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Artificial Intelligence™: Definition

3 @

* "Artificial Intelligence” is a goal, not a fact.
* Tools and techniques are a by-product of research.
* Commercial applications of tools are very recent.

* The press has confused goals with current
applications.

* Many vendors of Al technology do too.

* This isn't a new problem
The first compilers were hailed as doing "automatic programming”

* There is still serious research going on under the title
“artificial intelligence.”



There is no magic
* Al Technology is no panacea for doing the impossible

-- of even the very difficult

a8

Make money on the stock market.”

“Transform a functional circuit specnflcatlon
to an optimized VSLI layout.”



chnology Areas
* Robotics: techniques for device control.
- changing industrial assembly

* Vision: making computers see.
- key to the next generation of robots

* mﬁ@m recognition.
A limited kind of "vision™

* Speech: making computers hear and speak.
- available soon; recognition is harder but coming

* Natural language understanding.
- Commercial applications in database interface

* Enhanced intelligence in information processing.
- The vast remainder of applications

Each area has its own tools, techniques.

This seminar is mainly about Al technology in
information processing.



Al in Information Processing

* New data structures for representing facts about the
world

* New algorithms for reasoning about facts

* Programming Environments for implementation of Al
* Management of programming projects

* New machine architectures

* Styles of human/computer interactions

* Specific applications of Al technology

There is serious research and development in the Al
community to improve each of these technology areas.

You don't have to develop tools to use them.



CURRENT Al APPLICATION AREAS

* Lots of "exploration" going on
* Some real commercially viable applications
Some application areas in evidence:

Robotics (navigation, control of vehicles, industrial
manufacturing automation)

Design Automation (manufacturing planning,
spacial reasoning, IC design)

Database interface (natural language,
representation)

Financial decision making (financial planning,
expert systems)

Information analysis (sensory data & image
processing/understanding)

Computer Aided Diagnosis (operator assistant,
electronic troubleshooting)



Surveillance (natural language)

Management (resource and project planning,
administration)

Education (technical training, literature research)

(A tour through a recent Al Magazine's recruiting ads)
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MEMBER OF THE
TECHNICAL STAFF

Southern California

This 15 the Opponune moment to jotn Hughes
Research Laboratones. in Southern Calitornia,
and be one of the peopie betnd the development
of the most electionics technology
At our Malibu taciity, we re buliding mgh pertor-
mance-VLS! concurrent computing sysiems tor
two-GimeNnsIonal TA0Ar. SONAr, and compuier
VISION 3D We have openng:
1or Memobers of the Techmical Staft in our Infor-
mation Scrences ana Computer Architecture
Section. Here. vou'll ing protessional growth
potential Gue 10 the wige vanety of actvies at our
tacility, SUCR &S DaCIPalng In programs 10 busd
0 d HNEAT Alg processor arrays
and image understanding sysiems New chai-
ienge andl excitemeni Can be yours at Hughes
A background in one or morfe of the following
areas 1s required.
* Ci t Symboiic and
Computing Archiectures
» Computer Vision
« Knowiedge Based Sysiems
* interence Machines
s (hgital Sgnai Processing
A Ph.D. mn Eiectncal Engineening or Comouter
Science 5 preterred
we ofter an igeal locauon. stimulating
environmeni. and sxceilent smpioyes benshls
Piease senc your resume and saiary hisiory 1©
Anyne Luna. Hugnes Research Laboratones.
Dept, 1A-7, 3011 Matiou Canyon Foad. Makibu, CA
90265 Proot of U.S Citizenship Required. Equal
Opportunity Empioyer
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Al Career Opportunities
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GO AHEAD . . put yourseif in this pecture. Whether you're on the sialom siope of
) avai-

the bunny il sking 1S just one of the pher \al Opp
able in Coloraco, the location of our Advanced Information Technologes Group.
We are Manm Manetta Data Sysisms, one of the largest fuill-service Gt process-
g comparmes i the nation g and g New L4

is on naturai
're

QUA ¥ and o
ndividuais skiied in these areas. Positions nckide:
* Al CONSULTANT
Responsibilties iNCIude Providmg expertise on & broad spectrum of Al issues.
mm.mmammnwmmm
Al activites
PHD prefered.
» TECHNICAL MANAGER, EXPERT SYSTEMS
Will dreC! expert and knowledge basa activity. Must provide both

sysmems
IBchnicai and Droect Manager SUPport 10 eusting and fture projects.
Aovanced degree preterred.
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Al and related projects. Must have at ieast 2 years of aCa08MiC OF WOrk axpe-

nence n At
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C.EwSywnws,SUNmommuSmeoaM
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dental, vision, and retirement benefits

COME JOIN OUR ADVANCED INFORMATION TECHNOLOGIES GROUP.

For rore miOMMaLon, COMact:

WANETTA OATA SYSTEMS MAR“N MAR'ETTA
98 Wc%n:-o“E;ﬂ Suite 135 (P183} DATA SYSTEMS O
{303) 790-3404
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MACHINE
INTELLIGEN

Significant new nities have
been created for scientists dedicated to
intusing machines with the power of thought.

Grumman-CTEC. Inc_. 2 G Data 8 hwidiary, is a ieader 1n surveillance and communi-
cations processing software design. The Lab v for Machine Intell and C A reflects
Gramman’s commitment to boistenng Grumman-CTEC's work in the evolving computing sciences.
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confidencs 4o Grummmen-CTEC, Inc., 1355 Severty Road, Suite 200, Dept. 13, Mclesn, VA 22101

US. citmenship required. An Equai Opportunity Employer.
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Starting a Knowledge Engineering Project:

A Step-by-Step Approach

Mike Freiling, Jim Alexander, Steve Messick, St

eve Rehfuss, and Shern Shuiman

Artificai [ntefligence Department. Comuter Research Laboratory. Tektrousz, inc.. Post Office Box

500, Beaverton, Oregun 37077

Getting started on 2 new knowiedge engineening proy
ect is a difficuit and challenging task, even for those who
have done it before. For those who haven't. the task can oi-

knowiedge occur when knowiedge cruciai 1o the succem o
an organization 12 possessed by oniy oneor a few indivigy.
als, Knowledge bottlenecks are pockets of knowiedge 1hy

ten prove impossible. One reason is that the requir
oriented methods and intuitions fenrned in the develop-
ment of other types of software do not carry over well to
the knowledge enginecring task. Ancther reason is that
methodologies for deveioping expert systems by extract-
ing, repr ing, and pulating an expert’s knowiedge
have been siow in coming.

At Tektronix, we have been using a step-by-step ap-
proach to prototyping expert systems for aver two years
now. The primary festures of this approach are that it
gives software engineers who do not know knowledge en-
gineering an easy piace to start, and that it proceeds in
a step-by-step faahion from initiation to impiementation
without inducing ¢ ptual bott ks into the devel-
opment process. This methodology has helped ua collect
the | ied! y to impl several prototype
knowiedge-based sy inciuding a troubleshooting as-
sistant for the Tektronix FG-502 function generator and
an operator’s assistant [or a wave soider machine.

Owne fundamental assumption we make is that knowi-
edge is more valuabk than infe i Often a
company may have oniy one chance to acquire the know!-
edge. but can work on it later at leisure. A second assump-
Lion is that a knowiedge engineenng project must provide

d d ion of its progr At any stage in
the procesa, knowiedge eugineers must be abie to show
some fruits of their iabor.

The Need for Knowledge
Engineering Methodologies

In any large org it is quite to find “pock-
ets of knowiedge” or “knowledge bottienecks.” Pockets of
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pede an Org! ion's progress because the knowleds
needs 1o be more widely distnibuted.

For exampie, if knowiedige about how to keep an g
portant manufscturing process runiing smoothly resds
in the head of only one or two process engineers. we hme
a pocket of knowiedge. If the company now wants 10 bail
several simiiar plants i different internationa location
we have a knowiedge bottieneck, because the knowiedp
cannot be distributed as easily as can the material umq
to build a factory. The lore of manuiacturing procems
includes stories of engineers who were shuttied by plase
between iactories in an effort 1o keep them ali running

1t is clear that knowledge pockets and bottienecis s
undesirable and should be eliminated if possible. Pocoes
of knowledge can quickly berome serious bottlenecks i the
individuals retire or decide to ieave the organization.

Expert system technoiogy has been oifered as a messs
for removing knowiedge pockets and bottienecks. But d
spite some notable successes, ihe path to expert systes
implementation s frzught with difficuities. Among thee
difficuities are

e« The “Al Mystique.” Terms iike “artiicial inteh
ligence® or “knowiedge engineeniag” give tbe D~
pression that there 8 something magical and/or

¥ J invoived in building expert 3y De
spite our clams about making it clesr how every-
one eise does their job, we have had some difficuity
making it clear how we do our own. As a resuit.
L d 18 often dered 3 tech~
nology that 1 far too difficult to actempt.

» The management problem. How is 1t poss
bie to mansge :he progress of i eXpert system

e v

¥
|

-

-
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Masterminding the
Technologies
of Artificial Intelligence
FEETERRESE T

The Advancet Automanon
Technoiogy Section at
Maron Manetta Denver
ABrOSpace Is currenty
invoived in a wide
ranging specarum of
aruficial intefligence
projects. Qur projects
focus on both research
and applicatons in areas
such as expert systems,
intetiigent planning,
image processing/under-
standing, and agvanced
Al techniques. Qur work
is heiping to create the
inteiligence behind NASA
and DOD systems like the
Space Station and the

Autonomous Land Vehicie.

Qur research includes
joint projects with MiT
[planningj. Stanford
(ptanning, representation
and inferencing lan-
guages), the institute of
Cogritive Science at the
University of Colorado at

Bouider (knowiedge
representauon and learn-
ing}. and the University of
Wyoming [Vision).

Qur broad array of Al
profects is rapidly
expanding. This has ied 10
opportunities for profes-
sionais expenenced in
expert systems, planning
systemns, natural ianquage
interfaces. i/mage proces-
sing/understanding, anc
robotics. Experience with
knowledge representauon
techniques and languages.
LiSP and PROLOG
programming, formal
logic, production systems.
and other special purpose
Al languages and
methodologies is desirabie.

in aadition to the exciung
work ermaronment, Denver
offers easy access to the
muiti-faceted acuwities of
the Rocky Mountains
—backpacking, white-

warer rafung, and some
of the finest sking in the
world. A sophusucated
3rUSTC COMMUNITY SUD-
ports tne fuif range of
cultural expenence and
ExXpression.

Heip us mastermind

the technoiogies of
artificiai inteiligence.

if you are interested,
piease contact Jack
Diewzler (303) 977-4200
or Rodger Schappe (303)
377-4474, or send your
resume to- Martin
Manertta Dernver Aero-
space, PO. Box 179.

Mail #0570, P927, Derwer,
Colorado 8C201. No
agencies piease, we
prefer talking to the
individuai.

An Affirmative Action
Empioyer

Actively Seeking the
Veteran and Handicapped

MARTIN MARIETTA




AFTER ONLY 6 MONTHS;
ALL OF OUR EXPERT SYSTEMS
ARE IN PLACE.

The Paliadian siafi now wnciudes 4 renowned domain experts, 7 fugh-powered Al cvpes.
3 statted and daring entrepreneurs, 4 savvy mvestors and 4 crackenjack administrators. *

To become a successtul expert systems
company, you have to first assemble the
right system of experts.

In just 6 months, after “They” said start-
ing an Al company was impossible, we've
atmacred financing from the Rockefeiler fam-
ily and a staff with pioneering Al experience.

Soon, MOre savvy INvestors were beat-
ing 2 path to our door. Renowned domam
experts and high-powered Al types had

to 1aiee a number before we
could see them. Not to menaon
the throngs of advertsing and
public relauons agenctes which
were followed by scores of
head-hunters.

Today, we have four dmes
more pecple than we did justa
few monthis ago. We're burning
the midmght oil. And finng our
guns on some ol the mosz chal-
lenging problems in financial and
manuiactunng decision-making,

In fact, by giving each
of our Al wlents their own LISP
machine, mirabile dictu, we now
have a prototype.

Next month, we'll be ready
to move :nto new offices that are
6 ames larger than our present
space. And by the nme you read
this ad. we wall have doubled the
size of our staff agamn.

To find out more, or to
inquire about some of the unique positons
stil] available, contacr Philip A. Cooper.
Chairman, or john Karcanes, President, at
Palladian Software, 41 Munroe Street.
Cambridge, MA 02142. (617) 661-7171.

Palladian. The expert systems com-
pany with ail the nght experts.

“(For those mathemancmans out there, we have added more people since the above picture was aken.)

e
Qmmsmofﬁvemduum
staifs i the GM Techrical Center, an 800 acre
compiex located in Warren, Michigan. The ai
iractive buildings on the site surround a 22 ace
lake in & campus-ike setting designed by world-
Laborstories concensrate on fundamental in-
vesﬂgaﬁomiaaquess‘fmmknowkdgeand
technoiogy which will ailow GM to produce
higiter quatity products more effectively in the
futare.

(Cur Computer Science Department conducts
research programs in astifical inteiligence,
auty bik o omp vision, i
telligent robotic biy, gec ik modeling,
computer graphics, V151 design automation.
manuiacturing automaton, and other areas, io
provide a scentific foundation for the use of
high technology throughout GM. individual in-
itiative of research professionals is vaived.

ARTIFICIAL INTELLIGENCE

GM R t Lab jes has a g :
growing program in Artificial Intelliger
understanding expert systems, planning i
reasoning and inteiligent computer-aided insts
tion. Several years of natural language resea
has yielded a system cailed DATALOG. .
vances have been made in isolating dom
di dent knowiedge and providing coopera:
giish responses and pronoun references (
dialog of queries and replies. Researchers h
challenging opportunities in applying artificial
teiligence techniques to solve previously int
table probiems for one of the largest manu
turing operations in the worid. in additior
modern computing networks, a variety
specialized Al software toois and persc
workstations such as DEC MicroVAXs, X«
and Symbolics Lisp machines support Al res
chers. GM needs creative sclentists who
T Sgp) iy

P pp hes for understanding
creating inteiligent systems in all of the ab
a




3|~ VISION & INTELLIGENT ROBOTICS -

I

"’ :ne, maripulator ics and control, and
%mm«lmo&ﬁ’smm
oot wpmmbkn&imdhgmtmr
W:M”bly, and autonomous mobile
Wen‘ﬂfotquaﬁﬁedpm&sﬁomm
ot -V atrol, and planning: systems for intelligent
e and in modebbased vision, task-ievel
i 2nd flexible control systems for robotic

-

The Machine Percepticn Lab indudes a variety of
DEC VAX and PDP-11 computers, LISP machines
and micro-VAX workstations, custom and comumer-
cal image acquisition and display faclities, a varie-
ty of solid state cameras, two PUMA-560 robots, 2
dextrous 3-fingered hand designed by Ken
Salisbury, a mobile platform, and a wide array of
optical, mechanical, and electronic instrumentation.

- DESIGN AUTOMATION

| The Geometric Modeling and Planning Group is
known for GMSolid, a2 comprehensive 3-D solid
::‘deﬁng system, and RoboTeach, an offine
rol ing system based on GMSolid.
éunemmazch projects focus on surface
D ion and combining geometric modeling
with modem Al methods to solve important pro-
blems in facturing pi 'vand ial

reasoning.
Image synthesis techniques are now being used to
create very realistic representations of both
mechanical assemblies and surface modeis. Cusent
research focuses on combining realistic image syn-
thesis with techniques for surface manipuiation tc
develop an envi for hetic expression

Because GM is the 3rd largest captive IC manufac-
turer in the world, IT design automation is receiv-
MguxmuedanmﬁonAwidevMofso&wm
and hardware aids are now used to carry out both

fully custom and semi<ustom designs. Research
topics include functional design tools and silicon
compilation. New machine architectures are being
for application-specific integrated circuits.

OPPORTUNITIES

Since the early days of comp the Cc ¢
Science t at GM Research Laboratones
has conducted leadi rch in co ion and

computer systems. Researchers in the éompmer
Science Department developed the first operating
system for a computer and built the first graphics
system used for computer-ded design. Early
research work in datab y influenced the
Codasyl Database Task Group report and the first
relational database system used in industry was
developed in the Computer Science Departinen at
GM Research Laboratocies. Research in Astificiai
Inteiligence began in the late 1960's with
pioneering work in machine vision.

The facilities and organization of GM Research
Laboratories and the productive environment of
the Computer Scence Department provide
excellent opportunities for research in all areas of
science and engineering that reiate to computers,
automation, and manufacturing productivity.
General Motors will be the premier arema for
industrial ion and the R .3
Laboratories will continue to be a source for
insights and solutions to fundamental scientific
problems. GM Research Laboratories offers
p 1ladoed ey for }.L

8L, YAX, and YIS are edemaria of Digital Equipmont
Carperation. MYS sl VINCMS ars tresiesnarks of 08, Cray
18 o tresemank of Cray Moeearcii

Or. George G. Dodd, Heed
Computer Science Department
[

G ! Motors R h
Warren, Michigon 48090-9057
(313 5753101

Candidates must have citizenship or visa status which penmits them legaliy to

uncer U.S. Immigration laws.

AN EQUAL OPPORTUNITY EMPLOYER

m General Motors Research Laboratories
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SUCCESSFUL Al APPLICATIONS
Embedded Al systems -- a promise for the future

Current successful systems: help a professional to do a
job.

Important characteristics:
Complex information space.
Rich assortment of objects and object types.

Interface between computer and its user is a key
element to the success.

User is a professional but not a computer
professional.

Computer assists, but does not take over.

T- 12



Computer Aided Design
Systems that help designers build complex objects.

Computer Aided Design is not just for integrated
circuits or electronics equipment.

Successful Computer Aided Design systems have been
implemented for designing:

Configurations of new computer equipment
Interfaces to Office Equipment

Grammars for Learning/teaching language
Planning schedules

Genetic engineering experiments

T- 13



Computer Aided Diagnosis & Analysis

Many of the problems are similar to Computer
Aided Design.

The systems deal with "real world" data.
There are expert humans

The diagnosis system can also help train new
(human) diagnosticians.

Application areas include
* Medical diagnosis & treatment
* equipment faiiure and diagnosis
* oil well data

* military electronic & acoustic signals

T- 14



Al Toolkits

Systems developed to deal with:
* Non-numerical calculation
* Separation of domain-specific knowledge

from general-purpose inference engine

* Ability to create new "abstractions” in
programming language

* Methodology which allows experts to participate
in program creation

* Systems enhance human-computer interaction



Structure of Al Applications:
application
inference engine
representation system
implementation environment

operating system & hardware

Rest of tutorial covers these elements



SESSION 2: Inference in Al Systems
* Deduction

* Contexts

* Certainty factors

* Production systems

* Resolution

* Prolog



Inference is the Algorithm of Al
Fundamental property of Al systems:

Separating What from How
Knowledge from Inference

* Easier addition of new information

* Multiple ways of applying same knowledge

P
RS



DEDUCTION

Framework from formal logic:

for-all (x) [Human (x) = > Mortal (x)]
for-ali (x) [Greek (x) = > Human (x)]

Greek (Socrates) therfore Mortal (Socrates).



Key decisions in inference system design:

* How to organization information
* How to retrieve knowledge

* How to search for solutions

Hard problems cannot be solved by resorting to first
principles



PLANNER: An early answer
* "logic-based" programming
* Designed in early 1970's

* Planner exposed many fundamental problems

* many systems derive from it





