enclosed by outward-facing brack-
ets (“].. . TEXT...[”) are also permitted. The run-time pro-
cessor evaluates the stand-alone variables and expressions and
returns them, along with the intervening textual comments, as
output. Undefined variables are parsed into questions. Ac-
cordingly, the following form legal document:

CONTRACT

The contractor, [the contractor’s name], and the contrac-
tee, [the contractee’s name], do hereby agree as follows:

The contractor agrees to buy [the number of items] [the
type of items] costing $ [the cost of each item] for a total price
of $ [the cost of each item * the number of items].

[IF implied warranties ARE to be waived INSERT]

All warranties of merchantability and suitability for a par-
ticular purpose are hereby expressly waived, and the above
items are sold AS IS.

[ENDIF]
causes the computer to conduct the following interview,
where the questions are automatically derived from the names
of any variables that are in an “undefined” state:

What is the contractor’s name?
>John Jackson

What is the contractee’s name?
>Adams Supply Company

What is the number of items? !
>27

What is the type of items?
>QOctagonal Outlet Boxes (Catalog No. 33,274)
What is the cost of each item?
>$1.50

Are implied warranties to be waived?
>No

Following this interview, the computer assembles and returns
the following ‘“‘client-customized” version of the above form
contract:

Contract
The contractor, John Jackson, and the contractee, Adams
Supply Company, do hereby agree as follows:
The contractor agrees to buy 27 Octagonal Outlet Boxes
(Catalog No. 33,274) costing $1.50 for a total price of $40.50.

Computational procedures may be supplied to compute the
value of any variable. For example, the procedure

IF the salesman IS on commission
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THEN the cost of each item = 1.3 * the catalog price of
each item

OTHERWISE the cost of each item = the catalog price of
each item

when stored in the same ‘‘library’’ with the above contract
suppresses the question asking for ““the cost of each item” and
substitutes the following two questions:

Is the salesman on commission?

>No

What is the catalog price of each item?
>$1.50

If a question is poorly formulated, a ““new question” docu-
ment may be added to a library to serve as a replacement. For
example, the questions asking for the number and price of the
items may be replaced with the following “new question”
documents:

How many [the type of items] are being purchased?
How much does each [the type of items] cost?

The computer can then ask:

What is the type of items?

>Octagonal Outlet Boxes (Catalog No. 33,274)

How many Octagonal Outlet Boxes (Catalog No. 33,274)
are being purchased?

>27

How much does each Octagonal Outlet Boxes (Catalog No.
33,274) cost?

>$1.50

A “library” may contain any number of documents, pro-
cedures, and new questions. The documents within a library
may also incorporate one another by reference. A document
may contain a variable defined by a first procedure; the first
procedure may contain a variable defined by a second pro-
cedure; and the second procedure may contain a variable that
corresponds to a new-question document that itself contains
variables defined by yet other procedures. Undefined vari-
ables thus implicitly produce calls for the execution of pro-
cedures, the assembly and display of new questions, or the
formulation of a question from the name of a variable. The
documents, procedures, and new-question documents stored
together in a library thus implicitly define a tree-structured
algorithm that the computer can follow by ‘‘branching” down
each time an undefined variable is encountered.

This system differs from conventional systems in permitting
“stand-alone” expressions, variables, and comments to be
assembled into output and in providing a “multiple-valued”
calculus that permits any variable to occupy either of two
undefined states. A variable may be “not yet defined,” in
which case the computer must search for a procedure or new
question document or must convert the variable’s name into
a question; and if the user refuses to supply an answer to such
a question, the variable enters a “never-to-be-defined” state.
Logical (true-false) variables may thus enter any one of four
states (not yet defined, true, false, or never to be defined),

and logical operators such as “AND” and “OR’’ which must
operate upon these four-state variables can produce any one
of sixteen possible results.

In field tests, the prototype system has proved to be an
excellent vehicle for automating the assembly of wills, trusts,
real estate closing agreements, divorce petitions and decrees,
and other similar form legal documents.

It generates a client data file which may be used to control
the assembly of other forms without a further interview, and
a revised client file may control the automated assembly of a
revised set of forms. The ABF language also shows consid-
erable promise as a tool for use in creating computer-aided-
instructional lessons. Using the ABF system, an attorney spe-
cialist can construct a combined document-assembly and in-
structional system that can then be shared by large numbers
of non-specialist attorneys in their individual practices.

II1. A Preliminary Study in Computer-Aided Legal Analysis,
by Jeffrey A. Meldman, Sloan School of Management,
Massachusetts Institute of Technology, Cambridge, Mas-
sachusetts.

This project has designed a prototype for a computer system
that can perform a simple kind of legal analysis.'*"'® The sys-
tem user, who is presumed to be a lawyer, describes to the
system a hypothetical set of facts. The system determines the
extent to which these facts fall within certain legal doctrines
(by syllogism), or near to these doctrines (by analogy). Dur-
ing this process, the system may ask the user for additional
facts. The system then tells the user of its determinations and
of the logic behind its conclusions, supporting these conclu-
sions with reference to judicial decisions and other legal au-
thority. The prototype system communicates with the user in
a computer language (called Preliminary Study Language)
designed to be translatable into and out of English by natural-
language processing techniques, based on case grammar, that
are currently being developed in other research.

As the basis for this analysis, structural machine models are
built to represent legally-relevant human activity and doc-
trines of law. The primitive components in these structures
represent simple things and relations (like persons, firearms,
hitting, near, etc.) in the everyday world of human affairs.
These things and relations are classified hierarchically into
categories. They are assembled into facts comprising two
things and the relation between them. Facts, in turn, are as-
sembled into more complicated structures called situations,
which are represented in terms of component elements, or in
terms of alternative fypes, or both. These situational struc-
tures are used to represent the hypothetical facts being ana-
lyzed as well as the factual content of legal doctrines. The
factual situations of specific cases provide examples and
counter-examples that behave as alternative types of the situ-
ational components of more general legal doctrine. The pro-
totype system contains representations for doctrine involving
civil battery and assault.

Analysis is performed by decomposing the situations that
represent legal doctrines according to their elements and their
types. When this decomposition reaches the level of -things
and relations, these things and relations, together with their
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situational structure, are matched against the things and re-
lations contained in the hypothetical facts. The matching of
individual things and relations is accomplished by reference to
their hierarchical categorization.

IV. The LEGOL Project: An Abstract, by Sandra Cook,
London School of Economics, London, England. Cur-
rent address: SRI International, Menlo Park, California.

The LEGOL (legally oriented /anguage) Project is devel-
oping a language, computer system, and technique of analysis
to enable legislation to be expressed in a form which may be
interpreted by computer. Described as such, the work can be
viewed as research in legal informatics, or computers and law.
But this was not its original motivation. The LEGOL Project
was launched to develop improved tools for systems specifica-
tion. One of the prime requisites of a very high level systems
specification language is that it provides a means of stating
what actions must be performed under what circumstances,
without going immediately into detailed questions of imple-
mentation methods. That is, it must make it possible to say
what has to be done without going into details of how to do it.
As this is exactly the feature of legislation, say, statute law,
the designers of LEGOL have used legislation as their experi-
mental material. Legislation states general principles to be
applied in a precise, formal and yet general way. It also pro-
vides the basis for many actual financial and administrative
systems, where the provisions of the law must be translated in
terms of information processing tasks to be performed by
persons and/or machines.

If a computer system for administering a tax is taken as an
example, then one sees that the data processing rules em-
bodied in the programs are a logical consequence of the legis-
lative rules which, in effect, specify what the resulting or-
ganization should achieve. Legislation for a new tax will
embody, in all its essentials, the work of a department (orga-
nization) to collect the tax. The legislation will not say how the
tax is to be collected, but it will specify the real world circum-
stances in which tax will be liable. Later, the executive branch
of the government will create a department for this work, and
translate the legislation into a set of procedures which can be
performed by clerks and/or computers. Thus, implicit in the
legislation is an information system. A formalism which is
capable of expressing complex rules with the richness and
precision seen in well-drafted legislation could easily cope
with other application areas where information systems must
be defined.? This is the characteristic of the LEGOL langu-
age, and helps to explain why we have entered the field of
computers and law.

The tangible outputs of the research are specific versions of
the LEGOL language (a specification language with time
handling capabilities) and a computer system to interpret it.
Given a blueprint for an information system specified in LEG-
OL, the accompanying interpreter enables a working model
of the system to be generated automatically. That is, the
translation from the legal prescriptions or high level rules
(expressed in the LEGOL formalism) into computational al-
gorithms is performed automatically, using the LEGOL sys-

tem. Thus, rules written in LEGOL are interpreted auto-
matically and can be tested to discover whether they will have
the desired effect. As a consequence, draft legislation may be

_tested by computer before it is put on the statute book. Anal-

ogously, the systems analyst can specify a data processing
system in LEGOL, such as one to give effect to tax legislation.
A model of this system can be run directly from this proposed
specification without the intervention of programming in a
conventional language. Using the simulator which the LEG-
OL system provides, the analyst can explore the functioning
of the proposed system. Reducing the gap between definition
of the system and a working prototype shortens the devel-
opment life cycle dramatically.®

One very necessary feature of a legally oriented language is
the ability to deal consistently and automatically with time,
and this is a unique feature of LEGOL. The correct applica-
tion of a law may require access to facts about events taking
place over a long time span; past history can never be defi-
nitively deemed irrelevant. This perspective differs from that
adopted in many conventional data processing applications
where decisions to destroy quite recent information are com-
monplace, and where items such as dates are recorded and
manipulated in the same way as any other pieces of data.
LEGOL is based on the philosophy that information about
time provides a framework which defines the validity of all
other information stored in a database, and that it must be
handled in a special way. Only then will a very high level
systems specification have the necessary degree of generality,
and decisions to “forget” the past information be seen as what
they are—part of the lower level process of system design and
implementation.®

LEGOL entity representations are based on the relational
model,'- but with additional structuring and constraints.”
These constraints have a basis in an “epistemological semantic
model.”””® These built-in constraints ensure a sensible corre-
spondence between data structures and what they represent,
and make it very difficult to write expressions in the language
which are not meaningful in a strict sense. This contributes
toward drawing up a correct and complete specification.

The current version of the LEGOL language is capable of
handling routine administrative legislation, and has been ap-
plied to a large number of legislative problems, among them,
intes:ate succession.’ The Project is now looking at legislation
of increased complexity and at an extension to the language
(LEGOL-X) which would enable it to handle notions such as
purpose, right, duty, judgment, privilege, liability, etc.?' This
would greatly increase the scope of legislation amenable to a
LEGOL analysis.

The interpreter for the current version of the language
(LEGOL-2.1) is programmed in POP-2 and runs on a DEC-
system 10 at the Edinburgh Regional Computing Centre. In
the next phase, an interpreter for LEGOL-X will be devel-
oped on a 380Z microcomputer.

The LEGOL Project is supported by the British Science
Research Council, with additional support from IBM and the
British Social Science Research Council, during earlier
phases. The Principal Investigator is Ronald K. Stamper.
More information may be obtained by writing to the Secretary
of the LEGOL Project, S110, London School of Economics,
Houghton Street, London WC2A 2AE, England.
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V. The TAXMAN Project: A Summary, by L. Thorne Mc-
Carty, Faculty of Law and Jurisprudence, State University
of New York at Buffalo; and N. S. Sridharan, Department
of Computer Science, Rutgers University, New Bruns-
wick, New Jersey.

The TAXMAN project is an experiment in the application of
artificial intelligence techniques to the study of legal reasoning
and legal argumentation, using corporate tax law as an experi-
mental problem domain. In our earlier work,” in a system
called TAXMAN I, we were able to construct computer mod-
els of the facts of corporate tax cases and the concepts of the
United States Internal Revenue Code, so that the system
could produce an ‘“‘analysis” of the tax consequences of a
given corporate transaction. Our current research is con-
cerned with some theoretical questions which were left open
in the earlier study. It is clear that the TAXMAN I system is
inadequate as a model of legal reasoning and legal argu-
mentation, since it provides no facilities for representing the
“open-texture’” of most legal concepts, and no facilities for
modeling the “‘construction” and “modification” of legal con-
cepts that occurs during the analysis of a difficult case.'* In the
system we are now developing, called TAXMAN II, we are
attempting to remedy these deficiencies, and attempting at
the same time to develop a cognitive theory of the patterns of
argument adopted by lawyers and judges in the early years of
the corporate tax code.'® We are currently testing the TAX-
MAN II model on several stock dividend and corporate reor-
ganization cases decided by the Supreme Court in the 1920°s
and 1930’s, and the results so far are encouraging, although
still quite incomplete.

The TAXMAN system is implemented at present in the
AIMDS representation language,'® which is one of a family of
frame-based languages now under development in several
centers of artificial intelligence research. To set up a domain
of discourse in AIMDS, we first construct a system of tem-
plates to describe the classes of objects in the domain, and a
system of relations to express the possible relationships be-
tween these objects. To describe the facts of a particular case,
we generate instances of the templates and their associated
relations in a particular context. To represent the concepts
and rules which are potentially applicable to a set of facts, we
use either a semantic description, which is basically a network
of instantiated relations in which the instance names have
been replaced by variable names, or a production, which is a
linked pair of descriptions. The descriptions and productions
are then arranged into a hierarchy of abstractions and expan-
sions, and a recursive pattern-matching procedure is used to
generate the expansions when given the abstractions, and to
recognize the abstractions when given the expansions. For a
detailed exposition, see McCarty and Sridharan.'®

Given these representational mechanisms, the TAXMAN
system is constructed by encoding the various concepts of
corporate tax law into the framework of the abstraction-
expansion hierarchy. The basic “facts” of a corporate tax case
can be represented in a relatively straightforward manner:
corporations issue securities, transfer property, distribute div-
idends, etc. Below this level there is an expanded represent-
ation of the meaning of a security interest in terms of its
component rights and obligations: the owners of the shares of

a common stock, for example, have certain rights to the
‘“earnings,” the “assets,” and the ‘“control” of the cor-
poration. Above this level there is the “law’”: the statutory
rules which classify transactions as taxable or nontaxable,
ordinary income or capital gains, dividend distributions or
stock redemptions, etc. We have demonstrated that the TAX-
MAN I system is capable of representing the full set of facts
of an actual corporate tax case, such as United States v. Phel-
lis, 257 U.S. 156 (1921), and capable also of representing the
statutory rules and concepts which classify such cases as tax-
free reorganizations under Sections 368(a)(1)(B), (C) and (D)
of the Internal Revenue Code. (See, for example, McCarty’
and McCarty and Sridharan.'®) Furthermore, as long as we
confine our efforts to the general areas of corporate and com-
mercial law, we believe that there are numerous practical
applications for a system of this sort. We have discussed these
possibilities in an earlier paper."

However, the main goal of our present research is to move
beyond the limitations of the original TAXMAN paradigm,
and to develop a more realistic model of the structure and
dynamics of legal concepts. In the TAXMAN II system, as in
the TAXMAN I system, the precise statutory rules are repre-
sented as logical templates, a term intended to suggest the way
in which a “logical” pattern is “matched” to a lower-level
factual network during the analysis of a corporate tax case.
But the more amorphous concepts of corporate tax law, the
concepts typically constructed and reconstructed in the pro-
cess of a judicial decision, are represented in the TAXMAN
IT system by a prototype and a sequence of deformations of
the prototype.'™" The prototype is a relatively concrete de-
scription selected from the lower-level factual network itself,
and the deformations are selected from among the possible
mappings of one concrete description into another. We have
argued that these ‘“prototype-plus-deformation” structures
play a crucial role in the process of legal argument, and that
they contribute a degree of stability and flexibility to an
emerging system of concepts that would not exist with the
template structure alone. We have illustrated these ideas with
a detailed analysis of Eisner v. Macomber, 252 U.S. 189
(1920), the early stock dividend case, and our analysis is now
undergoing a full-scale implementation.*

The TAXMAN project has been supported by the National
Science Foundation under Grant SOC-78-11408 and Grant
MCS-79-21471.

VI. Rule-Based Models of Legal Expertise, by D. A. Water-
man and Mark Peterson, The Rand Corporation, Santa
Monica, California.

We are currently engaged in designing and building models of
legal expertise. Some progress has already been made in de-
veloping computer systems to perform legal analysis, as de-
scribed in the previous sections of this paper. Our system
differs from these efforts in that it is a rule-based model of
expertise, i.e., a computer program organized as a collection
of antecedent-consequent rules™ that embodies the skills and
knowledge of an expert in some domain. The primary goal of
our work is to develop rule-based models of the deci-
sionmaking processes of attorneys and claims adjustors in-
volved in product liability litigation. We will use these models
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to study the effect of changes in legal doctrine on settlement
strategies and practices.

Our legal decisionmaking system (LDS) is being imple-
mented in ROSIE, a rule-oriented language designed to facil-
itate the development of large expert systems.?® The models
created in ROSIE are rule-based, have an English-like syntax,
and use special language primitives and pattern matching rou-
tines that facilitate interaction with external computer sys-
tems. The ROSIE design also supports hierarchical data struc-
tures and rulesets that can be called as subroutines, functions
or predicates. The typical Rosie rule has the form IF
<situation> THEN <action>, where the situation is a de-
scription of a possible data base configuration and the action
describes how the data base is to be modified when that con-
figuration is detected. The syntax of ROSIE is more English-
like than that of any other programming language to date. It
is intended to facilitate model creation, modification and ex-
planation. In Section A our approach to modeling legal ex-
pertise is discussed and the operation of our prototype version
of LDS is described. The conclusions are presented in Section
B.

A. Legal Model. The model of legal decisionmaking we
are building will contain five basic types of rules: those based
on formal doctrine, informal principles, strategies, subjective
considerations and secondary effects. These terms are defined
below.

o FORMAL DOCTRINE: rules used as the basis for legal
judgements such as legislation and common law.

o INFORMAL PRINCIPLES: rules that don’t carry the
weight of formal law but are generally agreed upon by
legal practicioners. This includes ambiguous concepts
(e.g., reasonable and proper) and generally accepted
practices (e.g., pain and suffering = 3 * medical ex-
penses).

® STRATEGIES: methods used by legal practioners to
accomplish a goal, e.g., proving a product defective.

e SUBJECTIVE CONSIDERATIONS: rules that antici-
pate the subjective responses of people involved in legal
interactions, e.g., the effect of plaintiff attractiveness on
the amount of money awarded, or the effects of extreme
injuries on liability decisions.

® SECONDARY EFFECTS: rules that describe the inter-
actions between rules, e.g., a change in the law from
contributory negligence to comparative negligence may
change other rules such as strategies for settlement or
anticipated behavior of juries.

The formal doctrine evolves from court decisions and statutes,
while the informal principles, strategies, etc. are shaped by
example and experience. Sources for these rules include legal
literature, case histories and interviews with experts. By sepa-
rating the rules as described we can study both the relevant
inference mechanisms and the influence of each type of know-
ledge on the decisionmaking process.

We are using our model of legal decisionmaking to system-
atically describe how legal practitioners reach settlement deci-
sions and to test the effect of changes in the legal system on
these decisions. Individual cases are analyzed by comparing
the chains of reasoning (the chains of rules) that lead to the

outcomes to similar chains in prototypical cases. This helps
clarify the relationships existing between the formal doctrine,
informal practices and strategies used in the decisionmaking.
We are examining the effects of changes in legal doctrine,
procedures and strategies on the processing of cases by mod-

" ifying appropriate rules in the model and noting the effect on

the operation of the model when applied to a body of selected
test cases. This can provide insights that will suggest useful
changes in legal doctrine and practices.

Our current implementation of LDS is a small prototype
model of legal decisionmaking containing rules representing
negligence and liability laws. This prototype contains rules
describing formal doctrine and informal principles in product
liability. Future versions of the system will incorporate the
other rule types discussed earlier. Given a description of a
product liability case the model attempts to determine what
theory of liability applies, whether or not the defendant is
liable, how much the case is worth, and what an equitable
value for settlement would be. Once a decision is reached the
user may ask for an explanation in terms of the rules used to
reach the decision.

We will now describe the use of LDS to test the effect of a
legislative change on a case outcome. The case is briefly sum-
marized as follows:

The plaintiff was cleaning a bathtub drain with a liquid
cleaner when the cleaner exploded out of, the drain causing
severe burns and permanent scarring to his left arm. Medical
expenses for the plaintiff were $6000, and he was unable to
work for 200 working days, during which time his rate of pay
was $47 per day. The cleaner was manufactured and sold by
the defendant, and experts judged it not to be defective. The
product’s label did not give a satisfactory description of means
to avoid chemical reactions. The plaintiff was familiar with the
product but did not flush out the drain before using the clean-
er. The amount of the claim was $40,000.

The system was first applied using a definition of strict
liability that did not involve the product being unreasonably
dangerous. (See Waterman and Peterson,” a longer version
of this paper that describes this definition.) It was determined
that the defendant was partially liable for damages under the
theory of comparative negligence, with the amount of liability
lying somewhere between $21,000 and $29,000. The case was
valued between $35,000 and $41,000. After the definition of
strict liability was modified to state that the product must be
unreasonably dangerous for strict liability to apply, the de- -
fendant was found to be not liable, since the product had been
judged not unreasonably dangerous (see Figure 1).

B. Conclusions. Our preliminary work with LDS has dem-
onstrated the feasibility of applying rule-based modeling tech-
niques to the product liability area. In spite of the inherent
complexity of product liability law, the number of basic con-
cepts manipulated by the rules is easily handled (in the hun-
dreds), while the number of rules required to adequately rep-
resent legal doctrine and strategies is manageable (in the
thousands).

The rules that represent legal doctrine in this area are basic-
ally declarative in nature. Most of them are easily represented
as definitions with complex antecedents and simple con-
sequents that name the concept being defined. Rules of this
sort can be organized as relatively unordered sets that are
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processed with a simple control scheme. Most of the action
takes place in calls to other rule sets representing definitions
of terms used by the initial set. This simple control structure
facilitates rule modification and explanation.
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ABSTRACT

This paper is an introduction to an automated reasoning pro-
gram developed at Northern Illinois University and Argonne
National Laboratory over the past nine years. Recently the
program has reached the stage where it can be considered a
useful research tool in a variety of disciplines. It has solved
open problems in mathematics and participated in the design
of new electronic circuits. Here we describe the general types
of capabilities provided to the user by the program and give
examples of how they are currently being used in diverse areas
of investigation.

INTRODUCTION

In this paper we survey various uses of an existing automated
reasoning system. Rather than describe its internal orga-
nization or theoretical foundation, which has been presented
elsewhere, we concentrate here on how it appears to a user
who has no need to understand the internals of the system.

The program, developed over the past nine years at North-
ern Illinois University and Argonne National Laboratory, has
gradually grown from a tool for studying the automated rea-
soning process itself into a program which is being used as an
intelligent colleague on research projects in several areas.

We begin by giving in the next two sections an overview of
the system and those features of the control language by which
the user tailors the program to the problem he wishes to study.
Then we give some examples of problems successfully solved
using the system. These are presented not so much for their
content, which has in some cases been published elsewhere, as
to demonstrate what kinds of reasoning tasks the program is
capable of, so that the reader may determine whether or not
he faces tasks that are similar enough that a program such as
this one may be of genuine use.

We present examples of how the program has been used to
approach problems in circuit design, program verification and
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debugging, formal logic, and abstract algebra. These are in-
tended to illustrate-concrete instances of general reasoning
tasks, such as conjecture formulation and testing, automatic
generation of counterexamples, formula classification, case
analysis, and finding alternate solutions to problems.

Finally we speculate on how the system and its relatives and
descendants might be used in the future.

OVERVIEW OF THE SYSTEM

In this section we present an informal summary of some of the
system’s salient features as they appear to the user.

History

The syst&€m being described here was originally developed
for the purpose of investigating algorithms for automated de-
duction. The classical test problems for such programs are
known mathematical theorems, and programs like ours are
often called automated theorem provers. It is the contention
of this paper that such a label is far too narrow.

Known mathematical theorems provided a good starting
point for development of the program. Their proofs were well
understood and could be used to pinpoint methods of reason-
ing to be incorporated into the system. The techniques so
developed, however, have become powerful enough to be of
real use in attacking a wide variety of problems, both in and
out of mathematics, a number of whose solutions were not
known ahead of time. For example, some open problems in
mathematics have been solved, and some original research in
circuit design has been completed using the system. It has thus
become a genuine reasoning tool for research in several areas,
some of which are described in detail below.

A user community is just beginning to develop, consisting
of people who use the program in research investigations,
without knowledge of or even interest in the internal workings
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of the program. The developers hope that this community will
continue to expand to include an even greater number of
researchers.

Representation of Information

Like most computer programs, this system has a rather
formal input language. Preprocessors exist for converting a
variety of other forms into the format suitable for input to the
system. A logician would say that the input language has the
expressive power of the first-order predicate calculus with
equality. What this means to the user is that most problems
can be readily represented.

Rules of Inference

There are a number of ways in which the program can be
instructed to reason. They can be specified by the user either
singly or in various combinations to suit the problem at hand.
We give some examples.

One rule concentrates on “if-then” statements. It derives
the conclusion of such a statement once all of the conditions
are established.

Two other rules involve a preference for simple facts. For
example, the statement that A is a larger number than B
would be treated by the system as a simple item of informa-
tion, whereas the statement that if A is odd and B is even then
their product is even is a complex one. The first of these
inference rules reasons from simple facts, in the sense that at
each step at least one of the facts used in the derivation must
be simple. The other rule reasons toward simple facts, in the
sense that the conclusion of each inference must be simple, no
matter how complex the antecedents might be.

Another inference rule, which is useful in the presence of
many facts that assert the equality of certain expressions,
either conditionally or unconditionally, is a generalized form
of equality substitution. .

Finally, the program can solve a problem by case analysis,
which means that the problem can be broken into subprob-
lems, each of which is attacked with a possibly different com-
bination of inference rules.

Strategies of Attack

One can think of the inference rules as small-scale strate-
gies. There are also a variety of mechanisms for specifying
large-scale strategies. These guide the overall attack on the
problem by specifying such things as the order in which certain
facts are examined for consequences, which inference rules
will be applied to which combinations of facts, and what de-
rived information will be retained for further use or discarded
as useless.

For example, most problems consist of general background
information about the field being studied, together with some
specific statements that describe the particular problem or
situation being investigated. Sometimes it is worthwhile to
reason from the background information to derive still more

general information; at other times it is best to focus entirely
on the problem at hand. The user can specify that new infor-
mation is to be derived only when it is at least in part based
on a selected subset of the input statements.

There is much flexibility in information qanagement. In
particular, the user may define various pools of facts which
can be used as he specifies. For example, facts from one pool
can be selected to see if they generate any new information
when used with facts from another pool, and the results placed
into a third pool. The input language is used to control the use
of each of these pools during the course of the run.

A third component of an attack strategy is the determina-
tion of what sorts of information to keep and what sorts to
discard. The number of facts that can be deduced in a given
situation is potentially quite large and can contain many ir-
relevant and redundant facts. Therefore some filtering mech-
anism is essential, both as a criterion for forgetting a fact
altogether, and for remembering it but using it only as a last
resort. The mechanism used in our system provides consider-
able flexibility in this regard. For example, one can penalize
or prefer a class of objects or even statements having a very
particular form. This mechanism will be discussed in detail in
the next section.

EVALUATION AND
TRANSFORMATION OF INFORMATION

In this section we discuss two of the main subsystems of the
reasoning system. The first is a technique for specifying the
value of various items of information. The second is a mech-
anism for transforming derived facts in various ways prior to
measuring their value. These two features used together are
surprisingly flexible and powerful, and have been used in
many ways that were unforeseen at the time of their imple-
mentation. Some of these specific applications will be given in
detail below.

Assigning Values to Terms

The language used for both input to and output from the
program consists entirely of user-defined expressions that
contain function and predicate symbols, variables, and con-
stants. A flexible format exists for assigning values to various
patterns of expressions. Thus each term has an integer associ-
ated with it, called its weight.

The simplest valuation scheme gives each symbol the same
value. This makes complex expressions ‘““heavier” than simple
ones. In several different ways (discussed below), the pro-
gram prefers lighter terms and facts about them to heavier
ones. Thus the scheme of assigning to each symbol the same
value causes the program to prefer facts about simple expres-
sions to facts about complex ones. This is often a useful way
to begin, since it corresponds to our intuition that we are on
the right track in working on a problem when it seems to be
getting simpler instead of more complicated.

However, the valuation scheme chosen can be used to pre-
fer or penalize expressions according to far different measures
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than symbolic complexity. For example, one could prefer
facts about multiplication over those about addition, causing
the product of four operands to be “lighter’” than the sum of
three operands. In circuit design, specific gates or combina-
tions of gates can be preferred. In algebra problems, a stan-
dard direction of association can be specified. The weighting
mechanism can arbitrarily recognize complex patterns of sym-
bols. For example, logical expressions whose rightmost major
subexpression contains no repeated variables can be preferred
over those not having this property.

There are three major ways in which the program prefers
light terms to heavy ones. First, expressions and facts about
them that are deemed too heavy are simply discarded. One
must be careful, of course, not to set the weight limit for
retained facts too low, or valuable information will be lost.
Second, the program uses weight to select at each step which
facts to derive further information from, using light ones be-
fore heavy ones. This has the effect of causing the program to
press forward along lines of inquiry that it can measure as
valuable, ignoring at least temporarily facts that it considers
less valuable. Thus selection of a weighting scheme supplies
the program with a type of intuition about promising lines of
reasoning. Third, when two expressions carry the same infor-
mation, their weights are used to determine which representa-
tion of the information they contain should be used, as we
describe in the next section. Thus the simplest weighting
scheme causes the program to simplify formulas, while more
claborate weighting schemes trigger more subtle transforma-
tions of information.

Transforming Information

Whenever a fact of the form that one expression is equal to
another is either input or derived during the run, the two
expressions are weighed according to the user’s weighting
scheme. If one term is preferable to the other by a wide
enough margin (where ‘“wide enough” is user-supplied), then
this fact assumes a special status, that of demodulator. What
this means is that all instances of the less preferred form of the
expression are immediately replaced by the more preferred
form, and from that point on only the preferred version of
derived facts is kept.

This dynamic rewriting process, called demodulation, has a
surprising variety of uses. Perhaps its most common use is in
simplifying expressions, but it can also be used to analyze and
classify formulas, to rewrite terms in a canonical form, to
transform information from one notation to another, and to
cause information that has served its purpose to be deleted.
Some illustrations of its use are given in the next few sections.

EXAMPLES OF CURRENT USE OF THE SYSTEM

In this section we describe some of the specific ways in which
the system is currently being used. It is hoped that these cases
will illustrate the general usefulness of the program and sug-
gest to the reader how it might be applicable to his own
current problems, whatever they may be.

Circuit Design

Multi-valued logics present an interesting class of circuit
design problems. A particular group of researchers was re-
cently interested in designing circuits for a four-valued logic
(inputs and outputs of circuits could take on four different
values) and wanted to utilize T-gates in the construction of
these circuits. A T-gate in four-valued logic is a five-input,
one-output gate in which one of the inputs is used to select
which of the other four inputs will be used as the output value.
It was known how to design such circuits, but more efficient
circuits than those then known were being sought.

Our system was used to investigate this problem. It must be
emphasized that no new programming was done to obtain the
solution. Rather, the researchers involved learned how to
describe the design process as a set of reasoning tasks ex-
pressed in the input language of the system.

First, the table of input-output conditions of the desired
circuit had to be described. This was relatively straightfor-
ward. Next, this table had to be decomposed to produce the
various tables that result from choosing each of the target
circuit’s inputs as selector input for T-gates. This task was
carried out by describing the decomposition rules to the sys-
tem as “if-then” statements, so that it would “infer”” the de-
composition tables from the original specification. The system
was directed to generate and examine alternate decomposi-
tions through its mechanism for case analysis. Elementary
subcircuits (such as constant or identity functions) were recog-
nized through the use of demodulation. Finally, a weighting
scheme was specified which directed the system to prefer
T-gate circuits meeting certain efficiency criteria.

This project originated as an experiment in using a general-
purpose reasoning system rather than a special-purpose pro-
gram for carrying out real circuit design tasks. The experiment
was a success in that new circuits were discovered that utilized
T-gates and had efficiency properties superior to those ap-
pearing at that time in the literature.

Program Verification
Program verification is the process of proving that a pro-

gram is correct by a logical argument instead of by exhaustive
testing. There is currently much research in this area, and a

~number of experimental systems are in operation. We de-

scribe here some of the applications of our system to this area.
Our experiments have been with programs written in FOR-
TRAN, accompanied by statements (expressed in first-order
logic) about the program. We have available to us a program
transformation system that converts the FORTRAN code,
together with assertions bearing on how the program is ex-
pected to behave, into a collection of statements that says in
our system’s input language that the FORTRAN code does
what the assertions say it does. The system is then asked to
prove that this collection of statements is true. Alternatively,
the system can find a counterexample, that is, can pinpoint the
case in which the program fails to meet its specifications.
The application of our system to program verification is still
in experimental stages in the sense that the complexity level

- of the programs that can be verified directly from the FOR-
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TRAN code, without hints from the user, is very low. For
example, the system can verify a FORTRAN program to find
the maximum element of a vector. The conditional and un-
conditional transitions within the program are represented as
statements of the form “If one is at statement N in the pro-
gram and such and such a condition holds, then this action is
taken on the program variables and control is passed to state-
ment M.” A case analysis mechanism explores the various
paths through the program.

A related application of the same reasoning system is sym-

" bolic execution of programs. The system can be made to

generate a collection of test data for the program of whatever
kind desired and automatically step through the program with
each set of data. The results can be automatically compared
with the expected results supplied by the user, and exceptions
noted. This too is in the early development stage. The follow-
ing is a very simple example that is quite easy for both the
system and for a human, but which illustrates the kind of
activity which can be carried out using the system.

Consider the following algorithm for sorting the integers
from 1 to N. Suppose A is the array of integers to be sorted.
Then for I from 1 to N, if A(I) is not equal to I, exchange A(I)
and A(A(I)). If one tries this algorithm on the vector
(2,4,1,3), one might get the mistaken impression that it is
correct. The reasoning system examined the algorithm, coded
in FORTRAN, and correctly discovered that it does not cor-
rectly sort the vector (3,4,2,1).

Formal Logic

A logician introduced us to the field of equivalential calcu-
lus, a logical system in which the “truth” of formulas can be
determined syntactically, and for which there is a single infer-
ence rule, called condensed detachment, for deriving one for-
mula from two others. A family of interesting questions arises
in considering which of the true formulas are ‘“‘single axioms”
in the sense that all other true formulas are derivable from
them by the rule of condensed detachment.

The first task we undertook was to shorten a known proof
that a particular formula implied a known single axiom and
thus was itself a single axiom. Our reasoning system was used
to do a number of subtasks associated with trying to find a
shorter proof. First, condensed detachment had to be simu-
lated. Since it is a special form of one of the system’s built-in
inference rules, this was easy. Next we studied the structure
of the existing proof. One could see that terms with a specific
structure were used predominantly but not exclusively in the
proof. The demodulation and weighting mechanisms de-
scribed above allowed the system to classify formulas and
prefer those of certain classes. The control we had over vari-
ous pools of facts allowed us to bring other terms into the
proof search periodically. The result was a proof of twenty-
one steps as opposed to the forty-four step proof appearing in
the literature.

Since the system had proved so useful in approaching this
problem, we were inspired to try some of the open questions
in the area. There were seven formulas about which it was
unknown whether or not they were single axioms. These for-
mulas were relatively complex, and applying the rule of con-

densed detachment to them by hand was extremely difficult.
(We were not at all familiar with equivalential calculus and so
had to make the system into a substitute for intuition.) We
selected one of the seven formulas and attempted to prove or
disprove that it was a single axiom for the equivalential calcu-
lus.

What made this endeavor significant as an application of
our automated reasoning system was the irregular, changing
set of uses we found for it. We made various conjectures along
the way and used the system to prove or disprove them. The
conjectures themselves were suggested to us by the output of
the system.

Examination of the formulas derived from another single
axiom candidate led us first to conjecture that the formulas
derivable from it would all follow a certain pattern. The sys-

“tem quickly proved this conjecture false.

Several iterations of this type were performed. As the pat-
terns being investigated became more complex, demodulators
were introduced to have the system itself examine its own
output for these patterns. Eventually, a new notation was
introduced for expressing derived formulas, and the demod-
ulation feature of the system was used to write the formulas
in this notation. More than once, a disproof of a conjecture by
the system was accompanied by the exact information needed
to make the next, better, conjecture. This activity eventually
led to a proof that all formulas derivable from the single axiom
candidate contain a certain subtle pattern. Since there are
“true” formulas in the equivalential calculus that do not con-
tain this pattern, the given formula cannot be a single axiom.
Several more open problems of this nature were done, each in
a slightly different way but in all cases relying heavily on the
automated reasoning system for generating and testing con-
jectures.

Mathematics

The system has been used to solve several open problems in
mathematics. We give here an example from abstract algebra.
We were asked whether our system might be of use in an-
swering the following question: Does there exist a finite semi-
group which supports an antiautomorphism but no involu-
tion? This question was answered positively by the system,
which exhibited a semigroup of order eighty-three with the
desired property. An exhaustive search through all semi-
groups, starting with those of small order, would have been
inordinately expensive, and the system did not do this. Rath-
er, it examined the consequences of adding relations to a
given semigroup, testing whether a given antiautomorphism
remained well defined and whether any involutions could be
found. There was thus substantial interaction between the
researchers, who proposed the relations, and the system,
which checked the effects of adding them to the semigroup
being constructed. With much interaction of this kind with the
system, it was eventually proved that the smallest semigroup
with this property had order seven, and that there were exact-
ly four semigroups of order seven with this property. Thus the
system behaved like a mathematical colleague in eventually
helping the researchers arrive at a complete answer to the
question. '
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The model generation facility of the system was also used to
solve an open question in the theory of ternary Boolean alge-
bra. Since this capability can be used to find counterexamples
to conjectures, it forms a valuable complement to the system’s
ability to prove theorems.

FUTURE USES OF AN
AUTOMATED REASONING SYSTEM

Here we consider some of the areas in which we expect that
continued research and development in automated reasoning
will have a significant impact.

Program Verification

Perhaps the most significant area, and the one currently
attracting the most research effort, is program verification.
An ultimate goal would be to have significant programs certi-
fied correct without human intervention (except in supplying
the statements that assert-the purpose of the program). This
is a very difficult problem, and several more modest goals are

being pursued. One is to allow a user to guide the reasoning

system through a proof of correctness, decomposing the task
and having the system verify a series of small steps of the
program. Another is to verify properties of the program that
are easier to prove than its overall correctness. An example of
such a property might be: “The variable I only takes on values
between 1 and 100.” Yet another goal short of the ultimate
one is to have the system verify an abstract form of the pro-
gram or a form written in some special-purpose language that
is easier to work with than a production language.

On the other hand, the model generation facility of the
system described here can be used to find a bug in a program
when a correctness proof is eluding the user. Often a counter-
example is just what is needed to pinpoint the error.

Automated Expression Generalization

One of the traditional components of the theorem-proving
system is a mechanism for finding the most general common
instance of two expressions. By varying the input language we
have directed our system on occasion to do the opposite; that
is, to find the least general expression of which two given
expressions are instances. This ability to generalize could be
used in the case where the expressions represented programs
to find an algorithm that generalizes specific known cases.
Results of such a technique could be used in code optimization
and modularization.

Mathematics

The system we describe here has the potential of becoming
a genuine mathematical calculator. Numerical calculators are
of course now familiar, but many problems in mathematics
involve extensive calculations with non-numerical objects.
This is particularly true in abstract algebra and topology. A

mathematician may describe as a “calculation” any sequence
of inferences that can be defined by an algorithm. Of course
a special purpose program can be written to carry out such a
computation, but this is time-consuming. By contrast, the
allowable inferences and their sequencing can be described to
a general reasoning system, and the desired calculations car-
ried out without any new programming. It was in this way that
the semigroups described above were discovered.

More generally, the system provides a way to easily exam-
ine the consequences of adding or removing facts to those
defining a situation being studied. Examination of such conse-
quences by the researcher may be of use in forming conjec-
tures to be tested by further use of the system.

Circuit Design

Circuit design promises to be a fertile field for application
of automated reasoning systems, using techniques originally
developed for applications in abstract algebra. It is possible to
weight various alternative constructions and thus cause the
system to evaluate circuits according to very flexible user-
supplied criteria as it generates a family of designs that meets
a certain specification.

Process Control

One potential area in which very little has been done is the
application of general reasoning systems to the control of
complex physical processes. Again, the key step is to abstract
the control logic to an inference system,; that is, physical con-
sequences of situations are specified by modeling them as
logical consequences. Programming these systems from
scratch can be very difficult, since a very complex system with
many interacting components can hide the interdependencies
among certain actions and results. An automated reasoning
system can be used to define very clearly the actions to be
taken when certain conditions arise and to apply those rules
in unforeseen situations, all without any new programming.

CONCLUSION

We have tried to convey, principally by example, the useful-
ness of a system such as ours, in which reasoning tasks, rather
than numerical computations, are automated. In order to use
the system for these tasks one need not understand the inter-
nals of the system, only learn the input language. By means of
this language, our general-purpose program can be tailored to
a specific problem area so that it behaves much like a special
purpose program. It is this ability to tune the system that has
made possible the success of the program as a tool in such
diverse areas.

REFERENCES

1. McCharen, J. D., R. A. Overbeek, and L. Wos. “Problems and Experi-
ments for and with Automated Theorem-Proving Programs.” IEEE Trans-
actions on Computers, Vol. C-25, No. 8, August 1976, pp. 773-782.



702 National Computer Conference, 1981

. McCharen, J. D., R. A. Overbeek, and L. Wos. “Complexity and Related
Enhancements for Automated Theorem-Proving Programs.” Computers
and Mathematics with Applications 2 (1976), pp. 1-16.

. Overbeek, Ross A. “An Implementation of Hyper-Resolution.” Comput-
ers and Mathematics with Applications, Vol. 1 (1975), Pergamon Press, pp.
201-214.

. Overbeek, R. A., and E. L. Lusk. “Data Structures and Control Architec-
ture for Implementation of Theorem-Proving Programs.” In W. Bibel and
R. Kowalski (Ed.) 5th Conference on Automated Deduction, Berlin:
Springer-Verlag, 1980, pp. 232-249.

. Winker, S. K., and L. Wos. “Automated Generation of Models and Coun-
terexamples and its Application of Open Questions in Ternary Boolean
Algebra.” Proceedings of the Eighth International Symposium on Multiple-
Valued Logics, Rosemont, Hlinois, pp. 251-256.

. Winker, S. K. “Generation and Verification of Finite Models and Counter-

examples Using an Automated Theorem Prover Answering Two Open

10.

11.

Questions.” Proceedings of the Fourth Annual Workshop on Automated
Deduction, Austin, Texas, pp. 7-13.

. Winker, S. K., and J. Berman. “Finite Basis and Related Resuits for an

Upper Bound Algebra” (Abstract), Notices of the American Mathematical
Society, vol. 26 (August 1979), p. A-427.

. Winker, S. K., L. Wos, and E. L. Lusk. *“Semigroups, Antiautomorphisms,

and Involutions: A Computer Solution to an Open Problem, 1.” (to appear)

. Wojciechowski, W., and A. S. Wojcik. “Multiple Valued Logic Design by

Theorem Proving.” Proceedings of the Ninth International Symposium on
Multiple-Valued Logic, Bath, England, 1979.

Boyle, J. “Program Adaptation and Program Transformation.” In R. Eb-
ert, J. Lugger, L. Goedcke (Ed.) Practice in Software Adaptation and
Maintenance. Amsterdam: North Holland Publishing Company, 1980.
Manna, Z. Mathematical Theory of Computation. New York: McGraw-
Hill, 1974.



1980 NATIONAL COMPUTER CONFERENCE

Chairman

Alex Orden

University of Chicago, Graduate
School of Business

Chicago, IL

General Advisor for Program and
Proceedings

Don Medley

US Department of Agriculture,
Science and Education
Administration

Beltsville, MD

Computers and Productivity

Robert Benson

Washington University, Center for the
Study of Data Processing

St. Louis, MO

Programming Languages

Peter Buneman

University of Pennsylvania, The
Moore School

Philadelphia, PA

Database Management Software
Robert Carlson

Bell Telephone Laboratories
Warrenville, IL

Software Quality Assurance
Ned Chapin

Info Sci, Inc.

Menlo Park, CA

Software Engineering

Eric K. Clemons

University of Pennsylvania, The
Wharton School

Philadelphia, PA

COMMITTEES

PROGRAM COMMITTEE

Vice Chairman, Information
Processing Management

Raymond Dash

Benefit Trust Life Insurance Company

Chicago, IL

Computers and Productivity

Ali Dogramaci

Rutgers University, Graduate School
~of Management

Newark, NJ

Health Information Systems
Karen Duncan .
Health Information Systems
Palo Alto, CA

Computational Linguistics
Martha Evens

Illinois Institute of Technology
Chicago, IL

Vice Chairman, Applications
Roger Firestone

Sperry Univac

Blue Bell, PA

Legal Applications
Haley Fromholz
Morrison & Forester
Los Angeles, CA

Computers and Productivity
John Fulkerson
Chicago Bridge & Iron Co.
Oak Brook, IL

Senses Technology Software

Adele Goldberg

Xerox Corporation, Palo Alto
Research Center

Palo Alto, CA

703

Vice Chairman, Applications
Michael Grigoriadis

Rutgers University

New Brunswick, NJ

Computer Science Theory
S. Louis Hakimi
Northwestern University
Evanston, IL

Information Systems
Management

Gerald Hoffman

Standard Oil Company (Indiana)

Chicago, IL '

Microprogramming
Samir Husson
IBM Corporation
White Plains, NY

Personnel; Planning and Managing
Transition

Mary Karon

835 Ridge Avenue

Evanston, IL

Vice-Chairman, Social and Economic
Implications

Robert Korfhage

Southern Methodist University

Dallas, TX

Networks and Communication
George D. Kraft

Illinois Institute of Technology
Chicago, IL

Auditability and Controls
James Krause

Pullman, Inc.

Chicago, IL



Simulation ,

Lance Leventhal

Emulative Systems Company
San Diego, CA

Networks and Communication
William Lidinsky
International Harvester Co.
Burr Ridge, IL

Fault-Tolerant Computing
Gerald Masson
Johns Hopkins University
Baltimore, MD

Data Processing Production Process
Russell Melton

Inland Steel Company

East Chicago, IN

Systems Development Process
Clifton Merry

Harris Trust and Savings Bank
“Chicago, IL

Vice-Chairman, Software
Howard Morgan
University of Pennsylvania,
The Wharton School
Philadelphia, PA

Capacity Planning

Arnold Ockene

IBM World Trade Europe/Mid
East/Africa Corp.

White Plains, NY

Computer Literacy; Coordinator of
Sessions Dealing with Education

David Rine

Western Illinois University

Macomb, IL

Personnel

David Risku

Inland Steel Company
East Chicago, IN

Energy Applications

Patsy Rivera

Los Alamos National Laboratory
Los Alamos, NM

Office Automation
Janette Rose

NBI, Inc.

San Francisco, CA

Database Software Applications
Susan Rosenbaum

AT&T

New Brunswick, NJ

704

Personnel

Robert Rouse

Washington University, Center For
The Study of Data Processing

St. Louis, MO

Information Systems for IS
Management, Planning, and
Managing Transition

Robert Scheer

International Harvester Co.

Chicago, IL

Applications of Artificial Intelligence
N. S. Sridharan

Rutgers University

New Brunswick, NJ

Strategy and Structure; Production
Process

George Tutt

Urban Investment and Development
Company

Chicago, IL

Vice-Chairman, Computer Architecture
and Hardware

Anthony S. Wojcik

Illinois Institute of Technology

Chicago, IL



Conference-Chairman
Albert K. Hawkes

Sargent & Lundy Engineers
Chicago, IL

Program Chairman

Alex Orden

University of Chicago, Graduate
School of Business

Chicago, IL

Vice-Chairmen, Program Committee,
Chicago Area

Raymond Dash

Benefit Trust Life Insurance Co.

Chicago, IL

Anthony S. Wojcik
Iltinois Institute of Technology
Chicago, IL

Director of Operations

Richard B. Wise

UOP, Inc.

Des Plaines, IL

(formerly ITT Research Institute,
Chicago, IL)

Pioneer Day Chairman
Carl Hammer

Sperry Univac
Washington, DC

Chairman

M. Mildred Wyatt
Wyatt Communications
Chicago, IL '

Vice-Chairman
Perry J. Eli

IBM Corporation
Chicago, IL

Members

Doug Blackwood
Hewlett-Packard
Ft. Collins, CO

Carl L. Blesch
Bell Telephone Laboratories, Inc.
Naperville, IL

Victor J. Danilov
Museum of Science & Industry
Chicago, IL

CONFERENCE STEERING COMMITTEE

Steering Committee. S Special
Projects Manager

Marvin W. Ehlers

Square D Company

Palatine, IL

Professional Development Chairman
George R. Eggert

U.S. Dept. of Defense

Chicago, IL

Personal Computing Chairman
Sam Papa

Data Forms, Inc.

Chicago, IL

Special Activities Chairman
Fred H. Harris

University of Chicago
Chicago, IL

Communications and Promotion
Chairman

M. Mildred Wyatt

Wyatt Communications

Chicago, IL

Fiscal Officer
Charles W. Schmidt
LIFT, Inc.
Northbrook, IL

COMMUNICATIONS COMMITTEE

Donald G. Dowd
A.B. Dick Company
Niles, IL

Richard Hunter
NCR Corporation
Dayton, OH

Jerry Kalman
Informatics, Inc.
Woodland Hills, CA

Martin Kantor
Northwestern University
Evanston, IL

Nancy Moss
Illinois Institute of Technology
Chicago, IL

Gordon Smith
Memorex Corporation
Santa Clara, CA

705

VIP Visitors Chairman

Stephen S. Yau

Northwestern University Technological
Institute

Evanston, IL

NCCC Liaison
Robert C. Spieker
AT&T

New Brunswick, NJ

AFIPS Representative
James A. Kroell
AFIPS

Atrlington, VA

AFIPS Liaison
Sam Lippman
AFIPS
Arlington, VA

Regional Promotions
Evelyn M. Bonney
Pacific Northwest Bell
Seattle, WA

E. Z. Million,
Consultant
Norman, OK

Kent Nichols
Control Data Corporation
Minneapolis, MN

Ex-Officio

Albert K. Hawkes, Conference
Chairman

Sargent & Lundy Engineers

Chicago, IL

Ted E. Lorber
C. Itoh Electronics, Inc.
Los Angeles, CA



Arnold P. Smith
IBM Corporation
White Plains, NY

Chairman

Richard B. Wise

UOP, Inc.

Des Plaines, IL

(formerly IIT Research Institute,
Chicago, IL)

Members

Guest Room Assignments, Buses, and
Catering

Jack Biddison

Capitol Construction Division of
Capitol Companies, Inc.

Arlington Heights, IL

Registration Chairman

Joe Leubitz

Checkers, Simon, and Rosner
Chicago, IL

Betty Lou Cooke
AFIPS
Arlington, VA

OPERATIONS COMMITTEE

Manager, Conference Operations
Sam Lippman

AFIPS

Arlington, VA

Room Setup, Facilities, and Supplies
Forest Mayberry

TAB Products

Chicago, IL

Signs

Marjorie McCarthy
FMC Corporate MIS
Chicago, IL

Personnel and Human Resources
Mary W. Owen

Leo Burnett Company

Chicago, IL

Operations
Mary Rich

ICS Group, Inc.
Torrance, CA

Information Booth and Message Center

Earl Calkins
Sargent & Lundy Engineers
Chicago, IL

Exhibits Coordinator
Roger Trenkle

Excellent Software Inc.
Chicago, IL

PERSONAL COMPUTING STEERING COMMITTEE

Chairman

Sam Papa

Data Forms, Inc.
- Chicago, IL

Vice Chairman and Program
James Gerdes

Argonne National Laboratory
Argonne, IL

Demonstrations

Rex Burton

Thermark-Avery International
Schererville, IN

Joel Zygmunt
U.S. Steel Supply
Chicago, IL

Chairman

Carl Hammer
Sperry Univac
Washington, DC

Members

Donald G. Dowd

A .B. Dick Company
Chicago, IL

Publicity

Victor Humphrey

Vietor Accounting Service
Homewood, IL

Operations

Edward Staros

Software Design Corporation
Lansing, IL

Digest

Joseph S. Jerbich

Humphreys Leather Goods, Inc.
Chicago, IL

Advisors
Portia Isaacson
Richard Kuzmack

PIONEER DAY COMMITTEE

Nancy Stern
Hofstra University
Hempstead, NY

Henry P. Stevenson

AT&T
New Brunswick, NJ

706

PC Digest Track Captains
Robert Judd

Governors State University
Park Forest South, IL

Art Lindeman
Indiana University
Bloomington, IN

Frank Dougherty
Blackhawk Bit Burners
Belvidere, IL

Henry S. Tropp
135 Red Rock Way
San Francisco, CA



PROFESSIONAL DEVELOPMENT COMMITTEE

Chairman

George R. Eggert

DCASR, Chicago, U.S. Department
of Defense

Chicago, IL

Members

Shirley Baird

Milestone Systems Development
Downers Grove, IL

Chairman

Fred H. Harris

University of Chicago Computation
Center

Chicago, IL

Film Forum

Jeff Benchley

First National Bank of Lake Forest
Lake Forest, IL

Art Beck
Northwestern University
Evanston, IL

Rus Becker
NMDS
Des Plaines, IL

Willett Pierce
University of Illinois
Chicago, IL

Diane Ptasienski
First National Bank of Lake Forest
Lake Forest, IL

Cecil Suarez
First National Bank of Lake Forest
Lake Forest, IL

Chairman

Stephen S. Yau

Northwestern University
Technological Institute

Evanston, IL

Rudolph E. Hirsch
Center for Continuing Education
Chicago, IL

Dr. Barbara A. Pletcher
Creative Sales Careers, Inc.
Sacramento, CA

SPECIAL ACTIVITIES COMMITTEE

International Visitors Center
Milton D. Shulman

DePaul University
Chicago, IL

Joseph G. Amnold

Urban Investment and Development
Company

Chicago, IL

John A. Driscoll
United Equitable Insurance Company
Skokie, IL

David A. Roitman
MAS Consultants, Inc.
Chicago, IL

Handicapped Services

Marjorie M. Benson

University of Chicago Computation
Center

Chicago, IL

Barbara Herbster .
Computer Corporation of America -
Chicago, IL

VIP VISITORS COMMITTEE

Members

H. Lee

Northwestern University
Evanston, IL

707

Warren J. Simpson
U.S. Office of Personnel Management
Chicago, IL

Kathy Srednicki
U.S. Department of Defense
Chicago, IL

Carole Herbster
2748 Linneman
Glenview, IL

Receptions

Joe McGrath
Pryor Corporation
Addison, IL

Eugene Karczewski
Sexton Data
Chicago, IL

John Eide
Market Facts
Chicago, IL

Fred Hoffman
Signod Corporation
Glenview, IL

Public Events

Roz Silverman

200 E. Delaware, Suite 11A
Chicago, IL

C.V. Ramamoorthy
University of California
Berkeley, CA



NCC

Gene Altshuler
Pete, Marwick, Mitchell & Co.
New York, NY

Paul Armer
University of Minnesota
Minneapolis, MN

Marion Ball
Temple University
Philadelphia, PA

Bharat Bhargava
University of Pittsburgh
Pittsburgh, PA

Meera M. Blattner
University of California, Davis/Livermore
Livermore, California

Jeffrey A. Bloom
Network Analysis Corporation
Vienna, VA

Louis J. Brocato
U.S. Department of Agriculture
Beltsville, MD

Thomas A. Browdy
Washington University
St. Louis, MO

A. Winsor Brown
Point 4 Data Corporation
Irvine, CA

James H. Carlisle
Office of the Future, Inc.
. Guttenberg, N.J.

C. R. Carlson
Bell Laboratories
Naperville, IL

William C. Carter
IBM Research Laboratory
Yorktown Heights, NY

Ned Chapin
InfoSci Inc.
Menlo Park, CA

David Clapp
U.S. Dept. of Transportation
Cambridge, MA

Danny Cohen
USC/Information Sciences Institute
Marina del Rey, CA

James C. Cooper
IBM Corporation
Gaithersburg, MD

Ira W. Cotton
Booz, Allen & Hamilton, Inc.
Bethesda, MD

J. Daniel Couger
University of Colorado
Colorado Spring, CO

Cory Devor
Honeywell
Bloomington, MN

John Donovan
Aetna Life and Casualty Co.
Hartford, CT

Kéfen Duncan
670 Antonio Rd., #2
Menlo Park, CA

Robert J. Elliott
Arthur Andersen & Co.
San Francisco, CA

Gerald Estrin .
University of California at Los Angeles
Los Angeles, CA

Martha Evens
Illinois Institute of Technology
Chicago, IL

William E. Farley
U. S. Department of Agriculture
Beltsville, MD

Richard Federico ,
Occidental Petroleum—Hooker
Chemical Company

Niagara Falls, NY

Lawrence Feidelman
Management Information Corporation
Cherry Hill, NJ

Roger M. Firestone

Sperry Univac
Blue Bell, PA

708

81 SESSION LEADERS

Mark Fox
Carnegie-Mellon University
Pittsburgh, PA

ﬁaley J. Fromholz
Morrison & Foerster
Los Angeles, CA

Harvey A. Freeman
Sperry Univac
St. Paul, MN

K. S. Fu
Purdue University
West Lafayette, IN

R. Stockton Gaines
Sierra Information Machines
Marina del Ray, CA

Leonard B. Gardner
Consultant
Spring Valley, CA

Frederick L. Goodman
University of Michigan
Ann Arbor, MI

Harvey J. Greenberg
Energy Information Administration -
Washington, DC

Carl Hammer
Sperry Univac
Washington, DC

Thomas I. M. Ho
Purdue University
West Lafayette, IN

A. A. J. Hoffman
Consultant
Fort Worth, TX

-John T. Hogan

Oak Ridge National Laboratory
Oak Ridge, TN

Gregory T. Hopkins
The MITRE Corporation
Bedford, MA

Ray Houghton
National Bureau of Standards
Washington, DC



Pei Hsia
University of Alabama in Huntsville
Huntsville, AL

S. S. Husson
IBM Corporation
White Plains, NY

Tadao Ichikawa
Hiroshima University
Hiroshima, Japan

Daniel Ingalls
Xerox Corporation
Palo Alto, CA

Suresh K. Jain
Chesebrough-Pond’s, Inc.
Clinton, CT

Svetlana P. Kartashev
University of Nebraska-Lincoln
Lincoln, Nebraska

Steven I. Kartashev
Dynamic Computer Architecture, Inc.
Lincoln, Nebraska

Walter J. Karplus
University of California, Los Angeles
Los Angeles, CA

Krishna M. Kavi
University of Southwestern Louisiana
Lafayette, LA

Benn Konsynski
University of Arizona
Tuscon, AZ

Eugene Kozik
Pennsylvania State University
Radnor, PA

George Kraft
Illinois Institute of Technology
Chicago, IL

James Krause
MCC Powers
Skokie, IL

Samuel C. Lee
University of Oklahoma
Norman, OK

Ellen M. Leonard
Los Alamos National Laboratory
Lost Alamos, NM

Belkis Leong-Hong
National Bureau of Standards
Washington, DC

Joseph Y-T. Leung
Northwestern University
Evanston, IL

Leon S. Levy
Bell Laboratories
Whippany, NJ

William P. Lidinsky
International Harvester
Burr Ridge, IL

Leonard D. Lipner
BGS Systems, Inc.
Waltham, MA

Peter Lykos
Illinois Institute of Technology
Chicago, IL

Gerald M. Masson
Johns Hopkins University
Baltimore, MD

L. Thorne McCarty

State University of New York at Buffalo

Buffalo, NY

Carma L. McClure
Northwestern University
Evanston, IL

Robert J. McGlinn
Southern Illinois University
Carbondale, IL

Arthur Melmed
U. S. Department of Education
Washington, DC

W. Russell Melton
Inland Steel Company
Chicago, IL

Clifton Merry
Harris Trust & Savings Bank
Chicago, IL

Diana Merry
Xerox Corporation
Palo Alto, CA

Leslie Jill Miller

Xerox Corporation
Rochester, NY

709

Thomas Mitchell
Rutgers University
New Brunswick, NJ

David J. Mishelevich
University of Texas
Dallas, TX

Howard Lee Morgan
The Wharton School
Philadelphia, PA

Abbe Mowshowitz .
Croton Research Group, Inc.
Croton-on-Hudson, NY

Susan H. Nycum
Gaston Snow & Ely Bartlett
Palo Alto, CA

K. S. Padda
Texas Instruments
Houston, TX

Lee Papayanopoulos
Rutgers University
Newark, NJ

Fred E. Petry
Tulane University
New Orleans, LA

Susan Rosenbaum
AT&T
New Brunswick, NJ

Steven J. Ross
The Plagman Group
New York, NY

Robert A. Rouse
Washington University
St. Louis, MO

John Van Savage
Army Armament R&D Command
Edison, NJ

Robert H. Scheer .
International Harvester Company
Chicago, IL

Norman S. Schneidewind
Naval Postgraduate School
Monterey, CA

Brad Schultz
Computerworld
Framingham, MA



Robert Seidel
Human Resources Research Organization
Alexandria, VA

Bruce D. Shriver
University of Southwestern Louisiana
Lafayette, LA

Thomas Sinopoli
Algorithmics, Inc.
Wellesley, MA

Norman K. Sondheimer
Sperry Univac
Blue Bell, PA

N. 8. Sridharan
Rutgers University
New Brunswick, NJ

James R. Swager
Honeywell Information Systems
McLean, VA

Keith A. Taggart
Los Alamos National Laboratory
Los Alamos, NM

Linda Taylor
System Development Corporation
Santa Monica, CA

Michael Tempel
New York Academy of Sciences
New York, NY

Satish K. Tripathi
University of Maryland
College Park, MD

George L. Tutt
Urban Investment and Development Company
Chicago, IL

Harold S. Uhrbach

'DBD Systems, Inc.

Rockville Centre, NY

Walter Ulrich
Walter E. Ulrich Consulting
Houston, TX

K. Vairavan

University of Wisconsin-Milwaukee
Milwaukee, WI ‘

710

Denny O. Wallace
Illinois Tool Works, Inc.
Chicago, IL

Conrad H. Weisert
Information Disciplines, Inc.
Chicago, IL

Stephen S. Yau
Northwestern University
Evanston, IL

Raymond T. Yeh
University of Maryland
College Park, MD

Dan Zatyko
Zatyko Associates
Santa Ana, CA

Ken Zoline
Continental Bank
Chicago, IL

Mitch L. Zolliker
IBM Corporation
San Jose, CA



Adams, R. E.
Agrawal, Dharma
Ahuja, Pratap
Ahuja, Sanjiv
Al-Fedaghi, Sabah S.
Amenta, Joyce
Ames, Stanley R., Jr.
Andrisan, John V.
Antal, J. R.
Archibald, J. A., Jr.
Aylor, James H.

Baer, Jean-Loup
Bail, William

Baird, George N.
Baker, F. Terry
Barnes, Bruce H.
Bartlett, Frederick
Bateman, Barry
Bauer, M. A.
Baxter, Brent
Belford, Geneva
Bering, Doug
Bhargava, Bharat
Bise, Robert G.
Blomgren, George H. -
Bork, Alfred

Borko, Harold
Bracey, Randolph D.
Brocato, Louis J.
Brown, Nander
Brown, Russell K.
Burton, William D., Jr.

Campbell, R. H.

Cannon, George R., Jr.

Capraro, Gerard T.
Carey, Bernard J.
Carroll, B. D.
Carter, William J.
Chapin, Ned
Charney, R. B.
Charp, S.

Chiang, Paul

Chow, Yuan-Chieh
Christopher, Thomas
Cieslowski, Richard J.
Clema, J. K.
Clemons, Eric K.
Cobb, Gary W.
Cooprider, Lee W.
Cowan, George
Crenshaw, Edsel G.

Daniels, Walter E.
Danner, Lee
Davis, Alan

NCC ’81 REFEREES

Day, William H. E.
De Jong, Kenneth
DeKock, Arlan R.
Denenberg, Stewart A.
Dixon, Louis F.
Donato, Nola

Dutton, Ron

Dwyer, Samuel J., III

Eastman, Caroline M.
Eccles, William J.
Eger, John

Ein-Gal, Moshe
Ernst, Ronald L.
Evens, Martha

Feldman, Michael B.
Finfer, Marcia
Fishbeck, Ronald
Flinchbaugh, B. E.
Flynn, Robert J.
Fong, Elizabeth
Friedman, Lee A.
Fu, K. S.

Galkowski, J. T.
Gannon, T. F.
Gehani, Narain
Gips, James

Goel, Amrit L.
Goldman, Neil
Gonzalez, Mario J., Jr.
Gottlieb, Allan
Granlund, Goesta
Green, Teresa O.
Grosch, Audrey N.
Gross, Arthur G.
Gupta, Ram K.

Hakozaki, Katsuya
Hall, Ernest L.
Hamblen, John W.
Hanna, William E., Jr.
Hart, Peter E.

Hecht, H.

Hopper, Grace M.
Hua, Cecil T.

Hurley, Paul

Ichikawa, Tadao

Jensen, E. Douglas
Jette, Christina L.
Johnson, L. Arnold
Johnson, Mark Scott
Jordan, Harry F.

711

Kahn, Kevin C.
Kaufman, Arie E.
Koory, Jerry L.
Kornfield, N. R.
Kronman, J. A.
Krulee, Gilbert
Kubitz, W. J.
Kulaga, Joseph

Landis, Carolyn P.
Lee, Mary Jane
Lee, Theodore M. P.
Lennon, William
Lien, David A.

Lint, B. T.

Little, Joyce Currie
Lockett, JoAnn
Long, Harvey S.

Machover, Carl
Madrigal, Orlando S.
Maekawa, Mamoru
Magel, Kenneth
Magnuson, Waldo G.
Maher, Austin J.
Mallett, Patrick
Mander, K. C.
Maniotes, John
Matshushita, Yutaka
McAllister, David F.
McCrea, Donald R.
McDonald, Nancy H.
McMahon, Edith M.
Metzner, John R.
Miller, Charles E.
Miller, Mark Leslie
Modesitt, Kenneth L.
Mounce, John
Muka, Stephen
Murphy, Robert E.

Nagvi, S. A.
Navlakha, Jainendra
Nelson, Victor P.
Nestman, Chadwick H.
Nielsen, Norman R.
Nilsson, Arne A.

Nutt, Gary J.

O’Kane, Kevin C.
O’Neal, Beverly

Peralta, L. A.
Perry, J. M.

Pfaltz, John
Pottinger, Hardy J.



" Powell, John E.
Prewitt, Judith

Reho, Andy

Riddle, William E.
Rocchetti, Robert
Rosenbaum, Susan L.
Rosin, Bob

Roth, R. - Waldo
Rulifson, J. F.
Ruschitzka, Manfred

Sankar, P. V.

Savas, E. S.
Scheuermann, Peter
Schneider, G. Michael
Schultz, David J.
Segal, Ronald
Shapiro, Michael D.
Shelter, Toni

Simmons, Dick B.
Sitkin, Irwin J.
Smith, Eugene B.
Smith, Raoul
Smoot, Oliver R.

Sondheimer, Norman K.

Spaniol, Roland
Stavely, Allan M. -
Stevens, D. F.
Stevens, W. Richard
Stuck, B. W.
Sunshine, Carl
Svigals, J.

Szolovits, Peter

Tai, K. C.

Tausner, Miriam R.
Taylor, Linda T.
Taylor, Robert W.
Teng, Albert

712

Thurber, Ken
Tinaztepe, Cihan
Tomaru, Keisuke
Tucker, Edwin K.
Turn, Rein

Van Name, Mark L.

Waterman, David J.

Weiss, Stephen F.
Wesselkamper, T. C.
Whiting-O’Keefe, Patricia M.
Wolfson, Seymour J.
Worrest, Ralph W.

Wynne, A. James

Yamamoto, Masahiro
Yasnoff, William A.
Yen, W, C.



NCC ’81 SPEAKERS AND PANELISTS

Adam, Robert
Agrawala, A. K.
Aiken, Robert M.
Alexander, Roger
Alguire, Robert
Aiso, Hideo
Anastasi, Larry
Anderson, Ronald
Andrews, Dorothy M.
Arora, Adarsh K.
Aspray, William F.
Athey, Thomas H.
Avizienis, Algirdas
Atkins, Cal

Aylor, J. H.

Ballard, Stony
Barrett, Ernie
Bass, Charlie
Bates, Madeline
Bebel, Don
Belady, Les A.
Belknap, John H.
Benenati, J. David
Berger, Carl
Berry, R.

Bickel, Rudolf G.
Bigelow, Robert
Blackman, Jim
Blazie, Deane
Bolek, Raymond W.
Brackett, C. A.
Bright, Herbert S.
Bronner, Lee Roy
Browdy, T. A.
Brown, Harold
Brown, John Seely
Brown, Mary Lou
Brown, Tom
Bucy, Richard
Bulen, Robert A.
Bush, James Wilson
Buzen, J. P.

Campbell-Kelly, Martin
Carlson, Eric
Carlucci, Carl P.
Carmony, Lowell A.
Carter, William C.
Cerf, Vinton G.
Ceruzzi, Paul
Chandy, K. M.
Chang, N. S.
Chang, S. K.
Chereb, David
Chien, Y. T.

Cichelli, Richard
Cobb, Thomas
Clary, James
Clauss, Karl
Clement, Andrew
Cohen, Danny
Cohen, Leo
Colestock, H.
Collins, Alan
Cook, Sandra
Couger, J. Daniel
Cragon, Harvey G.
Crowley, Charles
Curtiss, Philip F.

Dasgupta, Subrata
Daverio, Paul
Davis, Randy
Day, John

De Jong, Peter
DelLine, James R.
Denning, Peter J.
Dowdy, L. W.
Dreifus, Henry
Duke, Chris

Earnest, E. Dean
Edwards, Paul L.
Eichberger, Joe

Fisher, David
Fuire, Robert
Fletcher, John G.
Fox, Mark S.
Franta, William R.
Frase, Lawrence T.
Freiwald, Joyce
Friend, David
Froese, Robert
Fronk, William
Fu, K. S.

Fulmer, Ken

Gajnak, George
Galitz, W. O.
Gehani, Narain
Gemignani, Michael
Gewirtz, Bill
Giammo, Tom
Giannini, Margaret
Gilmer, George H.

Gnanamgari, Sakunthala

Gold, Charles L.
Goldberg, Jack
Goodman, Frederick L.
Graham, James W.

713

Graham, Robert L.
Greenberg, Harvey J.
Groves, Stan

Hadcock, Walter J.
Hafner, Carole D.
Hancock, Jack
Handy, Jim

Hanson, Robert C.
Haralick, R. M.
Harris, Daniel K.
Harris, Fred H.
Harris, Larry R.
Harris, Richard
Hart, Peter E.
Harvey, Samuel B.
Hayn, John

Held, Gerald
Heller, Andrew R.
Hellprin, Lawrence B.
Herman, Alvin J.
Hess, Matt

Hicks, H. Richard
Higgins, Ruth
Holland, L. Donald
Hollingsworth, Marion
Hopkins, Albert
Hopkins, Gregory T.
Howe, Robert

Hua, Cecil
Huckaby, Don
Hughes, Charles E.
Hughes, Herman D.
Hunter, Beverly

Ingalls, Daniel

Jackson, Annette
Jain, Suresh K.
Johnson, Anthony W.

Kaehler, Ted
Kahn, Robert E.
Kehler, Tom
Kim, K. H.
Kirkley, John L.
Klassen, Daniel
Kling, Rob
Kolstad, Charles
Krasner, Glenn
Kurator, William

LaRue, Richard
Lashof, Joyce

Lee, J. A. N.
Lefkovits, Henry C.



Leneway, Robert J.
Leonard, Carl A.
Leonard, Ellen
Leliotis, Ted
Lenat, Douglas
Leopold, Harry
Levinthal, Cyrus
Levy, Leon S.
Linebarger, Robert
Lipner, L.

Lynch, Mary Jo

Major, Joseph B.
Marcus, Aaron
Matthews, Gordon
MacDonald, Nina
McClure, Carma L.
Mallie, Tony
Mathews, Gordon
Meldman, Jeffrey A.
Merwin, Richard E.
Miller, Mark
Millman, Ann Miller
Mills, Harlan
Mishelevich, David J.
Misra, J.

Munson, Jack

Montgomery, Christine A.

Musselman, Francis H.

Nakamoto, Robert
Neighborgall, Roger
Newkirk, M. Glenn
Nierstrasz, Oscar M.
Nolte, Sid
Nunamaker, Jay F., Jr.
Nycum, Susan H.

Nye, J. Michael

Ogorchock, James
Orr, Joel N.
Owens, Donald P.

Parikh, Girish

Parr, M. R.
Pavlidis, T.

Peercy, David E.
Perry, Seymour
Peterson, Mark
Pollock, Kenneth G.
Potter, David

Post, Douglas E.
Poston, Bob

Prewitt, J. M. S.
Price, Camille
Prince, Warren
Printis, Robert
Probst, Jerry
Provan, Scott

Rabenhorst, James F.

Rahimi, M. A.
Ramamoorthy, C. V.
Ramellini, Joseph
Rather, Elizabeth
Rattner, Justine
Ravenel, Bruce
Reenskaug, Trygve
Reggio, Patrick
Roberts, Stephen
Rolland, Ron
Robson, David
Robinson, Lee

Rose, Alan
Rosenbaum, Richard
Rosenfeld, A.
Rosenthal, Gerald
Rotolo, Elio
Ryburg, Jon

Saal, Harry J.
Sayani, Hasan
Schneyman, A. H.
Schultz, Brad
Seidel, Robert
Seigle, Dave
Selinger, Patricia
Shaffer, Hy
Shapiro, Linda
Sharpe, Richard
Sheil, B. A.
Sheppard, Sallie
Shoch, John
Shriver, Bruce D.
Shumway, Dick
Slavitz, Jeffrey M.
Sleeman, Derek
Smith, John .
Smith, Robert Ellis
Smith, Wayne
Snow, Andrew P.
Solowa, Elliot
Sorenson, Paul
Spaniol, Roland
Sprowl, James A.
Sridharan, N. S.

714

Standjev, Robert
Steels, Luc L.
Stefink, Mark
Steiner, Carl R.
Stodolsky, David
Sussman, Gerald
Sutherland, Duke

Teichroew, Daniel
Tempel, Michael
Tesler, Larry
Thomsen, Carl
Thompson, Claudia R.
Thurber, Kenneth J.
Tillinghast, James
Toellner, John
Toyama, Masaharu
Tripathi, S. K.
Tunis, James A.

Van Slyke, Richard
Van Tilborg, Andre M.
Veazie, Stephen M.
Vick, Charles R.

Walker, Donald E.
Wardle, Caroline
Waterman, D. A.
Watteeuw, Caroline
Weber, Larry
Wecksung, Mona
Wensley, John
Wetherbe, James C.
Whitten, Jeffrey L.
Wigington, Ronald
Wilk, Evelyn S.
Williams, A. C.
Williams, Martha
Winkler, Connie
Wittie, Larry D.
Wohl, Amy

Wong, Harry
Wood, David C.
Wu, Chialin

Yara, Ron
Young, Charles R.
Young, Robert F.

Ziegler, R. W_, Jr.
Zikas, Algirdas J.
Zilles, Stephen



Alagar, Vangalur S., 443
‘Anderson, Roy E., 401
Avizienis, Algirdas, 27

Baird, George N., 361
Balzer, Robert, 393
Barrett, Eamon, 453
Batchelor, William L., 389
Benson, Robert J., 593
Berg, Helmut K., 75
Bernstein, Philip A., 487
Bhargava, Bharat, 297, 543
Blanchard, Bernard, 443
Blankenship, P. E., 183
Blattner, Meera, 453
Boss, Richard W., 609
Briggs, Fayé A., 191
Brooks, Ruven, 453, 469

Campbell, R., 209
Campbell, R. H., 231
Center, John W., 323
Chapin, Ned, 349
Cheng, W. Y., 209
Chow, Yuan-Chieh, 163
Chu, Wesley W., 137
Clemons, Eric K., 249
Cohen, Danny, 169
Constantinides, J., 203
Cook, Sandra, 689
Cordy, James R., 259
Costello, S. H., 217
Crickman, Robin, 613
Crocker, Stephen D., 19
Crowe, David R., 257
Crowley, Charles, 265

Danielson, Ronald L., 375
Davidson, Scott, 81

Dayal, Umeshwar, 487
Decitre, Paul, 473

Dees, W. A, 11

De Figueiredo, A. C. D., 141
Doi, Norihisa, 407

Donato, Nola, 665

Endicott, Lucian J., Jr., 389

Feldman, J. A., 183
Fisher, Joseph A., 95
Fishman, P.; 459

Gallaher, L. E., 41
Gammill, Robert C., 415
Giloi, Wolfgang K., 49
Glaser, David, 443
Goldman, Neil, 393

AUTHOR INDEX

Goodell, Ross, 103
Goodman, Frederick L., 601
Goodman, Nathan, 487
Goyal, A., 11

Greene, Richard J., 481
Griggs, Ian H., 257

Gueth, Reinhold, 49

Hafner, Carole D., 689
Hanna, W. L., 431
Hasegawa, Kiyoshi, 507
Heidorn, George E., 649
Heller, Andrew, 69
Hellerstein, Joseph, 137
Hendler, James, 643
Hewitt, Jay, 663

Hikita, Sadayuki, 507
Hirata, Masahiro, 407
Hirose, Ken, 407
Hobson, Richard F., 3
Hodson, Patrick, 677
Holt, Richard C., 257
Holthouse, M. A., 353
Howden, William E., 367
Hwang, Kai, 191

Ingargiola, Giorgio, 383

Jensen, Karen, 649
Johnson, David W., 235

Johnson, L. Arnold, 361

Kambayashi, Yahiko, 555
Kartashev, Steven 1., 111
Kartashev, Svetlana P., 111
Kearney, Joe, 317

Kehler, Thomas P., 643
Kerr, Edwin F., 597

Kini, Vittal, 19

Kolstad, R., 209

Koubias, S., 203

Landers, Terry, 487
Landskov, David, 95
Lawson, Harold W., Jr., 57
Leavenworth, Burt, 537
Leventis, S., 203
Levinson, E., 241
Levy, L. S., 241

Lilien, Leszek, 543
Lin, Ken W. T., 487
Liu, J. W.-S., 209
Luhukay, J., 209

Lusk, E. L., 697
Lybrook, C. W., 353
Lyons, Michael J., 337

715

Ma, Perng-Yi, 87

Ma,Y. W, 149
Maekawa, Mamoru, 515
Markel, J. D., 177
Matsushita, Yutaka, 507
McCarty, L. Thorne, 689
Meldman, Jeffrey A., 689
Meyer, Michael E., 225
Michaelis, Paul Roller, 643
Miller, Lance A., 649
Mishelevich, David J., 631
Miyamoto, Isao, 571
Mooney, James D., 145
Morse, Jane G., 565

Nakatsu, Narao, 555
Nicolas, Georges S., 529

O’Leary, G. C., 183
Oliver, Dennis M., 593
Osterweil, Leon J., 367
Othmer, E., 459
Othmer, S., 459
Overman, William T., 19

Papadopoulos, G., 203
Papayanopoulos, L., 623
Parker, Alice C., 63
Parmar, K. M., 11
Patterson, Dave, 103
Pawlak, Zdzislaw, 453
Peterson, Mark, 689
Phillips, Brian, 643

Poe, Michael D., 103
Pramanik, Sakti, 521
Price, Camille C., 291
Protopapas, Dimitris A., 423

Quatember, Bernhard, 125

Rao, J. R., 431

Rathi, B. D., 11

Ray, S., 209

Relles, Nathan, 383
Reutter, John, III, 343
Richards, P. G., 231
Ricketts, S. R., 681
Rocchetti, Robert, 671
Roistacher, Richard C., 617
Rolland, Colette, 583
Ross, Kenneth M., 643
Rouse, Robert A., 593

Saito, Nobuo, 407
Salisbury, J. B., 241
Scallan, P. Gerard, 249
Schneider, G. Michael, 317



Schwartz, Helen J., 605
Sedlmeyer, Robert L., 317
Segawa, Kiyoshi, 407
Shanthikumar, J. G., 311
Sheheen, Nancy, 677
Shriver, Bruce D., 49, 81, 95
Sibley, Edgar H., 249
Simmons, Dick B., 329
Smith, John Miles, 487
Smith, Mark K., 367

Smith, R. J., II, 11
Sondheimer, Norman K., 383
Sprowl, James A., 689
Sridharan, N. S., 689

Steely, Simon C., Jr., 103
Swager, James R., 501

Takata, Masayuki, 407
Taylor, Richard N., 367

Tennant, Harry R., 643
Thompson, Bozena Henisz, 657
Thompson, Fred, 657

- Tierney, J., 183

Toy, W. N., 41

Tripp, Leonard L., 367
Tsui, R. Y., 11 '
Turba, T. N., 217

Van Dam, Andries, 69
Vannier, M. W., 459
Van Tilborg, Andre, 283

Wah, Benjamin W., 149, 191
Ward, Darrell L., 463
Waterman, D. A., 689
Whitney, V. Kevin, 565
Wilner, Wayne T., 63
Winfrey, W. R., 681

716

Winker, S. K., 697
Winslow, Leon E., 163
Wittie, Larry D., 283
Wong, Eugene, 487
Wortman, David B., 257
Wos, L., 697

Yajima, Shuzo, 555
Yamasaki, Toshiharu, 407
Yamazaki, Haruaki, 507
Yeh, Raymond T., 571
Young, Charles R., 273

Zolnowski, Jean Cochrane, 329



AMERICAN FEDERATION OF INFORMATION
PROCESSING SOCIETIES, INC. (AFIPS)

President

J. Ralph Leatherman
Hughes Tool Company
Houston, TX

Vice President

Sylvia Charp
The School District of Philadelphia
Philadelphia, PA

Association for -Educational Data
Systems (AEDS)

Judith B. Edwards
Northwest Regional Educational Lab
Portland, OR

AFIPS Immediate Past President

Albert S. Hoagland
IBM Corporation
San Jose, CA

American Society for Information
Science (ASIS)

James M. Cretsos
Merell National Labs
Cincinnati, OH

American Statistical Association (ASA)

George Minich
World Bank
Washington, DC

Association for Computational
Linguistics (ACL)

Donald E. Walker
SRI International
Menlo Park, CA

Association for Computing Machinery
(ACM)

Aaron Finerman
University of Michigan
Ann Arbor, MI

OFFICERS

Treasurer

M. Stuart Lynn
University of California
Berkeley, CA

Secretary

Arthur C. Lumb
Procter & Gamble Co.
Cincinnati, OH

BOARD OF DIRECTORS

Raymond E. Miller
Georgia Institute of Technology
Atlanta, GA

Peter J. Denning
Purdue University
West Lafayette, IN

Data Processing Management
Association (DPMA)

Robert Marrigan
Mail Communications, Inc.
Everett, MA

George Eggert
Chicago DCASR
Department of Defense
Chicago, IL

Robert A. Finke
Cummins Engine Co.
Columbus, IN

IEEE—Computer Society

Richard Merwin

The George Washington University

Washington, DC

Steven S. Yau
Northwestern University
Evanston, IL

Roland B. Arndt
Sperry Univac
St. Paul, MN

717

Executive Director

Paul J. Raisig
AFIPS
Arlington, VA

Instrument Society of America (ISA)

Chun H. Cho
Fisher Controls Co.
West Marshalltown, IA

Society for Computer Simulation (SCS)

Per Holst
The Foxboro Company
Foxboro, MA

Society for Industrial and Applied
Mathematics (SIAM)

Donald L. Thomsen, Jr.

SIAM Institute for Mathematics and
Society '

New Canaan, CT

Society for Information Display (SID)

Carlo P. Crocetti
Rome Air Development Center/XP
New York, NY



J. Ralph Leatherman
Hughes Tool Company
Houston, TX

Sylvia Charp
The School District of Philadelphia
Philadelphia, PA

M. Stuart Lynn
University of California
Berkeley, CA

AFIPS EXECUTIVE COMMITTEE

Arthur C. Lumb

Procter & Gamble Co.
Cincinnati, OH

Aaron Finerman
University of Michigan
Ann Arbor, MI

Steven S. Yau
Northwestern University
Evanston, IL

Per Holst
The Foxboro Company
Foxboro, MA

Robert Marrigan
Mail Communications, Inc.
Everett, MA

NATIONAL COMPUTER CONFERENCE BOARD MEMBERS

Chairman and AFIPS Representative

Sylvia Charp
The School District of Philadelphia
Philadelphia, PA

Vice Chairman and SCS Representative

Carl Malstrom
North Carolina State University
Raleigh, NC

Secretary and AFIPS Representative

George Minich
World Bank
Washington, DC

Treasurer and AFIPS Representative

M. Stuart Lynn
University of California
Berkeley, CA

AFIPS President

J. Ralph Leatherman
Hughes Tool Company
Houston, TX

Chairman of the NCC Committee—
Ex Officio
Irwin Sitkin

Aetna Life and Casualty
Hartford, CT

IEEE—Computer Society President—
Ex Officio

Richard Merwin
The George Washington University
Washington, DC

ACM President—Ex Officio

Peter J. Denning
Purdue University
West Lafayette, IN

Chairman of the Industry Advisory
Panel—Ex Officio

Dallas Talley
Qantel Corporation
Hayward, CA

DPMA Representative
George Eggert

DCASR—Chicago, U.S. Department

of Defense
Chicago, IL

IEEE—Computer Society
Representative

Dick B. Simmons
Texas A & M University
College Station, TX

ACM Representative

Seymour Wolfson
Wayne State University
Detroit, MI

SCS President—Ex Officio

Stewart 1. Schlesinger
The Aerospace Corporation
Los Angeles, CA

DPMA President—Ex Officio

Roger Fenwick
New York Telephone Company
New York, NY

NATIONAL COMPUTER CONFERENCE COMMITTEE OF THE NCC BOARD

Chairman

Irwin J. Sitkin
Aetna Life & Casualty
Hartford, CT

Secretary

Floyd Harris
Life of Georgia
Atlanta, GA

718

NCC ’81 Chairman

Al Hawkes
Sargent & Lundy Engineers
Chicago, IL



NCC ’82 Chairman

Russell K. Brown
Moore Papet Co.
Houston, TX

Morton M. Astrahan
IBM Research Laboratory
San Jose, CA

Smith Dorsey
1018 N. Greenhaven Ave.
Fullerton, CA

Harvey L. Garner

Moore School of Electrical

Engineering

University of Pennsylvania

Philadelphia, PA

Jerry Koory
Rand Corporation
Santa Monica, CA

William Sitter
Tenneco, Inc.
Houston, TX

Arnold P. Smith
IBM Corporation
White Plains, NY

Robert C. Spieker
AT&T
New Brunswick, NJ

OAC ’82 Chairman

Hans Pueshe
Fireman’s Fund Insurance Co.
San Rafael, CA

NATIONAL COMPUTER CONFERENCE BOARD INDUSTRY ADVISORY PANEL

Chairman

. Dallas Talley

Qantel Corp.

Hayward, CA

Members
Frederick M. Hoar
Apple Corporation
Cupertino, CA

S.A. (Sandy) Lanzarotta
Xerox Corporation
El Segundo, CA

William Lonergan

Xerox Development Corporation

Beverly Hills, CA

Richard Mau
Sperry Rand Corporation
New York, NY

Herbert Richman
Data General Corporation
Westboro, MA

Gordon Smith
Memorex Corporation
Santa Clara, CA

AFIPS HEADQUARTERS AND CONFERENCE SUPPORT STAFF

Executive Director
Paul J. Raisig

Executive Assistant
Jane Smith

Secretary/Receptionist
Terry DiMurro

Controller
Janis Miller

Accountant
Melinda Yost

Bookkeeper
William Hargrave

Administrative Coordinator
Ken Fields

Public Information
Coordinator
Nancy LeFebvre

Secretary
Cathy Chaney

AFIPS Press Manager
Christopher N. Hoelzel

Fulfillment Administrator

Olive Shilland

Secretary
Sharon Lee Conway

NCC Copy Editor/Proofreader

George Jansen, Jr.

Director, Washington Office

Alexander D. Roth

Research Associate
Ellen Law

Administrative Assistant
Lorraine Cummings

Secretary
Patricia Mayo

Conferences Director
James H. Kroell

Administrative Assistant
Betty Foley

719

Manager, Conference QOperations

Sam Lippman

Operations Coordinator
Lisa Welke

Secretary, Conference Operations

Pantipa Dhanagom

Manager, Exhibit Operations & Sales

Larry Jennings

Exhibit Sales Coordinator
Luellen Hoffman

Secretary, Exhibit Sales
Jill Newman

Marketing Manager
Betty Lou Cooke

Marketing Coordinator
Diana Snow

Secretary, Marketing
Joyce Paige Davis



