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Mark E. Dean:

From PCs to Gigahertz Chips

Mark E. Dean, Ph.D., Tennessee Alpha 79, a Sophisticated Style of Leadership

by Alan S. Brown

ARK DEAN knows

about leadership. Fif-

teen years ago, as vice

president of research
for IBM’s Systems business, he signed up
to manage the team to build the company’s
new supercomputer, Blue Gene.

IBM’s previous supercomputer, Deep
Blue, scored global headlines when it beat
chess grandmaster Garry Kasparov. Deep Blue was a
monster, with 32 supercooled processors that could cal-
culate 200 million chess moves per second. But there was
no way to scale up its architecture without housing it in
a stadium-sized building using as much electricity as a
medium-sized town.

Instead, IBM opted to distribute the computing load
over many smaller processors working in parallel. Ul-
timately, it would spend $100 million over five years to
develop Blue Gene, whose 134,000 processors could do
280 trillion operations per second. Blue Gene was not only
orders of magnitude faster than Deep Blue but also smaller
and more energy efficient.

The design involved many passionate debates about
computer architecture. Dean, now the Fisher Distinguished
Professor in the Electrical Engineering and Computer Sci-
ence Department at the University of Tennessee, had to
resolve them.

There were two
proposals, he ex-
plained. One called
for a highly distrib-
uted architecture
that maximized
number-crunching
speed but would
have required new
systems level soft- |
ware. The other
was not as densely
distributed and not
as powerful, but
had more common-
alities with exist-
ing software and
would enable users
to run their appli-
cations with fewer
modifications.

What does it mean to be a
leader? In this series “Profiles
in Leadership,” Tau Beta Pi

is exploring that essential
question through the lives of
member engineers who at-
tained leadership positions in

their fields.
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Dean, right, and wife with Tanzanian President Jakaya Kikwete during Dean’s time
as IBM CTO for the Middle East and Africa.

Dean, no expert in supercomputers,
had to balance risk, performance, cost, and
resources. He gave both sides a chance to
make their case.

“It was very transparent. We had open
discussions, and everyone attended each
other’s sessions. Nobody was cut off. All
ideas were good ideas. We all listened to
the pros and cons. When a decision had to
be made, it was based on all the input that everyone else
had heard,” Dean explained.

By the end of that process, the best course was obvi-
ous to most participants, Dean said. When he announced
his decision, only a few on the losing side dropped out of
the project. Most stayed, because they could see why the
decision made sense.

“We had an open discussion to get buy-in. Buy-in doesn’t
mean I have to agree with the chosen approach. It means
that I understand why we chose the approach, and if T don’t
necessarily think it’s the best approach, I can still work to
make it successful. As long as I understand how we got
there, I can do that,” Dean said.

It was an example of what Dean calls a “blended ap-
proach” to leadership. Prior to joining the University of
Tennessee in 2013, Dean had spent his entire career at IBM.
He holds three of the company’s first nine PC patents and
invented the In-
dustry Standard
Architecture
(ISA) system bus
that made it pos-
sible to upgrade
PCs. In addition
to Blue Gene, he
led the team that
built the first giga-
hertz-speed com-
puter processor
and headed IBM
Almaden, IBM’s
premier research
center at San Jose,
CA.

Along the way,
he was exposed
to many different
definitions of lead-
ership. Dean’s own



preference is to act as a “servant leader,” one who helps
others get things done. And while he knows how to build
consensus, he is also comfortable making the final call.

“The best leaders,” he said, “know how to leverage the
best style for different situations and different people.”

It is a sophisticated understanding of leadership, and
Dean can trace it to his childhood.

Dean was born in 1957 in Jefferson City, then a town
of 4,500 people in eastern Tennessee with a small African-
American population.

His mother’s side of the family had been there for sev-
eral generations. Some worked as domestics, others held
professional jobs. His grandmother started as a receptionist
and learned to be a dental hygienist. His grandfather was
principal of the small, segregated K-12 Nelson Mary School.

“He loved to debate,” Dean recalled. “In fact, he would
drive people crazy. Whether he agreed or disagreed, he
would pick the other side so he could have a debate. He
knew so much history, he would challenge you on why your
approach would work when it didn’t work in the past.”

Dean’s father grew up on a farm outside Mobile, AL.
After serving in the Korean War, he came to Jefferson
City to look for work with the Tennessee Valley Author-
ity. He joined a maintenance crew. By his early forties, he
was a supervisor, fixing everything from big turbines and
spillway gates to electrical equipment at three TVA dams.

Disciplinarian and Enforcer

Dean’s mother was the stern disciplinarian, his father the
enforcer. Dean hardly noticed. He was fascinated by his
father’s mechanical skills. His father not only rebuilt a
1931 Dodge and 1947 Chevrolet, but he also built an entire
tractor from scratch.

“There was nothing I was aware of that he couldn’t
figure out. If he had grown up in my generation, he would
have been an engineer.”

Dean learned about more than building things from his
father: “He showed me that if I worked hard and got things
done, nothing was impossible.”

Dean’s first years in school foreshadowed how far that
attitude—and Dean’s own abilities—might take him. His
grandfather’s segregated school had so few students that
first through fourth grades was a single class. Dean found
the math easy.

“One day, in first grade, I came home with a trigonom-
etry book—at least, I remember it was a trigonometry
book—and my mother called the teacher and asked if she
had made a mistake. But I was already tutoring the fourth
graders. It was easy for me. It felt so natural,” He recalled.

“You know,” he added, “English—reading, writing
—that was the hardest thing ever for me. I still struggle.
I'm great with mathematical operations, but terrible with
English. Math has so much more structure. It’s made up of
10 characters and just 4 operations. English has all these
characters, and we put them together with varying rules.
It’s much more complicated.”

In third grade, Jefferson City integrated its schools.
For the next nine years, Dean was often the only African-
American in his class.

This Leader In Brief

Full professional name: Mark E. Dean.

Current position: John Fisher Distinguished Professor at
the University of Tennessee College of Engineering.
Birthplace: Jefferson City, TN, 1957.

Highest degree: Ph.D., Electrical Engineering, Stanford
University, Stanford, CA.

Major career highlights: Awarded three of IBM’s first
nine PC patents, 1980-82. Invented the color graphics
adapter, which made color PC displays possible, 1981.
Co-invented the ISA (Industry Standard Architecture)
system bus, a key element in the growth of the PC industry,
1982. Led IBM PC design team, 1982-89. As director of
the IBM Austin Research Laboratory, he pioneered the
first gigahertz speed CMOS microprocessor, 1997-2000s.
As vice president of systems research, Watson Research
Center, his team developed the basic architecture for IBM’s
Blue Gene supercomputer, 2000-02. Vice president, IBM
Almaden Research Center, 2004-08. Vice president, World
Wide Strategy and Operations, IBM Research, 2008-11.
Chief technology officer of the IBM Middle East/Africa,
2011-13. Granted more than 38 patents with 5 patents
pending.

Honors: IBM Fellow, 1995. Black Engineer of the Year,
1996. Ronald H. Brown American Innovator Award, U.S.
Department of Commerce, 1997. National Inventor’s Hall
of Fame, 1997 and 2000. Named one of U.S. News & World
Report’s “Innovators of the 21st Century,” 2000. Elected

to National Academy of Engineering, 2001. Outstanding
Scientist Award, National Institute of Science, 2006. Distin-
guished Torch Award, National Society of Black Engineers,
2006. Distinguished Alumnus Award, University of Tennes-
see, 2012.

Greatest accomplishment: Invention of systems tech-
nology for IBM PC .

Hero: My father, James Edward Dean.

Hobbies: Building cars.

Favorite books: Harry Potter.

Personal motto: Anything you can imagine is possible.
The only constraints are time, money, and risk.

If you could do one thing over: Learn to play the saxo-

phone.
///ZK Dﬂ -
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Dean with an AC Cobra replica which he built.

“The white kids would make you aware of it, but it didn’t
slow me down. In the beginning, I'd get into trouble a lot,
but that was because I was so far ahead of other kids, I
was bored. So I would blurt out answers, do numbers in
my head. It upset some teachers, but most recognized that
I was smart in math. Eventually, I got in with a group of
kids that would challenge each other and who were always
seeing who could be the best,” he recalled.

It was culture shock for some of his new friends.

“I had one friend come to me in middle school and say,
‘You're not really black, are you? I made As, so he thought,
‘He’s something else, he’s not black.” It was eye-opening
for many of them, that a black person could do so well,”
Dean said.

Encouraged by his parents, Dean played sports on inte-
grated teams, mixed with everyone, and treated everyone
equally. There were awkward moments, but his grandfather

L2 e

had taught him that people are not born bigots. Bigotry had
to be learned, and so it could be unlearned, too.

“He always believed that if the next generation was
exposed to what was possible, they could break away from
old-style beliefs and embrace that people where equal and
could do things equally,” he said.

Some classmates never came around. Others, over time,
changed their thinking.

“The way we interacted became natural, not odd or out
of place,” Dean said. “I don’t know if their parents felt that
way, but the kids felt that way.”

By the end of middle school, Dean knew that he wanted
to be an engineer. In high school, he set his sights on com-
puters and IBM. Upon graduation, he accepted a scholarship
to the University of Tennessee.

College was “a fun time” with lots of hands-on projects.
His favorite was an amplifier he designed and built as a
senior project. Of course, Dean, the consummate tinkerer,
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added a home brew preamplifier so he could listen to records
and 8-track tapes on it. He continued to get top grades
(except in two required English classes) and graduated
with highest honors.

Dean interviewed with several top firms. The Hewlett-
Packard interview included problem solving, and they made
an offer on the spot. When Martin Marietta invited him
to Orlando, they let him rent a Camaro so he could drive
around and smell the orange blossoms.

But Dean wanted IBM and computers (which HP did
not yet make). He landed in Boca Raton, FL, in 1979. The
industry was just moving from punch cards to screen-based
displays. The first job for the young engineer who had so
much trouble with English was to develop a word processor
adapter for IBM’s Data Master terminal.

Dean’s experience putting graphics—letters, numbers,
and punctuation—on a screen earned him a place on the
PC team. Two of his three PC patents are
for monochrome and color graphics adapters.

“To this day, I can visualize and write
digital logic the same way some people write a
paragraph or a report. It was something that
came naturally. I could do it while watching
football games,” he said.

PC Market

By then, the PC market was starting to
emerge. IBM’s business, however, was main-
frames, and so a small project in Boca Raton
to build personal computers flew under the
corporate radar. Ultimately, sales of PCs and
their less expensive clones would reach 100
million systems per year.

The PC team was a small, tight group. It
evolved that way by necessity.

“We had to find people to get the job done,
and there were only a small number we could
recruit. The things we couldn’t do in house,
we outsourced. We got the processor from
Intel and DOS from Bill Gates. The early ap-
plications were from companies like VisiCale,
which developed spreadsheet software,” Dean recalled.

Success was not a given. IBM had always built hardware
for computer professionals. While the company was not
exactly focusing on consumers—computer gaming was
just getting started and the Internet was not yet invented
—IBM had to build a system that was far less costly and
much easier to use.

It also had to be reliable. This was an age when a phone
could survive a drop from a two-story building and still
work. Electronics were built to last and be serviced. So
naturally, when IBM shipped its PCs, it included a complete
technical reference manual.

“It had all the logic and software used to build a machine,
so a technician could debug or fix it, like a television set.
Making that information public is what created the clone
industry. That ecosystem of PCs, clones, peripherals, and
software is why the PC won over Apple. It was an accident,”
Dean said.



There was another reason, too. It was the introduction
of the ISA (Industry Standard Architecture) system bus.
It became an industry standard that made it easier to
expand PCs and clones with memory, disk drives, video
cards, printers, modems, and other components designed
by a multitude of different vendors. The ISA bus standard
also made the PC ecosystem possible.

Dean headed the ISA project. In 1982, he was 25 and
had just earned his master’s degree from Florida Atlantic
University. His thesis project was a high-performance
graphics terminal.

At the time, the state of the art was the vector terminal,
a complicated device the size of a small refrigerator. Dean
found a simpler way. By taking advantage of faster 16-bit
processors and low-cost memory, he was able to store
information about each pixel and paint it onto the screen.
This made it possible to take information from a mainframe
and display it graphically.

It also addressed IBM’s PC problem. The PC did all its
processing in an 8-bit processor and had no way to off-load
some of that computing burden to other devices on the
system. This made it hard to expand and modify. By tweak-
ing his master’s project, Dean developed a bus that would
enable the PC’s processor to send some data to a graphics
card or a modem, which would carry out any additional
processing remotely. This opened the door to radical PC
customization.

High Speed Chips
Dean was having a ball.

“In our little corner of IBM in Boca Raton, we were
a team. We’d drink together, eat together, and go out
together. It didn’t take much to justify getting together
at Bud’s, a dive pizza place in Del Rey Beach. Anyone who
got a promotion had to buy, and everyone would show up.

“Was I working all the time? No, I was playing all the
time. It was so much fun, it was like play. Those first 10
years were the best days of my career. Anything you did
was right, you were building something new, and everyone
else wanted to build what you were building,” Dean recalled.

He also learned a lot about working on teams. He discov-
ered that if engineers communicate and fix a problem early,
most people would never even know they had a problem. He
also learned that while compromise and buy-in are impor-
tant, sometimes leaders have to choose. As his grandfather
said, there are lots of good ways to get something done, and
sometimes you just have to pick one.

By the time Dean was 25, he was in charge of all PC
design. He led the entire design of the IBM 486, which was
the company’s smallest and most powerful PC to date. Then,
at 32, he told IBM he wanted to attend Stanford University
full-time for his Ph.D. IBM agreed to fund his degree while
paying his full salary.

At Stanford, Dean studied ways to move computers
from synchronous to asynchronous operation. Conceptually,
the challenge sounds simple: All digital computers have a
central clock that determines when chips transfer data and
perform operations. Some chips could operate much faster
under certain conditions, but they run slowly to accom-

TOP: The young Dean, at right, with his cousins in
Jefferson City, TN.

CENTER: Dean at work leading the PC development
team in the [980s.

BELOW: With his wife and parents.
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modate the system’s slowest components. Dean’s research
looked at ways to enable those chips to speed up and slow
down as needed. Twenty-five years later, the field is still a
subject of intense study.

Dean moved back to IBM and spent some time helping to
revitalize the server business. He was working with Willie
Shih, now at Harvard, and Rodney Adkins, an African-
American executive. One magazine dressed up Dean and
Adkins and took a photo, calling them the “Blues Brothers.”

“It might have been a bit risqué for IBM,” Dean chuckles.
“Rodney got a call from the CEO, and all he said was, “That’s
different.’ I suppose he was not 100 percent sure that type
of photo was the best thing for an IBM executive to do.”

While working with servers, Dean got to learn more
about the high-speed chips that powered them. That was a
good launching point for his next position. IBM appointed
him head of its Austin Research Laboratory in 1995. His
major challenge was to develop a computer processor that
could run at gigahertz speeds.

“Most people thought it was impossible. They thought
the frequencies were too high, and we couldn’t manage
the interconnects and clocking with sufficient accuracy to
support running a calculation every nanosecond,” he said.

“It turns out that, yes, we can. But we needed a basic
understanding of how the system needed to be designed to
support operation at those frequencies and development
tools that let us build devices that could support nanosecond
operations.”

The processor IBM unveiled was a small unit similar
to the ones powering IBM servers. It was the first time
anyone had built a chip using conventional semiconductor
technology that could run faster than one gigahertz.

Top Researchers

Alsoin 1995, when he was 38, IBM made Dean a Fellow, an
honor it bestows on top researchers whose achievements
had a significant impact on the company. IBM had about 60
Fellows, fewer than the number of vice presidents, Dean
recalled.

“I had mapped out my entire career. I wanted to make
Fellow in 15 years—only one person had done it faster
—Dbut missed it by one year. I got my Ph.D. late too, and
that slowed me down. I was crazy about setting goals, and
in fact, what I am doing now, academic research, was part
of the plan.”

After Austin, Dean held several senior research slots and
got the Blue Gene supercomputer off the ground. In 2004,
Adkins asked him to lead IBM’s Almaden Research Center.

Dean quickly said yes. He had always wanted to work
at Almaden. Its 400 researchers included world experts in
databases and storage technology. It was the most indepen-
dent of IBM’s labs, and its directors had the most autonomy.

“We had a lot of meetings outside,” Dean said. “It was
such a beautiful spot, people relaxed immediately. I would
tell people that there was no problem that we couldn’t
resolve in Almaden. It was just fun.”

Dean jumped into all sorts of projects. IBM was shifting
its business to a service-based model, so Dean sought to
make the delivery of those services more scientific.
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He also began studying the brain. It was clear that
computer processor chips were not going to get much
faster. IBM needed a different model, especially since their
corporate clients were drowning in all the data generated
by their computers and smart devices. Dean thought IBM
could learn a lot by leveraging how the brain works (which,
it turns out, is asynchronously).

“I didn’t want to build a brain, but a different type of
computer. It would do things that do not need yes-no an-
swers and handle new types of data.

“It could search for a person in a busy airport and find
them in no time, not just by looking at their face, but by
how they walked and moved and other factors. It could clas-
sify anomalies to detect viruses or catch disease outbreaks
without being told specifically what to look for,” Dean said.

After Almaden, Dean moved to New York to work on
research strategy, and then headed IBM’s Middle East/
Africa business. At that point, exactly according to plan,
he was ready to leave for academia.

He had only one regret: He never got to head IBM’s
research operations.

“That was one goal that I didn’t achieve,” he said. While
he was strong technically, he realized that it took a special
level of social skills and salesmanship that others had in
greater abundance.

Dean could have stayed with IBM, but he wanted to
come back to the lab. At Tennessee, he returned to his
interest in brain-like processing architectures and distrib-
uted intelligence.

“Like IBM, we take the brain as a model, but we use
simpler components. We both have similar goals, and
maybe our lab will wind up solving some simpler levels of
problems,” Dean said.

He is also building smart sensors that process informa-
tionlocally. This might enable him to create more intelligent
networks that can sort through the background noise of
a city to identify emergencies, such as a fire or gunshot
or burst water main. Such smart sensor networks might
help computers learn and eventually make inferences and
predictions about their environment.

Dean has accrued many honors. The year after being
named an IBM Fellow, he was selected Black Engineer
of the Year and inducted into the National Inventors
Hall of Fame. In 2001, he joined the National Academy of
Engineers.

Yet, as he is quick to note, he failed 10 times more than
he succeeded. “I was not just breezing through,” he said.
“Not everything I did became successful. I failed in many
situations, but I always tried to learn from them.”

Along the way, he learned to lead. He did not do it by
reading a book or going to a seminar, but by applying what
he learned both as a boy growing up in Jefferson City and a
young man on a small project team that succeeded beyond
anyone’s wildest dreams. He led by building consensus,
helping others, and, when he had to, making a decision.



