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I
joined Bell Labs in 1981, fresh out of
graduate school, because I had been
told that I would be free to work on
whatever I wished. As part of the
Bell System, I was told that the

company, as well as my position there,
was virtually permanent. Indeed, after a
couple of months on the job (during
which I wrote a paper on my Ph.D. dis-
sertation and master’s thesis), I went to
my department head and asked him on
what I should now be working. “I don’t
know,” was his response. “Go ask [another
department member] down the hall.” My,
how times have changed!

RESEARCH DRIVERS
The definition of research that I most res-
onate with is that it is work that changes
the way people think. A more scientific
view is the statement that one is doing
good research if about 20% of what one
works on actually succeeds and may
eventually become a product. If more
that 20% of one’s research succeeds, then
the work is too much like development
and one is not taking enough risk. On the
other hand, if much less than 20% of
what one works on succeeds, then per-
haps one should think about a different
field (before the money runs out)!

MOTIVATION
I have found the first definition to be a
great motivator in my own research.
Particularly at Bell Labs, where I was
often awed by the insight of the
researchers, the possibility to prove an
accomplished researcher incorrect was
a great driver, as it was certain to
change the way people think and do
things. As an example, when I first
joined Bell Labs, fueled by my disserta-
tion on the use of adaptive arrays in
military systems, I looked at ways that

adaptive arrays could be used in com-
mercial systems. The real motivation,
though, came when I read a well-known
mobile radio book that stated that adap-
tive arrays were of no use in mobile
radio because the multipath resulted in
too many reflected rays for the array to
handle. That is, an antenna array could
not put enough main beams in the
direction of the desired signal rays, and
nulls in all the directions of the reflect-
ed interfering signals, to be effective.
Although this at first seemed intuitively
obvious looking at the array in terms of
its antenna pattern, from a mathemati-
cal viewpoint this is not true; so, I was
motivated to show that adaptive arrays
were in fact effective in multipath. Of
course, further research showed that
not only could adaptive arrays work in a
multipath environment but the multi-
path could also be useful, as in the cur-
rent explosive growth in multiple-input,
multiple-output (MIMO) systems with
spatial multiplexing.

I was particularly motivated by
statements made by directors at Bell
Labs. Even though these statements
might have been made without much
deep thought, again the motivation to
show one’s management incorrect (and
therefore change the way they thought)
was great. (Indeed, others at Bell Labs
also used this as a motivator, with a
result that one director said that he
would not make any such statements.)
One example was a director involved in
optical fiber research who stated that a
dispersion in fibers, polarization mode
dispersion (PMD), could not be mitigated
because it changed with time. Of course,
many others who were working on adap-
tive equalizers for wired and wireless
communication systems knew otherwise.
But they generally did not have knowl-

edge of fiber optic impairments.
Likewise, the researchers in fiber optics
did not have a background in adaptive
equalization. This left an opening for me.
I just tried to make sure that only optics
researchers saw my research, since al-
though they were impressed, anyone
who was building a several hundred tap
equalizer for DSL would quickly dismiss
my work on a three-tap equalizer for
optical fibers.

Another motivating statement was that
high-temperature superconductors were
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only useful for short distances. This spurred
work on superconducting waveguides and
coaxial cables, but more on that later.

Another motivator for research is to
try to predict where technology is headed
and attempt to derive techniques that
might be useful 10–20 years in the
future. A prime example of this is
Moore’s law, which has been very good at
predicting the increase in integrated cir-
cuit complexity and decrease in cost over
the last four decades. The topic of MIMO
fits in very well with this idea because,
although the algorithms and perform-
ance for MIMO were first developed over
20 years ago, it was quite clear then that
the signal processing capability at the
time meant that the techniques were not
practical except for expensive military
systems. With Moore’s law, though, the
complexity would be practical for com-
mercial systems in ten years or so, and
that spurred the research.

PREDICTIONS
Unfortunately, predicting where tech-
nology is heading is a tricky business.
For instance, when we began research
on electronic dispersion compensation,
fiber optic systems operated at 2.5 Gb/s.
It seemed easy to predict that the next
step would be 10 Gb/s systems and then 
40 Gb/s systems (these were even in
development at the time), which meant
that the dispersion (which increases
with data rate) would be a severe prob-
lem in the near future. However, wave-
length division multiplexing was
developed, which used multiple 2.5-Gb/s
streams to achieve higher data rates.
Dispersion compensation took a backseat
for another decade before 10-Gb/s sys-
tems were considered.

Worse yet was making predictions on
high-temperature superconductors. In
the mid-1980s, superconductors were dis-
covered that operated at liquid nitrogen,
rather than liquid helium, temperatures.
It seemed that every month brought
higher temperature superconductors. It
therefore seemed reasonable to assume
that room temperature superconductors
were on the horizon, so we began
research on what this could mean. Well,
such room temperature superconductors

were never developed, and so the
research on superconducting waveguides
and coaxial cables fell outside the 20%
category mentioned earlier. Fortunately,
it is easy to hide such research, as such
papers are never referenced and there-
fore quickly forgotten, whereas pioneer-
ing research is often referenced, making
it appear that the researcher wrote only
ground-breaking papers.

A further anecdote on prediction is
what happened at Bell Labs in the area of
wireless. In the mid-1980s, a highly
regarded marketing study was conducted
concerning the predicted growth of wire-
less. At that time, few people (mainly
only executives) had cellular phones; the
portable ones were the size and weight of
large bricks, and the ones in cars cost
more than US$1,000. As one might
imagine, when the average person was
asked if they were considering buying a
cell phone, most said no, and the mar-
keting study predicted an annual growth
of only 2–3% in the cellular market.
Thus, research on next-generation cellu-
lar systems, including MIMO, was halted,
as an order-of-magnitude increase in
capacity was clearly not required for
decades. However, the analysts missed
one point. Many rental car agencies put
cell phones in their higher-end cars.
These cars were sold after they were a
couple of years old, and people were then
purchasing cars that already had cell
phones in them. Thus, people that would
not have bought a cell phone for their
car as an add-on now had them (and
these were even people who bought used
cars). This increased the number of cell
phones in the marketplace to a critical
mass and pushed buyers of new cars to
install them as well. Thus, mobile radio
grew much faster than expected. This
just demonstrates how unpredictable
demand can be.

Of course, a researcher who follows
the predictions often finds that many
others will be doing similar types of
research. If one believes that he/she is
one of the best researchers, then this
approach may be promising. However, to
truly be a research leader, one usually
needs to look at areas and take approaches
that are not the mainstream. As
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mentioned earlier, this may mean that
the research will often not be fruitful,
but when success is achieved, it can be
truly innovative. One approach to this
method is to take results from one area
and apply it to another area where the
same set of techniques can be used with
the constraints only altered slightly.
Specifically, a researcher may first deter-
mine where his/her expertise lies and
then look at problems outside this area
that can be reasonably well understood
in a short time (because of some similar-
ity to the first area) by the researcher
(through a tutorial, e.g.), who would
then be unique in having expertise in the
first area and an understanding in the
second area. As an example, my disserta-
tion was on adaptive arrays for military
systems, where cost and complexity were
not of great concern but the interferer
tried to do the greatest harm. This
expertise was then applied to commercial
mobile radio systems (which were just
being introduced). Here, cost and com-
plexity were the constraints (although as
stated above, it could be assumed that
these would be relaxed in the future), but
the interferer could actually try to do the
least harm. Using the same adaptive
array techniques, but looking at the
problem from a different perspective,
provided a rich research area for smart
antennas for wireless.

Another area was the use of adaptive
signal processing in fiber optic systems.
Although the impairments of fibers
appear to be completely different from
those of wireless systems, one impair-
ment, PMD, is similar to frequency-selec-
tive fading in wireless systems. Indeed,
the time delay of PMD has a Maxwellian
distribution, which is the square root of
the sum of three Gaussian random vari-
ables. PMD has a uniform distribution in
amplitude, whereas multipath fading in
wireless systems has a Rayleigh distribu-
tion, which is the square root of the sum
of two Gaussian random variables, and a
uniform phase. Realizing the similarities
of PMD and multipath fading opened the
door to consideration of a wide range of
adaptive signal processing techniques
that had not been previously considered
by fiber optic researchers.

RESEARCH LEADERSHIP
Researchers are by their very nature 
generally independent. Therefore, lead-
ing researchers and getting them to col-
laborate can be challenging. As I have
often heard, management can’t simply
dictate that researchers make a certain
number of fundamental breakthroughs
per year or expect good results if they
force particular researchers with dis-
parate backgrounds to work together.
More indirect methods are needed. For
example, one effective method is to
bring a number of researchers together
for a seminar and then see if some of
the researchers discern a piece of the
overall problem that they can handle.
Often, they might feel that their part of
the problem is easy, whereas the other
parts are impossible. However, we’ve
seen cases where all the parts were cov-
ered by different people, each feeling
this way; the collaboration of these peo-
ple solved a problem that no one else
believed was solvable.

Another strategy is to formulate a
problem in different ways for different
people. For example, one can cast a prob-
lem as either a theoretical, systems, or
implementation problem to different
people based on their skills. Just going
through this process can often lead to
new insights. It also makes each
researcher more comfortable with the
problem, even though they may each feel
that they aren’t solving the overall prob-
lem. That is, the theoretician may feel
that they can solve the problem mathe-
matically, but it is impossible to imple-
ment, and the implementer may feel that
he/she can program the solution but not
understand its significance. The break-
through is then made by putting the
pieces together.

A further strategy is to try to trans-
form each researcher into a champion
for the idea. Generally, if a solution to a
problem is presented in detail by one
researcher to a fellow researcher, the lat-
ter may not be motivated to do the
research because it is the other person’s
idea and the originator usually gets most
of the credit. However, if the problem,
rather than the solution, is presented in
enough detail that the researcher can see

the start of a solution, then the
researcher 1) will usually have a much
deeper insight into the problem, 2) will
feel that the solution is more his/her
own, and 3) is more likely to become a
champion for the idea. [Of course, the
degree to which the original presenter
knows the details of the solution (rather
than just the fact that a researcher may
be able to derive a solution based on
his/her background) varies widely, often
leaving in doubt later on exactly who
invented what.]

CONCLUSIONS
Good research generally requires the abil-
ity to quickly determine the key bottle-
necks to finding a solution and applying a
variety of techniques to overcome these
bottlenecks. This can mean applying well-
known techniques to a new problem,
applying a new technique to an old prob-
lem, or even applying a new technique to
a new problem (which has the most risk,
but the greatest potential for changing
the way people think). This can result in a
large number of potential research topics.
Tactfully getting researchers with differ-
ent expertise together to cooperatively
attack the most promising of these topics
will help spur technological break-
throughs. I have found this to generally
hold true both in large research organiza-
tions and in startups.
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