+
TECHNOSCIENTIEIC
[MAGINARIES

CONVERSATIONS, PROFILES,
AND MEMOIRS

George E. Marcus, EDITOR

University of Chicago Press
Chicago and London



George E. Marcus is professor of anthropology at Rice University. He is coauthor of
Anthropology as Cultural Critiqgue (University of Chicago Press, 1986) and was the
inaugural editor of the journal Cultural Anthropology.

The University of Chicago Press, Chicago 60637

The University of Chicago Press, Lid., London

©1995 by The University of Chicago

All rights reserved. Published 1995

Printed in the United States of America

04 03 02 01 00 99 98 97 9 95 1 2 3 4 5

ISBN: 0-226-50443-3 (cloth)
0-226-50444-1 (paper)
ISSN: 1070-8987 (for Late Editions)

e paper used in this publication meets the minimum requirements of the American
National Standard for Information Sciences—Permanence of Paper for Printed Library
Materials, ANSI Z39.48-1984.



CONTENTS

Introduction
GEORGE E. MARCUS

Scientists, Families, and Friends

Cornucopions of History: A Memoir of Science and the
Politics of Private Lives
Livia POLANYI

Eye(l)ing the Sciences and Their Signifiers (Language,
Tropes, Autobiographers): InterViewing for a
Cultural Studies of Science and Technology
MicHAEL M. J. FISCHER

Mind, Body, and Science

Twenty-first-Century PET: Looking for Mind and
Morality through the-Eye of Technology
JosepH DUMIT

Medicine on the Edge: Conversations with Oncologists

Mary-Jo DeLVEccHIO Goob, IRENE KUTER, SIMON

PoweLL, HERBERT C. HOOVER, JR., Maria E.
CARSON, AND RiTA LINGGOOD

Science, Inc.
Reflections on Fieldwork in Alameda
PauL RaBiNnOow

Innocence and Awakening: Cyberdimmerung at the
Ashibe Research Laboratory
ALLUCQUERE ROSANNE STONE

vil

11

13

43

85

87

129

153

155

177



Viii

10

11

12

13

14

15

16

17

CONTENTS

The World of Industry-University-Government:
Reimagining R&D as America
GaARY LEE DOWNEY

Arms and the Scientist

Trust but Verify: Science and Policy Negotiating
Nuclear Testing Treaties—Interviews with
Roger Eugene Hill
Diana L. L. HiLL

Becoming a Weapons Scientist
HuGH GUSTERSON

Science and the Hope of Nations
Rehabilitating Science, Imagining *“Bhopal
KiM LAUGHLIN

Of Beets and Radishes: Desovietizing
Lithuanian Science
KATHRYN MILUN(AITIS)

Andrzej Staruszkiewicz, Physicist
LEsZEK KOCZANOWICZ

Bachigai (Out of Place) in Ibaraki: Tsukuba Science
City, Japan
SHARON TRAWEEK

Science Beheld
Bitter Faiths
KATHLEEN STEWART

Confabulating Jurassic Science
Mario BiAGIoL!

Discussions: Excerpts from the
Collective Editorial Meefing

A Look Backward: Perilous States Revisited
Insurgent Urbanism: Interactive Architecture and a
Dialogue with Craig Hodgetts
James HorsTonN

Kith and Kin in Borderlands
GupruN KLEIN

197

227

229

255

275

277

303

325

355

379

381

399

433

459

461

507



18

CONTENTS

A Look Forward: A Preview of Volume 3

Imagining In-formation: The Complex Disconnections
of Computer Networks
CHRISTOPHER POUND

Contributors
Index

525

527

549
553

ix



GARY LEE DOWNEY

T

197

THE WORLD OF
INDUSTRY-UNIVERSITY-GOVERNMENT:
REIMAGINING R&D AS AMERICA

Unfortunately, the overall quality of engineering design in the United
States is poor. . . . Partnership and interaction among the three key
players involved in this endeavor—industries, universities, and gov-
ernment—nhave diminished to the point that none serves the needs of
the others. . . . This state of affairs virtually guarantees the continued
decline of U.S. competitiveness.

—National Research Council, 1991
We're trying to do with the computer what we cannot do with our

organizations.
—David Grose

The ACSYNT Institute is rewriting a computer program for aircraft design
that is twenty years old. In the process, institute members are also rewriting
themselves. The ACSYNT Institute is experimenting with a new form of or-
ganization for technological research and development, a joint venture involv-
ing industry, university, and government as equal participants. Its technical
objective is to get design engineers in industry to use a program, or code,
called ACSYNT, originally written within government and recently improved
within the university. Yet through its very organization and day-to-day activi-
ties, the ACSYNT Institute also offers a new vision of research and develop-
‘ment, which I call here the world of industry-university-government, or IUG.
I began following the activities of the institute in 1990, after an informal
consortium among the participants had become a formal organization. My
own feelings about the world of IUG are strongly ambivalent and. hence,
somewhat confused.

ACSYNT is short for Aircraft Synthesis. The code synthesizes, or brings
into interaction mathematically, technical constraints from different engi-
neering areas in aircraft design, including the most prominent areas of aero-
nautics, propulsion, and structures. Aeronautical engineers from NASA
originally wrote ACSYNT in the 1970s to help them evaluate and compare
proposed designs for military aircraft. During the late 1980s, engineering
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Fig. I. Iconic representation of the ACSYNT Institute.

faculty and graduate students at the Virginia Polytechnic Institute and State
University, working under a grant from NASA, merged graphical capabilities
into the code, which means that they enabled it to display visual images of
proposed aircraft in addition to presenting long lists of numbers. Design en-
gineers in both government and industry find this new feature very appealing
because it enables them to see an aircraft as they settle on its specifications.
The institute represents itself iconically with one such image (fig. 1).

[ find the ACSYNT Institutc an interesting organization to study for two
reasons. In the first place, I find its experiment attractive politically. The
institute seeks to blur a bit the boundaries between industry, university, and
government with the goal of benefiting the common good. A nonprofit orga-
nization, the ACSYNT Institute is motivated in part by a sense of citizenship.
Its members try actively to move beyond a narrow focus on the maximization
of self-interest and to work together. I watch people struggling to find ways
of overcoming the boundaries that separate them. I see in the ACSYNT code
an opportunity to introduce a wider range of design parameters, such as en-
vironmental considerations, into the mechanism of aircraft design, as well as
to help an industry shift from military to commercial enterprise. I also like
the people involved, and have become friends with some of them.

During the two years I followed the institute, its membership consisted of
the NASA Ames Research Center, Virginia Tech, and eight aircraft compa-
nies, with four other NASA and U.S. Navy research organizations participat-
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ing in minor roles. Each company committed $30,000 per year for a period
of five years to support research and development activities on the code.
NASA is actually the motivating organization behind the institute. A legal
ptovision of the 1958 Space Act that founded NASA permitted it to enter into
jointly sponsored research arrangements with nongovernmental organiza-
tions, something that few other federal organizations that do. In 1987 NASA
provided staff to establish an independent, nonprofit organization, the Ameri-
can Technology Initiative, with a mandate to establish joint research and de-
velopment projects, now known as dual-use technology development, that
would transfer NASA technologies (o private industry. The ACSYNT Insti-
tute is the second joint venture founded under the auspices of the American
Technology Initiative, or AmTech, although the first to be funded under the
broad authority of the Space Act (fig. 2).

The actual work of tailoring the ACSYNT code to fit industry practices is
done by engineers at the NASA Ames Research Center and Virginia Tech.
The government engineers are primarily responsible for improving its capa-
bilities in mathematical analysis and synthesis, while the university engineers
emphasize developing further its capabilities in visual and geometrical repre-
sentation. Members meet for two days twice a year either at NASA Ames in
California or at Virginia Tech in Blacksburg, to report on progress and ne-
gotiate future plans. I attended three of these meetings, conducted lengthy
interviews with fourteen participants, and attended weekly meetings of the
Virginia Tech research group.

American Technology
Initiative, Inc.
Syed Shariq, CEO
ACSYNT Institute Other Institutes
Industry University Government
Boeing Lockheed Virginia Tech NASA Ames
David Grose Dalton Sherwood  Arvid Myklebust Paul Gelhausen
codirector codirector

Fig. 2. Organizational chart and cast of characters, American Technology Initiative, Inc.
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The second reason for my interest in the ACSYNT Institute is that its mem-
bers are blurring the boundaries among their institutions by means of the code
itself. David Grose makes this point in the epigraph: they are trying to do with
the computer what they cannot achieve with their organizations. Showing
connections between rewriting a computer code and redefining organizational
relationships is a delicate task because it challenges common assumptions
about the relationship between technology and society.

Throughout American history, a common strategy for producing social
change without debating it explicitly has been to delegate the change to tech-
nology. This strategy often remains inexplicit because popular theorizing in
America imagines technology not as a social phenomenon but as a force ex-
ternal to society that impacts on it and to which society must adapt. Separating
technology from society in this way renders it legitimate to produce social
change by means of technological change, for technological change is under-
stood as inherently liberating and progressive. Since the technology itself be-
comes the cause for change, human participants in technological development
may be absolved of responsibility for any social implications other than those
that contribute to human liberation and foster social progress.

Academic research in the interdisciplinary field of technology studies has
maintained that this theoretical attitude of technological determinism limits
one’s ability to understand increasingly complex relations between humans
and technologies. A common academic strategy that I endorse is to reconceive
technology as a part of society rather than apart from it. This conceptual move
can make it easier to see how the technical process of developing a new tech-
nology also designs the social relations within the technology will work.
Since institute members generally envision technology as lacking social con-
tent, they do not describe the transfer of ACSYNT from NASA to industry as
a process of building new social relations into the code. Technical activitics
are different than social activities. Formal discussions tend to center on the
technical features that the code should or should not have, or on whether the
code itself is any good or not. At the same time, much informal discussion
focuses on the participants’ frustrations with what they often see as needless
politics, that is, the nontechnical dimensions and issues that also always seem
to be present. Grose’s assertion linking the technology to organization is ex-
ceptional rather than typical.

If one starts, however, with the different theoretical premise that society
includes technology, one gains a much different image of institute activities.
For example, one can argue that the original ACSYNT code was limited be-
cause its developers had built into it the social relations of research but not of
production. That is, the code fit nicely the research environment at NASA
Ames, where it has always been appropriate to consider different design
specifications simultaneously (for example, aeronautics, propulsion, and
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structures), but it did not fit the production environment in industry, which
has institutionalized rigid separations among these areas. From this stand-
point, by rewriting the code to incorporate the production environment, the
ACSYNT Institute is now constructing innovative social relations that blur the
boundaries among government, industry, and university.

The problem the ACSYNT Institute faced when I completed my participa-
tion in 1992 was not only to incorporate the production environment of indus-
try into the code but also to define the three-way collaboration that constitutes
the world of IUG. Whether the code was good or not had become a question
of whether or not everyone could see themselves in the code. Producing code
that everyone could accept and use would be an indicator that the institute
was not simply an organizational artifice for an incomplete or impossible col-
laboration. These technical innovations and political innovations had to be
realized together, through the same actions.

In the midst of my enthusiasm for this experiment, I also have strong wor-
ries about the world of IUG. I fear that such boundary-blurring, collaborative
ventures have the potential of reproducing, or even magnifying, dangerous
forms of national chauvinism. During the 1980s, official America retheorized
international struggle from a political to an economic idiom. With its eco-
nomic dominance of the world no longer assured, America theorized itself no
longer as a site for competition among individual interests but as a single
economic actor maximizing a collective interest. The national shift to eco-
nomic struggle was sudden and dramatic, embodied and epitomized by the
election and reelection of Ronald Reagan. Reimagining nationalism in eco-
nomic terms and economies in nationalistic terms legitimized and opened
possibilities for unprecedented levels of cooperation within industry, as well
as the direct participation of university and government in economic devel-
opment. More well-known examples of collaboration in R&D have included
the Microelectronics Corporation, which brings together competing electron-
ics companies, and Sematech, a joint venture between government and indus-
try. During the 1960s and 1970s, such collaborative ventures would likely
have met with significant protest that they fulfilled apocalyptic visions of the
military-industrial establishment. In the 1980s, however, the power of patri-
ofic commitment to this economic call to arms became concentrated in a
single, one-word trope: competitiveness.

By successfully transferring the ACSYNT code from NASA Ames to the
aircraft industry, the ACSYNT Institute explicitly hopes to improve the pro-
cess of conceptual design, the earliest stage in aircraft design, in order to
enhance U.S. competitiveness in aircraft manufacturing. During my partici-
pation, no one in the institute questioned the nationalist character of this
objective. Although writing distinct visions of R&D from industry, univer-
sity, and government into the ACSYNT code serves the common good, the

201
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common good is the welfare only of the United States in economic competi-
tion with other nations. The practices of research and development have be-
come linked to the nation because national struggle has been reconceived as
competition in a global market. Rewriting ACSYNT to achieve a world of
industry-university-government is thus one instance of a national strategy to
reimagine R&D as America.

Secing two different possibilities in the institute at the same time, I find
myself ambivalent. Is blurring internal boundaries the crucial first step toward
developing a sense of global responsibility and citizenship? Or, by enhancing
the ability of the United States to act commercially with a single voice, do
collaborative ventures undermine the development of global responsibility
and simply reproduce nationalistic struggle in a new idiom? My sympathies
lie with the first, but the second appears more likely in the near term, for the
end of the cold war has led to a sharp increase in the intensity of nationalism
around the world. Despite the fact that the nationalist concern for com-
petitiveness marks a shift away from production for military purposes, I
worry that the cost may be to militarize American conceptions of commercial
activities.

Strategies for reimagining R&D as America are likely to persist in the
1990s as the Clinton administration works to realize an activist government
that not only participates in economic development but also actively directs
it. As the country evaluates expensive proposals to reconstruct America
through such technological changes as fiber-optic networks and electronic in-
formation highways, the popular theory of technological change is being put
to use once again. In each case the stated objectives envision the technological
delivery of social progress in the form of enhanced competitiveness, yet the
implementation of these technologies will require other social adaptations as
well. It is important for cultural studies of science and technology to examine
critically the social engineering that is built into visions of R&D partnerships
in order to make it clear that technological choices are also blueprints for
social change. Discussions of new technologies should focus not only on
which ones to choose but also on how to assess, evaluate, and acknowledge
a priori the social changes written into them.

By splicing together bits of text from interviews and presentations at a
semiannual meeting of the ACSYNT Institute, I introduce the reader both to
the world of TUG and to the individual and collective stakes for those who
inhabit it. For the people and organizations that participate in the ACSYNT
Institute, moving from a world of old islands of knowledge into a world of
newly blurred boundaries carries not only significant opportunitics but also
considerable risks. Participants can find themselves caught between the two
worlds, subject to two different sets of responsibilities and expectations. The
forms these tensions take vary significantly, depending on where one starts.
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A Cast of Hybrid Characters

A significant feature of the ACSYNT Institute experiment is that its human
participants are people whose careers have taken them across the borders that
distinguish industry, university, and government. In a sense, participants are
all hybrids. Not only do these people have some understanding and respect
for the perspectives that colleagues from other arenas bring to the institute,
but their individual biographies also contain some notable features or events
that demonstrate a commitment to working for more than the maximization
of self-interest. Note, for example, how the rise of Reaganomics redirected
some careers away from work in environmental and energy arenas toward
business and the military. The thread of continuity was the technical content
of the work. Does the presence of hybrids in the ACSYNT Institute suggest a
imited future for the world of IUG? Must one be a hybrid to want to partici-
pate in the first place?

Syed Sharig, 42, CEO of American Technology Initiative, Inc., Menlo
Park, California, the parent organization of the ACSYNT Institute, works
full-time at the institute while on leave from NASA Ames Research Center,
Moffett Field, California.

DowNEY: You were at Ames at the time this started?

SHARIQ: I had just joined Ames, having traveled a very long and circu-
itous path. I graduated from Virginia Tech back in 1974, where I got my
Ph.D. in operations research in the industrial engincering department. I
taught at Oklahoma State for a couple of years, and then got very interested
in the decision sciences area. I went to Duke and was responsible for start-
ing and heading up their program in societal risk assessment. How does so-
ciety make the social decisions of risk, and how do you value human life?
All those questions concerning the socioeconomic impact of technology
were the focus. Also questions of ozone depletion and whether or not there’s
enough risk there to worry about, in terms of cancers and other ecological
effects and so on. So I did that until about 198081, when I decided that I
wanted to leave academia to pursue a career with more direct relevance and
immediate impact on the world we live in—the real world.

Downey: Did that business become boring around 1980—81 because of
the Reagan election?

SHARIQ: President Reagan came into office, so I realized that the environ-
mental agenda of the nation is going to be on ice for awhile. It was also a
good time to really do something different. 1 joined the Stanford Research
Institute [a prominent consulting firm, primarily on defense matters], and
spent about four years working for companies as a consultant in strategic
planning and diversification/acquisition of technologies. Just looking at how
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technology is developed and commercialized in large and small corpora-
tions. What does it take for these big companies to acquire Jittle companies?
How are they thinking about future products and how does technology play a
role? How do you price knowledge work and technologies, and so on? I did
a lot of economic, financial, strategic thinking for several companies, and I
also helped SRI to do their own investments in high technology areas, like
biotech, VLSI, advanced materials, Al, and so on. I was an internal consul-
tant to the office of the president of SRI.

After doing that for three and a half years, I felt I should really take my
knowledge and ideas and apply them to real-world high-tech investments, S0
I joined the venture capital business. 1 spent two years at a premier invest-
ment banking company in the Bay Area. 1 became part of a team of four
senior people who were managing a portfolio of over sixty-seven companies,
with over $100 million in investments. And for about a year and a half I
developed a system for them for managing portfolios of companies and
monitored investments in the artificial intelligence area.

DowNEY: So first you went one direction, academia, then made a com-
pletely different move to consulting, and then to venture capital.

SHARIQ: Yes, I spent about two years in venture capital doing that, work-
ing on portfolio selection and investment decision-making methodology in
the Al/software area. So after being there I realized that most of the venture
investments, with over $110 million, had been made in the 1983 -84 time
frame. Those portfolio companies, over half of them, were doing so poorly
that the fund would eventually collapse. There’s no way anybody would be
able to raise funds again, s0 1 looked at the cards and decided that that’s just
not going to work out. I wanted to take some time out for personal reasons,
just slow down, because venture capital had gotten to be more than two full-
time jobs.

DownNeEY: I bet it was stressful.

SuARIQ: So I came to NASA to head their program in artificial intelli-
gence, with no intention of doing what I am doing now at AmTech. But the
director of Ames who hired me and a couple of other people thought that
this idea of bringing NASA-industry-university joint ventures together is an
interesting one.

In the wake of the Challenger accident and other problems with major
projects, NASA was looking for new ways 10 legitimize its activities in
commercial terms, contributing to America by enhancing its €conomic
competitiveness.

SuarIQ: The legal people at Ames had done some research on the idea

of using NASA’s Space Act authority for carrying out joint R&D projects,
and decided it was a nifty idea. They wanted to ask somebody who is well
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versed in the private sector and also understood academia to implement it.
And so, I happened to be in the right place at the right time. When 1 re-
viewed the concept, I felt that T could do it and believed it would be a valu-
able innovation in our economy.

DowNEY: And government. So you’ve got it all. You got it all.

paul Gelhausen, 31, codirector of the ACSYNT Institute with Arvid Myk-
lebust, is an aeronautical engineer working full-time at NASA Ames Research
Center, California.

DownEY: Could you give me a sketch of your own history and involve-
ment in ACSYNT and what you’re doing currently? You’re often character-
ized as someone who really has become a champion for the code.

GELHAUSEN: I don’t really consider myself a champion. 1've always con-
sidered myself more of a—see, I'm of German descent, and I think that
Germans are the guys that are paid to fight for you. So I kind of consider
myself more of a technical mercenary. I always find something technically
challenging no matter what the job.

DownNEY: You're a soldier. You’re a soldier rather than a champion.

GELHAUSEN: 1 think so. I hope, that’s what I'd like to be. Yeah, [ am
enthusiastic. I started as a co-op student working here on ACSYNT. [A co-
op student alternates between school and work, taking more time to get a
degree in order to gain experience and income.]

January of 1980 is when I started. Boy, my boss, George, hated me be-
cause | was a terrible typist and all we had were punch cards for writing
programs. I kept screwing up the cards. I'm surprised he hired me back,
except 1 work hard. But I thought ACSYNT was a great thing. I thought it
was the way things ought to be done.

DownNEY: George told me in an interview that you were an excellent stu-
dent out of Michigan. In aeronautical engineering?

GELHAUSEN: Yeah. Aerospace is what the degree is, but I studied mostly
aeronautics. But I came and I worked for George and we were doing re-
search on the VSTOL airplane [vertical or short take-off and landing]. It was
more in the line of advocacy. [Gelhausen elaborates in some detail how he
did design research for several different types of aircraft while maintaining
an interest in ACSYNT.]

DownEY: It sounds like you didn’t want to limit your identity to any par-
ticular type of airplane but wanted to focus on the more general engineering
issues.

GELHAUSEN: Yeah, I think it’s all aerodynamics, when it all comes down
to it. They all fly, so they’re all flown. The other thing is that I would like to
think that I’'m making things that are most efficient. I’'m interested in making
the most efficient use of resources, getting the job done most efficiently.



206

GARY LEE DOWNEY

DownEey: Where efficiency includes cost?

GELHAUSEN: Cost and minimum fuel use and things like that. I grew up
in the seventies with the fuel crisis and things like that. It probably affected
me more than, say, the folks who work on the National Aerospace Plane
[NASP, a long-distance aircraft that will fly into space], which will really
suck up gobs of fuel. One thing that I hope to be able to do is to look at
alternate energy sources. Methanol, those kind of things, that have less im-
pact, maybe more replenishable and clean energy sources.

DownEy: There might be money for that someday.

GELHAUSEN: Someday [sighs].

DownNEY: Not right now, though, not in the last ten years, not since Rea-
gan beat Carter.

GELHAUSEN: Yes, that was 1980. Well, anyway, the way that I ended up
getting involved with ACSYNT is that I always knew that we could do a
better job with it.

Gelhausen then describes a three-year design competition between the
United States and United Kingdom, in which he used ACSYNT successfully
to compare and evaluate the proposed designs. By this point, his own identity
as an engincer at Ames had merged with the code, and he became principally
responsible for managing its further development.

Arvid Myklebust, 45, codirector of the ACSYNT Institute with Gelhausen,
is professor of mechanical engineering at Virginia Tech.

DownNEY: Could you start with your education and work your way up
through some jobs?

MykLesusT: All right. Well, I'll point out why I'm in this area of com-
puters at all. It’s because I began to study in a preengineering curriculum at
Miami-Dade Community College in 1964, which was very active in comput-
ing at the time because they did computing for the state. I went to school at
night for four years to finish two years work. During the day 1 was a pur-
chasing agent for a printing company, and T was selected by the company to
learn systems programming for a computing system that company was going
to buy. In those days you had to write your own software. I had a year to
prepare, so I started taking courses in electronic data processing, and gota
great deal of basic background in the fundamentals of computing and assem-
bly language. 1 wrote software for business machines, printing orders, and
things like that. The company then lost its contract, so I went back to pre-
engineering, finished, and transferred into engineering at the University of
Florida. I wanted something related to computing software but nothing like
that existed, so I switched to mechanical engineering because 1 had a very
strong mechanical background.

DowNEY: You've talked on occasion about working with engines.
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MykLEBUST: I did major overhauls on trucks and cars, about half and
half. That’s what my father did, and I was working with him. So that’s why
I switched to mechanical engineering, but I looked for computing applica-
tions all through my undergraduate years. Later, as a graduate student, I
switched to a program in kinematics [mathematical modeling of mechanical
linkages] simply because that was what was making the broadest and most
intense use of computing at the time.

Myklebust then goes on to describe his master’s and doctoral research on
the computer-aided design of linkages, postdoctoral research in Norway, and
then teaching positions at the University of Arkansas and Florida Atlantic
University. He found himself caught up in software design for microproces-
sors and director of an engineering computer laboratory. I wondered what
kept him in the university.

DowNEY: Did you think about jumping ship and going after the money in
industry?

MykLEBUST: I wasn’t interested in the money. Never have been. I think
the reason was that the companies 1 worked for while I was working through
the first four years really soured me on working for companies. I'm sure
there are many good companies to work for, but I didn’t like the approach
that some of these companies took toward their employees.

Also, I was so idealistic then, I didn’t think about the money at all. As a
matter of fact, I only wanted to do the research on linkages to help stimulate
aresearch area in computer-aided design.

DowNEY: When you say you were so idealistic, what were the ideals you
were pursuing?

MyxkLEBUST: I wanted to be able to accomplish something that was worth-
while, to make my presence here have some meaning. Just to go out and sell
software to make a buck didn’t seem to me to be too satisfying.

When I conducted this interview in 1990, I did not pursue this point fur-
ther, and never realized how Myklebust connected computer-aided design to
having meaning in his life until T did a follow-up interview to prepare this
paper. I had visited Myklebust’s farm and knew that he was passionately
committed to farming with horses, but never imagined that his work at home
with horses was linked to his work in the lab with computers. After discuss-
ing the series of job changes and grants that led to his positions as faculty
member at Virginia Tech and codirector of the budding ACSYNT Institute,
we began talking about problems in America’s new emphasis in the 1980s on
manufacturing.

MyKLEBUST: For me the important thing is to improve the quality of
things rather than to reduce their cost. I want things to get better. I think we

207
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should pay attention to improving things for our own benefit, not just for the
sake of producing stuff to sell to people. Because we want to improve the
situation. Because the price of quality can't be measured. It’s orthogonal to
cost [perpendicular to or at odds with cost]. When we think about the things
we do, the things we eat, and how we live, then what’s more important than
cost is the quality, the quality of our food, the quality of our life. The cost to
me doesn’t mean beans.

Out of a group of twenty-seven new products, we probable need zero of
them. I haven’t had a television for thirteen years and many times I've con-
sidered getting rid of my telephone. It’s not because I'm an oddball, it’s
because I don’t find any good reason to have it except to call people on
emergencies. If you take yourself away from pop culture for a period of
time, for a year or two, all of a sudden you begin to realize that the things
people think are important, the goods they buy, aren’t so important. But it’s
hard to see that when you are plugged into it.

I try and let our students know that we don’t need to manufacture stuff
just for the sake of manufacturing to make a profit. Even if you take every
company in the U.S. or in the world and make them socially responsible,
that still isn’t going to stop the impact on the environment from constantly
taking resources and producing stuff that always generates wastes. Some-
how you have to change the philosophy of what we mean by corporations
and the production of goods to be able to stop this destruction of our envi-
ronment. We are doing it at an ever-increasing rate. It is horrifying. And
I guess people are not going to notice it until it starts showing up on the
television.

The connection between computing and horse-drawn farming became clear
to me for the first time: both promise benefits to society with minimal cost to
the environment.

MYKLEBUST: I was going to say the same thing about computing. If com-
puting does anything, it helps us to, gives us time to do things better, at a
very small environmental cost. Or at least it used to be a small environmen-
tal cost. Now its getting to be an enormous one because there are ten PCs in
every home, just like there are ten televisions. But in terms of electricity and
impact on the environment, it probably has a much smaller impact than most
other machines we use. The computer can amplify our abilities not to think
but to evaluate possibilities for things by computing them much more rap-
idly. And it ought to be used to help us instead of to make things worse
for us.

DownEY: That’s my career goal. to inject a sense of global citizenship
into the corporation.
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MYKLEBUST: But you need to be able to act locally. [Hesitates, points at
tape recorder.] Could you turn that thing off for a minute?

David Grose, 43, is the leader of a design research group at Boeing Com-
mercial Airplane Company.

DowNEY: Could you give me a little background on your career?

Grosk: I got my bachelor’s degree at the University of Kansas in engi-
neering. I was in that first draft lottery. It was the only thing in my life that I
have ever won. I got drafted out of college and spent two years as a prison
guard at Leavenworth. I had a chance, because of the duty hours, to take a
couple courses each semester at Kansas; it was only an hour drive away. So
when I got out of the army, I went back to graduate school. By that time, 1
just had a few courses to finish my master’s and then I started on my thesis.
While I was there I got a lot of good advice from professors that “if you
want to go farther, do it now because it’s so tough to do later on.”’

So I went in and I started on a Ph.D. program in control sciences. Then I
shifted to a doctor of engineering program, which NASA partly sponsored,
that was design oriented as opposed to basic research oriented. It was more
of a systems, system design, system analysis, that type of thing—the bigger
picture. So I got a fellowship grant and went to NASA Dryden and did my
research in active controls of flutter suppression, which had an interdiscipli-
nary flavor. So when I finished up there I went to Gates Lear Jet in Wichita,
where I headed an engineering group in flutter and vibration. I was there
about three and a half years, 1 guess.

DowNEY: When did you finish your doctor of engineering degree?

Grosk: 1 finished at NASA in 1978, with the degree effective in 1979,
and I stayed at Gates for a little less than four years. I had the responsibility
for the flutter certification of the Lear 55.

Then I got the courage to start a small company with some other guys
trying to apply aerospace technology to alternative energy. Kansas was pri-
marily oriented at that time to energy storage and wind energy because the
wind blows all the time. We built a large prototype of the system and tested
it until it was damaged in a wind storm, which are also common in Kansas.
I guess I was in that a little over two years. Unfortunately, the timing was
bad in the sense that when we started there was a lot of interest in alternative
energy and after two years Reagan became president and the interest in fund-
ing for those type of things went downhill rather fast.

For monetary reasons I went to Boeing at that point. The first job I had
there was program manager on an air force program on artificial intelli-
gence. What they were trying to do was apply Al techniques to automate
aircraft manufacturing.

209



210

GARY LEE DOWNEY

Downey: They were doing that ten years ago?

GrosE: Really wasn’t what [ wanted. 1 went there (0 actually apply some
of the control background in robotics, which was kind of an emerging field
at the time. 1 was there three days and literally got shanghaied on a proposal
effort [seeking a defense contract], and when it was over I was hoping they
wouldn’t win it but they did. Well, 1 did that for about a year. The tech-
nology was not anywhere close to the point that the expectations were. And
I actually recommended to the Air Force that they terminate that program
and focus on some of the areas that needed to be matured before they try it.
They cut the funding but they kept the same objectives [laughs]. They
started to focus in an area that I really had no interest in, integrated database
management and things like that. So 1 got them on schedule, under budget,
and we got a deputy program manager that had a background in that to take
it over. 1 went and took advantage of an opportunity to lead the flight con-
trols research group at Boeing Military in Wichita.

Spinning Off AmTech from NASA

The first step in building this R&D world of industry-university-government
was to establish a new form of organization to f anction within it. Establishing
a new form of organization is no €asy matter, because the organization must
also be theorized in terms of the categories of law. A world of R&D that did
not fit within the world of law could not exist.

SHARIQ: The idea of AmTech as such didn’t come out of any of the con-
gressional activities or any mandates from the president or from higher-ups
at NASA. The Space Act has been around since 1958, when NASA was
created. At the time, we Werc under the fear of Sputnik and there was tre-
mendous pressure {0 build technology and compete head-on with the Sovi-
ets. The law was and is one of the strongest pieces of legislation, providing
unprecedented authority for the agency to deploy resources and do things
that other civilian agencies could not do.

Strangely, the way NASA chose to do most of its business was diffcrent
than any other agency. So NASA really does business an old-fashioned way,
even though the Space Act allows the agency broad authority to be innova-
tive and pursue alternative strategies. The common mode is to use granis
and procurement mechanisms |purchases]. NASA does distinguish activity
outside of grants and procurement as Space Act agreements.

During the past thirty-two ycars, the Space Act agreements have been
used only when NASA entered into an agreement without committing any
funds. Because they felt there was a clear boundary—that, if you used
money, you used grants and procurement. But for doing novel things—
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leasing a facility, using a wind tunnel, or letting McDonnell-Douglas or
Boeing or 3M use microgravity time on the shuttle—you can do joint en-
deavor agreements. But in all of these governments, federal funds are never
involved.

So when I took on the challenge of developing the joint venture program
in the fall of 1987, it was just an idea. We needed the Space Act to fund
joint ventures, for the Space Act had never been used to pursue such a
program.

The notion of venture is normally used to describe investments that are
risky but promise big payoffs. A joint venture shares the risks and benelfits.

R&D in the AmTech World: Market Oriented, yet Nonprofit

SHARIQ: During the early years (1987—88) we built a body of knowledge
on intellectual property law, procurement law, laws on policies and proce-
dures governing transactions among companies and universities and gov-
ernment. And all that led to a unique and unprecedented set of policies,
guidelines, procedures for joint ventures.

After two years of work, back in last fall [1989], we realized that there is
just a tremendous potential. The country needs this kind of transaction
mechanism for R&D joint ventures among government, industry, and uni-
versity. And the idea we were bringing to it, which is the market-based
transaction mechanism, became stronger and stronger. The more 1 talked
with people, the more I got support for it: “Good idea. This country
needs it.”’

So what you see here is a market mechanism for doing three-way joint
ventures, sharing property rights and resources for common R&D goals but
different end uses for the resulting technologies. Nothing is new, but collect-
ing them all in one package is new.

DownNEey: Wait. How does it work, if you’re going to be a venture capital-
ist in a joint venture? A joint-venture capitalist, that’s what you are?

SHARIQ: That’s what we’ve become. Nonprofit, too. We realized nobody
would know us at first, so what I did was I used my contacts in business,
industry, and within NASA to pull together a joint R&D project. The first
joint R&D project came into being because 1 knew a colleague at Ames. She
was the one who really wanted to do it. | said, ““Hey, why are you spending
$200,000 a year on a grant? Why don’t you multiply that through the joint
venture process?”” And so the whole thing got started. The second institute,
the ACSYNT Institute, is pretty much the same way. I talked to a few se-
lected people I know.

We said to these people, “We’re not open for business right now, because
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we’re still trying to work the bugs out the system.’” But we want to have
some enterprising souls to work with. We can provide benefits for them,
because AmTech offers a lot of free services: legal and financial research,
deal-making negotiations, and so on. All of the contract negotiation and the
entire deal package was put together by AmTech staff at no cost to Virginia
Tech or other participants.

What we are doing now is marketing. I looked at the NASA budget for
1991 and made presentations to people in Washington at NASA headquarters
whose money eventually winds up at the NASA research centers: Ames,
Langley, Lewis, Goddard. We’re not looking for lots of projects, three or
four this year at the most. Each joint venture package is currently done in a
customized way. We are still learning from these experiences.

People I talked to in the Council on Competitiveness, on the Quayle
Council, or in the White House, they’d like to use this as a prototype.

DownEey: To keep it small, but make sure it’s good, so you can show it as
an example, a successful example?

This was the first time I had heard of the Council on Competitiveness, an
advisory group legislated by Congress and with members from industry and
universities appointed by the president. As I read its reports, I began to worry
about building economic nationalism into AmTech, for the Quayle Council
had already established a reputation for conceptualizing national issues in
business terms. Its influence during the Bush administration became an
issue during the 1992 presidential campaign. No formal connections between
AmTech and the Council on Competitiveness were ever established.

SHARIQ: So the idea of establishing a nonprofit came because when I was
talking to many, many people, it was very obvious that this organization
must be a contractual party to the whole agreement. I found through a year’s
worth of legwork, many trips to Washington, that a group of trustees would
help establish this organization only if it was a nonprofit. These people were
very enthusiastic, and they would say. “Okay, if you are going to build a
nonprofit, we’ll be happy to serve as trustees.”’

At the time I asked them I had known each of them for about two years,
and had maybe five or six mectings and phone conversations. And I said,

“I ook, we’re moving toward a problem here. We need to create a new orga-
nization so it can have its own destiny. Its destiny cannot be tied to NASA,
nor can it be tied to the university or to industry. I asked them to work with
me to create a fourth sector of the economy.

DowNEY: Yeah, that’s what’s happening here. That’s why I’m interested.

SHARIQ: It’s not so different. There are lots of nonprofits. In fact, the in-
dependent sector in Washington, it’s been there for a while. Probably you
know, you were there. But what’s not there is the market orientation.
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Downey: The market orientation, no. A nonprofit, market-oriented sec-
tor. [Hesitatingly.] A national concern that is realized through the maximiza-
tion of private interests.

The implications of the concept are dramatic. Once the nation is reconcep-
tualized in economic terms, AmTech and other similar organizations in the
world of IUG actually become more representative of America than the fed-
eral government. While AmTech functions solely as a national, economic
actor, nothing more, the government has many other dimensions: political,
military, police, and so on.

SuARIQ: AmTech combines the public and private interests.

DowNEY: You are trying to encourage private interests to pursue a public
benefit, and you need to have a vehicle. [Pondering.] It has to be, this I
hadn’t thought of before, a nonprofit organization. If it were a profit-making
organization, then there would be some distrust of its activities.

SHARIQ: Absolutely. I couldn’t go into Washington. I couldn’t go to the
White House. My trustees wouldn’t donate their time.

At the same time, however, I have difficulty attracting staff members to a
nonprofit organization. Because there’s no bonus pools, no personal wealth
to be made. This is not venture capital. This is not shared ownership. This is
a privately managed nonprofit, and there is no membership. It is very much
of an anomaly. There’s no precedent that I know of for it. I looked high and
low at nonprofits and congressionally chartered corporations. 1 looked at the
institutional arrangements that we have in our society, the corporation, the
idea of agency, beginning from the late eighteenth century down to today.
There is no place for something quite like this.

As we proceed down this path, I am trying to figure out What we are
really trying to do and innovate. And what I'm following is an instinct,
which says that there’s a need for an organizational contract that can make
the area of public-private R&D transaction efficient. And nothing makes it
efficient unless it’s market oriented.

DowNEY: I'm fascinated by this ideology, by this institutional innovation
whose justification is very much particular to our historical circumstances. If
we didn’t have the Japanese out there, this would not exist.

SuArIQ: Yes, I'd have no reason to do it. There would be no market for
my idea, or for that matter, I would be told, “We don’t need it. We are
doing everything fine.”’

DowNEY: Also, if the Soviet Union had been competing against us suc-
cessfully, there wouldn’t have been a need for you either, because we would
have seen the battle as one between capitalism and communism. But Ameri-
cans tend to perceive the Japanese as beating us at our own game: “If
they’re beating us at our own game, then we need to change our game.”’
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SuARIQ: Or some way for us to do better.

DownNEY: But there’s still antitrust law. 1 mean there’s still the whole
American cultural tradition of market competition among separate property
holders that you have to confront, as we saw in the ACSYNT Institute meet-
ing earlier today. | mean, the industry guys didn’t want to share their dala
with one another. One guy choked on naming the computer program his de-
sign engineers use. He couldn’t say it because there are still proprietary is-
sues. And that’s why I was thinking about the problems that you must run
into structuring legal contracts, because you've got a mess of cultural issues
that have to be resolved in formal language.

SHARIQ: Absolutely.

Writing the New World into the Computer Program

The world of IUG also depended on integrating the ACSYNT code into in-
dustry practices. Remember that NASA engineers originally wrote it for re-
search purposes only, and university researchers improved it. Semiannual
meetings of the ACSYNT Institute brought the government and university
people together with the industry people to review progress in rewriting the
code, primarily through visual demonstrations on computer workstations, and
to define objectives for future versions, or releases. Observers from other
companies were also permitted to attend during the first day. At the third
meeting, held at Ames Research Center, in the heart of Silicon Valley, Paul
Gelhausen and Arvid Myklebust, codirectors of the institute, were hoping
both to get industry members to commit themselves to use the code and to
attract some new members.

GELHAUSEN |opening the meeting]: Let me first say, “Welcome.”” We're
waiting for software to show up for our workstations so we can show the
demos here this afternoon. We were supposed to have that all here yester-
day and, you know, everything had to go bad, and that’s where I was this
morning. It will be here at noon, and I'll think, I'll skip lunch and we’ll get
it up and running for the afternoon demos.

The objectives of this meeting, my overall objective, is try to get industry
participants to really come together and start giving us more feedback, I
guess, on what we’ve got going. We spent the first year kinda like our grant
years, where we just have been going off a little bit unguided, I guess.
[When NASA gives a grant, as opposed to a contract, it is not permitted
to direct the research.] Id like to get more guidance in from the industry
people. It's healthier if there’s more industry participation, because it will
help ACSYNT to become more useful to all of us. So one of our main ob-
jectives, 1 guess, is to get more dialogue going, I guess, with the industry
folks.
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This morning Arvid’s going to talk about the technical accomplishments,
and show off in viewgraphs and words what we have done with an overview
of the upcoming release. Then this afternoon we’ll get to see a demonstra-
tion of the upcoming release and some of the tools that are now available.
Then we're going to have time for member input, which will include myself,
and then we have a special guest, Boeing Commercial, I hope, has got a
little bit to say, maybe, and then anything else from other members that
are here.

Engineers at Boeing Military and Commercial working under David Grose
had done a great deal of work improving the code in order to use it. Gelhausen
was hoping that Grose would influence other members and prospective mem-
bers to get involved and work together. However, Gelhausen raised it very
tentatively because all the Boeing work on the code was proprietary. Would
they share it?

GELHAUSEN: Tomorrow morning, at our meeting for members only, we
will have a discussion of upcoming research and new ideas for research. I
think we really need to spend some time together to generate some commu-
nication, to generate dialogue between the different members. So hopefully
that will happen during the demos this afternoon, during the cocktail hour at
dinner tonight, and then tomorrow afternoon. There’s a lot of open space in
this agenda that I think is mostly for kind of getting the input. With that, I'll
introduce Arvid.

MyxkLEBUST: All right, I guess the central concept here is to improve
computer-aided conceptual design. There have been many objectives, but
I'll just list three here that we’ve concentrated on for some time. First, we
want to have a highly interactive graphics interface for conceptual design of
aircraft. That should be obvious.

The significance of a highly interactive graphics interface for conceptual de-
sign is probably not obvious to most readers. Having a graphics interface
means making it possible to generate visual images of proposed designs.
Making this interface highly interactive means that engineers could make
changes to the design and then view the results quickly and easily. The world
of IUG thus offers industry a technical capability it did not have previously.

MykLEBUST: The second objective is that we want to enhance the analysis
and design capabilities of ACSYNT. So that the kinds of things we do on the
screen, graphically and geometrically, can immediately be analyzed and,
likewise, the kinds of things that come out of an analysis will be immedi-
ately represented as a geometric aircraft model without all the intermediate
steps of putting in points, lines, curves, and surfaces, and all that activity
that takes so long. Of course, the reason for that is, we want to be able to
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have very rapid design cycles, and to give the best possible design feedback
we can have by doing that.

Representing shapes visually on the computer in most industries means draw-
ing them one line at a time. The idea here is to bypass this step and have the
computer draw the aircraft images automatically from data taken from the
analysis process. NASA engineers originally wrote the ACSYNT code to do
analysis, which involves figuring out combinations of characteristics that
will produce an aircraft design that should perform properly with minimum
weight. Industry members want additional forms of analysis because, unlike
NASA, the companies also build airplanes. In addition, since ACSYNT was
originally a research code used by a small group of people, its authors did not
always follow rigorous standards for programming, much to the consternation
of industry. Achieving the world of IUG means that every member must be
able to see itself in the code.

MyYKLEBUST: The third item, right here, is that you’d like device-
independent computer graphics. As a result of that, we now have one ver-
sion of code that runs on all our workstations, the only differences being a
MAKE file at the beginning of it. The code is all the same.

The concept of device-independent computer graphics is a crucial one here.
Industry engineers use many different kinds of computers. Writing a program
that is device independent means that jt will work on everybody’s computers.
This technical strategy helps construct JUG as a collaborative world by ren-
dering insignificant one of the differences that separates the companies.

After giving his introduction, Myklebust launched into a half-hour lecture
about how his university group is using the latest concepts in computer-aided
design. These concepts included representing complex curves and surfaces,
intersections between surfaces, various forms of color, shading, and lighting,
and complex aircraft shapes. He also described changes that students had
made so that the code might be easier for industry people to use. Except for
Myklebust’s colleagues and students, the audience of forty people knew very
little about computer-aided design but loved being able to see visual images
of aircraft designs. He then turned his attention to the half-dozen prospective
members present.

MYKLEBUST: All right, for those of you that are new, let me review a few
words about the ACSYNT Institute. The intent, of course, is collaboration
between NASA, industry, and the academic world in improving aircraft con-
ceptual design. The participants share the technology developed by the in-
stitute and the source code is distributed under license to the participants.

- That’s a rare occurrence these days, and it’s a bit of an experiment here to

see how well this works out. We’re very strongly committed to supporting
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this. Not only supporting what we’re doing but supporting the source code
itself. We need feedback, to know how we can help you, help the companies
to be able to benefit by this.

This last paragraph reveals much about the technical strategy for producing a
world of R&D that permits members to be both inside and outside at the same
time. First, participants receive everything they need to modify the code for
their own purposes because they get source code. Normally when one buys
software, such as the WordPerfect I am using now, one can only interact with
the code, not rewrite it. Giving the source code to all members brings every-
one into the writing process, enabling them to write into the codes they pos-
sess both the collaborative world of the ACSYNT Institute and the local
worlds of their companies.

Second, by providing maintenance support and assistance for the ACSYNT
software, university faculty and graduate students blur the boundary around
their activities and status as researchers. In exchange for accepting a new type
of task, one that is normally an industry activity, they receive substantial
financial support for their research. But, as Myklebust pointed out later in an
interview, this arrangement is not without its costs, for AmTech takes ten
percent off the top of everything.

MykLEBUST: By forming this institute, we do get a great deal better lev-
erage, a better return on your investment, than you would yourself in the
companies. If you doubt that, you should talk to David Grose at Boeing
Commercial Airplane now. He can talk to you about the advantages of doing
it this way. We get support from the Commonwealth of Virginia, and we
have much lower research and development rates at the university than you
do in companies. All three of us working together can make significant
strides at a much faster rate than companies can, I believe.

At present, it’s open to U.S. businesses, universities, and government
agencies only. We’ve had a lot of inquiries from people outside, but that’s
currently the policy.

Rolls Royce, for example, sought membership for some time but was denied
on the grounds that it is based in Great Britain. T never heard any discussion
about how to define the nationality of a multinational corporation.

Why Industry Engineers Participate

The industry engineers participating in ACSYNT are trying to enhance the
influence of conceptual design, the earliest stage in the design process. Con-
ceptual designers generally already have one foot inside the company and one
foot outside it, in the sense that they are nonconformists, the “cowboys’’ lost
in the world of aircraft design. Conceptual design groups are small, in sharp
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contrast with the more powerful groups in the subsequent stages of prelimi-
nary design and detailed design, where the groups number in the hundreds or
even the thousands. Using an enhanced ACSYNT program that synthesizes
considerations from different disciplines while also producing visual images
may help conceptual designers better justify their choices of proposed designs
to company managers. But integrating ACSYNT into aircraft companies also
requires blurring some established internal boundaries.

Grosg: They asked me to head up a concept development group in ad-
vance product development and the biggest fundamental problem we had
was what they wanted to do Boeing did not have tools to do it with in a
timely manner. I was familiar with ACSYNT from when I was with NASA
from the early seventies. We started to get into it and that’s when we started
to see how scrambled the code was. You know it was originally never really
intended to be anything but an analysis tool at NASA and so there was really
no configuration control or those type of things involved. The programming
was representative of the era of fifteen years ago. So we bit the bullet and
fixed it to the point that we could maintain it and work from there. I guess
we started on it right about the first part of 1988.

I think it was around September of 1989 that Boeing made the decision to
reduce the military part of the company. They had just fin ished about a ten-
year, $2-billion expansion of the headquarters for military R&D in Wichita,
facilities and everything, laboratories, the whole bit. It is not being utilized
in the way it was intended. You hate to see that kind of an effort and then
just kind of walk away from it, but the realities, I guess, for Boeing were
that wasn’t the place to invest their money—in the military side. They had
about a fifty-fifty balance five or six years ago between military and commer-
cial, and now it’s ninety-three percent commercial, seven percent military.

DownEy: Could you give me a quick sense of the organizational structure
that you’re in?

GrosE: It’s configuration development and engineering analysis for air-
plane design, and the conceptual design work is scattered all over the place.
Each airplane project really does things totally different from every other
project. When you have people spread out, you know, they are unfamiliar
with how it gets done in different projects. So Boeing Commercial decided
to create Configuration Development and Engineering Analysis as a group in
its own right in the engineering technology staff.

DowNEY: How big is the configuration development and engineering
analysis group?

GRrosE: It’s got about 150 people in it.

DownEY: How big is the whole engineering technology staff?

Grosg: Oh my. Let’s see, what’s the population of Seattle? 1 would guess
probably four to five thousand are involved in R&D work. Aerodynamics,
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propulsion, avionics [electronics and flight systems], and structures ar¢ the
largest of the specialist R&D groups.

Now, they started a core group, which is supposed to focus on not whats
going on now but what we anticipate in the future. We're trying to find a
way of not only doing a better job of that initial definition of the design,
which all the disciplines now work with and analyze, but also trying to find
a way of integrating all those disciplines to where the work that’s done is
consistent.

A few minutes earlier, the head of a conceptual design group at Lockheed,
Dalton Sherwood, had walked into the room and was listening to the inter-
view. He jumped in to explain the major barrier that conceptual design faces
in seeking a higher profile and greater authority in the design process.

SuerwooD: This requires a culture change because each of these tech-
nology specialist groups are all used to keeping control of their numbers
very closely, saying, You tell me what you want, I'll work on it and give you
the numbers back. They did not want you to know how they did their study
and what their assumptions were and they couldn’t care less what the impact
was on the overall study.

Grose: I would say that very thing right there is the thing that hampers
trying to do what we’re doing more than anything. Because one thing
computer-aided design or analysis has done is that it’s integrating the data.
The trouble is, some disciplines want to avoid that because they feel they’re
losing control of their own destiny. For example, in Wichita, the propulsion
group was really opposed to what we were doing with ACSYNT, and yet in
Seattle they’re one of the biggest supporters of it.

Some want to get their software activity integrated into this thing, some
don’t; they are not going to give you their software. You know, you just tell
them what you want and they’ll give you the data type of thing, and that’s

not the way to design.
SurrwooD: I’ve had guys curse me because I was taking their job.
Grose: In reality, he was making it better, they just didn’t realize it.

Getting the Code into the Company and the Company
into the Code

GROSE [in a presentation at the institute meeting): The work that was being
done at Boeing Military was trying to look at restructuring ACSYNT so it
could be integrated into a larger sefting in our system. The primary issue there
was to identify explicitly what was in it | general laughter, since ACSYNT
contained many mysteries], and provide some kind of rigor and structure so
we'll be able to add to the software in more of an automatic sense.

We have basically gone through the program line by line [laughter again,
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because the original code had 60,000 lines]. What we tried to is, in every
case where there’s equations, through conversations with Paul Gelhausen,
we found out the reference and got a copy. Cases where an equation showed
up, that it was not in a referenceable document, we then derived it to ensure
its correctness. And we're embedding all these comments in the code so that
people can look at a section of code and see the reference material. We’ll
have a set of reference materials that then they can go look at if they want
more details on the issues there.

Again, we’re trying to deal with the fact that, when engineers get in-
volved in a design project, they may have a pet way of calculating a par-
ticular parameter, and they’ll say, Well, how’s this doing it? And it’s not
an issue that you’re trying to promote the one over any other, but you can
simply now readily show them what is in there.

An important feature of the ACSYNT code is that it is divided into large
building blocks of subprograms, called modules, that are particular to each
discipline. Each module is roughly independent of other modules and can be
used or ignored in particular projects. The very structure of the code thus
makes it possible for industry members to work within the world of TUG while
remaining within the world of the company. That is, individual members can
write, maintain, and use proprietary modules while the institute produces
modules that all members share collectively, writing their collaboration into
the code. Organizing all of this, however, will not be easy.

Grose: Now the key to the whole thing is that we have to decompose the
analysis modules to where you have fundamental building blocks of code
and then pull the appropriate one in at the appropriate time. I think with the
realm of problems we can envision with lots of people in the company trying
to work with this, what we were trying to do is add as much flexibility as
possible to it at the conceptual design stage.

And this will help us to try and integrate this into other software systems
downstream in the design process, to start to pickfup the information in
them and couple better with their models. So this is the direction we’re try-
ing to go now, so we don’t find ourselves spending all our time trying to get
the program to work the way we want to get the answers, but we have the
opportunity to do the fun part and that’s actually to work the design problem.

Other conceptual design codes frequently do not distinguish so clearly among
the disciplines. Without the modular design in the ACSYNT code, then, the
ACSYNT Institute and its collaborative world of IUG could probably not have
been possible.

GeLHAUSEN: Well, I think that’s one of the real key features of ACSYNT
now, its modular design. Nobody else has done that.
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DownNEyY: How do others do it?

GeLuauseN: I think it’s like one guy that sits down and kind of puts
things together, pulling together different types of methods.

DowNEY: Puts the modules together?

GeLuAUSEN: No, there’s no code that’s as modular as ACSYNT overall,
from what I’ve seen; my experience is in helicopter codes. You know, the
guy is going along and he’s thinking about aerodynamics and then he sizes
his engine in the middle of his aerodynamics for some reason, you know,
it's not as well organized.

DownEY: It’s not subdivided by discipline?

GEeLHAUSEN: Those codes tend to be very inflexible or if they're flexible
it’s because you’ve got to have the guy who wrote the code with you to be
able to modify it. It think my generation is always saddled with somebody
else’s code.

DowNEY: Well, I watched the guy from Boeing, David Grose, paint kind
of a nasty picture of the structure of the code and its documentations.

GELHAUSEN: Well, it’s true. I mean, ACSYNT’s documentation is pretty
thin, I think because it’s research code, but it’s easier to justify ACSYNT
than probably any of these other codes, except that the other codes were
developed in-house in the companies. You’ve got, you know, people who
say, “I know that the results of this code predict this and I trust that because
we’ve done this before and it’s been right.”” ACSYNT, on the other hand,
was never in Boeing before so they’re trying to justify it.

How Blurring Boundaries Transforms Government
and University

By participating in the ACSYNT Institute, NASA Ames engineers gain the
opportunity to direct university research, which they cannot do in a grant
relationship, while university researchers accept the burden of delivering
products.

DowNEY: At what time did NASA Ames people say, hey, it would be nice
to have a graphical interface. How did that come into the picture?

GELHAUSEN: We had always been playing around with graphics and doing
graphical things and trying to make pictures of what our airplanes looked
like. We’ve got some interesting pictures of airplanes with the tail flying
alongside the airplane because something the optimization code did or some
other bit of code that somebody put in, that kind of thing. So we, we’d been
working on doing the graphics stuff.

At one time ACSYNT actually did have graphics in it. Sometime after
1975 they lost the punchcards that the graphics routines were on.

DowNEY: Really?
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GELHAUSEN: Yeah. So that was kind of depressing. I kept seeing all these
great three-dimensional pictures of airplanes that came from ACSYNT but
weren’t there anymore.

Gelhausen described the initial encounter between his boss, Sam Wilson, and
Arvid Myklebust, that led to a grant to write the graphical interface for
ACSYNT. This technical work, including an initial collaboration between
NASA and Virginia Tech, took place before AmTech and the ACSYNT Insti-
tute were founded.

GeLHAUSEN: I was skeptical at first because I didn’t know, but I'm gener-
ally skeptical because no one knows ACSYNT as well as I do. Or me or
George, or Gregory down the hall. But anyway, I think T was really pleased
with the professionalism of Arvid’s students in putting together that first ver-
sion of the graphics code.

We need now to get more interaction with Virginia Tech. Mark, my assis-
tant, and I need to get in the middle of the graphics development somehow
so that we can make the acrodynamics be fully interactive.

_Linking graphics and analysis is a key point for the world of IUG. The graph-

ics portion of the code is located in a separate module, thereby embodying
the distinction between NASA and Virginia Tech. Gelhausen was fantasizing
about blurring that distinction in the code, which would somehow involve
blurring the distinction organizationally as well, through *“more interaction.”

DowNEY: Boy, I see! See, this is what [ was talking about. If you look at
the actual development of the code over the past several years, you can se¢
the various groups in it. In the newest versions, for example, there’s Gelhau-
sen in there, for your interests are making their way into the code.

GELHAUSEN: Yeah, because the earlier work was all grant.

DownNEY: All grant?

GELHAUSEN: See, a grant is where I'm not supposed to interact too
heavily. I went back to Virginia Tech and gave talks about what I'd like to
see and where 1'd like to go, but it wasn't until the ACSYNT Institute came
along that I could go back and say this is what we have got to do.

In contrast with Gelhausen's technical vision of more interaction, Syed Shariq
understands problems and formulates solutions through a legal discourse.

SHARIQ: We learned some things that we didn’t know before we wrote the
contract between these three parties. For instance, that technology rights is-
sues come up when a federal employee spends time at a commercial com-
pany. What happens is a joint invention can have two authors, one a federal
employee, the other a company. What happens to those rights? How do you
negotiate a priori the disposition of those rights? There are certain federal
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laws covering federal inventions. But what about a joint invention? We are
coming into some things that are fascinating, where we can make some
contributions.

One thing that’s happening is that there’s more management on the proj-
ects we do, because joint ventures are managed differently than grants. In
government, the idea of grants means you give the money and hopefully
something comes out of it. You may not get anything.

DowNEY: You cannot ask for deliverables.

SHARIQ: In a joint venture it’s not the same thing. It is an obligation on
the part of industry to join hands with government to comanage the project.
And the university has to take direction and be managed somewhat more
than is customary.

DownNEY: Which can raise a lot of tension within a university. I think Ar-
vid Myklebust regularly has to justify how his work on the ACSYNT code
and in the institute make legitimate contributions to engineering research.
There always seems to be a tension there. Of course, it’s a tension that most
of his colleagues face in their own way by taking industry money. So it’s not
an unusual thing. This tension has been around in a big way at least since
World War II.

SHARIQ: The industry investors in the ACSYNT Institute do get to manage
the research somewhat. Also, students get exposed to real company people.
They will probably have better jobs/contacts because of the institute. Plus,
Virginia Tech gets rights to royalties that come out of commercializing this
software. So, for the university, the benefit from accepting some outside
management is there. In addition to normal teaching, research, publications,
promotion, and tenure, it can expect to place its students quickly and can
look forward to royalty revenues down the road.

Conclusion: Success in an Economic Idiom

My fears about the world of industry-university-government reinforcing na-
tional chauvinism stem from conceptualizing entirely in an economic idiom.
But if the organization were defined otherwise, would it ever get off the

ground?

DownNEY: Will you be able to solve all these problems?

SHARIQ: See, we have taken a very basic approach. We really will not
solve the ultimate question of ideology. We cannot solve even the many
questions of law and policy. I think if I was standing today in front of Con-
gress, I'm sure we would be shut down by somebody or other, for some
reason or other. So we really need to take a more pragmatic attitude: Let’s
just hide and do it under the legal banner of the national authority that exists
already. Let’s get it to a point where it’s working well enough. Let people

223
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come and kick tires and look at it. And then they can decide whether they
want to do it or not.

But rather than trying to publicize it prematurely, or “‘before its time,”’
we're just doing it, in a real world, with real projects. On the other hand,
it’s an opportunity. In the many studies that have been put together on U.S.
competitiveness, written by bright, competent people at MIT or Stanford
Research Institute or wherever, the big question is always implementation.
Who’s implementing these great ideas? What’s being done? Not enough ever
gets into implementation. In 1980, legislation came along that gave universi-
ties and nonprofits the rights to retain federal technology developed under
federal grants. Then the Technology Transfer Act came in 1986, which gave
some impetus for government to transfer technology to the commercial sec-
tor. But the mandate for implementation and specifically through the market
orientation, the incentives that could really bring these parties together, are
not there.

DownNEY: So how do you define success?

SHARIQ: As yet there is no clear indication of how you measure success in
technology transfer. Where's the benefit? How do you quantify it? Mean-
while, in our system of doing things, we have located success in the sharing
of resources. We have built indicators of success into the design of the joint
venture: the commitment of resources by industry in return for technology is
a fundamental requirement for successful commercialization, assuming that
the joint project produces good technologies.

Consider how a project looks at the beginning. From the government’s
point of view, if a project is doubled in scope the industry commitment en-
sures that twice the resources have been invested. So just by having addi-
tional parties in the deal means that the accomplishments will be much
bigger than any one party could do by itself. So there’s efficiency built in
here, in that sense that, why duplicate the same research separately in a cor-
porate lab and a federal lab? Why waste the R&D resources of the country?
It’s actually a triplication here, because the university is involved, too. So
this way R&D resources can be conserved and dedicated for something clse
that is important. This in a sense is a justification for joint R&D and at the
same time a built-in or designed-in implementation of the philosophy that
ensures success at the start. That is where we measure it, not at the end.

The confidence in this measurement comes from the fact that the compa-
nies are putting their own earned income on these joint projects. We don’t
allow them to put in federal money they might receive from work on gov-
ernment contracts. They cannot subcontract this, either. None of the govern-
ment money can flow right back into these joint projects. This is one of the

-essential requirements. So, as long as industry is putting their own hard-

earned money on the table, they clearly would not do these joint projects
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unless they see opportunities for profits. Each joint project, therefore, be-
comes successful by definition, through a commitment to a transaction
mechanism that is based minimally on the needs of parties to fulfill their
specific self-interests—thereby creating 2 market-based collaboration be-
tween government, industry, and university.

I am not satisfied with this account of success for the world of industry-
university-government. I am not happy simply if the R&D projects are well-
supported and the participating companies see the opportunity for profit. I
understand that economic returns constitute a minimum condition of existence
for these organizations. But if success is limited to an economic idiom, then
the ACSYNT Institute becomes nothing more than a convenient mechanism
for pursuing the sectarian interests of industry, university, and government
simultaneously. The underlying sense of citizenship that also motivates par-
ticipants and the boundary-blurring vision they build into both their organi-
sation and their code become short-term rationalizations for the longer-term
maximization of self-interest.

Instead, why not let it get really big? Why not allow membership from
other countries and make the world of industry-university-government a place
where conceptual designers work together to improve the tools for reducing
costs, reducing fuel use, and reducing emissions into the environment? The
step to a global world of industry-university-government is not that much
harder to conceive than the step already taken.

SHARIQ [responding to the author after reading a previous draft and
unhappy with using the above passage 1o conclude]: You are right, that’s
where we need to get to, eventually. However, given the enormity of this
challenge, it really comes down to the fact that we don’t know how to make
giant strides. All we know is how to take modest steps: a journey of a thou-
sand miles must begin with a first step. Socioeconomic innovations and the
creation of market mechanisms are complex problems, as the struggles of
countries in the former Soviet Union and Soviet bloc demonstrate. Re-
imagining R&D in America’s future is a problem of the same complexity.
Nevertheless, while we think of better ways to resolve these complex prob-
lems, we need to proceed with and encourage responsible innovation and
experimentation to foster solutions through experience. AmTech is one
small effort in that direction.
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