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Word Recognizer: Kurzweil Voice System 3000 expands applications
for voice input and control with virtually any host processor.
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TECHNOLOGY BACKGROUND
AUTOMATIC SPEECH RECOGNITION
Automatic Speech Recognition: History and Market

Recognition of human speech by computer devices is one of the most
eagerly awaited breakthroughs in the computer industry today. Development of
a voice-activated typewriter (VAT) with a 10,000 word vocabulary is a top priority
for Japan's much discussed 'Fifth-generation' computer effort. Teams at IBM,

Bell Labs, and Japan's Nippon Electric Co. (NEC) have mounted major pushes to
create voice-activated typewriters and other speech-recognition devices by the end
of the decade. In late 1982 the race to achieve a practical VAT was spurred by
Raymond Kurzweil, a leading authority on applied artificial intelligence and
pattern recognition technology. Kurzweil, best known for his invention in 1976 of
the only print-to-speech reading device capable of handling virtually any printed
text, the Kurzweil Reading Machine for the blind, has launched a comprehensive
effort to develop a VAT by the end of 1985,

Why is automatic speech recognition (ASR) the object of so much attention? A
long-standing difficulty in the relationship between man and machine has been
communication -- finding a means to enter data and instructions into a computer or
even into a mechanical information system like a typewriter. The typewriter and
computer terminal keyboard today remain the primary means for capturing both words
and data. However, keyboards are relatively slow even for trained typists, and

awkward to use for anyone who isn't.
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Voice, by contrast, is the easiest and most natural way for people to
communicate. Human beings are brought up to express information verbally.
Virtually everyone can speak, compared to the relatively few who are adept in
the use of typewriter-style keyboards.

Devices which could recognize the human voice would open up whole new
realms of product possibilities -- typewriters which could create typed text
at the rate of human speech, computers responding to spoken command, voice-
controlled manufacturing operations,telephone access to data bases, automated
reservations systems, voice mail, and voice-interactive teaching terminals are
among the more immediate possibilities. Market studies differ but many project
that speech recognition devices could represent a multi-billion dollar market by
the 1990's, with voice activated typewriters accounting for a substantial share of
the total amount.

Attempts to create machines that can recognize human speech go back over
40 years, to a toy dog called '"Radio Rex', which was designed to respond to
its own name. |t didn't work very well. |t wasn't until the 1960s that the
first successful efforts were made to recognize more than a handful of words
in English. By the seventies, there were several commercial products capable
of recognizing a few dozen words at any one point in time that could be used
for specialized communications and industrial applications. But when it came
to the much more difficult problem of recognizing large numbers of words as
they occur in typical English sentences, most devices had something in common

with Radio Rex. They didn't work very well either.

The Technological Challenge
There is a fundamental difficulty in the recognition of typical English

speech. No two people pronounce words the same way, and even the same person



COMPANY OMNIBUS — KURZWEIL APPLIED INTELLIGENCE; SPEECH RECOGNITION

183

never pronouces a word exactly the same way twice. The sound of a word changes if
the speaker is tense or has a cold. Vowel length and stress change depending on
the meaning of the word expressed, and even change depending on the word sounds
preceding and following it.

Several strategies can be used, depending on the intended application of
the ASR device, to reduce the complexity of this problem. The simplest solu-
tion is to create a device that can only recognize a very limited vocabulary,
adequate for doing tasks like controlling industrial equipment or providing
very basic information to a computer or telecommunications systems. The
problem can also be simplified -- as it is by most existing devices -- by
requiring the speaker to separate his or her words by very slight pauses,
instead of slurring words together as we ordinarily do. Human factors studies
have shown that most people can learn to separate their words in this way with
little difficulty, and still speak at a normal rate.

Finally, the recognition problem can be made much more manageable by
reducing the number of people's voices that the system must recognize. Such a
“'speaker-dependent" system could be calibrated on-site to the voices of, say, a
few dozen users and would be more than adequate for most office or professional
environments.

The ASR market, then, can be broken up into two broad segments. In one
segment are devices designed to understand virtually anyone without training
(or '"speaker-independent'), and which can at present recognize only a few
dozen words at best out of a total "library' of some hundreds of words. The other
potential market segment, as yet untapped, is ''speaker-dependent'' systems, de-
signed to recognize large vocabularies (5,000 to 10,000) in typical sentences.

These latter are the systems that would be suitable for the voice-activated type-
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writer. Even with limitations on the number of speaker's voices to be recognized,

though, successful large vocabulary ASR has remained elusive.

Large Vocabulary ASR

Large vocabulary ASR is the most difficult problem in speech recognition
because it most closely approximates what a human being does in making sense
of everyday words, sentences, and syntax. As such, it is one of the more
complex artificial intelligence problems facing scientists today. Perhaps the
best way to get a sense of what is involved in large vocabulary ASR is to
compare the steps a computer must take in recognizing speech to what actually
happens in the human ear and brain.

First, the human listener must convert sound waves to a form that can be
processed by the brain. Tiny bones, membranes, and hairs in the ear are agitated
by sound waves and excite nerve impulses, which provide a coded version of the
sounds which can be interpreted by the brain.

Similarly, an automatic speech recognition system must process the sound
received through a microphone and a set of analog or digital filters. These
filters provide coded data about the sound. One of the challenges in ASR is
to determine what and how much information about the sound must be extracted
and coded from the sound wave. The three most critical variables in a sound
wave are its frequency, the changes in frequency over time, and the variations
in intensity. Recent advances in sound spectroscopy utilized at Kurzweil
Applied Intelligence make it possible to visualize all three variables at once.

Two basic processes must take place in the brain in order to recognize
the words that are heard. One is to match the sound of the words captured by

the ear to the models for the word sounds in the listeners' memory. The
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second is to guess at the identity of the word from the context of the conver-
sation and the context of the sentence or phrase being spoken. In fact, some
studies have shown that by listening to the context of a spoken message, we
can narrow down our guesses as to the identity of a given word from one in
100,000 to one in ten or fifteen! Identifying a word by its sound is much
easier when it must be matched against only a dozen or so words instead of
against tens of thousands.

Automatic speech recognition devices must also use both '"acoustic identi-
fication'" and '"context analysis'" to successfully identify spoken words.

Each poses significant artificial intelligence and computer design problems.

Acoustic ldentification. Since words are never pronounced exactly the same
way twice, even by the same person, a successful ASR system must find some
kind of underlying and constant pattern unique to each word. (This is called
the "invariance problem' by ASR researchers.)
Several speech recognition research teams have succeeded in recognizing words,
given enough computer time to do the computations. The real hurdle, however,
is to be able to do these computations in ''real time'' -- so that the computer
can recognize the words as quickly as they are spoken. The authors of a 1981

article in Scientific American on speech recognition calculated that it would

take, using either of those approaches, 10 billion computations per second to
achieve effective large vocabulary ASR. Assuming continued rapid gains in
computing power, they extrapolated that it would not be until the year 2020
that large vocabulary ASR could successfully be tackled.

According to Ray Kurzweil, president of Kurzweil Applied Intelligence, they
were correct given their assumptions. There were, however, significant alter-

natives that the authors of the Scientific American article overlooked.
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Two alternatives involved the actual capabilities of computer hardware.
The 1982 article assumed standard speeds for the use of computer microproces-
sors. In actuality, it is possible to increase the speed of microprocessors
manyfold by custom-designing the chip for specific applications. In addition,
the article assumed the use of traditional serial-processing techniques, in
which computer computations are processed one at a time. |t happens that one
of the most intensely pursued areas of research in the computer industry now
is on ways to permit simultaneous computation...an important requirement of
the so-called '"fifth generation' of computers.

Successful 'parallel processing'" in standard microprocessors may be years
away. Kurzweil scientists, however, have determined that the computations
involved in ASR are of a type that lend themselves readily to parallel processing
and have already designed what is called an array processor to handle these
computations at very high speeds.

Kurzweil is a leading authority on how to analyze and extract relevant
features from complex patterns in order to identify them. In 1976 he developed the
first optical scanning system capable of reading virtually any typeface -- a feat
which has not yet been duplicated despite many competitive efforts. This pattern
recognition expertise is now being applied to the analysis of spoken words.

Another artificial intelligence technique mastered by Kurzweil distinguishes
between significant and insignificant information about patterns -- such as
sound waves -- and then compresses the data to a manageable length. He has
recently used this technique to make possible the first digital keyboard that can
accurately recreates the sound of acoustic instruments such as the grand piano.
Similar data compression techniques also can reduce the computational load re-

quired to achieve large vocabulary ASR.
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Context Analysis. A variety of artificial intelligence techniques have been
explored to determine how to efficiently narrow down the possibilities of what
any given word might be. These techniques involve the use of expert systems, or
elaborate computer programs which replicate the kind of analytic judgements made
by a human being. Some expert systems ''nominate' probable candidates for a

given word based on the other words occurring in the phrase or sentence. For
example, the middle word in the phrase "a ___ reply" would probably be 'brief,"
"lengthy,'" etc. Expert systems not only help recognize words, they help solve
another of the difficulties of ASR, distinguishing between homonyms like ''to'",

"too', and '"'two'’

Feedback and User Interface

A certain amount of ambiguity is built into human speech. Even human
beings use feedback to check on the meaning of unclearly pronounced or diffi-
cult words -- usually by saying '"what?" or ''come again?'' ASR devices must
also use feedback to check on questionable words, via a video terminal or
synthetic voice.

There are many alternatives for designing the interface between user and
device. The user could spell out, or key in words, the device is uncertain of.
The ASR device could signal its confusion by scrolling words on a screen and
highlighting words or phrases which do not exceed, say, a 99% certainty thres-
hold. (In fact, the certainty threshold could be adjustable, allowing faster
recognition if first-time accuracy is less essential -- the equivalent of
draft-typing on a word processor.)

In addition to clarifying doubtful words, there is another reason for an

ASR device and its user to have two-way conversations =-- to train the device
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to understand the individual user's pronunciation. Training might proceed by
having the user read a standard text covering most typical sounds and key
words. An intelligent system could then continue to "learn' to understand a
given user by redefining a word model each time it is corrected according to
the way the word is pronounced by the user (a similar training system was
used by Kurzweil in the omni-font Kurzweil Data Entry Machine).

Finally, an intelligent system could re-evaluate the use of its memory
periodically, dropping out words that are never used and opening up ''slots"
for the inclusion of specialized words required by specific users. In
addition, of course, different word "libraries' could be offered for different

applications, such as business, engineering, and law.

Impact of Speech Recognition Systems

Over the course of this decade, ASR devices will find wide application in
manuscript creation and transcription, in telecommunications, and in work
station control. ASR, though, will have its most visible (or audible) impact
in the long-term , as it becomes the preferred means for man to communicate

with the evermore ubiquitous computer.
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COMPANY BACKGROUND

KURZWEIL APPLIED INTELLIGENCE, INC. AND AUTOMATED SPEECH RECOGNITION

Background

Since its invention over 100 years ago, the typewriter keyboard has been the
"'state-of-the-art' interface between people and the printed page. Almost anyone
who has come into contact with an office environment takes the necessity for the
keyboard for granted. But, the typewriter keyboard has some obvious disadvan-
tages.

First, it is a fairly slow way to create text -- no faster than the oper-.
ator's typing speed. Even the fastest typist can only produce a few characters
per second. Second, it is restrictive -- only trained operators can use a type-
writer keyboard efficiently, which often causes "bottlenecks' in the generation
of typed text in most offices. Third, people who don't type are generally
reluctant to use a typewriter-style keyboard for any purpose. As a result, many
executives, professionals, and small businessmen are discouraged from using com-
puters, which require input via a keyboard, or from generating typed text without
the aid of a typist.

The simplest and most direct way to communicate text to a typing system,
word processor, or computer would, of course, be through the human voice.
Computers or computerized typewriters that could recognize and print out text
directly from human speech are not merely the stuff of science fiction. They are
the subject of several intensive industrial research and development efforts

today.
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The most desirable application of this technology to today's marketplace is
a system that can output typed text in ''real time' as it is dictated (known as a
voice-activated typewriter or VAT). Such a system could be up to three times
faster than most professional typists and ten times faster than handwriting.

A second major application would be in the so called 'executive work
station'' market. A shift in emphasis in the office computer equipment market
from clerical to executive productivity has been predicted for several years by
most industry observers. The resistance of executives and professionals to
mastering a keyboard system has obstructed this shift. Automated speech recog-
nition (or ASR) would permit executive personnel to operate computer work
stations through voice commands, very likely accelerating the acceptance of
executive work stations.

Effective computer speech recognition would also make possible many new
elecommunications services. These include remote inquiry for information from
computer data banks, telephone order placement, fully automated reservations,
and voice mail. Other applications are expected to include voice control for
manufacturing operations and military equipment, computer-assisted teaching, and
consumer products such as ''smart'' toys, automobiles, and household appliances.

While the current market for speech recognition technology remains small,
due to a dearth of commercially useful products, independent market studies have
projected that the sales of ASR products could reach several billion dollars by
the end of the decade. VAT sales are expected to represent a sizable portion of

that total market. As the initial source for accurate, large-vocabulary ASR
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technology, Kurzweil Al hopes to capture a substantial share of this nascent
multi-billion dollar industry.

A significant proportion of the company's financing has been provided by
Wang Laboratories and Xerox Corporation. These principal investors have non-
exclusive agreements with Kurzweil Al to market its speech recognition
technology.

(In 1980, Xerox Corporation purchased Kurzweil Computer Products, a company
founded by Mr. Kurzweil in 1974. KCP manufactures pattern recognition based
equipment that scans books or documents in virtually any typeface, and either

reads them aloud or converts them to computer code for storage in data bases.)

Kurzweil Al's Speech Recognition Technology

Despite the extensive research efforts of many manufacturers, it has proven
difficult to develop a computer system that can accurately and efficiently
recognize more than a few words of human speech. Full commercial use of ASR
requires that a computer "understand" English speakers with many regional
accents and speech patterns, and that the fairly large vocabulary utilized in
normal written communication (roughly 10,000 words) be recognizable. Until now
there has been limited success, resulting in systems which can recognize up to a
few hundred words. Because of their small vocabulary and high cost, these
systems are useful only for limited applications, such as voice-controlled
machinery, that only require a few simple, repeatable commands.

To tackle the problem of large-vocabulary ASR, Kurzweil Applied Intelligence

has put together a team of outstanding authorities from the fields of signal
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processing, speech analysis, parallel processing and linguistic analysis.
Raymond Kurzweil, the company's founder, pioneered the commercial application of
artificial intelligence techniques to problems involving the recognition and
analysis of both printed and spoken word patterns. Successful ASR products
depend, in large measure, on the successful integration of such pattern recog-
nition and analysis technology with these other disciplines.

Kurzweil Al scientists have developed a unique multi-branched approach to
achieving commercial quality ASR, involving dedicated VLS| hardware, pattern
recognition techniques and linguistic expert systems.

These approaches have already been successfully implemented, resulting in
the demonstration in late 1984 of a non real-time 10,000 word prototype speech
recognizer that is 97% accurate. By the end of 1985, the company expects to
begin site tests of its real-time system, and plans to ship first production
units of the Kurzweil Voicewriter ™ in 1986. A smaller vocabulary (1000 words)
speech recognition peripheral designed for use with virtually any host
processor will be introduced in mid 1985. Other by-products of Kurzweil Al's
speech project include a highly accurate (24-bit) digital filter chip component
for signal processing applications now being marketed, and a high-speed array

processing system developed for the Voicewriter.

KVS 3000- The first speech recognition device from Kurzweil Al represents
an important advance in the technology, with regard to its vocabulary size,
flexibility and price/performance. Aimed primarily at OEM's (original equipment
manufacturers), the KVS 3000 is a programmable device that can handle up to

1,000 spoken words - and can be interfaced to virtually any host processor.
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The system compares spoken input with 3,000 speech tokens or sample
utterances. This allows for an average of three samples for each word or phrase
to be recognized, providing accurate recognition of 1,000 words from a single
speaker (speaker dependent operation). These 3,000 tokens may also be applied
to storage of additional variations in pronunciation necessary for speaker
independent operation. In this speaker-independent mode, the KVS 3000 is
expected to handle vocabularies of up to several hundred words accurately.

The KVS 3000 will allow direct voice communication with computers for many
applications, including data entry, CAD/CAM, command of many finanical and word
processing software programs, and a host of reporting applications, ranging from
insurance forms to medical reports to quality control and inspection. The KVS
system can be used to recognize foreign languages and highly specialized

vocabularies.

Kurzweil Al Personnel

Raymond Kurzweil, president and founder of Kurzweil Al, successfully

developed and marketed the only commercial technology for computer recognition
of text regardless of typeface (omni-font optical character recognition). He is
chairman of Kurzweil Computer Products, the company he founded in 1974 to
manufacture equipment based on this technology. KCP has experienced 40% to 100%
revenue growth each year for the past seven years and currently has 20% of the
$70 million OCR market.

In 1983, Mr. Kurzweil founded Kurzweil Music Systems, where he
successfully developed a digital keyboard instrument that employs artificial

intelligence techniques to accurately recreate the sounds of the grand piano and
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other orchestral instruments. This state of the art digital synthesizer, called
the Kurzweil 250, has been in production since mid-1984, |t offers musicians and
composers exciting possibilities for electronic sound modification and control.

Mr. Kurzweil was selected the '"Qutstanding Young Computer Scientist of
1978" by the Association for Computing Machinery (ACM); he was admitted to the
Computer Industry Hall of Fame in 1982, and has received special recognition
from Presidents Johnson and Reagan. In 1984 he was keynote speaker at the

I.E.E.E. annual conference on computer design.

Aaron Kleiner, Kurzweil Al vice chairman, was a co-founder of Kurzweil
Computer Products. He has also served as manager of organization development
and training for the Research and Development Division of Johnson & Johnson, and
has an M.S. from M.1.T.'s Sloan School of Management. Kleiner is a co-founder

of the M.I.T. Enterprise Forum.

Michael G. Tomasic, chief operating officer, was the founder and president

of Massachusetts Computer Corporation (MassComp), a manufacturer of scientific
workstations. Prior to founding MassComp, Tomasic served at Digital Equipment
Corporation for ten years. While at Digital he held a number of positions
including corporate product planning manager, group product manager for the VAX-
11 and PDP-11 computer systems, PDP-11/34 engineering manager, and PDP-11/05
marketing manager. He is credited with having directed the development and
introduction of the PDP 11/34, which achieved $2 billion in revenue, and is
considered one of the most successful minicomputers ever designed. He holds an

M.B.A. from Harvard School of Business.
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David R. Earl, vice president of manufacturing, was formerly v.p. of
manufacturing at Data Terminal Systems, where he was responsible for bringing
start-up manufacturing operations to high volume capacities. He was also
operations manager and a key member of the start-up team of Hewlett-Packard's

Andover Division.

William F. Ganong |1l, director of research, is an authority on speech

perception, English phonology, and the digital representation and processing of
speech. Prior to joining Kurzweil Al, Ganong was a faculty member at the
University of Pennsylvania, and during 1980-82 was a visiting scientist at

M.1.T.'s Cognitive Science Center. He holds a PhD. from M.I.T..

Robin Kinkead, director of product development, served from 1973-1982 as
the manager of industrial design and human factors for Xerox Corporation's
office products division. He headed the design team responsible for the user

interface of the highly successful Xerox Memorywriter, among other projects.

Richard S. Goldhor, assistant director of research, holds a B.S.E.E. and

M.S.E.E. from M.1.T., where he is a doctoral candidate in Speech Communications.
He has worked on a number of speech projects and designed the architecture for

the MITALK text-to-speech system.

Robert S. Joseph, director of marketing, was formerly v.p. of marketing at

VIA Systems, a manufacturer of CAD/CAM workstations, and v.p. of marketing and
sales at Computer Devices, Inc. Prior to that he was at Digital Equipment

Corporation, where he managed marketing for the $1 billion Technical Products
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Group and was responsible for building Digital's CAD/CAM group to over $100

million in sales.

Susumu Kuno, consultant on syntactic analysis, served as chairman of the
Harvard University Department of Linguistics from 1972-1981. He developed the
first successful computerized English language parser in 1963, and is a leading
figure in the field of computational linguistics, having published several books

and over 80 papers in the field.

Dennis Klatt, consultant on speech analysis, is a leading researcher in the
field of speech synthesis and recognition. He has designed many of the computer
speech synthesizers on the market today, including DEC talk, and has published
over 75 articles in speech and cdmputer science journals. He is a senior

research scientist at M.l.T.'s Research Laboratory of Electronics.

Steve Rothman, director of systems engineering, is a proven performer in
bringing complex engineering projects to the marketplace. In his sixteen years
at DEC, he managed design and development of the VAX 11/75 and supervised
engineering of the PDP 11/70 project. Mr. Rothman holds four patents for the

VAX system architecture.

Richard W. Pascal, vice-president, sales and service, is a sixteen year

veteran of DEC's sales force. Most recently, he served as manager for the
NY/NJ region, where he managed several hundred million dollars of revenue
annually. He is also a former DEC sales manager for the mid-Atlantic region,

covering fourteen states.
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NAVEX:
NASA'S FIRST EXPERT SYSTEM

FOR THE SPACE SHUTTLE
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(¢) 1984 Inference Corporation
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LOS ANGELES, CA -- March 5, 1985 -- Inference Corporation today announced
its commercial shipment of the Automated Reasoning T<>olTM (ARTTM). ART is a develop-
ment tool that allows users to rapidly develop commercial expert systems for many
applications including resource scheduling, manufacturing planning, aerospace programs,

financial planning and military command and control.

The attached photograph is a simulation of NAVEX (Navigation Expert System),
that was developed by Inference for NASA's Johnson Space Center. NAVEX will monitor
the high speed navigation control console much like human console operators for the
reentry phase of the Space Shuttle. |

NAVEX makes recommendations based on incoming data from three radar stations.

The human console operator may make decisions based on the NAVEX observations or

may choose to override them.
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Introduction

Although artificial intelligence (AI) technology has been under develop-
ment for over 35 years, its has remained relatively well hidden in university
and corporate laboratories. A few early applications in the areas of medical
diagnosis, military command and control, and oil and mineral exploration
proved the technical feasibility of Al. But the cost and development time
of these early systems led observers to question the commercial viability
of Al in more general applications. A recent project at NASA's Johnson
Space Center demonstrates that expert systems can solve real-world prob-

lems when the new generation of Al-based development tools is employed.

Aerospace leads the way

The aerospace industry, led by NASA, is initiating Al applications that
will demonstrate the evolution of Al technology. The state of AI has
changed due to the recent combination of several technology trends: a
critical shortage in highly-skilled manpower, an exponential increase in
affordable computing power, and the emergence of powerful new Al develop-
ment tools.

At NASA, planning, coordination, and mission control are labor-inten-
sive processes vital to the success of the space program and beyond that,
the space station project. NASA is looking to AI technology, in the form
of expert systems, to provide part of the productivity and technological
advancements.

An expert system is an advanced type of computer program that
uses Al technology to reason and make decisions based on a body of human
knowledge. The facts that make up the knowledge base are derived from
human experts in the field and are unique for each application. The meth-
ods of reasoning about knowledge are contained in an '"inference engine,"

which is the permanent part of the expert system.
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Currently, expert systems are used on specialized hardware referred

to as "LISP machines" after the AI language for which they are optimized.

Pilot project for space shuttle navigation

After a year of investigation by the Technology Development and
Applications Branch at the Johnson Space Center, JSC initiated its first
expert system development project in May of 1984. The goal was to develop
an expert system program that would monitor the high-speed navigation
control console, much like human console operators. The console position
is a crucial function during space shuttle reentry which begins after the
shuttle leaves its orbit at about 180,000 feet. Operators are responsible
for monitoring the reliability of a computer solution of the shuttle state
vector (position and velocity), selecting data for processing, and reinitializ-
ing the console process if inaccurate data mistakenly gets into the system.
The job, performed by three flight controllers, requires the operators
to continuously observe over 100 radar related parameters on a display
screen and 30-50 status lights. To be able to quickly recognize whether
data is valid, each operator requires 18 months of highly specialized training
and an excellent attention span and split second judgement, should an
emergency arise. The task is tedious, but is a requirement at NASA where
it is an essential safety measure to guarantee that navigational data is

reliable at all times.

A test for Al

The NAVEX project was considered pivotal at NASA because it
would help determine the ability of Al to meet NASA's future demands
for programmed expertise. The NASA Al group evaluated expert system

development tools from several vendors for the navigational expert system,
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named NAVEX. They chose the Automated Reasoning ToolTM, or ARTTM,
from Inference Corporation because ART offered the greatest amount
of flexibility in using Al techniques for complex problems. ART packages
Al technology in a form that can be readily used by non-Al specialists
to develop their own expert systems. It has a versatile syntax for presenta-
tion of human knowledge, employs multiple pattern matching and search
strategies, and gives fast real-time response due to its efficient compiler.
ART is also a complete development environment with an editor, debugger,
and execution monitor implemented through a graphical interface.

An Inference "knowledge engineer" developed the first phase (for
shuttle reentry navigation) of NAVEX using about 100 decision rules derived
from interviews with experts and from NASA training documentation.
In five weeks the first phase was up and running. Once NAVEX was deliver-
ed, the console operators were given a week-long ART programming course
by Inference, and thereafter took over the continuing development of

NAVEX by defining additional rules governing NAVEX's behavior.

Al proves itself viable

NAVEX has now passed its first critical milestone at NASA. Not
only is the system able to perform the console operation with decision
accuracy, it is able to review eight times more data (operating on a Symbol-
ics 3670 workstation) than its human predecessors. NAVEX also helps
eliminate "tunnel vision" (the tendency of human operators to focus on
a single problem at a time) by responding to all input parameters contin-
uously. Now the navigation console could be manned by only one operator,
instead of three, freeing the other two for more creative challenges.

Perhaps as important as the successful operation of NAVEX itself,

NASA personnel demonstrated that expert systems can be developed by
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non-Al specialists. Using advanced tools like ART, NASA expects that
recent college graduates without computer science backgrounds will be
ablé to program expert systems after approximately two months and with

some initial application support by Inference consultants.

The future of Al at NASA
Following the success of NAVEX, NASA is now working on several
new expert systems including:
® a flight design system that will help new controllers design the
trajectory of a shuttle flight;
® an automated software development and verification system to
manage millions of lines of existing computer code at the Center;
& an expert system to manage consumables such as oxygen and
electricity aboard the shuttle, and later the space station.
Inference's ART product is the leading candidate for the development
of future expert systems at NASA.
NASA is also looking at expert systems to preserve and distribute
the valuable experience of engineers already employed at the center.
Many of the engineers and scientists at the Johnson Space Center have

-

20 or more years

(@]

i experience. NASA can't aiford to lose that weaith
of knowledge and judgment when these people retire, so they intend to
preserve it in expert systems. In this way the experience of these human
experts will be made available to new NASA employees both as operational
systems and as training aids.

The success of NAVEX at the Johnson Space Center has gone a
long way toward convincing others that Al technology is now a commercial-

ly viable tool for emulating the reasoning abilities of humans.
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LOS ANGELES, CA -- MARCH 5, 1985 — Inference Corporation today announc-

™ TM)

ed its commercial shipment of the Automated Reasoning Tool (ART ™). ART

is a development tool that allows users to rapidly develop commercial expert systems
for many applications including resource scheduling, manufacturing planning, aerospace

programs, financial planning and military command and control.

™

The attached photograph demonstrates the ARTIST feature of ART. ART-

™ is a tool for building end-user interfaces which represent information using

IST
graphics. The particular display shown above is that of a flight simulator representing

the use of icon graphics integrated with rules and schemata.
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LOS ANGELES, CA — MARCH 5, 1985 — Inference Corporation today announc-

ed its commercial shipment of the Automated Reasoning ToolTM (ARTTM)

. ART
is a development tool that allows users to rapidly develop commercial expert systems
for many appiications inciuding resource scheduling, manufacturing planning, aercspace
programs, financial planning and military command and control.

The attached photograph demonstrates ART's Viewpoint (or hypothetical
situation considered for problem solving) structure generated by the program. The
program is considering one of two possible alternatives to assembling and disassembling

blocks into a configuration to satisfy a user's requests. This is an example of the

use of Viewpoint in a situation which requires both hypothetical and temporal reasoning.
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REPRESENTATIVE Al PROJECTS

SOFTWARE A&E IS CURRENTLY PERFORMING ON A DIVERSE
SET OF CUSTOM EXPERT SYSTEM PROJECTS. A BRIEF
SUMMARY OF SOME OF THESE PROJECTS FOLLOWS.
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Tactical Mission Planning

Software ASE has developed a prototype system for the U.S. Army
Engineering Topographic Laboratory that applies spatial reasoning to the
problem of tactical mission planning. The prototype uses a
symbolically-encoded terrain data base, drawn from aerial photographs and
other intelligence sources, to deduce the likely locations of enemy
emplacements. This information is used to allocate reconnaissance resources.

The prototype architecture utilizes KES and other existing software;
however, the spatial reasoning subsystem was developed by Software A&E
specifically for this application. KES was used for the top level
problem-solving control. It invokes the spatial reasoning subsystem that uses
the terrain data base for the basic information elements feeding the spatial
reasoning process. Software provided by Carnegie-Mellon University was used
to drive graphic output.

A first release has been completed and delivered to the Army. The
prototype successfully demonstrated the feasibility of reasoning about
terrain data. The Engineering Topographic Laboratory has funded the
follow-on effort to extend the capabilities of the prototype.

Acquisition Manager's Assistant (AMA)

Software A&E is combining the technologies of microcomputer-based
personal workstations and expert systems to support all facets of Navy
acquisition management. The project is jointly sponsored by the Office of
Naval Research (ONR) and the Software Technology for Adaptable and Reliable
Systems {STARS) program. The cbiective of the AMA is to complement the skills
and experience of the program management staff, reducing costly errors and
increasing the quality of the acquisition process. |

The AMA will integrate expert system technology with standard management
tools. The purpose of the expert systems are: (1) to aid in the preparation
of the procurement package documents, (2) to provide consultation on
acquisition strategy and related technical issues, and (3) to support
administrative activities associated with the acquisition life cycle.
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The first release of the AMA is currently under development. It includes
many innovative technological advances. For example, the huge domain
knowledge associated with acquisition will be developed and managed
incrementally. Techniques will be employed to maintain consistency among
common attributes in multiple knowledge modules.

Mainframe Crash Diagnosis

Software A&E has developed an expert system for a major computer
mainframe manufacturer. The expert system determines the cause of a
mainframe failure by analyzing the resulting memory dump. The expert system
operates directly on the dump file without operator interaction. It
incorporates the ability to traverse the file and retrieve selected records.

The first demonstration system was created in five days with KES. The
customer had originally planned one year for this effort using traditional
approaches. A production prototype was then developed in less than three
months using KES. Its knowledge base included over 800 production rules. The
system is currently under evaluation in an operational setting.

Permit Writer's Assistant

Software A&E has just completed a prototype expert system for the
Environmental Protection Agency to aid permit writers in reducing the 6,000
permit application backlog. The workstation-based system leads the permit
writer through the process, scheduling water quality and other tests as
warranted by the permit request at hand. At the completion of the process,
the system prints out a complete permit.

Initial evaluation by permitting experts at EPA has resulted in high
marks for the system. Based on the evaluation, the EPA has given Software A&E
approval for a phase two effort to build a production prototype.
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Data Base Analysis

The major objective of this system is to automatically read and analyze
data in a large data base in order to identify critical situations which
require human action. Software A&E teamed with CTEC to implement the
demonstration expert system for the Department of the Treasury. Currently,
human analysts perform the tasks but, due to the volume of information,
critical situations are discovered as much as two years after they have
occurred. The expert system analysis will make it feasible to identify
critical situations as they occur.

The customer response to the demonstration was very enthusiastic. A
proposal was submitted and award of contract has just been given. The
proposed system would provide five microcomputer-based analyst workstations in
a network including the mainframe which controls the data base.
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SOFTWARE TOOL KIT FOR BUILDING EXPERT SYSTEMS NOW AVAILABLE
ON IBM PC-AT, PC-XT; AND UNIX-BASED COMPUTERS

RulemasterT package sgeeds creation of expert systems
without extensive knowledge engineering or AI programming

AUSTIN, Texas, Mar., 25, 1985 -- A software tool kit for
‘rapidly building and operating industrial scale expert systems on

the IBM PC-AT and PC-XT is now available from Radian Corporation.

called RuleMasterTM, the new software package--also
available for UNIX-based:computers--permits the creation of
expert systems for complex advisory,. diagnosis, prediction, or
control applications, yet requires only the ability to logically
organize ﬁﬁe'application in a modular or structured fashion.
RuleMaster does not require LISP or Prolog language skills or

machines.

RuleMaster applications cover a broad range of engineering,
technical, and industrial areas, including fault diagnosis,
on-line operations advice, interactive maintenance manuals,

weather prediction; and chemical analysis advice.

8501 Mo-Pac Bivd./P.0. Box 9948/ Austin, TX 78766/(512454-4797 GCORPORATION
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Rulemaster is the latest in a series of specialized,
PC-based application packages from Radian, a 900-person high-
technology firm founded in 1969, with 1984 sales of approximately
$50 million.

According to Radian vice president F. Scott Lagrone, the
availability of RuleMaster on the PC-AT and PC-XT signals the
arrival of cost-effective expert systems in the mainstream of
business, engineering, and scientific computer applications.

"With RuleMaster, expert systems addressing a wide range
of problems in technical and business decision-making can be
developed and run on the PC-AT, while smaller applications and
tutorials can be run on the PC-XT," said Lagrone. "As a result,
small companies can now use expert systems in their day-to-day
operations, and large corporations will employ multiple systems

throughout their organization.”

RuleMast iff lically £ i 1 LISP-1 i tool

RuleMaster offers a simple yet powerful approach to expert
systems development which differs radically from that of systems
based on conventional AI languages such as LISP. Unlike LISP,
whose complexities require a highly trained analyst, RuleMaster
provides to knowledge engineers a pair of easy-to-use application
development tools:

e RuleMakerT™™, a facility for inducing rules from examples;

e RadialTM, a high-level language for expressing rules;
Radial is similar to structured algorithmic programming languages

such as Ada and Pascal.

RuleMal Facilit 3 lication devel I

The RuleMaker facility speeds application development by
automatically generating rules and Radial code from a set of

declarative examples supplied by an expert. Minimal programming
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is required on the part of the knowledge engineer, who gathers
examples from the expert, and enters them into an "example table"
in any order. RuleMaker induces procedural rules from the
examples, and generates modules that express those rules in the
Radial language. Conflicts in the resulting logic that stem from
improperly constructed example tables are discovered and reported
by RuleMaster to the user for correction. Additionally, omission
of required logical entries in an example table are reported to
the user for modification.

"RuleMaker greatly simplifies the knowledge engineer's task,
both in terms of gathering information and incorporating that
information into an application," said Lagrone. "Most experts
can discuss real-world examples far more easily than they can
formulate abstract, procedural rules. And the engineer is
spared the need to laboriously translate the expert's knowledge
into the complex syntax of an AI programming language."

RuleMaker also optimizes an application by automatically
prioritizing each module's "if-then-else" statements according to
the amount of information they provide. A RuleMaster-based
application program queries the user in a manner that
statistically provides the most information in the shortest time.
This reduces the number of questions asked by the expert system,

thereby minimizing processing time and overhead.

High-level Radial language easy to learn and use
Knowledge engineers working with RuleMaster can write
code directly in the Radial language if they prefer, or if that
approach is more appropriate for the application. Manually
written Radial code, moreover, can be inserted into code
generated by RuleMaker from an example table.
With only 14 key words, Radial is easy to learn and use.

knowledge engineers can quickly develop applications because
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Radial is a structured language which makes it easy to implement

structured solutions.

Syst both bac 3 ' i chaini

The Radial language implements two fundamental reasoning
mechanisms: backward and forward chaining. Most practical
applications require a combination of backward and forward
chaining for different parts of the solution. With RuleMaster, a
knowledge engineer can combine both chaining methods in a single
expert system.

Backward chaining is commonly employed for diagnostic
applications. This reasoning mechanism is useful for selecting
the best solution to a problem from a number of possibilities,
such as the most probable cause of equipment failure from many
possible causes.

Forward chaining, a capability found in very few
microcomputer-based expert systems, is a reasoning mechanism
useful in planning and monitoring expert systems. Applications

include process control, robotic control, and simulation.

RuleMast interf ! ! ] £

RuleMaster can access external routines written in various
languages such as FORTRAN and Pascal. A RuleMaster-based expert
system can thus access data bases and numerical processing and
handling input and output devices. Radian Corporation
meteorologists employed this capability in building STORM, an
expert system for severe storm forecasting; the system accesses
weather data on several remote government data bases, and also
uses FORTRAN routines for numerical analysis to extract

meteorological features from the data.
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Exp] ‘o 1 logic f£1 i ] ilable t

RuleMaster provides an extensive explanation facility. The
end-user needs only to type in the word "WHY" at any point during
a session to get an explanation of the system's response or a

justification for its line or questioning.

Availabilif 1 prici

Rulemaster is available immediately for use on the IBM PC-AT
and PC-XT running under the Xenix or DOS 3.0 operating system.
The price for the PC-AT version is $15,000; for the PC-XT
version, $5,000. Quantity discounts are available. The purchase
price covers a four—-day training session held at Radian each

month.

UNIX version also available

Written in C, RuleMaster can potentially be run on any
computer with a C compiler. The UNIX version of RuleMaster,
released in December 1984, currently runs on DEC VAX systems, and
has been implemented on several other UNIX-based systems from
Gould, Perkin-Elmer, and Sun Microsystems. The UNIX version of
RuleMaster is priced at $25,000.

RuleMaster is the result of the collaboration since 1982
between Radian Corporation's knowledge engineers and Professor
Donald Michie, an internationally recognized pioneer in
artificial intelligence and expert systems research. Professor
Michie is currently at the University of Strathclyde in Glasgow,
Scotland, and is also affiliated with the Turing Institute.

Radian Corporation is an advanced technology firm that
specializes in developing cost-effective solutions for technical
problems., A large percentage of Radian's 900 employees,
including its top-level managers, are technical professionals.

From its 300,000 square feet of offices, laboratories,
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manufacturing facilities, and computer center--all located on a
20-acre tract in Austin, Texas--Radian is continually expanding
its broad range of product lines and service areas, including
state-of-the-art hardware and software systems.

Radian Corporation is a subsidiary of Hartford Steam Boiler
Inspection and Insurance Company, which is traded OTC, NASDAQ
symbol HBOL.

For further information, contact Ben Finkel, Marketing
Manager, Radian Corporation, 8501 Mo-Pac Blvd., P.0. Box 9948,
Austin, TX 78766, (512) 454-4797.
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RuleMaster Severe Storm Forecasting Expert System

How is low-level moisture at 1000mb changing?
[increasing, not_changing, decreasing] increasing
Is the 850 millibar dew point depression < 8 Deg C ? [yes,no] yes
Is the value of the Lifted Index at 00Z June 3, 1984 strong, marginal, or weak?
[strong,marginal,weak] marginal
Is solar insolation strong? [yes,no] yes
Is there a Tow level wind maximum upstream of the location?
[present,absent] present
Is a 500 millibar short wave trough approaching? [yes,no] yes
Is upper level cold air advection present or absent? [present,absent] absent
What is the vertical change of Equiv. Pot. Temp?
[convectively stable,convectively neutral,convectively unstable]
convectively unstable
Is upper level diffluence present? [yes,no] yes
Is strong 700 millibar subsidence present or absent? [present,absent] present

Advice: Thunderstorms occurring near Austin, Texas at 1200 March 13, 1985 MAY
APPROACH severe limits.

Since subsidence is present it follows that preventative factors is present

Since upper level diffluence as a possible venting mechanism for increasing
upward vertical velocities is present when the lapse rate of equivalent
potential temperature is convectively unstable and upper level cold air
advection causing enchanced destabilization is absent it follows that the
upper-level destabilization potential is favorable

Since an approaching 500 millibar short wave trough is present it follows that
the vertical velocity field is favorable

Since the Lifted Index is marginal it follows that the condition indicated by
the stability indices is marginal

Since a low-level wind maximum is present when daytime heating acting as a
possible trigger mechanism for potential instability release is strong and
the condition indicated by the stability indices is marginal it follows that
Tow-Tevel destabilization potential is favorable

Since a small 850 mb dew point depression, indicating the depth of the low-level
moisture field, is present when the rate of change of low-level moisture at
1000 mbs is increasing it follows that the low-level moisture field is
abundant

Since preventative factors is present when the upper-level destabilization
potential is favorable and the vertical velocity field is favorable and low-
level destabilization potential is favorable and the low-level moisture
field is abundant it is necessary to advise 'Thunderstorms occurring near
Austin, Texas at 1200 March 13, 1985 MAY APPROACH severe limits' in order to
actually forecast the chance of severe thunderstorms

Advice: Thunderstorms occurring near Austin, Texas at 1200 March 13, 1985 MAY
APPROACH severe limits.

An example of an expert system for storm prediction based on the
RuleMaster™expert systems software tool kit from Radian Corporation

The upper box shows the type of questions that the system poses to the end-user.
The lower box illustrates the system’s explanation facility. Available for use on the
IBM PC-AT, PC-XT, and UNIX-based systems, RuleMaster permits the creation of
industrial-scale expert systems for advisory, diagnosis, prediction, and control
applications.
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MARTIN MARIETTA, ERLI SIGN AGREEMENT TO OFFER
FRENCH NATURAL LANGUAGE COMPREHENSION

PRINCETON, NJ--Mathematica, a unit of Martin Marietta Data Systems Information
Technology division, here, and ERLI (Societe d'Eturdes et de Recherche
Linguistique et Informatique), a leading artificial intelligence research and
development company in Paris, France, have signed an agreement to offer a
French natural language comprehension component for the RAMIS II fourth-
generation language and DBMS. The agreement includes plans for continued
development of RAMIS II natural language comprehension for additional romance
languages as well as other cooperative efforts in artificial intelligence

research and development by Mathematica and ERLI.

The new RAMIS II Francais component processes requests expressed in everyday
French. It responds to questions with direct yes/no answers, to questions
concerning "how many," and to requests requiring tabular reports. If the
request is unclear, RAMIS II Francais resolves the uncertainty through
dialogue with the user. In some cases, RAMIS II Francais will paraphrase the
request and ask the user to confirm its interpretation of the question or
directive. Users will also have the ability to display the equivalent

RAMIS II nonprocedural language request. RAMIS II Francais is a knowledge-

MATHEMATICA PRODUCTS GROUP, INC. ® P.O. BOX 2392 e DRINCETON, NEW JERSEY 08540
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based system that includes facilities to develop and enrich the system's
vocabulary, allowing the use of specialized terminology in requesting

information.

With the offering of RAMIS II Francais, French speaking users will have three

ways to produce reports through RAMIS II:

o RAMIS II Reporter--The French national language version of RAMIS II

uses nonprocedural French-like syntax.

0 MARVEL--uses an intelligent series of prompts to guide the user in

preparing a report

o RAMIS II Francais--uses natural French language requests and infers
what the user desires by understanding the meaning

of French statements.

RAMIS II Francais will be offered as a fully-integrated component of

RAMIS II. Data will not have to be copied or restructured for French
processing because RAMIS II Francais provides direct access to data stored in
RAMIS II data bases; IMS, DL/1, ADABAS, TOTAL, and IDMS data bases; RAMIS II
relations; and sequential, VSAM, and ISAM files. Regardless of the data

source, requests lead to an efficient retrieval process.

Commenting on the announcement, Bernard Finzi, senior vice president and
director of technical services for Mathematica and a native French speaker,

noted, "RAMIS II Francais will be the first commercial offering of a French
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natural language comprehension interface to RAMIS II and other major data
bases. It represents a basic change in working with computers for French
speaking users, allowing novices access to information without training in a
computer language. With the addition of RAMIS II Francais, RAMIS II now meets
the needs of an even broader range of information consumers. It is another
step Mathematica has taken towards offering the power of computers to

everyone, regardless of their DP knowledge or language.”

The offering of RAMIS II Francais is part of a company strategy to be the
leader in natural language comprehension. In making the announcement, Frank
Fish, Mathematica's vice president of customer support and marketing, noted,
"We believe that within a few short years, most international users will
demand access to computerized information through natural language. As the
current leader in end user information processing, it behooves Mathematica to

lead in natural processing as well."

Also commenting on the announcement, Bernard Normier, president director
general of ERLI, said, "This cooperation with Mathematica, the leader fn
developing fourth-generation language systems, is most exciting since it
continues our development in accord with our strategy and refocuses the
leadership position of ERLI with respect to native language processing in

France."

RAMIS II Francais will be marketed through MFSA, Mathematica's affiliate in
France, and Mathematica Products Group, Canada, Ltd. in Canada. RAMIS II
Francais will be the second natural language comprehension component for RAMIS

II. The first, RAMIS II English, was released April 1, 1984 and is already
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installed at more than one hurdred sites. By providing both RAMIS II Francais
and RAMIS II English, Mathematica becomes the first vendor to offer natural

language comprehension in two languages.

RAMIS II Francais is scheduled for initial release in September 1985. Price
for the new component will range from $18,000 to $36,000, based on CPU

performance rating levels.

Founded in 1977, ERLI is a French artificial intelligence firm which, in
addition to its research and product development activities, provides data
base application development consulting. It has a staff of twenty-seven and
is headquartered in Paris, France. ERLI's major software products are SAPHIR,

a French natural language system, and ALEXIS, a linguistic data base system.

Mathematica is a developer and marketer of data base management systems and
application development tools. In addition to RAMIS II, Mathematica produces
RAMIS II English, a natural language knowledge-based component for RAMIS II
based on artificial intelligence technologies, as well as ATLASTM, a data
communications monitor. Mathematica, headquartered in Princeton, New Jersey,
is a Martin Marietta Data Systems company, a supplier of computer software,

services, and integrated systems.

For more information on RAMIS II Francais, contact Glenn Frantz, Mathematica

Inc., P.0. Box 2392, Princeton, NJ 08540 or telephone toll-free '800-257-5171,
in New Jersey, 609-799-2600.



COMPANY OMNIBUS — COMPUTER*THOUGHT CORPORATION; AUTOMATIC PROGRAM GENERATION 221

The

~ /NOMPUTER*THOUGH'T
N/ CORPORATIONL

Ada*Tutor Research Project

The Ada*Tutor, a research groject of Computer * Thought Research Laboratories, Inc., will
integrate the current Ada® Interpreter/Debugger with a set of Ada practice exercises,
individual student experience profiles, and a solution analysis expert system to form a
knowledge-based tutorial environment. This system is being prototyped on Symbolicst™
3600 Series workstations for ultimate delivery on these and similar high-performance
workstations.

Weicome lo the AdasTulor]

Please answer the follswing questions so that
the system can be laliored as clesely te your needs as possidle.

Please use the mouse te Indicate how much axperience
you have had with sach of the langueges in the menu below:

'] : MNone < 6 months <2years_ _
RSSENBLER: MCurrent Exercise: Bubble Sort Exercise

‘::;:m‘ * NHelp Edit  Rua Test Advice Doc

JOVIRL ¢ N
PASCAL ¢ 1| LA simeLE_10
|

————

rut
[ser |
[ roroe |
| tmvemen_memer_uriisvms |
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Help  Curric  Edit Run Advice  Doc

soerv_rxc

e _|Synlax Errors Datected = ©
Your program seems to contain logical
errors. Your program is swapping

Stalic Semanlic Errors Detecled = 0
elements when they are in increasiog

|@esin Ade Execution order. It should instead swap them when
they are in DECREASING order.

This Is & tes! of BUBBLE_MAX.

How many values are In your srray?

S

Now enler the values separaied by spaces.
13320
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Overview
The Computer * Thought Ada*Tutor is one of several research and development projects
presently underway at Computer*Thought Research Laboratories, Inc., C*T’s wholly-owned
R&D subsidiary. Currently at the working prototype stage, the Ada*Tutor is intended to
supplement the existing Ada product line with a powerful training capability.

Individualized Training
The Ada*Tutor creates a student model that customizes each programmer’s learning
experience to conform to that person’s background, skills and familiarity with other
programming languages. Whereas traditional computer-aided instruction (CAI) systems
tend to be unfriendly and inflexible, C*T's knowledge-based CAI technology strives to
provide insightful, individualized training comparable in effectiveness to one-on-one
interaction with an expert human tutor.

Exercises and Solution Analysis System

The exercises and solution analysis modules of the tutor, which require the student to write
and modify Ada programs, are coordinated with the case study used in C*T's seminar
package. A student’s solution to an exercise can be evaluated by automatically applying
test functions that observe and analyze the program’s dynamic behavior. By examining
both I/O behavior and intermediate program states, as well as the student model, the
Ada*Tutor can then generate an individualized summary of the logical errors in the
student's program.

Future Research

Although the Ada*Tutor’s sophistication in diagnosing logical errors is already impressive,
the Al technology and curriculum could be enhanced by further research and development.

C*T seeks joint ventures, partnerships and contract funding opportunities to accelerate this
and related efforts.



The

(OMPUTER*THOUGHY
\_JCORPORATIONL

Design Assistant Research Project

The Design Assistant, a research project of Computer * Thought Research Laboratories,
Inc., provides graphics tools and knowledge-based assistance to software designers. This is
the first member of a proposed family of Life Cycle Assistant products that are being

prototyped on Symbolics"" 3600 Serles workstations for ultimate delivery on these and
similar high-performance workstations.
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Overview
The first version of the Design Assistant will be customized for the Ada® programming
language. Key requirements for the overall product family include support for traceability
and generation of MIL-STD documentation. Current work focuses on the development of the
three major components described below.

The Graph Editor will allow a user to input, modify, and display a program design
graphically. Using this tool, a program designer can build and manipulate graphic elements
representing various design aspects, such as modules and data flow (represented as nodes
and arcs). A user can interactively add and delete nodes and arcs, or change the scale and
perspective with which the graph under construction is being viewed. The graph editor
automatically prevents parts of the graph from overlapping with each other, and can
generate layouts automatically from limited structural information.

The Program Design Knowledge Base and Inference Engine will use artificial
intelligence techniques to handle low-level details, enabling the user to concentrate on key
decisions. For example, as the designer uses the Graph Editor to construct a diagram
representing a program design, a knowledge-based system will examine the structure, check
dependencies and consistency, and make inferences about various types of relationships,
such as data flow and control flow between modules. An early prototype supported
dialogues such as the following:

Question: What is the evidence that ALARM HANDLER should be the top node?
Answer: ALARM HANDLER should be the top node because:
It is a processor that gets input and sends output to other processors.
It is a processor with many inputs and many outputs.
Note: There is also negative evidence on this question.

From a design graph built using the Graph Editor, the first version of the Program
Design Language (PDL) Generator will produce skeletal Ada code in the form of Ada
package and task specifications. As such, this code can be compiled for consistency
checking.

Future Research
Future research and development work will address productivity aids for other phases of the
software development life cycle such as semi-automated testing, knowledge-based tools for
analysts and software project managers, and language-independent versions of the Design
Assistant. :

C*T seeks joint ventures, partnerships and contract funding opportunities to accelerate this
and related efforts.
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The

OMPUTER*THOUGH'T
OORPORATIONL

High-Level-Language Translator Research Project

The High-Level-Language (HLL) Translator, a research project of Computer * Thought
Research Laboratories, Inc., will translate programs written in certain other high-level
languages into Ada.® This system is being prototyped on the Symbolics*™ 3600 Series
workstation for ultimate delivery on a variety of target machines.

Line# J73 Source program

1

2.

3. START

. PROGRAM recfact ;

s.

6. BEGIN

7. ITEM sns U ;

3. ITEM i U ;

9.

10. FORI:1BY 1| WHILE i s 8 ;

11 ans s factorial(i);

12 END

13. procedure RECFACT Is

14. PROC factorial REC (arg) U ;

15. BEGIN ANS:INTEGER;

16. ITEM arg U | LINTEGER;

17. ) function FACTORIAL(ARG:In INTEGER) return INTEGER is

18 IFarg<2; FACTORIALIG898:INTEGER;

19. factorial = 1 ; degin

20. BLSE if ARG ¢ 2 then

21. factorial s facty FACTORIALI6898:s1:

22, END else o

23. TERM FACTORIALI6898:=FACTORIAL(ARG - 1) * ARG;
end If;
return FACTORIALI6898;

end;

ibegin

ksl;

while | <= 8 loop
ANS:=FACTORIAL(]);
Lsl ¢ 1;

end loop;

lend;
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Overview

Many systems written in earlier programming languages such as JOVIAL and FORTRAN will
soon have to be rewritten in Ada - recently adopted as a standard by the U.S. Department
of Defense for mission-critical tasks. It is common for embedded systems written in these
older languages to be hundreds of thousands of lines long. Consequently, there is a need for
automatic or semi-automatic translation tools. The Computer * Thought High-Level-
Language Translator addresses this need. This translation tool is one of several research
and development projects currently underway at Computer * Thought Research
Laboratories, Inc., C*T's wholly-owned R&D subsidiary.

JOVIAL and FORTRAN Translators
Prototype systems for translating JOVIAL J73 (the dialect primarily used among Air Force
contractors) and ANSI FORTRAN 77 programs into Ada now exist. The prototypes were
constructed from existing modules in the Computer * Thought Ada Interpreter,
supplemented by a high-level language plan representation and a rule-based tramslation
architecture.

 Translation Phases
The translation process includes four phases. In the case of a J73-to-Ada translation, the
first phase transforms the source program into a J73-specific internal representation. This
representation in turn is changed into a language-independent plan representation. A rule-
based translation system converts this into an Ada-specific internal form, which is then
converted into Ada source code by an existing module of the Computer * Thought Ada
Interpreter.

Other Language Translators
Comparable translators for Pascal, other dialects of JOVIAL, and possibly COBOL could be
developed by adapting the first two phases of this system to the appropriate language. The
last two phases of the translation process would be re-used in the translation of other
languages into Ada.

Conclusion
C*T'’s involvement with Ada enables us to generate HLL-to-Ada translators with relatively
short development schedules. The tools and expertise we have built up in developing our
Ada product family, and our well-tuned understanding of the relationships between similar
consirucis of diifereni ianguages make HLL-i0-Ada translation an obvious project for C*T.
C*T seeks joint ventures, partnerships and contract funding opportunities to accelerate this
and related efforts. :
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COMPUTER * THOUGHT AND TEKNOWLEDGE PLAN JOINT
DEVELOPMENT OF AI TOOLS IN ADA

LOS ANGELES, CA, August 19, 1985 -- Computer * Thought Corporation, of
Plano, Texas, and Teknowledge Inc. of Palo Alto, California, today
announced at the International Joint Conference on Artificial Intelligence,
that negotiations are underway between the two companies for Computer *
Thought to convert Teknowledge’s S.1, Version 2 knowledge system

development tool to the Ada programming language.

"This would enable our aerospace and defense customers to comply with the
DoD requirement for Ada implementation of mission-critical systems
incorporating expert systems technology,” said Dr. Bruce Bullock, Vice
President and General Manager of Teknowledge Federal Systems. He added
that users of the current versions of S.1 would be able to transition to
versions meeting the Ada requirement with minimal difficulty as they

become available.

1721 West Plano Parkway . Suite 125 . Plano, Texas 75075 . 214/424-3511
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ESCRIPTION

Using fifth generation technol-
ogy, TRANSFORM/IMS automates
the development and management
of computer applications, freeing
your technical staff to concentrate
on solving business problems rather
than the mechanics of design and
programming.

TRANSFORM/IMS can accept
the requirements of any business
application directly from analysts’
specifications. Using those require-
ments, it fully automates the internal
design and programming.

Programs are produced in ANS
COBOL 74, and operate in an IMS
DB/DC environment. Also gener-
ated are all MFS macros, DBD’s
and PSB’s. Each online transaction
includes a HELP function.

Generated programs are well-
structured, and are of the quality
of professionally handwritten
code. Moreover, no debugging is
required. TRANSFORM/IMS auto-
matically generates the JCL to
update source libraries, compile,
and link all generated elements.

No programming skills or specific
knowledge.of IMS, COBOL or JCL
are required. All that is needed is
familiarity with the database
concept and knowledge of business
practice. Storage and performance

“tuning may be done by the database

administrator using TRANSFORM
options after system functional
requirements are realized. Gener-
ally, only five days of training are

required to become fully proficient
in using TRANSFORM/IMS.

ADVANTAGES

Standard COBOL output: The
generated applications are inde-
pendent and can be maintained con-
ventionally if desired. You are not
“locked in” to a fourth generation
interpreter for execution.

Automatic revision control: When
migrating from a test to a pro-
duction version, no retesting is
required.

Data dictionary: TRANSFORM/
IMS contains its own full-function,
active dictionary.

Non-procedural input: Applica-
tions are specified by filling out sim-
ple online forms. No if-then-else
logic is required. This is the source
of most errors in programming.

SAMPLE
INPUT
SCREEN

Greatly szmplzﬁed maintenance:
Changes need be made only to the
system definition (schema), which
is saved from version to version.
TRANSFORM/IMS automatically
regenerates only the affected parts
of the application. No re-testing is
required after each change.

Quick prototype creation: Gen-
erating a trial system, refining the
specifications, and regenerating a
new system can be done with very
little effort.

Effictency: Generated systems
are compiled and executed, not
interpreted, so they perform effi-
ciently and are not limited to small
transaction volumes. Performance
tests show them to be about equal
in efficiency to handwritten code.

Flexibility: Generated systems
can interact with existing systems:
Data to and from external systems
may be processed by the applica-
tions generated. Generated applica-
tions contain only standard IMS
databases.

You can rely on TRANSFORM/
IMS for complete automatic applica-
tion system development directly
from specifications, in substantially
less time and at dramatically lower
cost. Write or call for further
information.

Iconics, Inc.

8502 E. Via De Ventura
Scottsdale, AZ 85258
(602) 948-2600
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FMC establishes
artificial intelligence
venture with

Teknowledge

CHICAGO, ILLINOIS, March 1985 —
FMC Corporation announced that
it is investing $3.5 million to ac-
quire approximately 11 percent of
Teknowledge, Inc., a Palo Alto,
California, firm specializing in ar-
tificial intelligence software pro-
ducts and services. FMC and
Teknowledge will engage in a
variety of mutually beneficial
technical activities in the artificial
intelligence area.

President and Chief Operating
Officer Ray Tower said the invest-
ment is an important element in
FMC's plan to build a premier
capability in artificial intelligence.
“We anticipate numerous applica-
tions of artificial intelligence tech-
nology in our defense, chemical,
and machinery businesses, as
well as in our internal design and
manufacturing processes,” Tower
said. “This association will ac-
celerate the achievement of our
technology objectives.”

As part of the investment
agreement, FMC will hold a posi-
tion on the Board of Directors of
Teknowledge. Pete Weber, direc-
tor, Research and Development,
Machinery and Defense Opera-
tions, has been selected to fill this
position and will be managing the
strategic relationship between
FMC and Teknowledge.

Collaborating with FMC’s
Artificial Intelligence Center,
Central Engineering Laboratories
(CEL), in Santa Clara, California,
Teknowledge will develop generic
artificial intelligence software
tools with broad applicability to
FMC'’s products and internal pro-
cesses. The Center's Director,
Perry Thorndyke, will be the
technical liaison between CEL
and Teknowledge.

In addition to joint R&D,
Teknowledge personnel will con-
duct courses in selected artificial
intelligence topics to assist FMC
in developing a staff of 90
technical professionals.

Backround information on
Teknowledge, Inc., Palo Alto,
California

Teknowledge was incorporated
in 1981 by 20 experienced Al
research and applications scien-
tists to commercialize that portion
of artificial intelligence known as
knowledge engineering. Since
then they have become the
premier company in the develop-
ment of knowledge engineering
software tools, which facilitate the
process of building expert
systems.

In June 1984, Teknowledge in-
troduced two knowledge engineer-
ing software products into the
commercial marketplace, S.1 and
M.1. These products are among
the first in a new generation of
knowledge engineering tools
which provide complete facilities
for building, debugging, and main-
taining a knowledge system.

General Motors became a
strategic affiliate of Teknowledge
in 1984 and acquired an interest in
the company roughly equivalent to
that being acquired by FMC. Two
French companies, ElIf Acquitaine
(oil production) and Framatome
(nuclearpower), also have major
investments and commercial
relationships with Teknowledge.m

Artificial Intelligence
emerges from the
laboratory into industry
and government

A Navy ship is in trouble in the
mid-Atlantic. One of its Mk45 gun
systems is down and FMC engi-
neers are thousands of miles
away. After a quick consultation
with an expert, the malfunction is
diagnosed and instructions given
to repair the system. There is no
reason to fly government or FMC
test engineers to the ship.

An order is placed with a FMC
field office. A quotation for a
special petroleum wellhead design
is required by a customer. With
help from an engineering consul-
tant, a casing design is generated
to meet the specified drilling
program and a quotation is ready
immediately for a wellhead con-
figuration satisfying the require-
ments and preferences of the
customer.

A land vehicle is approaching
a previously unknown hostile
force. The vehicle commander
considers soil conditions, avail-
able vegetation, and the topo-
graphy of the terrain to plot a
route which will avoid detection
by circumventing obstacles and
concealing the vehicle.

In all of these cases, the
“advisor,” “expert,” and “com-
mander” have one thing in com-
mon: they are not human. They are
computer systems known as “‘ex-
pert systems,” part of a broader
science called Artificial
Intelligence (Al).

Industry and military analysts
alike have acclaimed Al as one of
the technologies that will propel
us into the 21st century. In June
1984, FMC Corporation announced
plans to devote substantial com-
mitment to artificial intelligence
research and development in the
next five years. The establishment
of an Artificial Intelligence Center
at Central Engineering Laborator-
ies (CEL) in Santa Clara, Califor-
nia, was the first step. Now, al-
most a year later, the Center has
a new facility, a director has been
hired, and a staff of six has grown
to 20.

“This new technology clearly
will be one of great importance to
major corporations in the late

80's,” said Andy Chang, manager,
Electronics Engineering and Com-
puter Science Department, CEL.
“And, it is a natural extension of
CEL'’s electronics engineering and
computer science capabilities.”

According to Chang, within the
next five to ten years Al will be
incorporated into many FMC pro-
ducts and process controls. “FMC
is already recognized as a major
corporation taking active steps to
be a technical leader,” he said.

When asked to give a defini-
tion of Al for the layperson, CEL's
Artificial Intelligence Center Direc-
tor Perry Thorndyke is quick to
respond that there are as many
definitions of Al as there are prac-
tioners in the field. “it is the field
of computer science that seeks to
recreate in computer software the
performance of humans on com-
plex reasoning tasks,” he says.
“In other words, we are developing
programs that perform intellectual
functions using symbolic, rather
than numeric, computations.”

In Al, concepts and ideas
rather than numbers are manipu-
lated to reach conclusions. Thorn-
dyke likes to use the example of
deciding whether ta carry an um-
brella. *‘To decide whether to carry
an umbrella, a person considers
many imprecise indicators of the
weather,” he says. “What did the
weather report predict? Is the air
damp? Are there clouds in the
sky? Are the birds nesting? Is my
arthritis acting up? All this
knowledge flows together and you
make a decision to take an um-
brella, or to leave it home.”

“To represent this type of
reasoning in algebraic or business
programming languages like
FORTRAN or COBOL would be
very difficult,” he continued. “So
new ‘English-like’ programming
languages have been developed
which emulate human deductive
and common-sense reasoning pro-
cesses. The new languages allow
conclusions to be drawn from
huge stores of facts and beliefs
relevant to a problem. There are
no guaranteed answers, but as in
the case of the umbrella, all the
known information is pulled

together in a logical way, the in-
dicators are looked at, and a con-
clusion is provided with a certain
confidence level.”

Expert systems clone scarce
human expertise

One of the most important
branches of Al is knowledge
systems, often referred to as ex-
pert systems. These systems in-
corporate expertise extracted from
professionals such as chemists,
physicians, and military com-
manders to enable problem-
solving in specific areas such
as chemical structure analysis,
disease diagnosis, or planning of
battiefield maneuvers.

Expert systems are best
applied to problems that feature
incomplete, uncertain, dynamic,
or conflicting information. They
are applicable to problems which
have frequent and numerous oc-
currences, to problems where too
few specialists or not enough time
is available for a human solution,
and to problems needing expert
monitoring, diagnosis, prediction,
and consultation.

These conditions exist

Perry W. Thorndyke

Perry W. Thorndyke, Ph.D., has
been employed by FMC as Direc-
tor of the Artificial Intelligence
Center since August 1984. He




COMPANY OMNIBUS — FMC; MILITARY APPLICATIONS

231

throughout industry and govern-
ment, and they are on the rise.
There are too few skilled special-
ists available. The increasing job
complexity is overwhelming.
Human processing capacity and
labor and training costs are rising.
The information glut is a bottle-
neck in decision making, and in-
stitutions need institutional .
memories to protect against brain
drain. The solution is to shift infor-
mation processing from people to
machines.

“Al provides a unique oppor-
tunity to capture the knowledge of
experts,” Thorndyke went on. “An
expert system like a human expert
blends fundamental knowledge,
practitioners’ wisdom, and skill in
application of that wisdom and
knowledge, to solve difficult prob-
lems and explain its reasoning.”
The challenge for organizations is
to harness the talent available and
mine the valuable knowledge that
gives the company its competitive
advantage. “It is important to find
the experts, extract their knowl-
edge, and preserve perishable ex-
pertise for future use and distribu-
tion wherever it is needed in the
company,” he said.

|

Why is Al generating so much
excitement?

Al is a 25-year-old science
which is now in the process of
becoming an industry. The
technology emerged as a branch
of computer science in the mid-
1950’s, and for the next twenty
years remained in academia and
research institutions. Carnegle-
Mellon, Stanford, MIT, and SRI
were the preeminent institutions
in development of the technology,
and they remain the principal
sources of technical talent in
the field.

Within the last 18 months,
cover stories on artificial
intelligence have appeared in
Fortune Magazine, Business
Week, Industry Week, and High
Technology, and on the front
pages of the Wall Street Journal.
Al has grabbed the public’s atten-
tion because of a growing recogni-
tion that there are problems
needing to be solved which cannot
be attacked with conventional
computing methods. Recent
media attention has focused on
some of the early successful at-
tempts to apply Al to problems in
industry. “Expert systems work,

directs the research and develop-
ment operations comprising
leading edge basic research, ex-
ploratory and applied develop-
ment, and technology transfer to
FMC operating divisions. He also
manages staff development
activities, including an internal
training program to develop Al
professionals.

Prior to joining FMC, Dr.
Thorndyke held positions as direc-
tor of the Knowledge Systems
Branch, Perceptronics, Inc.;
computer scientist, Information
Sciences Department, Rand Cor-
poration; and a faculty appoint-
ment at UCLA.

The research and development
efforts Dr. Thorndyke has man-
aged include: the design of ar-
chitectures for distributed-
planning systems; the develop-
ment of expert systems to aid

planning and decision making; the

design of interfaces and displays
for optimizing managers’ ability to
assimilate and use information;
the development of instructional
technologies to improve indivi-
duals’ reasoning and problem-
solving skills, and computer-based
tutoring systems. He has man-
aged and collaborated with com-
puter scientists, psychologists,
policy analysts, educational
researchers, mathematicians, and
statisticians.

Dr. Thorndyke holds a B.A.
degree in computer and informa-
tion from Yale University and a
Ph.D. degree in cognitive
psychology from Stanford Univer-
sity. He has authored more than
30 journal publications, book
chapters, and technical reports,
and has presented more than 100
conference papers and manage-
ment and technical briefings.m

and recent advances in hardware
and software have made building
them commercially feasible,”
Thorndyke said. “The current
needs and future opportunities are
plentiful, and they are strategically
important to the government and
to industry.”

It is predicted that the market
for Al computers and software ser-
vices will explode from $150
million in 1984 to $5 billion in
1990, and up into the $50-100
billion range by the year 2000. The
driving forces for Al applications
are the time-critical military re-
quirements for assessment and
reaction in combat, the need for
further productivity improvements
to meet overseas competition, the
availability of affordable hardware/
powerful software, and the Japan-
ese fifth-generation computer
program.

Why is the technology of
interest to FMC?

FMC's objective is to be an
industry leader in cost-effective
applications of artificial intelli-
gence to its products as well as
its internal design and manu-
facturing processes.

“In FMC’s military businesses,
a strong Al capability is a require-
ment for participation in major
new procurement contracts to be
awarded in the ‘90's, "Thorndyke
said. “Although automated fault-
diagnosis and maintenance sys-
tems and autonomous, all-terrain
vehicles that can plot their own
routes are a few years away, the
technology is a commercial
reality. Al products will become
interactive assistants in all the
knowledge-intensive professions.”

“In FMC’s chemical
businesses, a competitive advan-
tage can be gained by the applica-
tion of Al to achieve more efficient
process control and more rapid
product design and development,”
Thorndyke continued. “In other
FMC areas, opportunities exist for
knowledge-based systems for
design and design checking, pro-
duction planning and management
aids, real-time process control

systems, training systems for

equipment operation and main-
tenance, and expert consultation
systems for support services.”

The number of attractive
application opportunities vastly
exceeds the current resources
available at FMC to exploit them.
Because of the shortage of Al pro-
fessionals, an internal training
program has been initiated at
CEL. Explaining the Al Center
development program, Chang said,
“We cannot reach our goals
through recruiting alone. We need
to train our own staff. So, in addi-
tion to a formal training program
structured around courses offered
by Stanford University’s Instruc-
tional Television Network, we are
using our own experts and outside
consultants to teach courses
designed to fit FMC's needs. Our
new program offers an employee
with a basic computer-science
background the opportunity to
receive formal training in Al and
become an effective contributor to
Al projects.”

In addition, FMC plans to
augment its internal resources
through associations with other
leading Al research institutions.
“We have a significant consulting
relationship with SRl Interna-
tional,” Chang said, “and the
recently announced agreement
with Teknowledge, Inc., will help
accelerate the achievement of our
technology objectives.

“We are in the process of
building a premier artificial in-
telligence organization,” Chang
went on. “Our Al staff has a very
impressive list of credentials and
considerable experience in Al
research. The Corporation has
made a very strong commitment
to this field, and together with
strategic affiliations with other Al
companies, we are well on our
way toward our goal — becoming
an industry leader in applied
artificial intelligence.” m
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INTRODUCTION The field of artificial intelligence is beginning to bring direct benefits to the business
community. Interest in the field is at an ali-time high as the potential of Al tech-
nology captures the attention, hopes and imaginations of engineers, business-
men, and others who have realized the value in using information technology them-
selves.

Along with this surge of interest is a significant amount of confusion and the need
for a clearer understanding of what Al is and is not, what it can and cannot do, what
products are available now, and which ones are yet to be developed.

This guide provides a general introduction to the field of artificial intelligence, the
natural language software product INTELLECT"and Artificial Intelligence Corp-
oration, Waltham, Massachusetts, producer of INTELLECT.

INTELLECT is an online information retrieval system designed for IBM mainframe
computers. Using the technology of artificial intelligence to understand everyday
conversational English, INTELLECT helps professionals get the information they
need from the computer without having to learn a computer language or any key
words or special codes.

INTELLECT
“In the news...” "..AIC is the first company to sell programs that enable computers to

understand and answer questions in English.”
Business Week

“The user can converse with INTELLECT as easily as with another

person.”
Infosystems

“...the only commercialized natural-language program worthy of the
name s INTELLECT...”

Fortune Magazine
"“The powerful endorsement of AIC's system by IBM is one of the few the

industry giant has given to outside software vendors.”
Business Week

“This remarkably rapid acceptance of INTELLECT is warranted by its
remarkable capabilities. It represents a genuine breakthrough in the

search for a means of communicating with a computer in natural,

everyday English . .."”
Data Decisions

Whatis Al is the field of computer science that attempts to simulate human cognitive

“artificial behavior on computers. Al systems are computer programs that perform tasks

intelligence”? usually associated with human intelligent behavior -- understanding language,
learning, reasoning, and problem-solving.

What has AIC done AIC has moved well beyond theoretical laboratory research and turned a technical
with Al research? innovation into a powerful business tool. INTELLECT is the first (and, so far, only)
practical, commercially successful natural language computer software product.

Although INTELLECT is continually being improved, it is not an experimental
system. INTELLECT is a proven product with over 260 copies installed in the
mainframe arena over the past three years.

How is using INTELLECT Tasks performed with Al technology are distinct from the pre-programmed, rigid

different from the way decision rules that we commonly associate with computers. With the technology of

other software works? artificial intelligence, computers can simulate a less rigid deductive reasoning
process. They have the ability to make inferences similar to the way humans do
when presented with a group of related and/or unrelated facts.
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Types of
artificial
intelligence

What are the
characteristics of a
natural language system?

What's different about
INTELLECT? Aren’t many
computer programs
“user-friendly” or
“English-like”?

How does INTELLECT
fitinto the

_information center
concept?

How and where is
INTELLECT being used?

Within the broad category of Al are robotics, speech and image recognition,
knowledge-based or expert systems, and natural language processing systems.
INTELLECT is a natural language system.

A true natural language system must:

e Understand English the way ordinary people use it, as if they were
speaking to another person;

e Understand questions worded in a variety of ways;
e | ook for, recognize, and clarify ambiguities and muitiple meanings;

e Not require the user, the person making the informational request, to know
how or where the data is stored in the computer.

INTELLECT contains a dictionary of basic common words in the English lang-
uage, plus a lexicon of words and phrases identified with a particular appli-
cation (words and phrases that are important to a specific company or industry),
plus grammatical rules of the English language. These features allow the user to
“converse” with the computer as though it were another “intelligent” being -- like a
person.

Yes, but these terms are relative. “English-like” can still mean that complicated key
words and other technical knowledge is required to retrieve information. “User-
friendly” means simply “easier to learn to use than writing a program from scratch”.
Natural language is what you already know. It's what we speak and write
“naturally”, without any special computer instructional training. Because
INTELLECT "understands” ordinary English requests for information stored by
the computer, it lets users converse with the computer in their own language --
everyday, non-technical English. Other programs require users to understand the
compulter’s language.

The information center has become a place for users at all levels of experience to
get information from their computer on their own, on an ad hoc basis. The benefits
of this concept are many: the often backlogged data processing department is
freed from programming many one-time requests, giving them more time to
develop more sophisticated programs and applications; users get the answers
they need when they need them; more people can become efficient “knowledge
workers,” transforming isolated bits of data into information that will help them
make betterdecisions and work more productively.

Because a natural language system acts as a translator between the user and the
computer, INTELLECT measurably enhances the effectiveness of an information
center. If someone has a question, he simply turns to his personal terminal or walks
over to a terminal in his company’s information center, types in his question as
ihough he were asking a colieague, ietrieves the answer in a matler of seconds,
and returns to his work supplied with the information he needs.

INTELLECT can be used as a “supervisor” of the information center, driving the
database system and functioning as the front-end interface of a decision support
system, graphics, and other end-user oriented tools. In this way INTELLECT
enables a vastly larger group of people who need information to meet their
responsibilities with the most up-to-date computer technology.

Applications

Industries

o Financial o Aerospace

* Manutacn : Chemica

e Manufacturing

® Personnel e Consumer Products

e Compuiter utilization

e Financial Services
e Government

... and any other personal e Insurance
information retrieval ® Package Delivery
application ® Retail

a | ltilitiae
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The functionoids in our future.

The word “functionoid” was coined by Odetics. It’s the
Company’s way of differentiating mobile robots like
ODEX | — the world's first functionoid — from the single-
function, fixed-platform robots used to automate
assembly lines. Future functionoids will serve in

mobile, multi-tasking applications in a wide variety of
industries, performing duties that up until now have
either been extremely hazardous or impossible for
humans to execute.

Introduced in March 1983, ODEX | is a capabilities
model designed to demonstrate a number of signifi-
cant advancements in electronic and mechanical
engineering and computer science.

These advancements are most evidenced by ODEX I's
unprecedented strength and agility. That it is the first
robot of any kind capable of lifting loads many times
its own weight is a revolutionary step forward. In
addition, this six-legged walking machine can climb
taking steps as high as 33 inches—allowing it to go
where conventional wheeled or tracked vehicles can
not.

The first functionoid serves as Odetics’ base technol-
ogy in mobile robotics, upon which the Company will
add further attributes tailored for particular market
requirements.

During FY ‘84, Odetics pursued marketing leads in
several different industries, seeking joint venture
licensing agreements where feasible. During the fourth
quarter, Odetics signed an agreement with the RCA
‘Government Systems Division to share technology in
developing a mobile robotic system that can be
applied to such military assignments as sentry duty.

The agreement includes RCA funding for Odetics to
further develop its technology in mobile robotic trans-
port capabilities. These capabilities will include system
mobility and guidance to allow for the incorporation
of RCA payload modules.

RCA will develop sensory packages as appropriate
that will enable the robotic system to perform multi-

task functions. RCA will also provide expertise in
artificial intelligence.

To be marketed to the Department of Defense, RCA
has an option to purchase significant numbers of this
model, called ODEX I, over the next 10 years.

In addition to this effort, Odetics is continuing to mar-
ket its mobile robotic technology to several promising
commercial industries targeted for the Company by a
leading national research firm. Some of these indus-
tries include nuclear power, mining, cargo handling
and storage, agriculture, forestry, medicine, construc-
tion and commercial surveillance.

Odetics’ associates continue their “work
hard, play hard” ethic.

R 7Py :‘?"ﬁ’ . "\

There is a very special environment at Odetics. It was
recognized in a book published by Addison-Wesley in
May 1984 entitled “The 100 Best Companies to Work
for in America’”’

The authors devoted three pages to us, noting “the
company has an enviable record of keeping people.
In an industry where job-hopping is a way of life,
Odetics has the lowest employee turnover of any
electronics firm in California’s Orange County, accord-
ing to The Executive of Orange County magazine.
Employees talk of the company as ‘the family, and
even recruitment brochures talk of becoming part
of 'The Odetics Family'”’

The Odetics environment starts with a philosophy that
fosters innovation, creativity and dignity. We promote
a healthy, "work hard, play hard” ethic and offer one
of the finest benefit packages in the industry—a benefit
package recognized as one of the most unique in the
country. For instance, the "Best Companies” authors
wrote “"Odetics may be the only corporation in Amer-
ica with its own repertory theater company.”

At Odetics, our co-workers are not known as employ-
ees. We use the term “associate,” which we consider a
far more accurate description.

Research has shown that most people spend more of
their waking hours at work than they do at home. To
make all those hours rewarding ones, we encourage
our associates to actively participate in corporate life
with ideas and suggestions. In this way, we perform
even more productively as a Company and as an
investment.
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2/

CMBRIDGE
LISP 63000

the symibolic language for
68000 based computers

M THCOMCLH
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LISP
The language of
artificial intelligence

CAMBRIDGE
LISP 68000

In education:

In research
and development:

For expert
systems:

LISP (LISt Processing) is a well established computer language, suitable for a wide
range of applications in science and engineering. As a symbolic language, it is
particularly appropriate for work in artificial intelligence, where it offers a flexibility in the
design of data and control structures that is not available from more traditional
languages. It is possible, for instance, to create, modify, and execute LISP programs
from within another LISP program. LISP has been used with success in robotics,
symbolic algebra, natural language interfaces, and for many expert systems. The
worldwide commitment to LISP for A.l. research and development confirms LISP as the
language of artificial intelligence.

CAMBRIDGE LISP 68000 is an implementation of LISP for computers based on the
Motorola 68000 range of microprocessors. Its performance, low price, and full range of
features make it ideal for use in both academic and commercial environments.

Use CAMBRIDGE LISP 68000 for teaching LISP, and for learning about computer
languages in general. CAMBRIDGE LISP 68000 provides a cost effective way of
teaching and experimenting with expert systems. CAMBRIDGE LISP 68000 is already
being used in a number of computer aided learning systems.

LISP is an ideal language for solving many scientific and engineering problems:
symbolic programming offers efficient solutions to many problems that other languages
cannot handle. Nuclear physics, geology, and oil platform design are just three of the
diverse fields where LISP is being applied. LISP can also be used to create powerful
tools for research and development work. For instance, REDUCE 3, a program written
in CAMBRIDGE LISP, provides the professional with a desk top algebra calculator,
capable of complex evaluations.

Expert systems no longer have to be developed on an expensive machine, and then
rewritten in another language in order to run on a cheaper end user system. Using
CAMBRIDGE LISP 68000, expert systems can be developed on the same low cost
machines that the end user system will run on. CAMBRIDGE LISP 68000's compiler
ensures that the final program is fast and compact.

FEATURES
O Integral compiler [0 Floating point arithmetic
[116 Megabyte address space O Compiled and interpreted functions

[J Rational arithmetic can be used interchangeably

[ Clear and concise error messages U Full tracing available in interpreted
and compiled code
[0 Catch, throw, and errorset

[0 Trigonometrical functions 0 Core image may be dumped
[ Structure editor
[0 Load on call facility
[ Shallow binding

[J Complete automatic space allocation
[0 Vectors with no hard boundaries

O Large number of built in functions

O Full garbage collection

O Integers of any size

See ‘CAMBRIDGE LISP 68000: TECHNICAL NOTES' for further information.
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CAMBRIDGE
LISP 68000
offers a complete
development
environment

CAMBRIDGE
LISP 68000
offers unbeatable
price/ performance

CAMBRIDGE
LISP 68000

has an impeccable
pedigree

CAMBRIDGE LISP 68000 provides a complete LISP development environment on a
microcomputer. Source code can be entered using the full screen editor, EDIT-68K.
Using LISP's interpretive mode, together with the trace package, the programmer can
quickly and efficiently develop and debug programs. CAMBRIDGE LISP 68000 helps
program development by checking for exceptional cases, and providing clear
diagnostics. Once developed, the program can be compiled, for significant
improvements in speed, and to reduce the storage required. The control structure of
LISP, which includes recursion and function composition, allows the programmer to
use a 'top down’ approach to break complex functions into simpler units. This approach
is quick, and produces code that is easy to read and enhance.

CAMBRIDGE LISP 68000 allows every LISP programmer to have their own LISP
workstation for the price of a microcomputer. Yet CAMBRIDGE LISP 68000 has the
power of a mainframe LISP, limited only by the available memory, and running at
speeds comparable with other LISP dialects on much larger machines. Neither does
the workstation need to be dedicated to LISP: the choice of operating systems leaves
the user free to run other languages and applications.

LISP exists in many dialects of which there are four major groups centred around
INTERLISP, MACLISP, STANDARD LISP and COMMON LISP. CAMBRIDGE LISP
68000 is a member of the STANDARD LISP family, and is very similar to PSL
(PORTABLE STANDARD LISP).

CAMBRIDGE LISP was originally developed at the University of Cambridge in England
on IBM 370 mainframe computers and represents the outcome of many years of
development. The 68000 implementation is a full implementation of this mainframe
system by Professor John Fitch and Dr Arthur Norman. Metacomco’s close ties with the
academic world will ensure that future releases of CAMBRIDGE LISP 68000 will
continue to reflect the latest developments in LISP, and the emerging standards for this
important language.

REDUCE 3
algebraic processor

EDIT-68K
Full screen editor
for CP/M-68K

SOFTWARE TOOLS FOR THE CAMBRIDGE LISP ENVIRONMENT

REDUCE 3is an extremely powerful mathematics programming system for processing
algebraic expressions. It can handle expressions of high complexity, and includes a
comprehensive range of algebraic functions. For instance, it can integrate, differentiate,
factorise, and perform matrix calculations. REDUCE 3 can be used either interactively,
orin batch mode. Interactively, the user can simplify expressions, and use the program
as a sophisticated algebraic calculator; in batch mode, the program can be left to
calculate a complex sequence of evaluations.

REDUCE 3 has numerous applications to scientific and engineering problems; its set of
Dirac matrix calculations are of special interest to high energy physicists.

REDUCE 3 is implemented in CAMBRIDGE LISP 68000, which must be present in
order for REDUCE 3 to run.

EDIT-68K is a versatile full screen editor for use on computers running the CP/M-68K
operating system. Its comprehensive range of commands make it ideal for editing any
ASCll file, including program sources and data files. Features include screen scrolling,
block move, file merging, and a set of Find and Replace commands. Use EDIT-68K for
all development work, whether editing text, assembler, or high level languages.

This popular editor is available to all users of CP/M-68K either on its own, or else
bundled with CAMBRIDGE LISP 68000.

Systems
Requirements

CAMBRIDGE LISP, REDUCE, and EDIT-68K are available on most computers running the
CP/M-68K operating system. LISP requires at least 512K bytes of main memory. CAMBRIDGE
LISP 68000 must be presentin order for REDUCE 3 to run: a system with both LISP and REDUCE
should have at least 1M byte of main memory. EDIT-68K can be used on any CP/M-68K system
with a minimum of 128K of RAM.

CAMBRIDGE LISP, REDUCE, and EDIT-68K are also available on certain 68000 based machines
under the TRIPOS operating system. TRIPOS is a single user, multi-tasking operating system
which provides a user friendly development environment with sophisticated features such as
hierarchical file handling, concurrent working, and a full range of utilities. For more information
about TRIPOS, please contact METACOMCO directly.
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METACOMCO is a systems software house specialising in languages and utilities for
computers based on the Motorola 68000 microprocessor. Its products include LISP,
Fortran, Pascal, BCPL, editors and other utilities. These are offered for use in
standard operating environments such as CP/M-68K or TRIPOS; alternatively,
METACOMCO can adapt them to proprietary operating systems.

As well as providing these software products, METACOMCO offers its extensive
expertise in the 68000 architecture to developers and manufacturers of 68000 based
computers. It performs consultancy and implementation work for many leading
manufacturers: recent customers have included Digital Research, CompuPro, Inmos,
Siemens, ICL and Sinclair Research. Operating systems and utilities can be ported to

new machines, development environments created, or entire languages implemented.

METACOMCO has offices in both the USA and the UK to support its customers

worldwide Its research and development work is carried out in Bristol, UK, where it has

close links with several British universities. The quality of its software products is

winning a growing reputation in both the academ|c and the commercual worlds;
CAMBRIDGE LISP in particular is setting new standards for low cost artificial
intelligence systems.

For further information contact your dealer, or:

Inthe US In Europe

Tenchstar Inc Metacomco

201 Hoffman Avenue 26 Portland Square
Monterey Bristol

California 93940 BS2 8RZ

USA ENGLAND

Telephone: (408) 375 5012 Telephone: (0272) 428781
Electronic mail: 46:TTROO1 Telex: 265871 MONREFG

Electronic mail: 84:MEAQ01
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TEXAs
INSTRUMENTS

*3

TEXAS INSTRUMENTS INTRODUCES ENHANCED VERSION
OF EXPERT SYSTEM DEVELOPMENT PACKAGE

LOS ANGELES (August 18, 1985) -~ A second generation of TI's expert
system development tools, Personal ConsultantTM Plus software, will provide

an array of new capabilities to application developers, Texas Instruments
announced today. With 1its powerful extended knowledge representation
features, increased rule capacity and an enhanced user interface, Personal
Consultant Plus will ' enable developers to solve larger, more difficult

problems without leaving the affordable environment of personal computers.

"Customer reaction to the original Personal Consultant has been very
positive since we announced the product 1last summer. Working with our
customer base throughout the year, we paid close attention to the market and
its demands, incorporating new features into our expert system tool kit as
industry feedback indicated," said Carroll Hall, manager for AI applications
in TI's Data Systems Group.

Both Personal Consultant packages approach problem-solving with many of
the same reasoning techniques used by human experts. Heuristics, or "rules of
thumb" that work with ambiguous or uncertain information, set expert systems
apart from conventional software packages that generally handle numeric
processing. Designed to be knowledge-base compatible with TI's expert system
development tools, Personal Consultant Plus improves on the rule-based,
goal-driven problem solving techniques that made Personal Consultant popular.

Both systems assist the end-user by explaining their reasoning in English

sentences.
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Personal Consultant Plus incorporates extended knowledge representation
capabilities such as frames, procedural functions, access methods and meta
rules in addition to the already powerful capabilities found in the existing
Personal Consultant product.

Personal Consultant Plus provides a problem-structuring technique called
"frames." The frames feature sllows a complex problem to be divided into
smaller, related sub-problems. Each frame has associated slots, or variables,
called “"parameters" which hold data about the frame. A frame also contains

"rules" which can be used to determine the results for sub-problems.

"Procedures" are a way of accessing pre-defined calculations and
incorporating them into the application. A full LISP programming environment
is provided to the developer for the definition of customer procedures. These
procedures are compiled for efficiency and become part of the application. An
external program 1nterfacé is also provided so that other programs, such as a
data base manager, can be accessed during a consultation.

"Access methods" provide a way of attaching procedures to be performed
when a particular frame parameter is accessed. An access method can provide a
means of determining the value of a parameter such as reading from a disk
file. An access method can also provide a way to specify actions that should
be taken whenever a new value is determined for a parameter, such as updating
a display.

“Meta-rules™ ({or rules about rules) allow the system to contaln Knowledge
about how best to solve the problem. Meta-rules can help focus and control a
consultation by specifying which rules are most important in a particular
situation.

A graphics interface is provided to allow graphical information to be
included in an expert system application. A "Snap Shot" capability can be
used to capture graphics, such as a schematic diagram, created by any
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separate graphics package. This picture image can then be displayed by
Personal Consultant Plus at the appropriate time during a consultation.

A compiled version of the LISP language allows the new package to execute
faster and work with more information. This increased capacity will allow
Personal Consultant Plus to develop and deliver applications of up to 2,000
knowledge base elements. (Rules, variables and frames are all knowledge base
elements.) The increased processing speed results in faster response times.

The development of applications using Personal Consultant Plus has been
simplified and streamlined. Using an interactive dialogue, the developer is
prompted only for essential information with many default values selected by
the system. The rule specification language (which is very similar to Basic)
has been expanded to provide direct access to more of the system's features.
A full screen editor is available for making modifications to any information
field.

The user interface to Personal Consultant Plus has been upgraded to make
it even easier to use. Pop-up windows have been employed to display menu

items and help information in a consistent manner. Certainty factors, which
indicate a degree of confidence in a response, are entered using a natural

graphic representation.

The Personal Consultant Plus package is both TI- and IBM- compatible, and
has a TI suggested 1list price of $2,950. The original Personal Consultant
expert system development tool package has been reduced in price to $950.
Personal Consultant users can apply the $950 cost of the original package
toward the purchase of the Plus version should they need the additional power
and functionality. Upon purchasing the newer package, if the developer shows
proof of purchase of the original Personal Consultant, the new version will be
discounted by $950.

"This will encourage developers to purchase Personal Consultant now for
‘quick prototyping of applications that later can be expanded with Personal
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Consultant Plus -- with no loss of the initial investment," Hall said. This
credit allowance 1is consistent with TI's strategy of improving its products
while remaining committed to preserving the investments of its established
user base.

Both packages require a minimum of 512K bytes of random access memory.

FPersonal Consultant is avallable now and Fersonal Consultant Plus will be
available in fourth quarter 1985 through TI's value added resellers,
authorized distributors and national accounts. In addition, the packages can

be purchased directly from TI by calling (512) 250-7357.

The Data Systems Group of Texas Instruments Incorporated today stands at
the leading edge of commercializing applications for artificial intelligence.
DSG's growth over the last 15 years has been fueled by the same technologies
that contributed to the corporation's current position as the 63rd largest
U.S. employer. Among the more than 4,000 Texas Instruments patents are the
development of the silicon transistor and the invention of the integrated
circuit, the microprocessor and the hand-held calculator.
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TI _ANNOUNCES NEW CLASS OF "PERSONAL EFFECTIVENESS" SOFTWARE
WITH DECISION ANALYSIS PACKAGE FOR PERSONAL COMPUTERS

ANAHEIM, = CALIFORNIA (March 24, 1985) -- A new concept in applying
personal computers to decision making was displayed today by Texas Instruments
in a new application software product entitled ArboristTM., Arborist decision
tree software, derived from a combination of operations research and artificial
intelligence (AI) technologies, broadens the range of problems that personal
computers can address.

"Arborist is on the leading-edge of a new class of 'personal effectiveness'
software that concerns itself with helping managers and professionals face
complex decision and analysis problems,"” said Carroll Hall, manager of the AI
Applications Department in TI's Data Systems Group. Arborist can improve a
managers effectiveness by allowing him to look closely at the elements of a
decision, analyze different decision paths and make well thought-out and
graphically documented decisions."

"In the past word processing or spreadsheet programs significantly improved
the efficiency of writing and calculating tasks, however, further benefits from
personal computers will have to comprehend the less structured aspects of a
professionals job." said Hall. Problems addressed by "personal effectiveness
software” could be in the areas of capital budgeting (capital acquisition),
marketing (pricing policies), 1law (litigate versus settle), purchasing (lease
vs purchase) and exploration (drill vs test) to name a few examples.
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Applications such as Arborist have more impact on effectiveness or the
quality of decisions in contrast to efficiency or the quantity of work
performed. Since the selection of the proper tasks is more significant than
how fast the task can be executed, many professionals will find personal
effectiveness software to be even more important than the efficiency oriented
software that justified their initial use of personal computers.

The symbolic processing technologies permitting the implementation of this
more sophisticated problem solving software is only now becoming available with
the convergence of artificial intelligence research and increased capacity
personal computers.

The name, Arborist, is derived from the decision tree technique the
software employs. It allows managers and professionals to build a model of
complex decision processes. The graphical capabilities of the software
facilitate the analysis and presentation of the decision model. Arborist
software can add a quantitative element to decision making without requiring
the user to do the calculations.

The decision tree technique is a way to represent a problem as a tree
structure -- with decision branches leading to different chance outcomes, or to
more branches representing subsequent alternatives. This technique allows a
decision maker to structure the problem, represent it graphically, and identify
the best set of alternatives.

The decision tree approach to problem analysis has been an important part
of the curriculum in many colleges of business, industrial engineering, and
public policy since the 1960's. However, use of this technique has been
limited in the past due to the time-consuming and frustrating nature of
performing it manually or setting it up to run on a mainframe. Arborist
eliminates much of the labor and tedium previously associated with building and
analyzing decision trees.

The Arborist software lets the user concentrate on the content of the
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problem while it captures the information and represents it graphically. The
user 1s free to change, refine and adapt the structure of the tree to changing
conditions without having to go back to the beginning. Based on the values and
probabilities assigned by the user, Arborist determines the expected value at
each decision point and for each outcome.

Traditionally, decision trees have been used to help in areas as diverse as
capital budgeting, marketing, oil exploration, legal, and medical decision
making. They have been primarily used on very large problems which justify
corresponding large computer and human resources or on very small problems
which can be done with a pencil and paper. According to Hall, "Because
Arborist runs on personal computers and employs an easy-to-use interface, it
allows the decision tree technique to be used on the majority of problems which
fall between the immensely comblex and the very simple.”

The high resolution display of today's personal computer is essential to
the 1implementation of Arborist. A series of prompts, messages, and
automatically constructed charts speed learning and running the problem.
Graphical representations of‘ the tree and of the results of various analyses
provide easily understood and valuable information to the user.

The Arborist software uses windowing techniques to divide work areas on the
screen. A Macro display gives the user an overview of the entire decision tree
structure. A Micro display, or 'fdcus window", shows a detailed look at one
area of the tree. Both windows are syngpronized so that the user always knows
where he 1is in the tree. Navigation within the tree is accomplished with the
cursor control keys. \

A menu is always available which 1lists the possible functions such as
displaying information, creating graphs, or editing data. Extensive help
messages also appear on request in the macro window. Along the bottom of the
screen, a one-line message window displays prompts, status, error explanations,
and function descriptions.
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Once the representation of the tree is finished, other types of information
can be computed. For example, probability distribution decision cutcomes
permit the user to see the distribution of outcomes for a particular
altemative. A distribution of outcomes provides the user with a way of
measuring the risk involved in each alternative path. The user may also
request a sensitivity analysis which can help locate the critical values that
will significantly change the optimal decision path. Sensitivity analysis is a
generalization of the "what 1if" capability found in many financial modeling
packages.

Arborist will be available on the Texas Instruments Professional Computer
family beginning in March, 1985, at a suggested retail price of $595. The
minimum hardware configuration must include 512 kilobytes of internal memory, a
single diskette drive, and three-plane graphics capability. Availability for
the 1BMTM Personal Computer and MSTM-DOS compatible computers will follow
in early May, 1985.

krborist will be marketed directly by TI as a stand-alone product through
direct maill, end-user seminars, and TI's education marketing organizaticn.
Distributien initially will be through TI-Express, TI's rapid response direct
mall telemarketing system which sells software and accessories
{1-800-TI-PARTS). The product will also. be available through TI national
account sales, value added resellers, and authorized distributors and dealers.
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EDITOR'S NOTE:

PRICING AND AVAILABILITY OF PRODUCTS AND PROGRAMS VALID ONLY IN THE U.S.

Please refer all reader inquiries to:

Texas Instruments Incorporated
Data Systems Group

P.0. Box 809063

Dallas, TX 75380-9063
1-800-527-3500
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TEXAS INSTRUMENTS

TEXAS INSTRUMENTS DEMONSTRATES "NATURAL LANGUAGE"
INTERFACE ON TI PROFESSIONAL COMPUTER

NEW YORK, NEW YORK (January 31, 1983) -- Texas Instruments today
demonstrated an advanced general purpose "natural language" interface on its
TI Professional Computer. The natural language interface leads users to
information by helping them ask the computer questions wusing common English
words and phrases. This feature provides the TI Professional Computer with a
level of "ease of use" previously available only on large mainframe computers
in specialized artificial intelligence (AI) labs.

The natural language interface concept has been developed from extensive
research in AI. "TI has long been recognized as a major contributor to AI
research by the technical community. Natural language interfaces will be the
first commercial products to result from this research," said Eric Jones,
President of TI's Data Systems Group.

The TI natural language interface is designed to allow the user to easily
construct a valid English language query or command that the computer
understands. The video display screen is divided into several windows, each
offering a set of words or phrases from which the user selects. The items
that are selected from each window appear at the bottom of the screen
composing a plain English sentence that describes the functions to be

performed.
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The interface actually leads the user through the sentence building
process. By evaluating and giving a positive response to each of the user's
choices, it eliminates the risk of asking questions that cannot be answered.
Spelling errors are virtually eliminated because the user is not required to
type selections using the keyboard.

If a user does not know exactly what question to ask, the interface can
prompt the person through all of the available steps and determine what is
permissable to ask, given the selections that have already been made. If it
becomes evident that the selections made are not going to produce the desired
result, the user can erase prior selections and backtrack.

A natural language interface to the Dow Jones News RetrievalTM data
base, for example, would allow users to build an English-like sentence
instructing the TI Professional Computer to display a particular company's
closing stock prices for the past ten trading days.

While the interface was demonstrated using the English language, it is
designed in such a way that this capability can be extended to foreign
languages such as French and German.

Products using the natural language interface are scheduled to be
introduced later this year. The interface will be suppligd on disks as a

general tool that can be customized to meet the specific needs of users.
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LMI NAMES 18-YEAR DEC VETERAN

MACKENZIE TO CEO/CHAIRMAN POST
Los Angeles, CA.....LISP Machine Inc. (LMI) 1is pleased to announce the
appointment of Ward D. MacKenzie, former Group Vice President of the OEM and
Business Computer Groups at Digital Equipment Corporation, to the post of
Chairman of the Board and Chief Executive Officer. F. Stephen Wyle, co-
founder of LMI and former Chairman and CEO, has been named Vice-Chairman and
Founder. Mr. Wyle will assume various entrepreneurial roles within the
company, including the continuing oversight of the Process Systems .and
Aerospace divisions of LMI, the company's vertical market thrusts. Dr. Frank
Spitznogle, President and Chief Operating Officer, will remain in that
capacity. LISP Machine Inc. develops and manufactures LISP-based hardware
and software for artificial intelligence research and applications of this

technology in business, industry and government.

In a related development, several of the company's current investors have

committed to an additional $8 million equity financing. This brings the
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The LMI Lambda 3x3, from LISP Machine Inc., lowers the per-user cost of full-feature LISP Machines to
$45,000 (list price — domestic); less than many less powerful entry-level LISP workstations. The Lambda 3x3

features three high-performance, tagged-architecture LISP processors, which operate in parallel on the
Lambda’s high-speed multi-processing bus.
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total investment in the company to more than $25 million from major venture
capital firms 1including Citicorp Venture Capital, Genesis Capital

Corporation, Montgomery Securities, New Enterprise Associates and others.

"LISP-based computing is a proven technology that is already providing cost-
effective solutions in a variety of real-world applications," says Mr. Wyle,
"and as a result the LISP Machine market is rapidly evolving. Ward's 18
years of experience at DEC have equipped him with a thorough understanding of
the needs of such a market, and as our new Chairman and CEO, he brings to LMI
the sophisticated management know-how that will enable LMI to meet the
challenges of this changing market." Adds Mr. Wyle, "Ward's appointment will
allow me to concentrate on long-range business strategies as well as the
entrepreneurial opportunities offered by the application of LMI's technology

in specific industry areas."

"I'm very pleased to have been chosen for this position," says Mr. MacKenzie.
"LISP Machine Inc., with its thoroughly real-world approach to artificial
intelligence, represents the leading edge of a technology that will dramati-
cally change the face of computing in the next decade, and this is an
exciting opportunity to participate in that transformation." Ward MacKenzie
joins LMI after 18 years at Digital Equipment Corporation, most recently as
Group Vice-President of the OEM and Business Computer Groups, which account
for a significant portion of DEC's sales. In this capacity, Ward was
responsible for managing the company's OEM businesses and its thrust into the
small business market, as well as the company's Microcomputer Group.
Previods to his appointment as Vice-President in 1981, Mr. MacKenzie served

in a variety of positions within DEC, including Group Manager for the U.S.
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Technical OEM Group, European Manufacturing Manager, with responsibility for
the company's plants in Ireland, Scotland, Germany, and others. Mr.
MacKenzie holds an MBA from the Amos Tuck School of Business Administration
at Dartmouth College.

LISP Machine Inc. (LMI) is a leading developer and manufacturer of LISP
Machines and associated software -- the primary tools of artificial intelli-
gence (AI) research and the commercial applications of this technology.
LMI's LISP Machines are used worldwide to advance the science of Al and to
bring its advantages to the commercial marketplace. In addition to the
company's rapidly growing family of uniquely versatile LISP Machines, LMI is
actively developing applications software to bring the power of Al techniques
to specific, broadly-based industries. The company's customers are for the
most part in the Fortune 500-plus, including Rockwell, Grumman, Gould,
General Dynamics, Johnson Controls, M.C.C., Westinghouse, Mitsubishi, N.T.T.,
Toshiba, Texaco, Exxon and numerous others. The company has grown 25-fold
over the past two years; it is privately held by a number of major U.S and
European venture capital firms. LISP Machine Inc. takes its name from LISP
(LIStProcessing language), a symbolic programming language that has become

the language of choice in many Al laboratories.
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Note to local editors: Ward MacKenzie lives in Bolton, Massachusetts with
his wife and three sons. In addition to his MBS, he holds a BS in Physics

from the Worcester Polytechnic Institute.
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NEW USER-FRIENDLY PROGRAMMING
AID DOES WINDOWS AUTOMATICALLY

Los Angeles, CA.....WindowMaker™, a unique new programming tool from LISP'
Machine Inc. (LMI), automatically generates LISP code for on-screen
windowing, simplifying the task of creating a user-friendly interface for
LISP-based applications software and greatly enhancing programming
productivity. "With WindowMaker, even a novice programmer cah generate
complex combinations of windows for an application," says Kenneth M. Johnson,
LMI Vice President of Marketing and Sales. "This leaves more time for the
really creative aspects of programming by eliminating the drudgery of writing
complicated window system code." WindowMaker will be included in all future
releases of LMI's System 2.0 ZETALISP-PLUS software as of May, 1985, and all
present users of LMI Lambda LISP Machines will receive WindowMaker without

charge.

In the LISP environment, windows are an extremely powerful way of organizing
system resources and making them available to the user in a simple, intuitive

manner. In the LMI Lambda LISP Machines, the LMI Window System forms the
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basis of much of the system's power and productivity. However, the code
required to generate a related group of windows (called a constraint frame)
is rather arcane and difficult to write, even for experienced LISP

programmers.

With WindowMaker, even a novice programmer can create constraint-frame code
in a matter of minutes. Prompted by a series of pop-up menus, the user
designs as complex a set of windows as desired using only the mouse, and then
WindowMaker automatically generates the related code for insertion into the
program. WindowMaker is a robust, stand-alone tool. No additional overhead
is added to the system at runtime, and efficiency is not compromised, since
WindowMaker generates code just as a programmer might, legibly and in
standard LISP format. The novice user can study the code to learn about
constraint frames, while the sophisticated user might add advanced features

by hand.

LISP Machine Inc. was formed in 1980 to develop and manufacture LISP-based
computers and software for use in artificial intelligence research and
applications. Its computers are used worldwide to advance the science of
artificial intelligence and to bring the benefits of this advanced technology
to the commercial marketplace. LISP Machine Inc. derives its naﬁe from LISP,
a versatile and powerful symbolic programming language that has become the
language of choice in many AI laboratories, as well as gaining recognition in

the commercial marketplace as a highly productive programming environment.

For further information, contact Janice McGlashan at LISP Machine Inc., 6033
West Century Boulevard, Los Angeles, CA 90045. Phone: (213) 642-1116.
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Title Pane

Counter Pane
—displays numeric information

/Command Menu

WINQOW MAKER

Generate code
Edit frame
Reset

An example of the pop-up menus
presented to user. This one
allows the programmer to
choose parameters for the

constraint frame after all the

Specify attributes for frame
H "7.:'“
: Generate ceds Sore configuration

Input name for present configuration
|Store configuration or generate code
Define a flavor or function : Flaver Funcion
jchoose type of frame flavor Choose from menu

SECOND-CONFI1BURRT IO
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BORDERED-CONSTRAINT

Which pane to select when frame exposed : Choose name ANOTHER~-COMMAND-MEN

Input buffer name for code output SCLASS-BUFFERs
Bottom

Po 1t O Abort L3

panes (windows) have been
specified.

The WindowMaker workspace. The example
shown here represents the design of a
constraint frame containing nine related
windows.

WindowMaker,™ a powerful new programming tool from LISP Machine Inc., automatically generates LISP code for
complex window systems, greatly enhancing programmer productivity by simplifying the task of designing user-friendly

interfaces for expert systems and other Al programs.
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Advanced Information & Decision Systems — 201 San
Antonio Circle, Suite 286, Mt. View, CA 94049. Military
applications.

Applied Expert Systems — 5 Cambridge Center,
Cambridge, MA 02142. Financial expert systems.

Artificial Intelligence Corporation — 200 Fifth Avenue,
Waltham, MA 02254. Natural language interfaces.

Bolt, Beranek and Newman Inc. — 10 Moulton Street,
Cambridge, MA 02238. Al systems development.

California Intelligence — 912 Powell Street, Suite 8, San
Francisco, CA 94108. Microcomputer Al systems.

Carnegie Group — 4616 Henry Street, Pittsburgh, PA
15213. Knowledge-based financial applications.

Cognex Corporation — 72 River Park Street, Needham,
MA 02194. Visual recognition systems.

Cognitive Systems Inc. — 234 Church Street, New Haven,
CT 06510. Natural language interfaces and knowledge-based
financial systems.

Digital Equipment Corporation — 200 Baker Avenue,
Concord, MA 01742. AI workstations and Al software
systems.

ExperTelligence — 559 San Ysidro Road, Santa Barbara,
CA 93108. Expert systems.

Franz Inc. — 6321 Thornhill Drive, Oakland, CA 94611.
Microcomputer-based LISP.

Frey Associates, Inc. — Chestnut Hill Road, Amherst, NH
03031. Natural language interfaces.

Gold Hill Computers, Inc. — 163 Harvard Street,
Cambridge, MA 02139. AI LISP software for
microcomputers.

Harmon Associates — 3752 Sixteenth Street, San
Francisco, CA 94114. Microcomputer-based expert systems
and consulting.

Human Edge Software — 2445 Faber Place, Palo Alto, CA
94303. Business strategy software and expert systems.

IBM — Al Group, Palo Alto Center, 1530 Page Mill Road,
Palo Alto, CA. AI R&D.

Iconics — 8592 East Via de Ventura, Scottsdale, AZ 85258.
Automatic Al programming and expert systems.

Inference Corporation — 5300 W. Century Boulevard, Los
Angeles, CA 90045. Knowledge-based products.

IntelliCorp — 707 Laurel Street, Menlo Park, CA 94025.
Knowledge-based application systems.

Jeffrey Perrone & Associates — 3685 17th Street, San
Francisco, CA 94114. Expert system microcomputer
products, seminars, and consultation.
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Kestrel Institute — 1801 Page Mill Road, Palo Alto, CA.
Natural language systems.

Kurzweil Applied Intelligence — 411 Waverly Oaks Road,
Waltham, MA 02154. Voice recognition products, Talkwriter,
musical synthesizers.

LISP Machine, Inc. — 6033 West Century Boulevard, Los
Angeles, CA 90045. Al workstations.

Microelectronics and Computer Technology Corporation
— 9430 Research Boulevard, Echelon Building #1, Suite
200, Austin, TX 78759. Al thinktank.

Mitchell Associates — P.O. Box 6189, San Rafael, CA
94903. LISP, PROLOG and expert system applications.

Odetics, Inc. — 1515 South Manchester Avenue, Anaheim,
CA 92802. Functionoids (Robots).

PERQ Systems Corporation — 2600 Liberty Avenue, P.O.
Box 2600, Pittsburgh, PA 156230. AI workstations.

Radian Corporation — P.O. Box 9948, Austin, TX 78766.
Expert systems.

Software Architecture & Engineering, Inc. — 1500
Wilson Boulevard, Suite 800, Arlington, VA 22209. Expert
system development applications.

Speech Systems — 18356 Oxnard Street, Tarzana, CA
91356. Typewriter that takes dictation.

Symantec — 10201 Torre Avenue, Cupertino, CA 95014.
Microcomputer-based natural language interfaces.

Symbolics, Inc. — 11 Cambridge Center, Cambridge, MA
02142. Al workstations.

Syntelligence — 1000 Hamlin Court, P.O. Box 62259,
Synnyvale, CA 94088. Knowledge-based financial
applications for the banking and insurance communities.

Teknowledge, Inc. — 525 University Avenue, Palo Alto, CA
94301. Knowledge-based products for AI workstations and
microcomputer applications.

Texas Instruments — P.O. Box 809603, Dallas, TX 75380.
Al workstations, Al microcomputers, and Al software
systems.

The Artificial Intelligence Report — 3600 West Bayshore
Road, Palo Alto, CA 94303. Newsletter.

Verac Inc. — P.O. Box 26669, San Diego, CA 92126. Al
expert systems development.

Vision Systems International — 3 Miltron Drive, Yardley,
PA 19607.

Xerox Corp. — Palo Alto Research Center, 3333 Coyote Hill
Road, Palo Alto, CA 94304. AI workstations and Al
software systems.
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