1986 Proceedmgs
FALL JOINT -
COMPUTER CONFERENCE

November 2-6, 1986—INFOMART® —Dallas, Texas
Sponsored by ACM and Computer Society of the IEEE

Harold S. Stone
Stanley Winkler

7
(¢t

Computer Society Order Number 743
Library of Congress Number 86-81582
IEEE Catalog Number 86CH2345-7
ACM Order Number 401860

ISBN 0-8186-0743-2

R i T T i 3 P S A

ECTRICAL C MPUTER
@ THE COMPUTER SOCIETY @ Association for Computing Machinery Q XNG ELECTRONICS ENGINEERS, INC. SOCIETY
OF THE IEEE — RESS )

- 4 I . WAL e




1986 Proceedings
FALL JOINT
COMPUTER CONFERENCE

November 2-6, 1986—INFOMART®—Dallas, Texas
Sponsored by ACM and Computer Society of the IEEE

Harold S. Stone, Proceedings Editor and Program Chairman
Stanley Winkler, Conference Chairman

Computer Soclety Order Number 743
Library of Congress Number 86-81582
|EEE Cataiog Number 86CH2345-7
ACM Order Number 401860

ISBN 0-8186-0743-2

THE INSTITUTE OF ELECTRICA. COMPUTER

@ THE COMPUTER SOCIETY Assaciation for Computing Machinery @ AND ELECTRONICS ENGINEERS NS SOCIETY A
OF THE IEEE cee PRESS @




The papers appearing in this book comprise the proceedings of the meeting mentioned on the cover
and title page. They reflect the authors’ opinions and are published as presented and without change,
in the interests of timely dissemination. Their inclusion in this publication does not necessarily constitute
endorsement by the editors, IEEE Computer Society Press, or the Institute of Electrical and Electronics
Engineers, Inc.

Published by IEEE Computer Society Press
1730 Massachusetts Avenue, N.W.
Washington, D.C. 20036-1903

COVER DESIGNED BY JACK I. BALLESTERO

IEEE Computer Society Order Number 743
Library of Congress Number 86-81582
IEEE Catalog Number 86CH2345-7
ACM Order Number 401860
ISBN 0-8186-0743-2 (paper)

ISBN 0-8186-4743-4 (microfiche)
ISBN 0-8186-8743-6 (case)

Prices (1986) ACM or IEEE Members: $60.00 prepaid
All others: $120 prepaid

Additional copies of the 1986 Proceedings may be ordered prepaid from:

ACM EE Service C Computer Society of the IEEE
A U I prvice Senter Post Office Box 80452 Computer Society of the IEEE
Post Office Box 64145 445 Hoes Lane World P | Cent
i Piscat NJ 08854 orldway Postal Genter Ave. de la Tanche
Baltimore, MD 21264 scataway Los Angeles, CA 90080 1160 Brussels, Belgium

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source. Libraries are
permitted to photocopy beyond the limits of U.S. copyright law for private use of patrons those
articles in this volume that carry a code at the bottom of the first page, provided the per-copy fee
indicated in the code is paid through the Copyright Clearance Center, 29 Congress Street, Salem, MA
01970. Instructors are permitted to photocopy isolated articles for noncommercial classroom use
without fee. For other copying, reprint or republication permission, write to Director, Publishing serv-
ices, IEEE, 345 E. 47 St., New York, NY 10017. All rights reserved. Copyright © 1986 by The Institute
of Electrical and Electronics Engineers, Inc.

@ Association for Computing Machinery e e o AL THE COMPUTER SOCIETY

i



This 1986 edition of the proceedings of the Fall Joint Computer Conference, published on the 50th
anniversary of the writing of the paper

“On Computable Numbers, with an Application to the Entscheidungs Problem,”

is dedicated to the memory of

ALAN M. TURING

who wrote:

“My contention is that machines can be constructed which will simulate the behaviour of the human
mind very closely. They will make mistakes at times, and at times they may make new and very
interesting statements, and on the whole the output of them will be worth attention to the same sort of
extent as the output of a human mind.”

How close are we to his vision today?
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The 1986 Fall Joint Computer Conference—
A Conference for the Profession

Stanley Winkler
Conference Chairman

A professional, technical conference is the term we have used to describe the 1986 Fall Joint
Computer Conference (FICC ’86). It was our aim to prepare the finest conference of the decade.
Sponsored by two great professional computer associations, the Association for Computing Machinery
(ACM) and the Computer Society of the IEEE, the FICC was conceived as a conference-for-all-
members. Specifically, the FJCC combines two meetings of the Societies customarily held in the fall
season: The ACM National Conference and the COMPCON Fall meeting of the Computer Society
of the IEEE. The ACM Council and the Computer Society Governing Board will meet during FJCC
’86, as will various Boards and Committees, following the tradition of conducting Society business
during the annual Fall Meeting.

Professional, technical conferences in the United States have a long and honorable history that can be
traced back to the Mechanics Institutes of the 1800s. These Institute meetings, made necessary by the
rapid technical advances of the Industrial Revolution, allowed professionals in the field of engineer-
ing to gather together and share problems and experiences. As the workforce became more special-
ized, it was no longer adequate for industry to rely on the transfer of technical knowledge from father
to son or from master to apprentice. Today, in the computer field, professional conferences remain an
important, if not the most important, means of exchange of ideas, information, and knowledge within
the profession. While classroom education can provide the basis for entry into the profession, the
essential continuing education is best acquired by interaction with one’s peers. This interaction
among peers is at once the function and the raison d’étre of professional, technical conferences.

Of course, times have changed, and our computing profession has changed with it. Thirty-five years
ago at the first joint meeting, in Philadelphia, the topics discussed encompassed most of the field as it
was known then. That completeness would be impossible to accomplish today.  Nonetheless, it
seemed important to try, during FICC 86, to provide a broad-based review of the most significant
topics that confront the computing profession and industry. The salient feature of the 1986 Fall Joint
Computer Conference is its broad-based nature. Equally important is the fact that, broad-based
though it is, FJCC 86 presents full in-depth discussions of the topics selected. The technical program
for FICC 86, so ably developed under the leadership of Harold S. Stone, is a cornucopia of technical
delights prepared by experts for their fellow practitioners of the art of computing.

In his introduction to the FICC ’86 technical program (in this volume), Harold S. Stone refers to
FICC 86 as “a new beginning.” Since by definition all beginnings are new, one cannot quarrel with this
phrase. I think, however, that the French saying “the more things change, the more they remain the
same” also applies. I had the pleasant and comfortable feeling, on first seeing the finished FICC 86
technical program, that the program is a return to the best traditions of the past. It is, indeed, a
thoroughly modern program, broad-based and in full detail. It displays, without compromise, the
current state-of-the-art. A casual look at the Conference-at-a-Glance confirms this assertion. But the
technical program of the 1986 Fall Joint Computer Conference does more than provide a static
snapshot of the world of computing today. It describes and represents the directions that the leaders
of the computing profession are taking.

This illumination of the directions that the computing profession is taking is the most important
function of an FJCC. Significantly, this illuminationis not a prediction of:the future gained by gazing
into a crystal ball, or by the reading of tea leaves. It is, in fact, a self-fulfilling prophecy. The
participants in FICC "86, the speakers, panelists, discussants, and attendees, are not just talking about
professional leadership in the 1990s—they are making it happen. They can make it happen because
“they” are the leaders, the top, key people in.the profession and in the industry. The content of
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FJCC 86 in its breadth and depth is outstanding— probably exceeding that of any conference held in
the last decade. This unprecedented breadth and depth is achieved through the nine conferences that
are held simultaneously during FICC ’86.

Each of these nine conferences is a front-line, major event of its own. The nine conferences are:
Artificial Intelligence, Supercomputing, Software Systems, Algorithms, Modeling and Measurement,
Computer Design, Computer Developments in Japan, Operating Systems and Data Bases, and
Education.

The fact that these nine conferences are going on at the same time is a significant added dimension to
the FICC *86 experience. Not only can FICC participants meet the experts in their own specialty, but
they can interact with the leaders in other specialties. This provides an enrichment for the individual,
and, at the same time, is very good for the profession. The interpersonal communication among
specialists in various fields of computer science and engineering stimulates thinking and creativity.
This “cross-cultural” communication induces the propagation of ideas and concepts from one field
into another, adding robustness and vibrancy to our profession.

This Proceedings provides a permanent record of the technical papers presented at the Conference.
Assuch, it is a valuable addition to the shelves of our personal and organizational libraries. It does not,
however, capture the other dynamic and exciting aspects of FICC ’86; absent are the discussions
following each presentation of a technical paper, the poster sessions where last minute ideas are put
forth, and the conversations in the hallways and lounges during coffee breaks and after sessions. Also
not reflected in the Proceedings are the special events such as the world class Chess Tournaments—
the 17th North American Computer Chess Championship and the 6th World Microcomputer Chess
Championship.

The FICC was designed to provide a complete educational experience. Complementing the technical
program, Toni Shetler and her committee arranged an unparalleled Professional Education Program
(PEP) and a very interesting Exhibitor Technical Forum. The Professional Education Program, which
took place during the first two days of the Conference, gave attendees the opportunity to learn new
skills and to sharpen old ones. There were one- and two-day courses, many of the hands-on variety.
The Exhibitor Technical Forums provided the opportunity for vendors to discuss and explain the
technology imbedded in their principal products. All of these activities were part of the effort to attain
the objective of FICC '86: to expand the professional horizons and capabilities of the conference
attendees.

It was my privilege to chair a Conference Committee of capable, dedicated individuals, who contrib-
uted their time and effort in the service of the profession by creating the FICC ’86. They are
listed elsewhere in this volume. To each of these friends I want to say, “Thank you.” There were many
others who helped us and to all of them I want to express my sincere appreciation. And finally, I want
to thank the participants because, in the final analysis, it is they who are the Conference.
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The 1986 Fall Joint Computer Conference — A New Beginning

Harold S. Stone
Program Chairman

The Conference Role

The 1986 Fall Joint Computer Conference is a
conference of the future and of the past. The future
is embodied by the conference theme — Exploring
the Knowledge-Based Society — and the past by
its popular predecessor conference of the 1960s.
In looking forward, the conference offers technical
papers, panels, and tutorials to cover the topical
areas that form the technology base for the next
decade. Such areas as Artificial Intelligence,
supercomputers, design automation, computer
graphics, and networks are among the topics of
special attention. In looking backward to the
FICC’s of 20 years ago, the vast changes in the
discipline are evident, which underscores the
importance of providing state-of-the-art informa-
tion in subject areas destined to form the core of
the field in coming years.

Consider the change in the hardware technology
from the 1960s to the 1980s. The supercomputers
of the 1960s are the micros and minis of the 1980s.
Who would believe then that such computing
power would be available on the desk tops of
virtually every researcher, analyst, programmer,
and student. The workhorse of a typical scientific
installation in 1960 had 128K of 10 microsecond
memory. A low-cost microprocessor of 1986 has
256K of 150 nanosecond memory. A supercom-
puter of 1965 had 2M bytes of 1 microsecond
memory. A typical workstation of 1986 has 4M
bytes of 120 nanosecond memory. The dramatic
improvements in cost and performance made
possible through VLSI technology were truly
unimaginable in the days of the former FICC.

The impact of such changes on the computing field
are not yet fully assimilated, but the trends are
clear. Indays of expensive hardware, software was
viewed to be inexpensive, more or less by defaul:.
Where hardware was too costly to commit to a
special-purpose job, or where the functional
requirements were too vague to lock into hardware,
the often-used solution was to build hardware to
do approximately what was desired, and to leave
the final tailoring to software. That is, constrain
the major cost by freezing the hardware at some
stage, and fill in the remainder of the implementa-
tion with "inexpensive" software.
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All too often this approach had costly surprises in
store for the system developers. With hardware
frozen, the only freedom available to make such
systems work was in software development,
enhancements, and maintenance. Software costs
climbed continually during the life of systems since
software costs never ceased. In long-lived systems,
software costs eventually dwarfed the hardware
investment. Moreover, the inherent flexibility
attributed to software became a myth, as changes
to existing large-scale software became substan-
tially more difficult and eventually impossible to
implement. On the other hand, hardware became
far more flexible, as each new generation of
computers was succeeded by faster and less
expensive generations, each upward compatible
with its predecessors. The relative flexibility of
hardware and software as viewed in the 1960s had
turned upside down by the 1970s.

To improve the software situation, substantial
efforts in high-level languages increased
programmer productivity, but, productivity as
measured in lines of code, failed to attain high
multiples that was once viewed necessary to
prevent the massive cost of software production
from swamping the industry. Who would have
predicted how this view would change after
widespread introduction of the microprocessor?
With millions of - potential users instead of
hundreds, the sales price of software could be kept
relatively low per user, in spite of high costs for
development. Moreover, as new microprocessors
were introduced, it was totally impractical to
rewrite a new software base for each new offering.
Survivability of the microprocessor was largely tied
to the ability to move a complete software base to
the microprocessor, and this in turn created the
market for portable software. With relatively little
effort, it is possible today to move a complete
operating system plus compilers, editors, and
supporting tools to a totally new microprocessor
with a unique instruction set.

Instead of writing new code that reinvents old
software, the field has developed techniques to
reuse software that does the job. The net result is
that most software has become inexpensive on a
per-user basis. Expensive software still exists,



however, where user communities are small, and
where techniques are embodied in software for the
first time.

Having reflected on the changes in computing
technology from when the FYCC was at its former
height to the present time when the FYCC has been
reborn, can we conceive of the changes that will
take place in the next several years? For example,
what will happen to programming as a profession?
Will it be a profession that supports a population
that seems to grow exponentially? Or will there be
a limit to that growth that holds the population
constant? Or will the numbers collapse? All three
of these models are possible, depending on how the
field places computer power in the hands of the
user. The exponential growth models the growth
in the number of computers, and is a model in
which each computer system requires individual
programming. The constant-population model is a
model in which a fixed pool of people is able to
supply a growing population of machines, and is
probably an accurate reflection of the industry in
the next few years as portable software becomes
more widely used in place of specially tailored
software. The last model in which fewer program-
mers are able to supply a growing pool of machines
is one in which a relatively few "super” systems
created by highly skilled programming teams
account for large fractions of software use. The
remaining software can be supplied by a much
smaller pool of programmers under the first or
second models.

The potential for this last model clearly exists
today. If the model eventually becomes reality, the
industry will be far different from the one we know.
Are we ready for that event?

The 1986 FJCC is a conference where we can
examine the recent trends, hear the projections,
discuss the possibilities with the experts in each
field, and then prepare for the future. The key to
the FICC is the technical focus. We must be an
informed profession, and we must look forward in
technology.

The growth of the computer profession has brought
diversity, and the diversity has splintered the
profession a hundred ways into the SIGs and TCs
that form the technical leadership of the disciplines
within the profession. The diversity has created
journals, newsletters, conferences, and workshops
with single themes directed to the experts in the
various areas. Each of these activities has had its
positive benefits within the narrow focus area, but
the single-focus activities cannot provide for
advances that require the synthesis of ideas from
multiple disciplines. The FJCC is, by design, a
multiple-focus conference. Its purpose is to bring
together the experts across a range of disciplines so
that the mix of ideas can provide impetus for new
projects attaining new plateaus that are not readily
achievable within any one discipline.

Consider, for example, four different ways of

representing information. Individually, we might
have information represented as

e text,

® voice,

e graphics, or
e data base.

For each representation we can build a discipline
that deals with that representation exclusively, and
we create such disciplines as publishing, telephony,
computer graphics, and on-line information
utilities. Now reconsider the four representations,
and consider what happens when you join any two
together. A whole new discipline is created. If you
join text and voice, you obtain the voice-operated
typewriter, voice-data communications networks,
or spoken output from written text. If you combine
graphics and text, you create computer publishing,
intelligent copiers, and electronic encyclopedias.
But there is no need to focus on just the four data
representations. Pick any collection of special-
interest areas and consider what new challenges can
be formed by combining any two or three areas.
This gives an inkling of what can happen when you
bring together active thinkers from a variety of
areas and let the pot boil. This is the FICC.

Conference Management

How was the technical conference put together?
With a new conference we have no history from last
year, no experienced program committee to draw
upon, and no expectant audience ready to submit
materials to the annual gathering of the clan. This
conference was mounted as thirty tracks in the
major areas of computer science and engineering.
Each track chair had the charge to create a track
that best illuminated the area, whether through
solicited refereed papers, panels, or through invited
papers from recognized innovators. The confer~
ence call also produced papers in abundance, and
these were distributed to the tracks for referceing
according to the subject matter of the papers. In
all, 248 submissions were processed for the
conference. Of these, approximately 150 were
unsolicited and went through the conference
refereeing processing. Roughly one third of these
papers were accepted for the proceedings. The
remainder of the papers in the proceedings were
generated by the collective energy of the track
chairs. These were treated either as invited papers
not subjected to an external review or as solicited
papers that were reviewed and possibly modified
prior to publication in the proceedings. A number
of solicited papers were dropped from consider-
ation after the reviewing process, but the exact
numbers of such rejections is not known because
such papers were not coordinated centrally.

With a large fraction of solicited papers at this
conference, there became a potential for abuse of
the refereeing system. To assure high technical

.quality, it is essential that papers receive fair,
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independent assessments by competent reviewers.
Invited papers were not refereed, so the basis for
invitation had to be on the basis of past perform-
ance. Chairs of sessions have been selected for
their contributions, and they themselves are
candidates for invited papers in their own sessions.
However, for ethical reasons, no person at this
conference was permitted to accept a paper in
which that person or a close colleague was among
the authors. In each such instance in this
proceedings, the paper underwent independent
review and was accepted by a party other than the
session chair.

The success of the program is due entirely to the
efforts of the program committee members (listed
on page vii). Finally, I thank each of the following

for their contributions:

Sheldon Akers T. A. Marsland
Lionel V. Baldwin Nancy Martin
Laszlo Belady Edward J. McCluskey
Ted Biggerstaff Pat McGehearty
Barry Boehm Arthur S. Melmed
Pradip Bose John Meyer
Cynthia Brown Cleve Moler
William Brantley Robert Morgan
Luis Felipe Cabrera Ryoichi Mori
John Caulfield Iwao Morishita
Lori Clarke Kenji Naemura
Paul Cohen John Neff
Kenneth De Jong Anil Nigam

Louis Doctor Yoshikuni Okada
Clarence Ellis Arthur Parry
Richard Fairley Richard Paul
Domenico Ferrari James Peterson
Henry Fuchs Dhiraj K. Pradhan

Koichi Furukawa

Paul Purdom

Hector Garcia-Molina  Paul Reynolds
Norman Gibbs Harriett Rigas

C. Lee Giles David Rine
Linda J. Hayes Larry Ruzzo
Philip J. Hayes Zary Segall

Alex Hoffman Daniel Siewiorek
William G. Hooper S. E. Smith
William Howden Jack Stankovic
Kai Hwang Russell Taylor
Laurel Kaleda Timothy N. Trick
Elaine Kant Kishor Trivedi
John Kender Wing Toy

Peter Kessler Andries van Dam
David R. Kincaid Benjamin Wah

Chandra M. R. Kintala
Ken Kolence

Richard L. Wexelblat
John R. White

Jerome Kurtzberg Robert Wilensky
Stephen Lavenberg Michael Willett
Tomas Lozano-Perez Michael Wozny

Michael Loui
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In a list this long, the nature of the contributions
varies widely across the list. All contributions have
been important, and each party noted above
deserves their share of credit in the success of the
FICC. However, some contributions deserve
special mention. I greatly appreciate the work of
Ryoichi Mori and Kenji Naemura for producing the
papers in the International Developments Arena.
Les Belady, Jim Peterson, Jerry Kurtzberg, John
Meyer, David Rine, Steve Lavenberg, Jack Stankovic,
and Ken Kolence each produced top quality tracks
through their resourcefulness and continued efforts.

‘Maureen Ferraro, Executive Program Coordina-

tor, provided the glue that held the team and the
participants together. As the conference grew from
embryo into infancy and then maturity, Maureen
was there with the detailed work to guide the devel-
opment. Tracking the papers and referees, manag-
ing the proceedings, and making personal contacts
to assure timely responses were typical of the many
tasks she tackled. The magnitude of the job could
exceed the capacity of many computers I have
known, and only occasionally challenged but never
exceeded her capacity to get the job done.

Finally, we come to the referees—anonymous to
the authors—recognized here in the proceedings.
We gratefully acknowledge the role played by the
referees (listed on page vii). No conference can
succeed without the wisdom of careful reviews to
assure the quality and accuracy of the published
material.
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AMCEE PROGRAMMING FOR COMPUTER PROFESSIONALS

John T. Fitch
Associate Director

Association for Media-based Continuing Bducation for Engineers

ABSTRACT

The Association for Media-based Continuing Educa-
tion for Engineers (AMCEE) is a consortium of 33
engineering universities which provides off-
campus education via television and videotape.
Clients are engineers, industrial scientists, and
technical managers in business, industry, and
government. AMCEE operates a satellite delivery
system, offering six hours a day, five days a
week of non-credit continuing education courses.
The bulk of the courses, however, are delivered
on videocassettes, accompanied by study guides
and textbooks. The majority of these "short
courses" are in computer and communication re-
lated subjects.

INTRODUCTION

In a session on "Technical Education by Satel-
lite," it seems appropriate to talk specifically
about continuing education for computer profes-
.sionals, because the AMCEE programs aimed at that
audience have been among its most successful.
But first it might be worth a brief digression to
explain AMCEE ‘itself and its mission.

AMCEE is an acronym for the Association for
Media-based Continuing Education for Engineers.
It is a non-profit, tax exempt consortium of, at
present, ' thirty-three engineering universities.
What these schools have in common is programs of
off-campus graduate .and/or continuing education
using television and/or videotape. Most of the
members offer master's.degree programs and con-
tinuing education short courses to practicing en-
gineers, industrial scientists, and technical
managers who take their coursework -at the job
site rather than on campus. The medium that con-
nects the campus classroom with the industrial
site or government laboratory is either "live"
television using Instructional Television Fixed
Service (ITFS) microwave .channels, or a set of
courier-delivered videocassettes. Most of these
materials are in what is commonly called "candid
classroom" format, i.e. the courses are broadcast
or videotaped as they are being taught to a class
of on-campus students. Cameras are fixed to the
walls and ceiling ‘of the classroom, and the
equipment is often operated by students. ' Thus,
the production costs are marginal.

Bringing the classroom to the student offers con-
venience and flexibility, as well as significant
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cost-- and time-effectiveness. And all without
sacrificing academic quality. Several studies
have shown that off-campus students do as well or
better than their on-campus counterparts taking
the same course.

With a view toward providing better quality
materials to "increase the national effectiveness
of continuing education for engineers," twelve
universities joined together in 1976 to form
AMCEE. Its headquarters were placed on the cam-
pus of one of its members, the Georgia Institute
of Technology in Atlanta. The idea was that an
association of schools would make it economically
feasible to develop studio produced videocas-
settes and collateral printed materials for a na-
tional rather than a regional clientele. Thus,
1986 is the tenth anniversary of the consortium
which has since nearly tripled in size in terms
of membership =-- and increased by an order of
magnitude its services to business, industry, and
government. Table 1 is a list of the present
AMCEE membership.

Table 1 - Members of AMCEE

Auburn University

Colorado State University

Georgia Institute of Technology

GMI Engineering and Management Institute
Illinois Institute of Technology

Iowa State University

Massachusetts Institute of Technology
Michigan Technological University
North Carolina State University
‘Northeastern University

Oklahoma State University

Polytechnic University

Purdue University

Southern Methodist University
Stanford University

University of Alaska

University of Arizona

University of Florida

University of Idaho

University of Illinois at Urbana—qpampaign
University of Kentucky

University of Maryland

University of Massachusetts
University of Michigan

University of Minnesota

University of South Carolina
University of Southern California
University of Washington



During these first ten years, the medium of
delivery has been the videocassette, there being
no economical national equivalent of the 1local,
live ITFS. And videocassettes still offer
scheduling flexibility that prompts many clients
to opt for them, even when live television is
also available. Participants who miss ‘a session
because of travel or pressing business can catch
up with their colleagues by watching the video-
cassettes on their own.

Today, with over 90 per cent of the engineering
universities who offer media-based off-campus
education as members, AMCEE publishes an annual
catalog listing some 500 video courses in 16 en-
gineering and science disciplines from its 33
members. These disciplines cover all the tradi-
tional ones from aeronautical engineering to
mathematics as well as a number of interdiscipli-
nary and management subjects. During the last
fiscal year, AMCEE logged over 1500 orders from
some 850 clients and reached an estimated 22,000
individual participants.

SATELLITE DELIVERY

By 1985 the economics of satellite television had
made it feasible for AMCEE to re-evaluate the
possibility of live television delivery for its
programs. At the same time, a subset of AMCEE
member universities formed a sister organization,
the National Technological University (NTU) to
offer an accredited master's degree program on a
national basis. The two organizations agreed to
share a transponder on a recently launched satel-
lite in the "Ku" band. Unlike the more widely
used "C" band, used by the cable and movie chan-
nel companies, the Ku band is used primarily for
business communications. Several AMCEE clients
were already equipped to receive satellite
programs in this higher frequency part of the
-spectrum. Furthermore, because of the higher
power of the particular satellite selected (G-
Star I), it was possible to split the bandwidth
and power of a single transponder and still
provide reasonably good signals to carefully
specified and installed receivers -- thus further
improving the economics of this new delivery
mode.

In September 1985, the two organizations in-
augurated the "“AMCEE/NTU Satellite Network," NTU
providing candid classroom courses for credit
towards a master's degree, AMCEE providing non-
credit short courses for continuing education.
Currently, there are five origination sites where
"earth stations" are located that can transmit
classes up to the satellite. These are located
at Colorado State University; the Universities of
Massachusetts, Maryland, Maryland, and South
Carolina; and the Georgia Institute of Technol-
ogy. AMCEE, because it is located at Georgia
Tech, relies heavily on the "up-link" there.
Each weekday from 11:00 a.m. to 5:00 p.m. Eastern
time, AMCEE broadcasts a variety of short courses
and seminars, a total of 1500 hours of instruc-
tion per year. Many of the courses are pre-
recorded on videocassette, but some of them are

live with participant interaction via telephone
with the instructor. These are on engineering
and technical management topics, with the most
popular being those having to do with computers
and communications.

Organizations receiving the telecourses install
their own "down-links" and pay for the service
through a network registration fee and individual
course registration fees. Under license, they
can videotape transmissions for delayed use to
provide them with the scheduling flexibility
available through videocassette delivery. In
general, the pricing is similar for the two modes
of delivery, though the startup cost for par-
ticipation in the satellite network clearly makes
it more expensive, initially. So, one might ask
why a company might choose satellite over video-
cassette delivery. There is more than one
answer. For one thing, it is simply a lot easier
to walk into a room and turn on the TV than it is
to plan far enough ahead to order a set of
videocassettes, take delivery of them, keep them
safely, and return them after they've been used.
And when the program is a "live" event, there is
the added value =-- gratification, even excite-
ment, if you will -- in being able to call up the
instructor and ask a question that applies to
your own particular situation. As of this writ-
ing (Spring 1986) there were approximately 60
down-link receiving sites scattered across the
country.

But to concentrate on the difference in cost be-
tween videotape and television delivery systems
obscures a more important point: the dominant
cost of education is the participating engineer's
time. Anything, then, that can be done to con-
serve that time, by, for example, eliminating the
need to commute to a college campus undoubtedly
outweighs the higher cost of media-based deli-
very.

We have experienced minimal start-up problems
with the network, most having to do with the
novel split transponder and the necessity for
careful purchase, installation, and maintenance
of down-link equipment. Training directors
regularly call the AMCEE office with their 1lists
of registrants for a variety of courses. AMCEE,
in turn, coordinates the shipment of printed
materials -~ study guides and/or textbooks -- to
the receiving sites (usually!) in time for the
start of each course.

SPECIAL PROGRAMS

Occasionally (currently about once every other
month) AMCEE opens up its satellite network and
transmits a short seminar or longer telecourse on
a C-band transponder as well as on its Ku-band
network. This means that any organization with
access to a C-band down-link can receive the
programs, and even if they do not have access to
such equipment, there are many areas around the
country where participants can come to an AMCEE
member campus to watch the program. Furthermore,
the Hewlett-Packard Corporation has very gener-
ously opened many of its plants and offices to



outsiders who wish to participate. These special
"open network" broadcasts receive far wider
promotion than is given the rest of the schedule.
Instead of just being listed in the AMCEE publi-
cations, the Monitor and the Uplink, separate
brochures are published for each program and
mailed to several thousand prospective par-
ticipants.

These special broadcasts are usually reserved for
live events such as an April 1986 program on
"Computer Communications and Networking: A Tech-
nology Forecast" or a combination of videotape
and live broadcasts such as a June 1986 program
on "Microcomputer Software for Project Manage-
ment." The former -- the all “live" programs --
are usually videotaped as they occur and, if the
quality of the programs is high and the content
likely to have a reasonable shelf life, these
videotapes are then advertised for rental and
sale. Although these cassettes do not have the
advantage of the telephone interaction, they can,
nevertheless, be useful to those not able to
watch the satellite broadcast.

The latter type of program —-- the combination of
videotape and live —-- is a more frequently fol-
lowed model. Here, a set of videotaped lectures,
often made just prior to the broadcast, are used
as the backbone of the presentation. We find
that, by videotaping the lectures, the instructor
is subject to less pressure, errors can be cor-
rected, and there is time between lectures to
collect thoughts and materials. However, the in-
structor remains in the studio after the taping
is completed (or returns at a later date) for the
satellite broadcast. Then, after each videotape
is run, the instructor appears "live" on camera
and takes telephone questions from the par-
ticipants. The schedule is arranged so that any
time not used for questioning serves as a brief
intermission before the next videotaped lecture.

We are still developing this mode of operations
-- the whole concept of dual-band satellite
programs is still relatively new for us -- but
the scheme that appears to be emerging is one in
which we produce the videotapes at a television
studio at the University of Maryland (where we
produce most of the AMCEE videotaped courses) and
then up-link the actual broadcast from one of the
"candid classrooms" across campus at the en-
gineering school, which has a Ku-band earth sta-
tion, or we take the tapes to the University of
South Carolina (which has, in place, both Ku-band
and C-band earth stations). Exotic as all this
may sound when compared with offering a continu-
ing education program at a local college campus,
it is not, marginally, a very costly operation
(because the studios and up-links are already
"there"). Therefore, it does not require a very
large audience to break even (on the order of a
few hundred people).

COMPUTERS AND COMMUNICATIONS

As indicated earlier, among the most popular
courses delivered over the satellite network are
those having to with computers and/or communica-

tions. (This is also true to a lesser extent for
our videocassette distribution, but the videocas-
sette audience is greater and more diversified;
hence a program on metallurgy might do well on
tape but fail on the network where the clients
are still primarily high-tech companies with a
heavy concentration in the computer field.)
Table 2 lists the programs offered thus far on
the network on computer-related subjects.

Table 2 - Computer Related Courses on the
AMCEE/NTU Satellite Network

Applied Kalman Filtering

Communication Networks

Computer Communications

Computer Communications & Networking
DDN & DOD Protocol Standards
Distributed Processor Communication Arch.
Distributed Telecommunication Networks
Effective Use of Small Computers
Fortran 77

Fundamentals of Data Communications
Gallium Arsenide Integrated Circuits
IEEE 802: Local Network Standards
Integrated Services Digital Network
Interactive Computer Graphics

Kalman Filtering

Lisp at Work, Parts 1, 2, & 3

Local Area Networks

Local Network Technology & Selection
Microcomputer Software for Project Manage-
ment

Microprocessor Interfacing

Packet Switching Networks

Pascal, Part 1

Principles of Modern Software Engineering
Relational Database

Robotics: A Tutorial in Four Parts
16-Bit Microprocessor Programming
Software Management for Small Computers
Software Project Management
Telecommunications & The Computer
Vector Processors & Mini Computers

Neglecting individual lectures =-- usually on
management skills topics, these 30 courses repre-
sent approximately half of all the courses of-
fered on the network during the period from early
September through mid May, 1986. In other words,
all other disciplines made up the other £ifty
percent.

CONCLUSIONS

AMCEE currently broadcasts its non-credit courses
six hours a day, five days a week on the share
AMCEE/NTU satellite network in the Ku band, for a
total commitment of 1500 hours a year. In addi-
tion, AMCEE offers six or more "special™ events
each year on both the Ku-band network and on a C-
band transponder. These special programs include
both . three or four hour seminars as well as two
and three day short courses. Those tentatively
scheduled through June of 1987 are:

1986
Computer Organization & Archi-
tecture

November



1987

January Database Management Software
for Personal Computers

March Office Automation

May Computer & Network Security

June Microcomputer Software for

Project Management: An Update

For these "specials," it is clear that the sub-
ject matter is completely devoted to computer re-
lated subjects. Should this mode continue to be
as successful as it has proved thus far, AMCEE
will undoubtedly increase the frequency of these
open-circuit transmissions. At the same time,
the Ku-band network continues to grow as more
corporate sponsors and more sites are added, with
the expectation that it, too, will cross over
into the black during 1987.



NTU COMPUTER ENGINEERING PROGRAM

Frederic J. Mowle, David G. Meyer, Philip H. Swain

School of Electrical Engineering
Purdue University
West Lafayette, IN 47906

Abstract

Live teleconference from Purdue University
describing the Computer Engineering Program offered
by the National Technological University. Areas to be
covered include the degree program requirements, com-
ments by a course instructor, and comments by a
university administrative contact person. A live ques-
tion and answer session is planned.

Background Information

The National Technological University (NTU) was
established in Colorado as a nonprofit corporation in
1984. The academic programs offered by NTU draw
upon approved course offerings from the 21 participat-
ing universities, all of which are members of the Asso-
ciation for Media-Based Continuing Education for
Engineers (AMCEE). Although NTU’s charter
specifically prohibits offering baccalaureate or doctoral
degrees, NTU offers selected undergraduate classes
from participating universities to assure appropriate
foundation for master’s level coursework. NTU uses
advanced educational and telecommunications technol-
ogy to deliver instructional programs to graduate
engineers and technical professionals at their employ-
ment locations. Each NTU site is operated by a spon-
soring organization.

Academic Organization

The National Technological University relies upon
a faculty consisting of consultants selected from the
faculty of each participating institution. These faculty
consultants are organized in discipline groups to form
Graduate Faculties, typically with one representative
in each discipline from each participating institution.
At the present time, NTU offers Master of Science
degrees in five disciplines: Computer Engineering,
Computer Science, Electrical Engineering, Engineering
Management, and Manufacturing Systems Engineering.
Three standing Committees support each of the vari-
ous Graduate Faculties. The Curriculum Committee
in each discipline develops study programs and reviews
all courses submitted by the participating universities.
The Admissions and Academic Standards Committee
for each Graduate Faculty sets the policies governing
admission and criteria for students to continue as
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active degree candidates. The Staffing Committee in
each discipline monitors activities of faculty consul-
tants to assure that the proper faculty functions are
performed.

Participati