Industrial Research
Takes a Turn

by Mike May

In the early 1970s, when John Cocke enjoyed the lux-
ury of doing whatever he chose at IBM Corp, he ana-
lyzed how computers execute programs. Surprisingly, he
discovered that most operations rely on a small number
of instructions. This discovery led him to invent the
reduced instruction set computer, or RISC.

Although other instances of curiosity-driven industri-
al research have also spawned valuable results, Andrew
M. Odlyzko, head of the mathematics of communication
and computer systems department at AT&T Bell Labora-
tories, says, in a recent paper entitled “The Decline of
Unfettered Research,” that this “type of research is now
almost totally gone from industrial laboratories.”

According to Odlyzko, industry turned away from
curiosity-driven research because of internal develop-
ments in science and technology. These developments
arose from three factors: (1) a dramatic increase in the
volume of research, (2) steady and rapid progress in all

areas of technol-

ogy and (3) unprecedented opportunities for applying
existing knowledge. This combination of forces ended
industry’s glory days of curiosity-driven research.

Rise in research
Curiosity-driven research had a short life in industry.
Research began increasing after World War I, because
of the contributions that science and technology had
made to the war, including the invention and develop-
ment of the atomic bomb, jet engine, plastics and radar.
Although achieving these advances required concentrat-
ed development efforts, Odlyzko points out that the
ideas originated in curiosity-driven research that had
been carried out in the preceding decades. For instance,
he reminds us that the nuclear era can be traced back to
the 1890s, when Henri Becquerel left uranium salt on a
photographic plate in a drawer, which led to his discov-

ery of radioactivity.

After World War 11, “the policymakers and the gener-
al public responded with an unprecedented
increase in support for scien-
tific and engineering
research,” according to
Odlyzko. “Govern-
ments proceeded
to fund exten-
s i v e



research and development in all areas.” That increase in
funding propelled a similar increase in the number of
research projects. For example, “the number of abstracts
in Chemical Abstracts just about doubled every decade
from 1945 to 1985, when it reached about half a million
per year.” Nevertheless, such growth has ended.

According to Odlyzko’s theory, the expansion of the
research community provoked a fundamental change in
industry—increased competition. Before World War II,
companies could move leisurely from inventing a con-
cept to marketing the resulting product.

Odlyzko cites photocopying as an example. Chester
Floyd Carlson invented xerography in 1938, but Xerox’s
914—the first photocopier—did not hit the market
until 1950. “Furthermore, there was so little interest in
this technology that during the few years surrounding
commercialization,” Odlyzko explains, “Xerox was able
to invent and patent a whole range of related tech-
niques, while there was hardly any activity by other
institutions. This enabled Xerox to monopolize the ben-
efits of the new technology for over two decades.”

Today, anyone who strolls leisurely from discovery to
development risks getting scooped. “For example,”
Odlyzko writes, “when Bednorz and Mueller announced
their discovery of high-temperature superconductivity at
the IBM Zurich [Research Laboratory] in 1987, it took
only a few weeks for groups at University of Houston,
University of Alabama, [AT&T] Bell [Laboratories], and
other places to make important further discoveries. Thus
even if high-temperature superconductivity had devel-
oped into a commercially significant field, IBM would
have had to share the financial benefits with others who
held patents that would have been [critical] to develop-
ments of products.”

That level of competition deters industry from allow-
ing curiosity-driven research. In such an environment,
companies want to schedule—not wait for—the next
discovery.

Posthaste progress

Odlyzko claims that people expected little scientific
progress before the Industrial Revolution. After that peri-
od, though, he says that people counted on steady

improvements in technology. And we now live “in a
world of constant, rapid, and to some extent predictable
progress.”

As an example, Odlyzko mentions microprocessors,
which double in power about every 18 months. He says
that such rapid progress provides at least a partial expla-
nation for some ironic results in the computer industry,
including “the continued dominance of the Intel x86
[such as the 386 and 486] architecture,” which is a
complex instruction set computer, or CISC. If the only
progress was from occasional forward steps, Odlyzko
believes that Intel’s x86 microprocessors would have
been displaced by the once-more-powerful and compa-
rably priced RISC ones, “just as jet planes displaced pro-
peller-driven ones.”

In an environment of steady progress, however,
Odlyzko argues that “Intel chips, just like RISC ones,
doubled in performance every 18 months, so that by
sticking with the Intel architecture a customer only gave
up 18 months, less than the life cycle of computer
equipment.” Moreover, those customers gained the ben-
efits of sticking with familiar products.

In other words, we expect and depend on steady
progress in technology. This philosophy—banking on
rapid advances—can be found in customers, as well as
in industrial managers. “The idea of rapid technological
progress is deeply embedded in the minds of managers
in high-tech areas,” writes Odlyzko. “Several leaders of
advanced development projects have told me, when
asked what the main technical barriers were in their pro-
jects, that they did not see any. Those views were not
entirely true, in that those managers could not go to
market with the technology that was available then.
However, they were taking for granted that microproces-
sors would get faster, and various other advances would
be made. It’s just that they were so sure these improve-
ments would be available, they did not have to concern
themselves with them.”

The steady progress in science and technology, how-
ever, affects more than our expectations. This progress
changes reality, as well, because it means that having an
impact on the world of science and technology requires
more effort from a researcher. If we lived in a static

Despite past
advances
spawned by
curiosity-driven
research,

the current
research and
development
environment
encourages
industry to turn
toward planned

projects




world, a 25 percent improvement in an
industrial process might be a profitable
breakthrough. In Odlyzko’s view, in a world
where microprocessors make 100%
improvements every 18 months, “a 25%
improvement is just 6 months along the
technology curve.

Hence the researcher who has an innova-
tive way to save 25% or speed something up
by 25% has to find a way to incorporate this
improvement into all the other systems that
are involved without delaying the project by
more than 6 months. In effect, radically new
ideas have to compete against the relentless
progress of other technologies.”

The increased volume of scientific
research has produced steady and rapid
progress in all areas of technology. When an
industrial manager considers the rare break-
throughs that curiosity-driven research pro-
vides, the steady progress of planned
research looks just as appealing, or more so.

Information for everyone

The information revolution propels the
final factor in Odlyzko’s explanation of the
declining support for curiosity-driven
research. Although he admits that his back-
ground in computing and communications
might explain his concentration on these
areas, he adds that “it also reflects the reality
that those areas are the ones that drive tech-
nological, economic and social change
today.”

He continues: “The developments in
communication and computing are leading
to a fundamental transformation of human
life. The technological developments that
make this transformation possible, the fruits
of extensive research, have been going on at
a steady pace for a couple of decades. How-
ever, they have now reached a critical point
where they are having a revolutionary
impact.” As an example, Odlyzko cites the
Internet, which “has been growing at a
steady pace for the last 25 years. It has
caught public attention only recently
because it became large enough to be
noticeable and because its usefulness
increased dramatically as more people got
involved.”

Odlyzko adds that such “threshold
effects” can be found in other technological

areas. “Information storage, retrieval and
processing,” he notes, “are now rapidly
passing performance levels that make more
and more tasks doable in new ways. Auto-
matic teller machines eliminated many bank
clerk positions a decade ago, relatively prim-
itive word-spotting voice recognition elimi-
nated most telephone operator jobs a few
years ago, and middle-management jobs are
increasingly being squeezed out through
new information systems.”

Despite these seemingly quick changes,
technology has not always produced instant
effects on society. Odlyzko reminds us “It
took several decades before the introduction
of electric power to factories led to big pro-
ductivity improvements, since entire manu-
facturing processes had to be reengineered.”

“Change is faster today,” he goes on to
say, but “it still takes time to develop the
organizational framework that takes full
advantage of the best information technolo-
gies.” For instance, our current knowledge
of integrated circuit technology will contin-
ue to produce “rapid and fundamental
change in our lives”—even without new
physical, mathematical and software tools.

In combination, the rapid advances in
technology plus the information revolution,
which allows the new knowledge to be dis-
persed rapidly, generate a high return on
investment in new technology. Although
this might seem to argue for greater invest-
ment in long-term research, Odlyzko says
that it is having the opposite effect—
encouraging decisionmakers to rely on “the
high returns that are obtainable from build-
ing products and services based on present
knowledge,” rather than the chancy results
of basic research.

Overall, the information revolution drives
science and technology in two ways, accord-
ing to Odlyzko. First, the revolution itself
provides progress, such as automated
tellers. Second, the revolution also provides
techniques, such as the Internet, for dispers-
ing information. By combining the informa-
tion revolution with the steady progress in
all areas of research, many problems can be
addressed with currently available knowl-
edge. That leaves little impetus to spend the
time and money on projects in basic
research, especially curiosity-driven ones.

28 The Industrial Physicist

Keeping some curiosity

American industry, writes Odlyzko, will
probably not return to curiosity-driven
research in the near future. The combina-
tion of more research, steady progress and
seemingly boundless avenues for exchang-
ing information provides many short-term
projects that can be addressed with little if
any new research.

Although Odlyzko believes that we could
probably get along for a while without look-
ing far into the future, basically dealing with
technical problems as they arise, he adds
that “living off the advances made in the
past . .. is unlikely to be successful for long.
Even if it were possible to dispense with
long range research, it would not be advis-
able. As a simple example, the discovery of
public key cryptography could be called pre-
mature, in that it is only now, almost 20
years after the basic invention, that public
key cryptosystems are coming into wide-
spread use. (Computers and communica-
tion networks had to become widespread
for the need for public key systems to
become acute.) However, the knowledge
that this technology existed was of tremen-
dous value, as it showed that electronic
commerce and related goals could be
achieved at low cost. This facilitated plan-
ning for the information age, and forestalled
unnecessary research for alternatives.”

The most promising approach to long-
range research on a national scale, Odlyzko
speculates in his article, may consist of
“broad programs, directed at areas that
appear to be especially promising or impor-
tant, but ones that leave substantial freedom
for individual investigators. . . .” With this
approach, industrial research could contin-
ue to produce steady progress, without
depriving investigators of the enjoyment of
chasing at least some research rainbows.

Odlyzko’s paper, “The Decline of Unfet-
tered Research,” can be obtained either
by sending the e-mail message “send
research.decline.txt from att/math/od
lyzko” to netlib@research.att.com
or by using the World Wide Web
(ftp://netlib.att.com/netlib/att/math/
odlyzko/ index.html).



