FALL 2012

Superpositionianind-bending physics
and one very coléicomputer: USC un-
veils first oper al quantum com-

puting center at'alininersity. \




IN MEMORIAM

On April 11, 2012, the USC Viterbi School lost two of its students in a tragic crime.
Below, are excerpts from Dean Yannis C. Yortsos’ memorial remarks:

Ming Qu, 1988-2012

“We honor the memory of Ming Qu and Ying Wu, two
bright engineering graduate students in the Ming Hsieh
Department of Electrical Engineering.

This is an unprecedented tragedy in our history. Words
are not enough to describe how we feel.

However, in this difficult time, we are warmed by the
fact that our common bonds and connections are not
circumstantial. Rather, they are a strong manifestation of
our powerful and enduring association — the Trojan and
Viterbi family. It is the cohesiveness of this family that
gives us the strength to cope with our loss today.

We, engineers and scientists, are analytical and
methodical. We want to know why things happen. When
we're confronted with an unexplainable atrocity, we
struggle to understand. We can’t comprehend how the
lives of two young people, full of potential, full of energy,
have been taken away from them so cruelly.

As engineers and scientists and as leaders, we have

Ying Wu, 1988-2012

solved a great number of challenges. Ming and Ying
were preparing to use their skills and knowledge in
electrical engineering to help solve many of these
issues — and thus to empower society.

Their sudden loss, however, confronts us with a
different challenge. The challenge to make this world
a better place, so that the tragic events that took their
lives will never happen again. Here or anywhere else.

It is a different challenge than the ones we have been
used to address. Itis not only technical —and it is com-
plex. But it deserves our commitment, our unwavering
commitment. It is a debt we owe to Ying and Ming.”

— Dean Yannis C. Yortsos
For more information about the Ming Qu and Ying Wu

Memorial Scholarship Fund and to make a donation,
contact Jane Ong at (213) 821-2921 or jane.ong@usc.edu.
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Quantum Power

I would like to discuss
a hit on innovation and
give you my thoughts
about it. And then, I
would like to bring in
guantum computing.

Fifty or so years
ago, innovation was
a rather infrequent
event, typically the
result of laborious,
methodical work in research labs, often taking
a long gestation time. It was a welcome, but
infrequent, supplement to the routine. Today,
innovation has supplanted the routine: words
such as "disruptive,” "out of the box" and "trans-
formational” are the norm.

I may sound discipline-centric, but the truth
is that this is because of the technological and
scientific advances that sprang from advances
in the semiconductor and integrated circuit in
the last half century. The constant and reinforc
ing interplay between science and technology
has resulted in Moore's law — the doubling of the
capacity of transistors every 18 months. This
has brought us what we know as exponential
technologies: information technology, biotech-
nology and nanotechnology. And along with
them, the opening of the vast vistas of innova-
tion, everywhere — not only in technology and
devices — but in medicine, the arts, the social
sciences and communications. Largely and fun-
damentally because of Moore's law [and where
appropriate, the Viterbi algorithm) we have the
Internet, iPhones, the Human Genome Project,
Facebook, computer games and interactive
media, robotic surgery and the unprecedented
economic development in China, India and the
rest of the world.

Moore's law opens increasingly greater op-
portunities: capturing them, transforming them
and converting them into products and con-
cepts, drive today's innovation-based economy.
In the past, the limitation to innovation was the

implementation, Today it is the idea — and ideas
are now generated everywhere on the planet,
This fundamental enabling has been the result
of science and technology.

As minimum features on transistors ap-
proach nanometer dimensions, however, this
inexorable pace will slow down. Unless, that is,
we can extend or redefine Moore's law in the
realm of the quantum world, with its still vastly
unexplored possibilities, Enter guantum com-
puting and quantum information science and
technology: the study of the new possibilities
gquantum mechanics offers for the acquisition,
transmission and processing of information,

(Quantum computers are predicted to solve
classically intractable tasks such as breaking
cryptographic codes, efficiently searching large
databases and efficiently simulating gquantum
dynamics, Advances in that area promise to cre-
ate a Moore's law of their own, even much faster
and more enabling. At USC, quanturm computing
research is leading
the world through the
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large-scale guantum
information processing, capable of outperform-
ing the most powerful classical computers, This
guantum universe is mysterious, counterintui-
tive, but seductive, It gives rise to terms such as
gquanturn  adiabatic optimization and guantum
entanglement. And it has the potential to dramati-
cally speed up the solution of problems in machine
learning, image recognition, software debugging,
database searching or drug design. In short, it has
the potential to keep Moare's law, ar its quantum
counterpart, driving innovation to even more un-
precedented levels, for the benefit of humanity.

I invite you to read in this issue some of the
remarkable work that is going on at USC in this
breathtaking area.

Yeved ¢ -t —

Yannis C. Yortsos
Dean, USC Viterhi School of Engineering
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NOT A LA-Z-BOY Christopher Mcintosh’s “Recliner Road-
ster”is capable of speeds of 35 to 40 miles per hour. “The
fun part was taking something like a chair and figuring
out how to build a go kart around it.”

40 MPH in a La-Z-Boy
Student Adds “Recliner Roadster”

to Roster of Inventions

While most teenagers resort to sports cars
or dirt bikes to satisfy their "need for speed,”
USC Viterhi mechanical engineering student
Christopher Mclntosh turned to other, more
original measures.

Converting an old, Craigslist red recliner chair
into a modified go-kart, McIntosh created what
he named the "Recliner Roadster” Meclntosh
found that developing and building his invention
provided him with valuable experience in pursu-
ing a career in engineering.

Inspired by a joystick-controlled mobile sofa
chair he saw at a high school robotics competi-
tion, McIntosh first equipped his recliner chair
with an electric scooter motor and basic go-kart
steering in 2010, But after the motor burnt out,
McIntosh decided to replace it with something
significantly more powerful — a 125cc motor
cycle engine that gets the Recliner Roadster to
speeds of 35 to 40 miles per hour.

Though his vehicle is not street legal, Mcln-
tosh has found plenty of opportunities to drive
it on back roads and empty parking lots in his
community. He has also driven it in his home-
town's annual Fourth of July parade, where he
hopes to earn "Most Unusual Means of Trans-
portation” this summer. And though he has few-
er opportunities nowadays to use the Recliner
Roadster, which remains parked in his garage
up in Northern California, he is always eager
to take it out for a spin or do some fine-tuning
when he travels home.

While Meclntosh had technical experience
from past projects (from a leaf-blower powered
hovercraft to a makeshift moped) as well as
from a high school woodshop class, for the most
part, he picked up most of the necessary build-
ing skills as he went along.

“When [ first started out on this project, I
thought it was going to be somewhat straight-
forward,” McIntosh said. "I thought I would kind
of bolt things on and use primarily wood and
steel brackets I bought at a hardware store ... 1
just started realizing that it wasn't going to hap-
pen unless I could actually weld things together
and do a full steel frame”

The knowledge Mclntosh has gained from
the project has proved helpful so far, particular-
ly in the classroom: “If the teacher is explaining
why a bracket is going to shear at a particular
location, I can kind of envision how that would
happen and why it would happen that way”

But while the physical task of building the
chair certainly proved enriching, perhaps even
more so was the creative aspect of the project,
which McIntosh said was not only most chal-
lenging and enjoyable of all, but also that which
will continue to motivate him to develop new
projects and progress as an engineer, —MT

Here Comes the Sun
USC Viterbi Students Capture
Solar Power for Electric Cars

The Global Electric Matorcars [GEM) vehicles
that are ubiquitous on the USC campus current-
ly plug into the power grid for a recharge. But
someday, they may be plugging into solar charg-
ing stations built and designed by USC Viterbi
School of Engineering undergraduates.

A preview took place last Dec. 6, when 32
juniors and seniors in the "Alternative Energy
Engineering” class set up an array of eight
solar panels in brilliant sunshine, generating a
1.200-watt flow of energy into batteries and a
waiting GEM vehicle.

USC’S MICHAEL WATER-
MAN has been elected
to the National Academy
of Engineering (NAE).
Named a Guggenheim
Fellow in 1995, Waterman
is the USC Associates
Chair in MNatural Sci-
ences and professor of
biological sciences and
mathematics in the USC
Dornsife College of Let-
ters, Arts and Sciences and a professor of computer
science in the USC Viterbi School of Engineering.

Election to the NAE is among the highest profes-
sional distinctions accorded to an engineer.

Widely regarded as the founding father of compu-
tational biology, Waterman’s research concentrates
on the creation and application of mathematics,
statistics and computer science to molecular biol-
ogy, particularly to DNA, RNA and protein sequence
data. He is co-developer of the Smith-Waterman
algorithm for sequence comparison and of the
Lander-Waterman formula for physical mapping.

CUE THE SUN

To open the demonstration, the group
diverted a small trickle of the energy flow into
a boombox, which thumped out a rousing solar-
powered rendition of “Here Comes the Sun.”

The class, taught by professors Alice Parker,
Gordon Roesler and Katherine Shing, incorporated
many practical issues. During the semester, the
class heard from Michael Bass (MS '85, MBA '99),
project manager at eSolar, who offered perspec-
tives on the non-engineering issues involved in al-
ternative energy solutions along with an overview
of solar thermal technologies, an alternative to the
photovoltaic panels used by the class.

Parker noted that the class embodied the
vision of USC Viterbi dean, Yannis C. Yortsos: "It
is interdisciplinary Engineering+," she said. "It is
work on one of the National Academy of Engi-
neering's Grand Challenges; it is entrepreneurial,
and it follows a vision of technology leading
societal change." —EM

“Michael Waterman’s election into the National
Academy of Engineering is a resounding confirmation
of his remarkable and pioneering work in compu-
tational biology,” said USC Viterbi Dean Yannis C.
Yortsos. “We cannot be more pleased that the acad-
emy has bestowed this highest honor upon him.”

“Mike is a true trailblazer whose groundbreak-
ing research has enabled countless advances in the
computational and life sciences,” said USC Dornsife
Dean Howard Gillman. “He was central to building
usc Dornsife’s world-renowned program in molecu-
lar and computational biology.”

Alongside 65 other new members and ten foreign
associates, the NAE recognized Waterman for the
development of computational methods for DNA
and protein sequence analyses. Other newly elect-
ed members include USC trustee and USC Dornsife
alumnus Dr. Ray R. Irani, executive chairman of the
Occidental Petroleum Corporation and namesake
of USC’s Ray R. Irani Hall; USC Viterbi alumnus and
University of California at Santa Barbara Professor
Steven DenBaars; and Professor Richard Miller, pres-
ident of Franklin W. Olin College of Engineering and
former associate dean at USC Viterbi.

PHOTOGRAPH BY CODY PICKENS
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Energy Geography @ USC

The USC Viterbi School of Engineering is a
powerhou

related to all aspects of energy. Here's &
overview of who ng what, where.

illustration by Huan Tran

1 Loker Hydrocarbon Research Institute

Nobel Prize winner George Olah and Surya Prakash’s
contribution to energy-related issues ranges from
ways to eliminate lead from gas, methanol fuel cells
and a new method to capture CO2 and possibly re-
cycle it in fuels or even animal feed.

2 Hughes Aircraft Electrical Engineering Center
Viktor Prasanna’s USC Center for Energy Informatics
connects with the USC Smart Grid, optimizing demand
response during peak hours. Petros loannou’s Center
for Advanced Transportation Technologies works with
carmakers to make road traffic safer, faster and more
fuel-efficient. Massoud Pedram specializes in creating
more energy efficient ‘green’ data centers.

=3 Ronald Tutor Hall

Chongwu Zhou’s laboratories focus on nanotech:
more storage capacity in batteries using bulk silicon
nanowires; also a new kind of transparent solar cell
material. The USC Energy Institute, directed by Don
Paul is here, along with The Center for Interactive Smart
Oilfield Technologies (CiSoft) — pioneering new ex-
traction techniques and educating a new generation
of petroleum engineers. Hai Wang's Combustion
Kinetics lab studies jet fuel combustion and new,
ultrathin solar materials, working with Denis Phares.

£} vivian Hall

P. Daniel Dapkus and Mark Thompson’s Center for
Energy Nanoscience (CEN), a DOE Frontiers Re-
search Center finds more efficient ways to turn light
into electricity and electricity into light; among the
researchers on the projects are John O’Brien, Steve
Cronin, Michelle Povinelli and Jongseung Yoon. Anu-
pam Madhukar has been working for years on solar
power applying quantum dot and nanowires. Steve
Nutt’s Gill Composites Center has pioneered next-
generation composite power cables with greater
efficiency. Priya Vashishta uses supercomputing to
perform the largest bio-nano simulations.

5 Hedco Building Chemical Engineering

Kristian Jessen is an expert in the subterranean
movement of oil and gas and efficient ways to extract
it. Iraj Ershaghi, the founding director of CiSOFT, has
been leading in the development of smart energy
for decades. Fred Aminzadeh leads in the realm of
geothermal energy, consulting with practitioners in
the U.S. and abroad. Behnam Jafarpour studies rock
formations, potential oil and gas reservoirs. Theo-
dore Tsotsis investigates high temperature reactions,
while Muhammad Sahimi uses things like fractal
geometry to model the geology of rocks.

6 Fall 2012

6 Andrus Gerontology Center

Behrokh Khoshnevis is known for Contour Crafting,
a speedy, energy efficient means of ‘printing out’
buildings; Maged Dessouky has pioneered more
efficient transportation methods for California
flowers, and Najmedin Meshkati is an international
authority on energy safety, from nuclear power to
petroleum refining to drilling operations.

7 Olin Hall

Paul Ronney is an expert on combustion, specializing in
tiny electrical power generators and flames in space.
Fokion Egolfopoulos and his Combustion and Fuels
Research lab is working with Hong Kong-based TCC
Foundation and Martin Gundersen (Seaver Science
Center) on ways to reduce marine diesel emissions.

\
\
\

= ol

8 Kaprielian Hall

Home to the USC Center on Megacities. Lucio Soibelman
looks at appliance specific feedback on electricity
consumption in a building; Burcin Becerik-Gerber
collaborates with Cyrus Shahabi and Roger Ghanem
in imagining new smart buildings that allow users
to control energy use (via smart phones) far more
effectively than existing designs.

9 Information Sciences Institute

Mike Orosz directs the consumer behavior research
efforts in the LADWP/DOE Smart Grid Demonstration
project. Clifford Neuman focuses on energy security:
protecting personal data about our usage as it's
relayed from consumers to utilities.

CHARGED UP |
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Anatomy of a Video Game

How to Make a Zombie Game in Five Easy Steps

You play video games on Xbox, Wii, even your
cell phone. But how does one get made? In the
“Advanced Game Projects” class, eight teams
create games that will ultimately be graded and
presented to industry representatives. Anthony
Ghavami, a junior in computer science and pro-
ducer of "Benjamin Salisbury and the Clockwork
Zombies" illustrates how a video game goes
from idea to your game console.

1) A Spark of Genius

The idea for “Clockwork Zombies" was created
back in April 2011, Ghavami and classmate
Richard Rapp imagined a "puzzle game set on a
futuristic space colony where the basic me-
chanics of rotating gears drove the course of
the game." The team worked 12-hour days build-
ing on their ideas, perfecting the pitch. Ideas for
the video games that will be produced, as well
as the actual game play design, must be pre-
sented and "green lit" in the spring semester
before production begins.

2) Team Building

Once the idea is accepted, a team is built. The
"Clockwork Zombie" team was initially made
up of Ghavami, Rapp and Jeremy Le and now
includes four designers, a producer, a music
composer, seven engineers and one sound

GAME BOYS TO MEN For the third year in a row, The
Princeton Review has named USC as the top school
in the nation for studying Video Game Design. Those
games courses were capped off last May 2 when USC
Games presented its 14th bi-annual Demo Day.

8 Fall 2012

engineer all from the
Computer Science De-
partment and the School
of Cinematic Arts, as
well as six artists fram
the Laguna College of
Art and Design.

3] Plan and prepare
Using large goals and
deadlines, each team
member is responsible
for different game as-
pects: finishing levels
or back end systems
by a certain date. As a motivational tool, Gha-
vami had each designer prototype a lavel,
allowing each member ownership over a spe-
cific piece of the game. Each team has a task
list with specific deadlines to hit, earning "a red,
yellow, or green color for their task based on
how well they completed it

4] Execute
Referencing their goals and original vision, the
game is created using a program called UDK,

an engine used to help create some of the most
successful games. Using the same tools as
the big name games, designers develop code

using UDK's script-
ing language and edit
the game's cinema
tography, lighting and
animation. Each de-
signer builds the basic
geometrics such as
walls and floors, and
then adds images and
characters into that
landscape. Most of the
game's elements are
created by the design
team; however, zombies
and other animations
are created by students from the Laguna Col-
lege of Art and Design.

5] Present!

Execution takes about a year, but once the
game is complete, teams present their games to
industry representatives at a daylong Demo Day
last May, Representatives from companies such
as EA and Activision attend to view the games
and speak with the teams to either buy the
games or offer these students jobs. Backing by
such major companies is what allows an original
idea and vision to become a reality that anyone
can play on their consoles. —=KC

Saving Da Vinci's Last Supper from Air Pollution

Air quality monitors show dramatic reduction in air

pollution at the painting's location

Having survived long centuries, political up-
heaval and even bombings during World War
II, Leonardo da Vinci's masterpiece “The Last
Supper” now faces the risk of damage from air
pollution due to its location in one of Western
Europe's most polluted cities.

In late 2009, the refectory of Santa Maria
Delle Grazie Church, where the painting is locat-
ed, installed a sophisticated heating, ventilation
and air conditioning system to protect the paint-
ing from the polluted air of Milan.

To test the effectiveness of their pollution
countermeasures, Italian officials called on
Constantinos Sioutas, professor of civil and
environmental engineering at the USC Viterhi
School of Engineering, For his ongoing research,
Sioutas has designed unobtrusive air samplers
that are compact and quiet,

“These air pollution sampling technologies
are ideally suited for use in sensitive facilities
such as art galleries and museums. They do
not disrupt the day-to-day operations of the
facility," Sioutas said.

A multi-national team deployed two sets of air
quality monitors for one year at the church, and
found that - for the most part - the Italian author-
ity responsible for the facility housing the famous
painting (Soprintendenza per i Beni Architettonici
e per il Paesaggio di Milano] is winning the war
with outdoor air pollution. Fine and coarse particu-
late matter concentrations were reduced around
the painting by 88 and 84 percent, respectively,
from their corresponding outdoor levels.

"It's a spectacular reduction,” Sioutas said. "It
is, frankly, very impressive.”

Indoor sources of pollution, however, may still
pose a threat. Nancy Daher, USC graduate student
and lead author of a journal article on the team's
findings, said that fatty lipids from the skin of
visitors to the church still appeared in significant
guantities around the painting - even with visitor
access to the painting strictly regulated.

In addition to aiding in the conservation of "The
Last Supper,” the team's research can be used as a
benchmark for future studies aimed at protecting
indoor artworks and antiquities. —RP and K

PRIVATE PARTY

YOMNG CHEN, assistant
professor in the Epstein
Department of Industrial
and Systems Engineer-
ing, has been awarded
the NSF Faculty Early
Career Development
(CAREER) award for his
proposal titled “Mask
Video Projection Based
Additive Manufacturing
at the Micro-scale over
Large Areas.”

RAMESH GOVINDAN,
professor in the Depart-
ment of Computer Sci-
ence, has been elected
to the Association for
Computing Machinery
(ACM) Fellows.

SOLOMON W. GOLOMB,
a university professor
who was appointed

the first holder of the
Viterbi Chair of Commu-
nication, has received
Sigma Xi’s 2012 William
Procter Prize for Scien-
tific Achievement, the
society’s highest honor.

AZAD MADNI, professor
in the Epstein Depart-
ment of Industrial and
Systems Engineering,
and director of Systems
Architecting, has been
named a fellow of the
American Institute of
Aeronautics and Astro-
nautics (AIAA).

MAJA MATARIC, Vice
Dean for Research, is
co-Pl on a Yale-lead,
$10 million NSF Expedi-
tions in Computing
grant; Viterbi collabora-
tors include Fei Sha and
Gisele Ragusa.

SAMI MASRI, professor
in the Sonny Astani
Department of Civil
and Environmental En-
gineering, has been
selected to be the first
recipient of the ASCE
George W. Housner
Structural Control and
Monitoring Medal.

MALANCHA GUPTA, as-
sistant professor in the
Mork Family Department
of Chemical Engineering
and Materials Science,
has been selected to
receive the ACS New
Investigator Award.

MILIND TAMBE,
professor of Computer
Science and Industrial
and Systems Engineer-
ing, received the IBM
Faculty Award for his
proposed research,
“Towards Smarter Gov-
ernment and Smarter
Cities: Computational
Game Theory for Public
Safety and Welfare.”

ALAN WILLNER,
professor in the Ming
Hsieh Department of
Electrical Engineering
and holder of the Steven
and Kathryn Sample
Chair in Engineering, has
been awarded the John
Simon Guggenheim
Memorial Foundation
Fellowship for 2012-2013.
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“This is the best of times omputational sciences

) and nanotechn
computational ce. And -

eling, this is it — we have the bes E“,ce w 1 ¥ . ) e s_ fmpor-
nulations are
PRIYA VASHISHTA Director, USC Center for Duta
ulization and Collaboration, Professor,
Ma als
Currently working on a variety of s funded by
the DO SFa hishta says his team's

philosophy in choosing visualization projects is to only

work on the largest problems, The Center’s resulting
visual E 2 that | can show it in
and then explain it in a couple of minutes.”

- - - - ABOUT THE SIMULATION SHOWN IN THE PHOTO
Center for Data Visualization and Collaboration (DVC) Depicted here: the impact of a hypervelocity bullet on a

high-performance ceramic plate. Atoms are color-cod-
ed according to energy and pressure, with red indicat-
ing the highest energy. This simulation research was
supported by the National Science Foundation, the
Department of Energy and the Department of Defense.

ATETTi
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PARTICLES

LUCIO SOIBELMAN

USC Viterbi School of En-
gineering Dean Yannis C.
Yortsos has announced
the appointment of
Lucio Soibelman as chair
of the school’s Sonny
Astani Department of
Civil and Environmen-
tal Engineering. The
appointment, effective
January 1, 2012, has an
expected term of three-
and-a-half years.

Soibelman joins USC
after more than seven
years as professor of
civil and environmental
engineering at Carnegie
Mellon University. His
academic career began
six years previously at the
University of Illinois at Ur-
bana-Champaign where
he became associate
professor. He earned his
Ph.D. in Civil Engineering
Systems from MIT after
10 years of experience
in private industry in his
native Brazil.

His research focuses
on developing informa-
tion technologies and
knowledge discovery
techniques for con-
struction engineering
management and sus-
tainable infrastructure
design, with emphasis
on smart energy-
efficient buildings, in-
telligent water grids
and structural-health
monitored systems.

Soibelman received
the NSF CAREER Award
in 2001, the 2010 ASCE
Computing in Civil
Engineering Award and
the American Council
on Education Award.
He succeeds Erik A.
Johnson, who served
as interim department
chair beginning
October 15, 2011

JULIE HIGLE

USscC Viterbi School

of Engineering Dean
Yannis C. Yortsos

has announced the
appointment of Julie
Higle as chair of the
school’s Daniel J.
Epstein Department of
Industrial and Systems
Engineering. The ap-
pointment, effective
January 1, 2012, has an
expected term of three
and a half years.

Higle comes to USC
from The Ohio State
University where she
served as chair of the
Integrated Systems
Engineering Depart-
ment for more than
five years. Previously,
she was professor of
Systems and Indus-
trial Engineering at the
University of Arizona
where she began her
career after earning her
Ph.D. in Industrial and
Operations Engineer-
ing at the University of
Michigan, Ann Arbor.

Her research
interests include
developing stochastic
programming models
and algorithmic meth-
ods for decision making
under uncertainty,
with a recent focus in
the area of stochastic
modeling for health
care applications. She
serves on the editorial
board of Operations
Research Letters and
is Senior Vice Presi-
dent for Academics
for the Institute of In-
dustrial Engineers, the
largest professional
society in the field.

Higle succeeds Stan
Settles, who has served
as department chair
since July 2010.

Dude, Where’s My Parking Space?

A mobile laboratory: USC Viterbi's Audi smart car sparks

ideas on intelligent parking, outwitting traffic and personalizing

the driving experience.

Petros loannou had lost the battle with Santa
Monica, He and his wife retreated.

‘It was the worst experience I had with
parking in Los Angeles,” loannou reflected, “We
didn't know there was a farmer's market evant
happening. Roads were closed. We got lost — we
didn't know where the parking structures were.
We'd always parked in a particular spot and now
the configuration had changed.”

"We wandered around, got frustrated and
went away,”

Now, due to a recent USC Viterbi partnership
with Audi and its Electronics Research Labora-
tory, those sorts of memories may be a thing of
the past, a quaint reminder of life before smart
cars and “intelligent assist.”

Last semester, Ioannou — a professor in
the Ming Hsieh Department of Electrical
Engineering = and his students in the Center for
Advanced Transportation Technologies [CATT,
received some new wheels — a black Audi A8
fully equipped with a broad sensor suite that
includes radar, lidar (for light detection and
ranging), cameras and WiFi. For the next two
years, the Audi smart car will be the USC test
bed for everything from parking assistance
and adaptive driver assistance systems to
personalized navigation,

Along with USC, the University of California,
Berkeley, the University of California, San Diego
and the University of Michigan are also contrib-
uting to the three-year project.

With nearly 10 million souls in Los Ange-
les County alone, the CATT team's research
has enormous implications: managing traffic
flow, driver comfort, mitigating accidents and,
certainly, finding parking at Staples Center on
a Friday night.

Imagine a different Santa Monica driving
experience, one where the weekend farmer's
market is not the death knell of an afternoon.
A scenario where the driver can input a destina-
tion, and the car will run algorithms to decide
— based on the time of day, the driver's cost
preferences, scheduled events, the number of
available lots — where to park. Indeed, as cur-
rently envisioned, the car might even reserve
your spot and pay remotely before you've even
left the driveway.

Personalized driving is another big driver of
the research. For all the smart car's future intel-
ligence, it will remain more of a 300 horsepower
personal assistant that caters to the personali-
ties of multiple drivers.

"The car would learn my driving style — accel-
eration profile, lane usage and level of interven-
tion — and tune its assistance systems to my

INTELLIGENCE — AUDI-
STYLE Professor Petros

loannou and his research

style” loannou said.

What does that
mean? It means that
the car — whether it's
approaching a stop
sign, trailing a car or
veering dangerously
into another lane -
knows your reaction
times hetter than you
do and will customize
an alert accordingly.

In addition, the
CATT team's research will go beyond the limited
traffic data of say, an iPhone's Sigalert app, to
collect data from all possible sources: life data,
historical data, unpredictable events, even
simulations that can do fast forward events,

So, for example, when the unpredictable does
happen — a tanker truck explosion on the east-
bound B0 Freeway passing through Montebello
— the smart car's simulator will imagine a virtual
traffic network, based on real time and historical
data to forecast the future. When a massive river
of steel is diverted, where does it go?

For loannou, a native Cypriot whose first
car was a Matador, flash has never been para-
mount. He loves the dynamics of a motor vehicle.
His students' work will likely not be seen in the
color and the shape of the new smart cars, but
in the underlying algorithms, the unseen pres-
ence that solves your parking, predicts the
future or saves you from the head-on collision.

Lacking that, in a city like Los Angeles, it may
also be your best defense against the scourge
of farmer's markets, -AS

avigation.

Pirates Beware: Viterbi Mini Satellite Will Be Watching

New Cube Satellite First to Track Cargo Containers Over the World's Oceans

Earlier this August, USC's Space Engineering
Research Center (SERC] was slated to launch
its newest satellite, a modified Colony I "cube-
sat” called Aeneas. Launching from Vandenheryg
Air Force Base near Lompoc, California, Aeneas
joins seven other miniaturized satellites on a
United Launch Alliance Atlas V rocket.

Built at USC's Information Sciences Institute
(ISI) by a rotating team of over fifty students
and half a dozen staff members, Aeneas marks
two firsts for satellite innovation: it is the first
cubesat in history to ground track and the first
to deploy a half-meter parabolic dish. A system
nearly three years in the making, the dish is a

a fixed location (the earth, the sun, a star, etc.), Aeneas
employs three-axis stabilization control to track moving
points on the earth’s oceans — cargo containers. By ac-

12 Fall 2012

high gain antenna, deployed from a structure
not much larger than a loaf of bread. Both fea-
tures demonstrate that smaller, less expensive
satellites are capable of communications usu-
ally left up to giant satellites.

Aeneas mission is to track cargo containers over
the open ocean. —K0

A

TWICE AS NICE Aeneas is the second USC nano-
satellite, on the heels of the 2010 SpaceX launch of
Caerus. Said Tim Barrett, SERC’s associate director,
“Most industry professionals only see a few space
flights in their entire career. The fact that we've had
two in only a few years is huge.”

A
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STUDENT LIFE

FREEME

Company

Murali Annavaram
Asst. Professor, Ming
Hsieh Department of
Electrical Engineering
Sangwon Lee

Ph.D. candidate, Viterbi
Computer Science

Team Mentors
Zaré Baghdasarian
Bill Collins

C ive Impulse

“(On one occasion) we
needed to run some
mobile apps in a field
study and then watched
our phone battery indi-
cator literally go from
FULL to RED (empty) in
4 hours.

Our idea allows you
to do more with your
mobile phone and lets
FREEME take care of
your mobile battery
life worries. Patent
protected and ready-to-
deploy solution.”

14 Fall 2012

Maseeh Entrepreneurship Prize
Competition (MEPC)

An annual business plan competition to help inspire Viterbi student in-
novators to be at the forefront of the NAE Grand Challenges. Through
a generous gift from Fariborz Maseeh, MEPC provides a $50K award
in seed funding. Here's a sampling from the 2012 competition: from
virtual concerts to water conservation.

Photography by Noe Mantes

Club Consortya

Company

Andy Martin

Viterbi M.S., Computer
Science for Game
Development

Dustin Farris

Viterbi M.S., Computer
Science for Game
Development

Mike Laflamme
Solutions Developer,
Avanade, Inc.
Matthew J. Lucido,
MBA candidate,
Marshall School

of Business

Ajinkya Waghulde
Viterbi M.S., Computer
Science for Game
Development

Team Me
Robert Flynn
Dimitri Villard

The Pitch

“Club Consortyais a
persistent virtual con-
cert environment where
people worldwide can
participate in a 3D simu-
lation of a real-time, live
artist performance. Each
participant will be able
to customize their own
personal avatar for the
concerts while earning
and purchasing unique
ranks, dance-moves,
archived performances,
and more.”

Viterbi
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STUDENT LIFE

DropOff LLC

pany
Asa Firestone
MBA candidate,
Marshall School
of Business
Jonathan Beckhardt
MBA candidate,
Marshall School
of Business
Jay Shah
Viterbi M.S., Ming Hsieh
Department of Electri-
cal Engineering

Team Ment
Ali Fakha
lan McGregor

|II'||ZIII|'=H!
“I was driving through
a school zone and real-
ized that the real-time
radar display system
created a feedback
loop of information
that caused me to slow
down. | realized that
this feedback loop was
so simple and yet such a
powerful tool to modify
human behavior. It was
a logical progression
to apply this concept
to energy and water
conservation.

Dropoff automati-
cally provides real-time
water usage information
for college dormitory
residents in the shower,
increasing water con-
servation behavior and
providing efficiency and
cost savings.”

16 Fall 2012

ClearPath

Company

Cyrus Shahabi
Professor, Viterbi
Department of
Computer Science
Ugur Demiryurek
Ph.D. candidate, Viterbi
Computer Science
Penny Pan

Ph.D. candidate, Viterbi
Computer Science

Lian Liu

Ph.D. candidate, Viterbi
Computer Science
Christopher 0’Connell
MBA candidate, Mar-
shall School of Business

Team Mentor
Tuck Newport

The Pitch

“ClearPath has created
a technology that finds
the fastest way to get
from Point A to Point B,
by taking real-time and
future traffic conges-
tion into consider-
ation. ClearPath will
save commuters time
and money, and make
delivery businesses
more efficient by sug-
gesting more accurate
and alternative routes.
According to McKinsey
Global Institute analy-
sis...using traffic data
that help drivers avoid
congestion and sug-
gest alternative routes
will save consumers
worldwide more than
$600 billion annually
by 2020.”

Viterbi 17
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The River and the Sky
Bringing Fresh Water to the People of Two Honduran Villages

By Jon Campbell

18 Fall 2012

A]_lg sto “Goose" AJrJn.:- od by the river,
1qred frnm h’lI’d wo cduran sun.
il—

Y ‘”"

: es its name. They had fin-
ished building thp levee of sandbags and
mud protecting their project site, and the ground
had begun to dry. Soon, steel rebar would be laid
and concrete poured for a dam that would bring
badly needed water to the village above.
teamn was in country for seven days b
three already spent on the levee, they were drle-
perately shmt of time.

For Alonso, a biomedical engineering student
and member of the Engineers Without Borders
(EWB) chapter at the USC Viterbi Schaol, last
December was his fourth trip to Honduras, all
as an EWB project manager. He and 10 other
Viterhi students are the latest in a half-decade
effort to provide freshwater to isolated villages
in rural Honduras.

They flew from Los Angeles last winter
hreak to work with local villagers on the small
dam, which will power a water wheel pump and
force river water up a steep hill into the vil-
lage above, For this trip, their plan was to build
asmall, 12-foot portion of the dam while edu-
cating locals in the details of its construction.

But the river would
not be ignored, and
as Alonso watched, a

e sand bag
to slide off the :
Within nds, bag JS
Cl » > way,
ding the site and
ng the team hope-
behind their

1ecule,

to do this?"
La Estanzuela is a village of 300, located
10 miles outside the modern city of Marc
A rough dirt road leads from the city

ural runoff, motor oil, and fecal matter
e fheu sole source of water,

on of the dam was not completed

n "u'cmld ﬂoud the

for another year, The night of the levee collapse,
Alo egan planning the only solution — start
construction on the opposite river bank and
build the dam backwards from the original plan.
; ; to the village ma-

Imost desperate

ou have to be so flexible to do this”

Three miles to the east, co-project leader
{risten Sharer leads another group of EWB
students in the village of Corral de Piedra. The
village suffers from the same poor quality water
as La Estanzuela, but is too far from the river
to be a viable source, Instead, they are building
a rainwater catchment system that will store
several thousand gallons of water collected
during the rainy season in massive tanks that
were donated by the nment in Marcala,
Their previous trip focused on building the
concrete pads for the heavy tanks and now the
system of PVC pipelines that transports the
captured water must be finished.

Sharer is excited with the local response:
“They were hesitant at first, but with communi-
cation and our commitment to the project, they
have started to embrace the possihilities the
tanks and filters will offer."

At the dam site, Alonso's teams are finish-
ing the first section of the sloping concrete and
parthen dam. It' i

}Je cnmplptpd }Jﬂtnl the \'I'F't season
While the E‘I"uB teams have bruught
hlnpprm‘r and sche
ters in concrete” ing to Alonso
and Htra'"
over fresh concrete, q cure. In the
end, the dam's comp n will rest with them.
Sharer is especially aware how their experi-
a Prmg the idea of narity. "The EWB is
about pti "DlLlTiDl’l'—"
what wo
projects h
focus on sustainahbi 3 thmq'“ as
simple and low cost . r—‘-[l on
the right solution for
with it. What we created he
Story update: of thi pnntmg E‘u"'E’ USC
has l:Dmpleted both pruj in Honduras. The
srhonl )

and the }_]I;IJ}_I

to open up th

clean water d nt the tap.
This fall, EWB-U e yes a return with all new
projects.
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ILLUMIN’S mission is to illustrate the many ways
engineering benefits and impacts daily life. Articles are
written, edited, and published by undergraduate stu-
dents at the USC Viterbi School of Engineering.

Books of the Future
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The Engineering Behind Electronic Ink Displays

The article in its entirety can be found at http://illumin.usc.edu.

Boarding the train to Hogwarts School of Witch-
craft and Wizardry, Harry Potter discovers that
photos in the wizarding world are not static
like they are in the Muggle world. Images move,
stirred by magic. Portraits smile and wave; land-
scapes shift and change over time. Moving
photos may now be within reach with a relatively
new technology called electronic ink. Thanks
to this new development, we may soon be able
to enjoy animated magazines, newspapers, and
other printed material,

The following is an abridged version of an article published by Illumin Magazine.

How Does it work?

The most commonly used type of electronic
ink works through electrophoretic technology.
Electrophoretic ink takes advantage of different
colored, oppositely charged particles moving
into view to form patterns. Electrophoresis
separates particles by their charge by apply-
ing voltage via electrodes; positively charged
molecules are attracted to negative voltagas,
and negatively charged molecules are attracted
to positive voltages. The ink itself consists of

countless solid microcapsules that have three
main components: Negatively charged black
particles, positively charged white particles, and
transparent liquid.

To make an electronic paper display, the ink
is bound to a sheet of plastic, forming an evenly
distributed film of ink microcapsules. The plastic
sheet is laminated to a layer of circuitry, then an-
other transparent plastic layer is then applied on
top, sandwiching the microcapsules between the
two sheets. The embedded electrodes use nega-
tive and positive charges to attract and repel the
colared particles, forming text and images.

A Sustainable Alternative
According to the Green Press Initiative, the U.S.
uses more than 20 million trees to make paper
for books and almost 95 million for newsprint
each year. The cost for the Harry Potter book
series alone is estimated at 5.8 million trees.
Electronic ink may help in sustainability
efforts. One small e-reader can display many
different books to a user, saving both landfill
space and trees. Electronic ink price labels in
retail stores can be reset at any time and re-
used, saving countless paper slips. A university
study estimated that the use of paper books led
to four times more greenhouse gas emissions,
three times more water usage, and thirty times
more water consumption per person than the
use of one e-reader. In addition to producing less
waste and using fewer resources, electronic ink
devices use little power, making them a viable
replacement for paper products that produce
waste and consumne valuable trees.

Reading into the Future

There are known flaws in the current state of
electronic ink, and the technology is commonly
thought of as highly specialized, mainly limited
to use in e-readers.

Though most devices now use the method
described above to make an electronic paper
display, the ink can be printed on a variety of
substances: glass, paper, plastic, and even
fabric. Recent breakthroughs in adding color
to electronic ink, along side efforts to develop
thinner, more flexible, and more durable displays
with responsive, touch-screen capability prom-
ise a world of applications beyond of the range
of traditional LCD displays.

Conclusion

Electronic ink is bridging the gap between the
brightly lit screens of the digital age and the
traditional world of pen and paper. Electronic
ink has taken off in the past ten years, and fur-
ther advancements in the technology will likely
revolutionize its application within another
decade. Regardless of whether you want to
conveniently download and read college text-
books or save the planet by conserving trees,
look forward to seeing more and more electron-
ic ink options in the future.

FOR ILLUMIN Michelle Chong

More at http://illumin.usc.edu

Spread the Sound: A Brief History
of Music Reproduction

Composite Technology and the Hockey
Stick Revolution

20 Fall 2012

PHOTOGRAPH COURTESY OF AMAZON.COM, INC
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WHAT’S NEXT

NASA Funds USC Plan to Print Out Moon Buildings
Viterbi and Architecture Schools partnering on lunar Contour Crafting effort

The natural home for a revolutionary USC Viterhi
School of Engineering technique for “printing
out” full-scale buildings may be the moon.

Behrokh Khoshnevis, a Viterhi School profes
sor with appointments in three departments, has
received funding from the National Aeronautics
and Space Administration (NASA) to adapt his
Contour Crafting system for lunar construction.

Khoshnevis and collahorators will be design
ing such items as lunar roads, landing pads and
aprons, shade walls, dust barriers, thermal and
micrometeorite protection shields and dust-free
platforms. The idea is that the machinery will
build as much as possible using moon rock and
other material.

The technology will have to prove itself in
a dress rehearsal on Earth at NASA's Desert
Research and Technology Research Studies
(D-RATS) facility.

The team hopes to integrate the Contour

Crafting units with other equipment for use on
the moon under development by NASA, includ-
ing the Lunar Electric Rover, the Chariot Rover,
and an extremely lightweight crane assembly,

According to Khoshnevis: "The CC technol
ogy has potential to improve materials handling
and schedules, will reduce the need for hard
physical labor, assigning humans to a strictly
supervisory role, eliminate issues relating to hu-
man safety and produce intricate, aesthetically
refined designs and structures”

Khoshnevis has been working on Contour
Crafting for more than a decade, with support
from private sources including Caterpillar Inc,
as well as gaovernment agencies. Hailed as an
imaginative breakthrough by the National Inven
tors Hall of Fame, Contour Crafting consists of
an extremely sophisticated nozzle that moves
via a flexible framework, depositing layer after
layer of a specially formulated concrete-like

material, The current prototype is a unit 13-feet
high, 17-feet wide and 20-feet long, incorporat-
ing no less than 20 patents in its molding nozzle
and other components.

Khoshnevis hopes that on this planet,
Contour Crafting can reveolutionize construc
tion, reducing waste, saving time, eliminating
construction related deaths and injuries, and
speeding replacement of housing after disasters.

"The moon,” Khoshnevis notes, “offers unique
opportunities because it provides for realistic and
feasible experimentation with planetary exploration
and colonization, It also offers valuable resources
such as useful materials, clear view of the heavens,
and a stable post for communication platforms.”

Collaborators include Madhu Thangavelu,
an adjunct professor in astronautics at the
Viterbi School, and two faculty members in
the USC School of Architecture, Anders Carl-
son and Neil Leach. ~EM

MOONRAKER Khoshn

proposal was funded by NASA
Advanced Innovative Concept (NIAC) program, one of
8oo submitted of which o
grant is for one year, with extensio
on demonstrated results.

ossible depending
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PHOTO ILLUSTRATION BY CONMNOR WINGFIELD

[ THE PROMISE: a new breed of electronic screen — ultrathin, lightweight, energy-

BRIGHT LIGHTS, BIG CITY in

efficient and cheap to manufacture.

That glowing promise isn't totally fulfilled by a new process invented by USC
scientists, but it’s a long step in the right direction. The researchers, led by professors
Chongwu Zhou of the USC Viterbi School of Engineering and Mark Thompson of the
USC Dornsife College Department of Chemistry, have devised a way to use carbon
nanotubes to create Active Matrix Organic Light Emitting Diode (AMOLED) displays.

“Active Matrix” refers to an electronic backplane structure that constructs
images by lighting up patterns of individual pixels. “Light Emitting Diodes” (LEDs)
are devices that function like solar power cells, but in the opposite direction:
rather than converting light to electricity, they convert electricity to light, when
energized in patterns by the transistors of the matrix. Organic LEDs are based on
carbon chemistry, rather than silicon or other materials. Zhou and Thompson are
principals in the USC Center For Energy Nanoscience (CEN), which is researching
OLEDs and solar cells intensively.

Active Matrix displays have long been known and are more and widely used
— liquid crystal screens are ubiquitous examples. The Zhou lab’s non-silicon pro-
totype version is small - a total of 500 pixels, each pixel controlled by two carbon
separated nanotube thin-film transistors (SN-TFTs), a switching transistor and a
driving transistor, both linking to a charge-holding capacitor.

It is a first-ever effort: “To our knowledge,” their paper concludes, “this is
the first demonstration of an AMOLED display driven solely by SN-TFTs.” And it
works. Nearly 350 of the 500 pixels in the first experimental composite assembly

lit when energized. — EM

Want to Drill Through the Earth’s Crust? Try This Glass.
AME's Andrea Hodge and Veronica Eliasson seek to synthesize

ultra-hard metallic glass

Imagine a bullet flying at the speed of sound
smashing into a hard rock or solid steel plate and
not shattering or flattening, but keeping its shape
and blasting through. Now imagine a projectile
the size of a football or larger doing the same.

Two faculty members from the USC Viterhi
School of Engineering received a three-year
grant from the Defense
Threat Heduction Agency
[DTRA) to create an ultra-
hard material that can
withstand extreme bal-
listic forces. The possible
USES are hV Nno means ex-
clusively military. Mining,
manufacturing, and many
other areas need tools
able guickly to penetrate
or cut resistant layers of
hard rock or metal.

The materials that PI
Andrea Hodge of the Aero-
space and Mechanical En-
gineering Department will
focus on are amorphous
metal alloys. Unlike the
familiar metals seen in ev-
eryday life, these so-called
metallic glasses lack any
crystalline structure.

Crystals fragment and
break under extreme im-
pact stress, says Hodge,
but some amorphous met-

SUPER BULLET 4,

s the gro

als could retain their shape even under extreme
conditions,

She is joined by AME colleague Veronica Elias-
son, a specialist in shockwaves and fluid-solid
interactions. In addition to theoretical contribu-
tions, Eliasson will help arrange experimental
tests using a plate impact gun located in the
Caltech Solid Mechanics
Laboratory.

The starting point for
their work are variations
of substance created by
the USC Materials Nano-
technology BResearch
Group called Structural
AMorphous alloy [SAM].
SAM alloys, according to
the research plan sub-
mitted to OTRA, "exhibit
outstanding corrosion
resistance and easy for-
mation of amorphous
character” making it a
possible beginning in
the search for the "next
generation structural amorphous metals”
DTRA seeks.

Hodge and Eliasson will be working with Al-
fred University's Olivia Grasve, of the university's
Inamori School of Engineering’s Nanomaterials
Processing Laboratory, a specialist in ceramic
engineering Working closely with Hodge, Graeve's
lab will synthesize large samples that will be
returned for testing and reformulation, —£M

Vierthi Start-Ups: Abtum

Maseeh Prize winners target $5.5

billion transceiver chip market

In April 2011, Behnam Analui and Hossein
Hashemi won USC Viterbi's inaugural Maseeh
Entrepreneurship Prize Competition (MEPC), an
annual business plan competition for Viterbi
students. As their prize, Analui, a USC researcher,
and Hashemi, an associate professor in the Ming
Hsieh Department of Electrical Engineering, won
$50,000 worth of seed maney for their start-up
company, Abtum, Inc,

Since then, the team has been working dili
gently on developing a second generation of their
product, a programmable, integrated wide-hand
transceiver chip.

As government regulators continue to auc-
tion valuable airwaves — at times for a hillion
dollars per megahertz — there is an imminent
need for wireless devices to work at all levels
of the existing and emerging frequency spec-
trum. The few solutions that do currently exist
are expensive, complex, and un-scalable; Abtum
hopes to fill the void.

The team had this flood of need in mind when
choosing a name for their company. A Persian
name, Abtum means "creator of plentiful waters”

Abtum's chip would replace and perform the
functions of multiple radio frequency components
within current wireless devices, reducing cost,
footprint and complexity, while allowing more
space for other key components of a mobile de-
vice such as displays and batteries. In short, the
product would enable users to access a wider va
riety of media from a smaller device with a longer
hattery life.

Research and development is currently being
funded by the US. Department of Defense, so the
team doesn't plan to begin actively fundraising
until the second or third quarter of 2012, That
hasn't stopped them from talking to potential
customers, or presenting to a group of venture
capitalists in the Bay Area, as arranged by USC's
Stevens Institute for Innovation.

Potential customers include telecommunica-
tions companies, defense and public safety and
mobile device makers. —K0
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WHAT’S NEXT

OR. MILIND TAMBE:
PROFESSOR OF COMPUTER SCIENCE AND
INDUSTRIAL AND SYSTEMS ENGINEERING

1 NEVER SAW A REAL COMPUTER UNTIL COLLEGE. BUT | HAD FRIENDS NAMED TEN YEARS AGO, | STARTED DOING VERY THEORETICAL RESEARCH.
RODDENBERY AND ASIMOV. THEY TOLD ME ABOUT COMPUTERS THAT COULD ALGORITHMS THAT USED RANDOMNESS TO COORDINATE ROBOTS ON
PILOT STARSHIPS OR SOLVE THE WORLD'S GREATEST RIDDLES. THE SURFACE OF MARS.

COMPUTER SCIENCE WAS A RIDDLE TO MY PARENTS. WHAT WAS IT EXACTLY? TURNS OUT, WE DIDN'T NEED RANDOMNESS ON MARS. WE NEEDED

MILIND TAMBE YOU CAN'T SEE IT LIKE A 2,000 METER BRIDGE. IT HERE ON EARTH,
AND

T”E P” A ”Ta M A R MIEg MY MENTOR ONCE TOLD ME: “YOU DON'T CHOOSE THE PROBLEM; THE PROBLEM CHOOSES YOU."

ILLUSTRATION BY EINAR BALDVIN
STORY BY ADAM SMITH

WHEN | WAS A CHILD IN MUMBAI, MY FATHER TOOK ME T0O A CONSTRUCTION SITE.
HE SHOWED ME A BRIDGE HE BUILT. | THOUGHT IT WAS EXTRAORDINARY.

1 DIDN'T KNOW IT THEN — BUT ONE DAY IN SEPTEMBER, THE PROBLEM CHOSE ME.
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HOW CAN WE USE RANDOMNESS TO STOP THE TERRORISTS? | TURNED T0 SOMETHING CALLED “GAME THEORY." THERE ARE THOUSANDS OF INTERNATIONAL FLIGHTS EVERYDAY IN THE ARMOR PROTECT IS USED BY THE COAST GUARD OF BOSTON AND NEW YORK
UNITED STATES. WE DON'T HAVE AN AIR MARSHAL FOR EVERY FLIGHT. CITY. DECIDING PATROL SCHEDULES, LOCATIONS, FREQUENCY, ETC.
THE BAD GUYS KNOW THIS, T0O.

IMAGINE YOU HAVE EIGHT DOORS YOU NEED TO PROTECT. BUT YOU HAVE ONLY ONE COP. WHAT IF — WHAT IF YOU COULD
CREATE THE ILLUSION THAT YOU ACTUALLY HAD EIGHT COPS? IT WOULD BE LIKE YOUR OWN PHANTOM ARMY.

WORKING WITH MY STUDENTS AT THE USC VITERBI SCHOOL OF A COUPLE MONTHS AGO, THERE WAS A RASH OF THEFTS IN A ARMOR S NOT LIMITED TO JUST SECURITY. IN A WORLD WHERE COMPUTER ALGORITHMS HELP FIND

ENGINEERING, WE CREATED A SOFTWARE PROGRAM CALLED ARMOR. NEIGHBORHOOD. LIKE CLOCKWORK, THE THIEVES KNEW EXACTLY WHEN THE UNDERVALUED BIG LEAGUE PITCHER OR PREDICT THE WEATHER MONTHS IN ADVANCE - IT CAN BE
PEOPLE LEFT AND RETURNED HOME. USED FOR ANY PROBLEM WHERE YOU HAVE LIMITED RESOURCES AND CAN'T BE EVERYWHERE AT ONCE.

' A PERSONAL FAVORITE: PROTECTING ENDANGERED TIGERS IN THE INDIAN SUBCONTINENT.
SINCE 2007, IT'S USED ‘INTELLIGENT RANDOMNESS' TO PROTECT EVERYTHING THE TERRORISTS ARE THE SAME. IN A WORLD OF SCHEDULES, OF

FROM AIRPORTS, PASSENGER JETS, U.S. PORTS AND PUBLIC TRANSPORTATION. PATTERNS, THEY LEARN TO EXPLOIT THEM. THEY LIKE PREDICTABILITY.
I NEVER BUILT A BRIDGE OR A HIGHWAY. MY WORK 1S INVISIBLE. | CAN TAKE
MY KIDS TO SEE A CHECKPOINT AT LAX. BUT IT'S NOT QUITE THE SAME AS

T0 LAX. NOT ENOUGH POLICE TO " o » 5 R R P— T,
MAN CHECKPOINTS ON ALL ROADS ﬁ
AT ALL TIMES. THERE ARE EIGHT

TERMINALS. NOT ENOUGH k9

UNITS TO PATROL ALL OF THEM.

FOR THE BAD GUYS, WHAT THEY
DON'T KNOW — WHAT GIVES THEM
PAUSE — IS WHERE AND WHEN
THESE LIMITED SECURITY FORCES
WILL BE DEPLOYED ON THE DAY
THEY ATTACK.

THAT'S WHAT ARMOR DECIDES.

MY SUCCESS IS BASED ON A NON-EVENT. I'M OK WITH THIS.
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KELLY GOULIS.

+ Development of “fuzzy logic” by Bart Kosko
and Jerry Mendel, a technique to avoid over-
sensitive, continuous on-off controls by
software always hyper-defining yes and no.

+ Optical image processing and three-dimen-
sional imaging (holography] brought forward
by Alexander “Sandy" Sawchuk and Andrews.

+ Sound reproduction, with Chris Kyriakakis
developing new systems creating extraordi-
nary fidelity by awareness of listener location.

C.-C. Jay Kuo, SIPI's current director, is enthu-
siastic about how first-rate work continues to
manifest from Pratt's original vision, in all three
areas — but in decidedly new forms. "We are mov-
ing from image processing to more multimedia
signal processing - speech processing, video
understanding, biomedical engineering.”

And SIPI researchers are now at the forefront
in these new areas. Shri Narayanan has attracted
international attention for his success in "hehav-
joral informatics,” using computational methods
to decode nonverbal human communication,
including emotional communication, between
husbands and wives, for example.

And interpretation of medical images is a
major area of image processing - one in which
Krishna Nayak has made remarkable advances,
most recently with a new technique that allows
physicians to track blood flow through heart
tissue without dyes.

Additionally, interpretation of images - ability
to recognize faces or to follow images in moving
video captures, has moved dramatically forward
in work done in the laboratory of Gerard Medioni.

Pratt is proud of the legacy he left and the
memories, "USC has come miles and miles from
when I walked in the door," he recalls. "I got a
fellowship from Hughes in '59 . . . and the first
person I met was (former dean) Zohrab Kapri-
elian. He was my mentor. I said, Twanted todo a
thesis on video coding, and [ need some equip-
ment.” He said, T have some money set aside
from the Air Force - you can have it all; nobody
else has any ideas.”

“l owe so much to USC - it was a golden oppor-
tunity; it changed my life for the better

Distance Education Network
(DEN)

In 1972, the expression “distance education”
was brand new and widely unknown. Educators
had written about the promise of live television
for teaching, leading the FCC to license local TV
broadcasts by colleges in 1963.

But few real world examples existed when
USC Engineering took the lead, boldly creating
the Norman Topping Instructional Television
Network (ITV) to address the continuing needs
of engineers working in the aerospace industry.

The architect of the system was Jack Mu-
nushian, who came to USC in 1968 from Hughes
Aircraft. "To an extent few people realize, we at
the Viterbi School live in a house that Jack built,”
commented Dean Yannis C. Yortsos following
Munushian's passing in 2005 When the IEEE

Educational Activities Board awarded the highly
coveted Major Educational Innovation Award to
Munushian in 1988, the school had already record-
ed thousands of enrollments in classes via [TV,

The short range, line-of-sight television re-
lays of 1972 survived for 25 years. Then, in 19397,
an agreement with Qualcomm to deliver courses
to their engineers in San Diego was the catalyst
for DEN to invest in the next generation of tech-
nology, leading quickly to satellite broadcasts to
corporate sites all over California and Arizona,

And then came Internet delivery — global
reach. President C.L. Max Nikias, while dean of
the Viterbi School, was an unflagging exponent
of improving and upgrading DEN, working with
Herb Schorr of ISI to integrate [SI's skill in net-
work technology with the new model,

As DEN's executive director, Binh Tran took
the lead in using ISI's fundamental web technol-
ogy and building it into a functional, flexible and
user-friendly system, "It is no langer just distance
learning. It is a system for enabling all students
to learn through sophisticated, interactive inter-
faces. It enhances learning for everyone.”

Throughout these changes in technology,
the underlying academic structure of a USC
Viterbi School of Engineering master's degree
has remained constant. DEN students meet the
same admission requirements, uphold the same
academic standards and fulfill the same rigorous
curriculum as on campus students.

Forty-seven M.S. degree programs are now
offered online through DEN; the relationship
with industry continues to grow, with dozens of
major companies here and abroad now provid-
ing employees the opportunity to enhance their
education. The course offerings have expanded
from the initial concentration of aerospace and
defense industries to subjects in many other areas
- for example, students in Kuwait are studying
petroleumn engineering and students in South
Karea are studying engineering management.

DEN has provided access in some unusual
locations. Perhaps the most dramatic instance
of this was an Army soldier who completed all of
his studies while on active duty: first in Kuwait,
then in Afghanistan. Captain Matt Smith received
his M.S. in Electrical Engineering in 2010. Attend-
ing the commencement ceremonies at the Galen
Center "was the first time I ever stepped on cam-
pus," Smith said.

Another remarkable DEN student story is
taking place right now. Byan J. Williams was on
his way to a Ph.D. under the guidance of Profes-
sor Gaurav Sukhatme, when an accident left
him a guadriplegic. Williams is now living at his
parents' home in Virginia with only limited hand
and arm mobility.

And he is still on track for his degree, thanks
to DEN. "After my accident, I required three class-
es to fulfill my course load for the Ph.D."

Stories like Smith and Williams are exceptional,
but every day DEN is impacting the landscape:
the technology and resources are changing the
shape of education at Viterbi and at USC.

One standout example is the iPodia prograrm.
With DEN as a platform, iPodia allows under-

graduate students in Beijing, Taipei and Los
Angelas to collaborate on engineering courses in
a real-time, face-to-face format. Discussions for
other collaborative programs incorporating DEN
are taking place with other international universi-
ties including India, Mexico and Germany.

‘It is no longer distance learmning,” said Kelly
Goulis, USC Viterbi Senior Associate Dean for
Graduate and Professional Programs, who has
cultivated DEN from local television relay to
global Internet delivery. "It is enabling all students
to enhance their learning experience through so-
phisticated interfaces, It is live content over the
web, which is valuable for students everywhere,
just as much for on-campus students as for dis-
tance learners.”

Information Sciences
Institute (ISI)

By the time the words you are reading have
been printed, the world's first fully program-
mable guantum computing laboratory will
have completed its first actual computations
in another Viterbi School body that this year
celebrated its 40th hirthday.

Dr. Keith W. Uncapher created the University
of Southern California Information Sciences
Institute (IS1) in April 1972. By 1973, according
to Uncapher, 1SI had “a staff of 48, including 10
graduate students, and four USC faculty par-
ticipants," occupying 20,000 square feet in the
Marina del Rey building — that remains its cam-
pus to this day — working on six projects for the
Advanced Projects Research Agency (ARPA)
using a state-of-the-art PDP 10 computer
connected to ARPA's nascent network then
called Arpanet. Now it is known as the Internet.

ISI work was a fundamental driver of
Arpanet into the Internet. This role, particularly
the contributions of ISI staffers including Paul
Mockapetris, Danny Cohen and Jonathan Pos-
tel — is perhaps its most widely known research
contribution. But major advances in numerous
other areas of engineering have come out of the
12-story tower overlooking the harbor, including:

‘Natural language programs to translate
between human languages: from English to
Chinese or Arabic, for example. Kevin Knight
and Daniel Marcus' system has repeatedly won
national competitions.

‘Programs to teach languages to servicemen,
including "Tactical Arabic” used in Irag and "Tac-
tical Pashto" used in Afghanistan, created hy W.
Lewis Johnson.

-Artificial intelligence, teaching machines to
think the way humans do is a primary focus at
ISI, with numerous researchers, including Yigal
Arens and Yolanda Gil. Jerry Hobhs and Ed Hovy
used these technigques to help write the IBM
Watson system that won “Jeopardy!”

‘Geographical information systems allowing
detailed data retrieval, keyed to map coordinates
hy Craig Knoblock, so that clicking on any point on
amap returns detailed data from many sources.

‘The MOSIS chip brokerage, used by compa-
nies, academics and students everywhere to

create affordable chip prototypes.

+Chip design for advanced applications, in-
cluding ‘processor in memory’ chips, prosthetic
chips that imitate hiological functions and more.

‘Computer system design to make supercorm-
puters more flexible and user-friendly by Robert
Lucas and colleagues, and Robert Crago's par-
allel computers, which have multiple hardware
clusters intelligently cooperating to solve com-
plex problems.

Grid computing, a resource sharing sys-
tem co-invented by Carl Kesselman, which has
evolved into the now ubiguitous cloud computing
systems Kesselman applies medical information.

‘Robotics, including Wei-Min Shen's unique
modular “transformer” system, in which identi-
cal modules reassemble themselves in different
shapes for different use - turning from a crawler
to a climber to a digger depending or whether it
is on the moon or under the sea,

Since 1988, Herb Schorr has been executive
director of ISI. He has been witness to many
changes, but nothing perhaps as dramatic as
the USC Lockheed Quantum Computing Center,
which held its official ribbon-cutting ceremony
on October 28, 2011 (see story, page 33).

While ISI began with almost exclusively gov-
ernment funding — especially DARPA — Schorr
foresaw that a critical factor today is to find
auxiliary funding from non-government sources.
And ISI is finding promising areas for such fund-
ing. The new guantum computing system is a
partnership between Lockheed Martin, USC and
D-Wave Systems, the manufacturer of the device.

Another increasingly critical area is cyber-
security. Specialists Terry Benzel and B. Clifford
Neumnan have, in cooperation with UC Berke-
ley, created a unigque,
safely sealed off facil-

ity - the DETERIb,  Artificial intelligence, teaching
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have recognized ISI as

a National Center of  SYStEM that won "Jeopardy!”

Academic Excellence

in Information Assurance Research (CAE-R), and
students from numerous institutions are now
studying cybersecurity through USC.

And space travel is no longer a totally gov-
ernment operation. Since 2010, ISI has been
working with the Space Engineering Research
Center (SERC] on a new generation of satellite
vehicles (see story, page 13).

“We are now beginning to witness that ISI and
USC are becoming an attractive force to the US.
computer science community,” wrote Uncapher
decades ago. "I believe that through the use of
ISI's reputation along with that which already
exists at USC, that we will be very successful
in attracting very, very good computer people.”

The decades have proven Uncapher right.

CALCULATED
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2012: A Quantum Odyssey

How USC Became Home to the World's First Operational Quantum

Computing Center at a University and Why It Matters

by Adam Smith, photograph by Adam Voorhes

At noon, on December 23, 2011, the USC Viterbi School of Engineering awakened its first volcano.

0dd thing is, despite its location in Marina Del Rey, this particular “volcano” was situated in one of the
coldest places on earth — 100 times colder than intergalactic space.

The crown jewel of the USC Lockheed Martin Quantum Computing Center, the 128 qubit Rainier chip
— christened after the massive strato-volcano outside Seattle — became operational two days before
Christmas last year. There was no fanfare of trumpets. No banks of coruscating neon lights.

Somewhere in the USC Information Sciences Institute (ISI), inside a 12-foot black box, a tiny quantum
processor began to stir. The culmination of 12 years of work by Canadian-based D-WAVE, Rainier had
found its first customer in Lockheed Martin, the world's largest defense contractor.

Lockheed Martin, in turn, had found a home for the cold, black box at ISI, the university's storied
research institute.

In the years to come, the USC Lockheed Martin center may prove to be the testbed for a whole new
generation of quantum engineers. It may begin to solve the sort of optimization problem that outstrip
classical computers. Indeed, Rainier's successor — the 912 qubit Vesuvius chip — has the potential to solve
problems in 120 milliseconds that would take the world's most powerful supercomputers 320,000 years.

For now, December 23, 2011, may be remembered as the day a payroll tax cut was passed by Congress.
Or the first Friday of the Mayan doomsday calendar.

Or something else entirely.

The Conversation
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the age of the universe

With quantum computers we
should be able to solve problems justa theoretical approach,
in a matter of hours, instead of..

millions of lines of code. What's worse, sophis-
ticated jet fighters are only adding more code,
not less. The problem is compounded by the fact
that Lockheed Martin doesn't write all their own
software — they rely on parts from other com-
panies, even those overseas. That raises the
specter of not just bugs, but malicious bugs.

“He impressed upon me very clearly,” said Li-
dar, “that they were up against the wall, and the
problem was only getting worse, This was tak-
ing an unreasonable amount of time and money
— between 10 to 20 percent of the F-35 project
being devoted to VGV, It's
in the many billions."

Allen was looking for a
radical new solution. Not

but a guantum computing
solution using real ma-
chines. Rather than pains-
takingly debugging a plane
one line of code at a time,
could quantum mare rapidly detect the anoma-
lies in the code?

Lidar remembered D-WAVE - "the SpaceX of
guantum computing.” During his time at Univer-
sity of Toronto from 2000 to 2004, a then fairly
unknown D-WAVE had been husy amassing in-
tellectual property, including three patents from
Lidar on ‘overcoming guantum deccherence.”
Since then, they had announced the creation of
“the world's first commercially available quan-
tum computer”

He convinced Allen to take a look at the D-
WAVE One, the Rainier chip. Nearly a year and
a half later, that conversation in Lidar's office
blossomed into D-WAVE's first sale.

Five months later — October 28, 2011 - Yannis
C. Yortsos, USC Viterhi dean, Ray Johnson, chief
technology officer of Lockheed Martin and Vern
Brownell, president and CEO of D-WAVE, stood
on the 1lth floor of ISI and announced the first
fully programmable quantum computing sys-
tem at an academic institution.

Science Fiction vs.
Science Reality

Ever since British physicist David Deutsch
imagined a quantum computer that could prove
the existence of parallel worlds and solve the
inscrutable nature of photons, electrons and
atorms, quantum computing has mainly existed
in the world of theory.

Today, inside the black box, is a small, mag-
netically shielded realm that goes beyond the
laws of classical physics. The Rainier chip's
computational power derives from the atomic
and subatomic kingdoms of guantum — where
the spin of an atom's nucleus can determine
how information is stored on a computer.

Whereas classical computers store hits of
information as either a "1" or "0, the D-WAVE
machine can store "gubits” of information in
either state — or both. For the 128 qubit Rainier,
that means, at least in theory, it can calculate
problems with a lot of different variables, prob-

lems so vast they have 340282367 = 1038 pos-
sible answers.

To put that in perspective, the most state of
the art gquantum devices today have gotten no
further than 14 qubits, and they're largely not
scalable, The D-WAVE machine is, and that next
volecano — the 512 qubit Vesuvius chip — prom-
ises to address problems with more variables
than all the atoms in the universe.

The D-WAVE machine cannot solve problems
that are impossible for today's classical com-
puter, but it is an accelerator — a device that,
in all likelihood, can solve specific optimization
problems faster than any processor ever built.

As Lidar told KPFK radio recently: "With quan-
turn computers we should be able to solve such
prablems [protein folding] in a matter of hours,
instead of.. the age of the universe.”

In addition to optimization problems like
VEV [see sidebar, page 37), the new center also
means a chance to study the very nature of
guantum physics, "the spooky action at a dis-
tance" that so befuddled Einstein.

‘T try to understand how nature works," said
USC ISI's Sergio Boixo. "But that was before we
had an actual device. Three years ago, it didn't
seem possible”

According to Boixo, what people think is sci-
ence fiction might actually be science reality.
“That's something I realize everyday. Every time
I run a new benchmark (on the Rainier) and [ get
a positive result . . . [ remember when I saw the
paper by Hartmut Neven of Google, who actu-
ally used the chip for image recognition, They
managed to outperform, in some metrics, the
algorithm that Google is already using.”

Boixo, a Spanish born guantum engineer
who ran software for the European Central
Hank, was brought to ISI specifically to test
the new chip. He represents the latest in a
continuum going back to 2003, a joint strat-
egy between USC Viterhi and the USC Dornsife
College of Letters, Arts and Sciences to hire
new faculty in quantum computing and related
disciplines. Today, after USC bested several
other university suitors for Lockheed's hand,
that investment looks strategic, indeed.

But more than anything, at the heart of the new
center is a focus on students, Kristen Pudeng, for
example, one of four Ph.Ds, working with Lidar,
was the co-author of the paper on the F-35 prob-
lem: quantum VGV, Nearly four months ago, she
was among the very first to remotely access the
Rainier chip from her laptop at the USC campus.

"This is fantastic,” said Pudenz. "It's not just
writing papers — [ can actually come up with an
algorithm that I think will work and test it right
away. | don't have to wait for the results.

Said Dean Yortsos: "Experimenting with
this device, I would say it's almost the same
as how computer scientists and engineers
experimented with the original silicon chip at
the dawn of the computing era, which goes
hack 50 years or so.

"History will show whether this is true or not.
But unless you take this adventure, you will nev-
er know — and this is what we're doing.”

USC Viterbi
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"This whole enterprise of creating a quantum
computer started in the mid-nineties in a very
unusual place. A commerce course at UBC
[University of British Columbia) taught by a
guy named Haig Farris [future co-founder of
D-WAVE]. I took Haig's course as a Ph.D.
student in physics kinda on a whim. [ thought
it might be cool to see how business things
worked. About midway through the course, we
had an essay that was due for a significant
portion of our grade.
“Sixty years ago, the UNIVAC 1 (the Universal I had a whole bunch of mid-terms, and [ was
Automatic Computer), the first commercially  thinking about just not doing it. . . . It occurs to
available computer in the United States was first  me now, during the subsequent 12 years — If I
sold to the US. Census Bureau. It was initially  hadn't written that essay, if I decided to blow it
conceived for business and administrative use  off like [ really wanted to, I wouldn't have met
— it could add two 10-digit numbers at a rate of  Haig, and none of this would've happened. ..
almost 100,000 additions per second. It even [
predicted the electoral victory of Dwight D. Eisen-
hower the following year. Few, if any, however,
predicted that this 15-ton machine would revolu-  “ISI has always worked in the early develop-
tionize every aspect of how we live our lives. ment of technology that revolutionizes society.
ABOVE (from left to right): UNIVAC 1 was the first modern computer in -~ We got involved in the early days of the Internet.
tand the United States — all subsequent computers I see [the quantum chip) being similar to the
have been merely improved versions with more  way transistors were in the sixties. I can still
advanced microelectronics, memory and com-  remember all the quotes back then — ‘Transis-
munication technology. tors will never work; electronic vacuum tubes
The D-Wave One Adiabatic Quantum Com-  will never be replaced. A few years later, those
puter represents not merely the latest ancestor  tubes were out of existence. Transistors today
of UNIVAC, but the next big leap — the advent of  are a 5300 billion worldwide industry. That's
scalable quantum computing.” more than the GOP of Holland or Austria
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“My career started with programming Von Neumann's original
machine. Fortunately or unfortunately, I go back a long ways in
this computing racket. And to me, the best part of (the D-WAVE
machine) is - if I go downstairs — it's a real machine, it’s
hardware. [ can get my hands around it. I think we're at the dawn
of a new era of computing in my lifetime.”
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SETH LLOYD (SL) isa
professor of mechani-
cal engineering and
director of the W.M.
Keck Center for Extreme
Quantum Informa-

tion Theory (xQIT) at
the Massachusetts
Institute of Technology.
Dr. Lloyd created the
first technologically
feasible design for a
quantum computer and
participated in the first
experimental demon-
strations of quantum
computation. His work
is the basis for the first
commercially available
quantum computer,
produced by D-Wave.

d

DANIEL LIDAR (DL) is
a professor of electrical
engineering and chem-
istry at USC, where

he is scientific and
technical director of the
USC Lockheed Martin
Quantum Computing
Center. In addition, he
is the founding director
of the USC Center for
Quantum Information
Science & Technology
(CQIST). He was elected
a Fellow of the Ameri-
can Physical Society
and a Senior Member of
the IEEE in 2007.

Q & A: SETH LLOYD AND DANIEL LIDAR

SL: Why are yvou interested in adiabatic
guantum computation, and what made you
decide to help Lockheed Martin operate
their adiabatic quantum computer?

DL: My interest in adiabatic quantum computa-
tion (AQC) is driven by my perception that it is
likely to be the approach that will lead to the
first realization of a truly large scale quantum
computer. [ am also fascinated by the intrinsic
beauty of the idea of gently guiding quantum
dynamics to find the solution to hard problems.
And, AQC is still relatively unexplored compared
to the circuit model, which means that there
are still major open guestions to be answered...
Begarding Lockheed Martin, USC is grateful to
the company for its decision to partner with us,
and to establish a joint and equal partnership
research Center...

SL: Although the jury is still out on whether
adiabatic guantum computers can pro
vide an exponential speed-up over classical

computation, many guantum computer
scientists with whom I have spoken have
expressed skepticism that adiabatic quan-
tum computers can provide such a speed
up—even in principle, let alone in practice.
What do you think?

DL: We know from thearetical work that in prin-
ciple AQC is ‘“computationally ecuivalent” to

standard, circuit model quantum computing, This
means that any computation performed in one
model (adiabatic or circuit) can be simulated with
modest polynomial overhead using the other mod-
el In this sense, any exponential speed-up over
classical computation that is known to exist in the
circuit model immediately translates over into an
exponential speed-up in the adiabatic model... You
are probably referring to the fact that we don't yet
know whether adiabatic quantum computers can
be made fault-tolerant and thus resistant to deco-
herence and noise, and that this seems essential
to ensure a speedup, at least hased on our experi-
ence with the circuit model. And here I must agree
that the jury is still out... in summary, [ do not share
the skepticism that there is some fundamental
reason that adiabatic quantum computers cannot
provide a speedup. Whether we can achieve this in
practice is of course a very different question, and
one of the reasons we want to explore what can be
done with the D-Wave chip.

SL: Are the D-Wave adiabatic quantum com-
puters ending up in their ground state—and
so solving the desired problem—after a fully
coherent quantum process, or do they end
up there after some messy, noisy, quasi-
thermal process? If you think that they are
operating coherently, what experimental ev-
idence can you adduce that suggests that?

DOL: We know that the D-Wave chip doesn't always
end up in the ground state. But this is 0K; as long
as it ends up in the ground state with high prob-
ability we can run the computation a few times
and amplify our confidence that have obtained
the right answer. This is a standard procedure
also in classical probabilistic computation, and
so doesn't present a problem. The fact that the
D-Wave chip doesn't always end up in the ground
state also teaches us that the process is to some
extent incoherent, noisy, and guasi-thermal. On
the one hand we can expect that some of this
can be engineered away. On the other hand, per-
haps the more interesting question is whether it
is really essential to strive for completely coherent
adiabatic evolution in order to start to outper

form classical computers. There is theoretical
evidence that even partly incoherent guantum
processes can outdo classical computers in
certain tasks.. In any case, the guestion of the
"guantumness” of the D-Wave chip is probably at
the top our research agenda at USC, and is one
we are actively investigating.

SL: What kind of hard problems are you currently
posing to the adiabatic quantum computer?
DL: Under the very able leadership of Dr. Sergio
Boixo, who was recently hired as our first Quan-
tum Applications Engineer at IS], we are currently
performing very detailed benchmarking of the
D-Wave chip. We are studying primarily one-
dimensional qubit chains and two-dimensional
qubit lattices. The one-dimensional chains are
"easy”, in the sense that we know right off the
bat what the ground state should be, and so
we can characterize the actual performance of
the processor relative to what is expected.. The
two-dimensional lattices are more interesting and
more challenging, since it can be very hard to
find the correct ground state even classically.
In fact, the gubit layout and connectivity of
the D-Wave processor was designed to enable
the chip to solve a problem that is known to be
NP-hard: the ground state of the classical Ising
model on a bi-partite graph. We don't yet know
whether the processor can solve this problem
with any speed-up compared to classical com-
puters, and our benchmarking is designed to
address this very question...

SL: Are you optimistic about the future of
adiabatic quantum computing?

DL: I'm cautiously optimistic, We already have
preliminary numerical indications that there is
entanglement in the state of the O-Wave chip,
and this suggest that some of the required
guantum magic is present. Ultimately, I believe
that some form of error correction will be nec-
essary in order to ensure continued scaling,
and this will probahbly be the main obstacle... I
hope that the work we are doing at USC with the
D-Wave chip will serve to inspire others to con-
struct adiabatic quantum computers. If | had to
gamble, ['d bet that the first demonstration of a
gquantum computation that runs faster than any
current classical machine will be done using
adiabatic quantum computing.

What Quantum Means For You

As Niels Bohr famously said, "Prediction is very difficult, especially about the future” Though the
USC Lockheed Quantum Computing Center is still in its infancy, its research has profound implications
for aerospace, medical imaging, robotics, finance, web search, hioinformatics and other disciplines.

Here's just a sampling of potential applications:

Cheaper, More Efficient Solar Power
More sunlight falls on the surface of the Earth in
one hour than is necessary to provide energy for
the entire world for a year. The problem is a mat-
ter of efficiency — most of that energy is wasted.
So what molecules are best at trapping sunlight or
converting to electricity? It's an optimization prob-
lermn with so many variables, only a quantum chip
has the processing speed to deal with it effective-
ly. For example, working in concert with Harvard
‘s Alan Aspuru-Guzik, the D-WAVE machine is now
analyzing 10 million molecules that might be per-
fect candidates for cheap photovoltaic plastics.

Image recognition

This is essentially an area of machine learn-
ing — how do you teach a computer to find a
needle in a haystack? With the advent of digi-
tal photography, the world produces billions
of photographs. Humans, of course, can easily
identify objects in a photo, but computers can't.
Enter quantum. Imagine a future where you can
search Google images and find anyone wearing
your high school class colors or the EPA can
detect the slightest changes to polar icecaps
from a wealth of satellite imagery.

New Designer Drugs

Proteins are the workhorses of the body, taking
on a wide variety of tasks. They fight infections,
turn food into energy, copy DNA and catalyze
chemical reactions, Insulin is a protein, as are an-
tihodies and many hormones, And like a piece of
biological origami, the protein folds itself into the
form necessary to carry out its job. Without the
shape, the protein would be worthless. It's very
hard to simulate protein folding, even on giant
supercamputers. If you want to make a designer
cancer drug, for instance, it's not enough to know
which atoms you would use. What shape will
they be in? That's a quantum problem.

Web Search

Today's Internet landscape has billions of web
pages. Google's Page Rank algorithm must go
through all these sites on a routine basis to
curate your search results. But this problem
guickly becomes one of scale — what happens
when there are trillions of web pages? It turns
put that Page Rank can actually be mapped to
guantum computing and made faster. Though
invisible to most of us, this is a huge calculation
and will be crucial to how we consume informa-
tion across an exploding digital universe.
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Digital pioneer Sol Golomb celebrates 50 years at USC

by Eric Mankin, photography by Noe Montes

More than six decades ago, a Baltimore-born
prodigy graduated from Johns Hopkins Univer-
sity with a B.S. in mathematics before his 19th
hirthday. That individual remains brilliant in
2012, celebrating his 80th birthday and his 50th
year on the faculty of the USC Viterbi School of
Engineering - a school named after the young
graduate student he mentored many years ago.

Palylingual, a USC leader, an international
authority in communications, a celebrity in the
world of mathematical games, winner of almost
every honor in his multiple fields, Sol Golomb con-
tinues to teach [including freshmen seminars), to
write (including deeply informed essays on history)
and to research as he enters his ninth decade.

And his is the story of a remarkable indi-
vidual embedded in a remarkable generation.
Golomb was a leader in an extraordinary cohort
of American thinkers who revolutionized un-
derstanding of the longstanding mysteries of
mind and thought: breakthroughs as fundamen-
tal, or even more so, as the understanding of
gravity, or the atom.

It all began in 1948 — three breakthrough IT
discoveries at Bell Labs. That year, as Golomb
recently wrote, saw the publication of “A Math-
ematical Theory of Information” by Claude

Shannon, a figure Golomb compares to Ein-
stein and Newton; the Allied invention of error
correcting codes by Robert Hamming: and the
invention of the transistor by John Bardeen,
Walter Brattain and William Shockley.

Golomb recalls that as a young scientist
working for his Ph.D). at Harvard, he was initially
expecting to travel the abstract route of pure
mathematics, but a summer job in engineering at
Lockheed Martin, along with a Fulbright scholar-
ship that took him to Oslo, Norway, brought his
attention to the explosion of consequences of
the 1948 revelations.

As a result, in 1956, after completing his
Ph.D., he did not proceed directly to academia,
but instead went to the Jet Propulsion Labora-
tory, where a wildly talented and diverse set of
minds were working on projects including — four
months after the RBussian launch of Sputnik —
the first U.S. satellite, Explorer.

“Our average age at the time was about 25"
Golomb recalled, and the group included Andrew
Viterbi (the future naming donor for the USC
Schoal], Lloyd Welch, William Lindsey, Thamas
Kailath, Robert McEliece and others whose list
of honors would fill this entire magazine.

And it was not just space that these minds
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Golomb insights enabled
the Mars rovers to send
back clear video images
of what they saw on the
surface of the red planet
100 million miles away.

attacked. At the same time, the information
theory implications of the discovery that DNA
carried the coding of living things were sinking
in. Golomb and one of his JPL colleagues were on
that case as well.

As he recently wrote: "It was through Max
Delbriick, the acknowledged father of molecu-
lar genetics, whom [ met in 1956, that I met the
others in this field. In
1960, on my first visit
to London, [ took a
side-trip to Cambridge,
where [ spent the day
with  Francis Crick.
He took me to lunch
at the Eagle, the pub
where Watson and
Crick worked out the
double helix structure
of DNA, according to
legend, on the back of
a napkin.”

Perhaps, Golomb's most outstanding contri-
bution to the legacy of this outstanding group
of colleagues was his analysis of shift register
sequences, random-seeming series of bits that
concealed a deep, unmistakable and highly
conspicuous order to listeners who knew what
to listen for.

Golomb created the mathematics behind
them while still a graduate student at Harvard.
A digital electronic message, he realized, could
be modulated into a shift register sequence pro-
duced at a transmitting device. He saw that if

the same seguence were built into the receiver,
it would be possible to receive much fainter sig-
nals than would otherwise be detectable.

The shift register sequence, in effect, repeats
the signal over time, so that more total signal
energy can be concentrated at the receiver, Over
time, the true signal builds while the random
noise largely cancels itself out.

When Golomb subsequently came to JPL, he
worked with colleagues in turning his insight
into a critical tool for space communications,
and in 1961, scored a spectacular success. A
powerful radio transmitter aimed a specially
designed signal at Venus, while a giant radar re-
ceiver that had the same sequence programmed
in, listened - and detected the echo: clear,
despite pervasive noise along its multimillion
mile interplanetary journey.

The radar bounce off Venus provided another
remarkable scientific benefit. Radar means “ra-
dio detection and ranging” Using the received
signal for ranging gave the most accurate mea-
surement yet of Venus's exact distance. It also
had the unexpected effect of measuring the
true value of an “astronomical unit" - the ba-
sic distance unit for space travel, the average
distance of the earth to the sun. The accepted
value, as calculations made with the new tool
soon established, was off by 1/1000 - an enor-
mous error for these purposes.

The same radio system, mounted on a space
vehicle (Mariner 9, on its way to Mars), provided
a test of Einstein's theory of relativity when it
sent a signal back to JPL that traveled close to
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the sun. While the sun's gravity would bend the
path of a physical object, general relativity pre-
dicted that gravity would instead alter the radar
pulse's frequency in specific ways., Analyzing
the Mariner signal confirmed Einstein's predic-
tion more completely than any previous test.

The method has become a basic tool for
NASA. Decades later, other Golomb insights
enabled the Mars rovers to send back clear
video images of what they saw on the surface
of the red planet 100 million miles away. The
system on the Rovers is known as "Low Com-
plexity Lossless Compression for Images" ar
LOCO-], and was developed by a three-man team
of engineers working at Hewlett-Packard Labo-
ratories in Palo Alto, Golomb's name ocours more
than 34 times in their original 2000 paper.

Golomb's close JPL colleague Andrew Viterbi
developed a related mathematical technique for
encoding messages that worked for terrestrial
purposes called Code Division Multiple Access
[CDMA), sending out multiple signals simultane-
ously over a very wide frequency band at low
power. The Viterbi algorithm, which allows users
to efficiently recognize the signals coming for
one receiver, is now at the heart of the systems
that permit a cell phone to pick up messages
sent to it - and to no other phone — was the foun-
dation of the Qualcomm company.

And USC Engineering plays a key role in the
Golomb-Viterbi relationship. After fruitful years at
JPL, Golomb decided to pursue a new role as a
professor in Southern California. While at JPL, "I
taught part time at Caltech, at UCLA and at USC,
and [ got offers from all three. Some people were
surprised I chose USC, but the guestion [ asked
myself was the one ] ask my students: ‘where can
you make the most difference?”

The answer was USC, where his JPL colleague
Andrew Viterbi had already been studying as a
graduate student, ultimately receiving his Ph.D.
in engineering in 1962. Golomb not only men-
tored him for his degree, Viterbi recollected, but
assisted in such things as helping find a place
for his parents to live, And it was in Golomb's
car, on a drive north to the Bay Area, that he had
made his decision to propose to his wife, Erma.

Golomb's own wife is Bo, whom he met in
Scandinavia while on his fellowship. From Bo
he learned Danish, which he speaks along with
varying levels of Norweglan, Swedish, Hebrew,
German, French, Russian and Chinese.

At USC, Golomb's pursuits, and those of
the school, progressed together—inextricably
bound and in tandem. Not long after his arrival
at the school, Golomb settled into teaching and
researching, followed by a drumbeat of hanors,
awards and occupation of key USC positions.
In 1976, Golomb became the first USC faculty
member to achieve the distinction of joining the
National Academy of Engineering [(NAE] whilst
still on staff. In 1985, he received the Shannon
Award, the highest honor in IT; in 2000, he was

awarded the Richard W. Hamming Gold Medal
of the Institute for Electrical and Electronics
Engineers (IEEE), followed by his election to the
National Academy of Sciences (NAS) in 2003; he
is a fellow of: American Academy of Arts and Sci-
ences [AMCAD), the American Association for the
Advancement of Science [(AAAS] and IEEE.

His colleague, George Bekey was at USC En-
gineering a year before Golomb's arrival. "I have
known Sol Golomb for almost 50 years, since 1
arrived at USC in 1962, and my admiration for his
knowledge, wisdom, and kindness has continued
to grow. I have known several geniuses over the
years, and Sol outshines thern all, because he
is s0 broad in his interests and abilities, He is a
frue polymathic scholar, with a deep knowledge
of mathematics, communication theory, the
classics, European history, architecture of Scan-
dinavian churches, the Book of Genesis, multiple
languages, wine growing, and puzzle solving."

Golomb has long been thinking hroadly
about the enterprise of education, both about
engineering and in a broader context. One area
of interest: the growing dominance of non-U.S.
students in engineering, particularly at the post-
graduate level, a situation that has changed
markedly from when he was a 19 year old.

Demographics are one factor. For a long time
in the United States, engineers and scientists
were second-generation immigrants, whose par-
ents sacrificed "so their children could have a
spectacular education. Golomb's parents and Vit-
erbi's = "Andy himself was born in Italy and came
to the US. at age 4" — are examples. For the third
and fourth generation, there are easier routes.

And the problem, Golomb says, is intensified
because now American would-be engineers are
faced with students from China and India, where
the competition for few slots is extreme, so the
top one percent of Americans are facing off
against the top one tenth or one-hundredth per-
cent from other places: "It is very hard for even
the brightest American students to compete
and be standouts in that group.”

But beyond this: in the United States, Golomb
said, despite the fame and prominence of Steve
Johs, Bill Gates and Mark Zuckerberg, "We have
not conveyed the notion that engineering is a
glamorous profession. It's sad that for a signifi-
cant portion of the population, an engineer is
someone who drives a train."

"There have been a few attempts to have TV
series that would appeal to high school age kids
that would glamorize specific incidents in gen-
eral area of science and technology - these have
to be subsidized - and how do you get people to
watch - there are no obvious or easy answers.”

Which brings up, perhaps, the story of Sol
Golomb: not obvious, not easy but certainly an
inspiration. “He is also a kind and thoughtful
person; truly, a giant of a man. I'm proud to call
him a friend and colleague,” said Bekey. "USC is
indeed fortunate to have him on its faculty.”
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CHARIOT RACE

During the ‘7os and
‘8os, the E-Week
chariot race was among
the fondest memories
of many USC engineers.
According To Raymond
Lowe (BSEE ‘84, BSEMT
‘93), all manner of
engineering clubs,
fraternities and societ-
ies would compete for
Ben-Hur-esque glory,
designing and building
the perfect chariot or
rickshaw-based
transport, assigning
two runners and a
jockey to complete one
full lap around
the engineering quad.
“The lightest guy
was always the jockey,”
said Lowe, “and that
happened to be me. If
the handle broke or the
two runners lost control,
the jockey was in a bad
place. Our chariot
actually broke, and |
ended up flat on my
back . . . the mechanical
engineers always won.”
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Fire in Two Valleys

Former Silicon Valley entrepreneur turned V.C., Feng Deng (MS '93),

is looking to ignite the Chinese Silicon Valley

by Adam Smith

It was 1985 — nearly 10 years after Chairman
Mao's death and the end of the Cultural Revolution,

Twenty-two-year-old Feng Deng sat in his
room at Tsinghua University and read sto-
ries about another revolution, this one some
11,000 miles away.

His roommate gave him the book, a thin Chi-
nese translation — "Fire in the Valley: The Making
of the Personal Computer” The firebrands had
names like Jobs, Noyce, Grove and Gates.

It was the first time he'd ever heard of a place
called San Jose = "In China, our English wasn't
s0 good, we called it sanjoze.” It was also the
first time he learned another curious word — en-
trepreneurship. That concept, for Deng and his
fellow classmates, simply didn't exist.

"These people changed the world," said Deng.
“They created things and changed the world.
While in China-the [way] people's lives [were
like] at that time—after graduation, you [didn't)
laak for a joh. The government [would) say, 'Hey,
your background is in this area; we'll give you a
job over there. They allocated jobs to the gradu-
ates of that time.”

Deng read “Fire in the Valley" twice, leading
to a bit of arson in his own mind, namely to the
idea that he couldn't choose his own path.

Half a lifetime later, Deng's path has hop-
scotched across the Pacific Rim, first as a USC
Viterbi student [MS in Computer Engineering,
'83), then as a Silicon Valley entrepreneur with
Netscreen Technologies and today as the co-
founder of Northern Light Venture Capital, one of
China's leading investors in Zhongguancun — the
Silicon Valley of China.

Today, one of his greatest ambitions is to
fashion a bridge between his two alma maters,
USC and Tsinghua. Deng imagines a future where
highly skilled technical students from China can
receive a dual master's degree from both institu-
tions: one year at Tsinghua and one year at USC,
where they gain exposure to "state of the art re-
search, innovation and-above all-creativity”

For Deng, gone are the days of bukang bubei
— the instruction he received from the Chinese
state on how to interact with Westerners during
the 1971 Nixon visit. Not foo hot, not too cold,
not humble, not arrogant. Give as much informa-
tion as required — politely — and then go. Deng, the
product of a global education, is now among its
principal cheerleaders.

In contrast to his time at USC Viterbi, creativ-
ity, in Deng's view, remains a challenge for the
current Chinese education system. ‘I feel so much
sympathy for the current Chinese students,” said
Deng. "They study so hard; it's so competitive. For
an elementary school student, they start at prob-
ably 10-12 hours per day, seven days a week."

Deng considers himself somewhat fortunate

that he came of age in a People's Republic of
China that, comparatively, was only just begin-
ning to re-embrace rigorous state examinations
in the wake of the Cultural Revolution.

One of the defining moments of his child-
hood, in fact, was the 1963 Sino-Soviet border
conflict. Fears of an imminent Soviet invasion
prompted a massive state-ordered evacuation
of Beijing, Within three to four weeks, all of the
city's universities and government officials,
including Deng's family, had been re-located
south to Hubei Province.,

But for Deng, that two-year exodus wasn't ex-
actly a time of terror, It was a time of exploring
the Hubei countryside, of learning to swim in the
Yangtze River, of exploring the relics of ancient
wars and watching movies,

‘It was actually [a] pretty happy [time] for
me," Deng laughs. "Because we [didn't] have to
study hard.

Today's current crop of Chinese students is
more than making up for any shortfalls in studi-
ousness. But “indigenous innovation,” according to
Deng - whose Northern Light has backed over
60 Chinese start-ups — remains a concern.

“If you think about Internet search,” said
Deng, “‘companies like Google invented it. Baidu
[Chinese search company) makes it localized,
but the hig idea came from the U.S. Solar PV was
invented in the US, and other countries. China is
not the initial inventor, but they use their lower
costs, manufacturing base to make it faster”

However, Deng notes, that's only an incom-
plete picture. China knows it cannot compete on
price forever and is moving at an equally high
velocity to embrace true innovation. He sees a
landscape where a perfect storm of V.C. money
flooding China, Chinese universities flush with
state research dollars, and perhaps mare impaor-
tantly, students returning from USC and other
premier American research universities might
mean more Haiers and Lenovos.

“We have so many overseas students going
back to China; they brought back a lot of the re-
search and industry experience to China.”

For Deng, that remains among his strongest
impressions of USC: "The way we learned is not
just from the books, We learned from research
that was very close to industry. We learned from
the student circles.”

Under the tutelage of Alvin Despain, those
“student circles” at USC were like a mini United
Nations. Over 20 Ph.Ds. from Asia, Europe and the
United States gathered together in labs. It was a
clearinghouse of ideas and worldviews unlike any-
thing Deng had previously known.

Suddenly. the old ideas of how to talk to for-
eigners hegan to falter. Bukang bubei was dead.

Another casualty of the fire,

THE EVERLASTING STUDENT
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The Quiet Man

Mike Markkula on co-founding Apple
and how USC got him to think different

by Adam Smith

At age 33, Armas Clifford “Mike" Markkula Jr,
was already retired.

A millionaire from stock options as a marketing
manager for Intel, he spent his days teaching him-
self to read music for guitar — Peter, Paul 6 Mary
and John Denver — and building custom wood
furniture for his A-Frame cabin in Lake Tahoe.

Said Markkula, "Every Monday, I'd help people
write business plans and find financing to start
companies. [ thought it was fun. But I only did
it Mondays."

One Monday, he pulled into the driveway of
Paul and Clara Jobs' home in Los Altos,

Markkula entered the garage, looked past
their unkempt 22-year-old son, Steve, and his
buddy, Steve Wozniak, and pondered the ma-
chine on the workbench.

Markkula, the USC trained engineer, knew it
was "a massive achievement.

Garages had always been a hit of a sacred
space to Markkula. When he was a kid, growing
up in guiet 1950s" Burbank, his father, a former
Lockheed engineer turned orthotist, used to
hang out in the garage on the weekends. They
didn't talk much. They would just invent. The
common refrain became: "How are we going to
make this thing work?"

Markkula saw something he could make
work: the Apple II. The first computer with a
color TV display. The first semiconductor ran-
dom access memory (RAM). First single board
computer — everything but the power supply
on a single printed circuit board. “The circuit
design was absolutely brilliant" said Markkula,
“it takes a 'Tommy Techie' like me with years
of circuit design experience to appreciate what
Woz had done”

He had a vision: “We can make a Fortune 500
company in less than five years. No one had ever
done that in the history of American business.
And we did it”

As co-founder of Apple alongside Jobs and
Wozniak, Markkula wrote Apple's first business
plan. He became their first investar, conceived
their core values, wrote early software, became
arguably one of Jobs' greatest mentors and, as
hoth chairman and CEO, played a critical role for
the next 20 years.

“‘Bpple was started with a really huge idea in
mind," Markkula said. “We knew we had to grow

at an unheard of pace. We had to get big enough
so that when IBM finally entered the market-
place, they couldn't squash us."

Though many Apple historians, including Jobs'
biographer Walter Isaacson, depict Markkula as
a “father figure" to Jobs, he brushes it aside. "No,
I did mentor him a bit. I tried to channel his good
things and minimize his not so good things. That
worked out pretty well for quite a few years”

But despite his bona fides as an investor,
entrepreneur and guiding force in one of the
most successful tech companies on the planet,
in his heart, Markkula remains an engineer. He
thinks like an engineer, consumes the world's
problems like an engineer, and USC is inextri-
cably bound up in that.

“In the USC Engineering School" said Mark-
kula, “they literally force you to learn how to
think. If you don't learn how to frame a problem
and think it through — man, you're not going to
get through there. That's an extremely valuable
talent. Tused it all the time in my career from lit-
tle things to big ones, Know what the variables
or the parameters of the problem are. Know ex-
actly what you're trying to solve.”

The young man that completed his bachelor's
degree in 1964 and master's degree in 1966 -
both in electrical engineering — never dreamed
about being chairman of a computer empire. "I
just wanted to be the greatest engineer [ could
be, " he reflected 46 years later. “To me, that's
fun. That's enjoyable. To have challenging things
to engineer and challenging problems to solve.”

Even today, by his own admission, he stays
awalke at night thinking about engineering prob-
lemns, pondering cosmology, genetic engineering
and the latest killer app for the iPad.

‘T'm deliberately trying not to start another
company,” Markkula laughs. "My mind comes
up with ideas when I see a prohlem. It's just
my nature. [ try to give ideas away to someone,
hoping they'll start a company instead. I'll give
you an example: I really would like to see some-
one start a company named Quiet. And the first
product they should make is an almost silent
leaf hblower. The technology is available. The
same technology could be used to make a quiet
chainsaw or a quiet lawnmower. I think it would
make for a huge company. I probahly have a half
a dozen ideas like that."

ENGINEERING ME
Name: Armas Clifford
“Mike” Markkula Jr.
Class Years: B.S. EE '64;
M.S. EE ‘66

Titles: Engineer, entre-
preneur, co-founder and
chairman of Apple, Inc.
(1977-1997)

Toughest USC class:
Probably Thermodynam-
ics. The professor said,
“If you’re not a mechani-
cal engineer, you can’t get an A in this class.” Of course
that piqued my competitive spirit. So | got an A on
every exam, an A on every homework — damn if he
didn’t give me a B!

On selling the Apple 11: | wanted people to under-
stand that Apple Il was not just a game machine. You
could do things worthwhile with it. So | wrote three
programs for it: ColorMath, teaching young kids to
add and subtract; the second one was CheckBook,
and it balanced your checkbook; the third was called
Finance; it did loan payment calculation, internal
rates of return. I loved doing that.

On creating the Apple culture: We created some-
thing called Apple values, and there were 10 of them.
When people would interview, one of the questions
we might ask would be: “Are you the kind of person
who if you came in Monday morning and your cubicle
shrunk by three feet — would that make you mad?”
We were always changing office space because we
never quite had enough.

On seeing Apple become ubiquitous: I'm just proud
it is what it is. It's been a lot of years since 1977. The
time it hit me the most, | was walking down the street
in Hong Kong. Must've been 1980. One of those great
big buses went by — and on the back of the bus it had
this huge, color Apple logo. | went, “Damn! - they even
know about us over here in Hong Kong.”

Music to engineer by: Diana Krall, Antonio Carlos
Jobim, and various jazz artists

Heroes: Go read a book called “As | See it” by J. Paul
Getty. Getty's philosophy of dealing with people was
spot on. He wouldn’t give people a job to do that he
couldn’t do himself.

| wish I'd invented: An extra hour for every day.

Things I'd save from the fire (most prized possessions):
My wife, Linda. Everything else can be replaced.

In the next 10 years . . . Genetics!!l! | think genetic
engineering is going to knock our socks off. It’s just
immense. It wouldn’t surprise me if it doubled or
tripled our average lifetime.
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Libya’'s New PM:

A Viterbi Engineer

After 42 years of Col. Muammar
el-Qaddafi, electrical engineer
Abdurrahim El-Keib (MS EE '76)
navigates Libya's future.

by David Lowenstein /

The interim prime minister of Libya, Abdurrahim
El-Keib, received his master's degree in electrical
engineering from USC Viterbi School of Engi-
neering in 1976.

Keib was elected as prime minister in October
2011 by the National Transitional Council, the de
facto governing body of Libya.

After earning his master's degree, Keib went
on to earn his doctorate from North Carolina
State University in 1984,

After briefly teaching at the University of
Tripoli, Keib was exiled by former Libyan leader
Col. Muammar Gaddafi and fled to the United
States, where he still holds citizenship.

Keib taught electrical engineering at the Uni-
versity of Alabama and then moved to United
Arab Emirates, where he chaired the electri-
cal engineering department at the Petroleum
Institute in Abu Dhabi.

When the uprising against Gaddafi began
in February, Keib returned to Tripoli where he
helped fund and organize the rebel forces. Keib
was selected to represent the capital city of
Tripoli for the NTC.

Yannis C. Yortsos, dean of the Viterbi School,
said he is proud of Keib and hopes his experi-
ence at USC helps guide him in his new position.

"As Libya enters a new promising chapter in
its history, we wish him the best in restoring
democracy and bringing a bright future for the
Libyan people," Yortsos said in a statement. “We

are hopeful that the
Trojan spirit and values
will guide him in the dif-
ficult but exciting path
of national rebuilding.”
Keib will remain in
power until democratic
elections are held in Lib-
ya, according to the NTC.
Along with unifying
Libya, Keib is address-
ing the increased
pressure from human
rights group to take
action against forces
accused of committing
inhumane crimes,

Engineering “Modern

Warfare”
Recent grad has worked

on bestselling games

In December of 2011, video game “Call of Duty:
Modern Warfare 3" broke industry records,
passing $1 hillion in sales in just 16 days. By
comparison, the popular 3-D movie “Avatar”
took 17 days to reach the same milestone.

Basking in the game's meteoric rise was
Bharathwaj "Bat” Nandakumar, 27 who
served as online engineer on the Activi-
sion Blizzard first-person shooter game. A
2007 graduate of USC Viterbi's Masters of
Computer Science program, Nandakumar
only decided to pursue gaming as a career
several years ago, Now, he has five Activision
games to his credit, including some of the
most popular video games of all time, “Call
of Duty: Black Ops" and “Call of Duty: World
at War” among others.

Nandakumar arrived at USC from his home-
town of Chennai, India in the fall of 2006. A
graduate of Hindustan College of Engineering
with a bachelor's degree in electronics and
communications, he hoped to pursue a Ph.D.
in robotics. But when those plans changed,
he says USC Gamepipe Director Michael

Zyda helped him
focus his sights ona
gaming career. Hav-
ing taken several
games classes al-
ready, Nandakumar
enrolled in the Net-
work Games course
and did research
with Zyda to hroad
en his knowladge
in programming and
networking.

OBITUARIES

DR. ROBERT “BOB™ M.
GAGLIARDI, PhD, age

77, Professor Emeritus of
Electrical Engineering at
the University of Southern
California, died Friday,
February 3, 2012 of blood
cancer at his home in
Palm Desert, California.
As the sole proprietor of
RMG Consultants for over
40 years, he was honored
for noteworthy service by
both MASA and the |EEE.
Bob was also a beloved
faculty member of the USC
Viterbi School of Engineer-
ing, where he taught
satellite and optical com-
munications for more than
45 years. Bob is survived
by his high school sweet-
heart and beloved wife

of 54 years, Mary Anne
(Lynch) of Palm Desert;
son Robert Gagliardi, Jr.
of Los Angeles; daughter
Cinda (Steven) Kemper of
San Diego; daughter Sherri
(Marco) Flores of Murrieta,
California; and four beau-
tiful grandchildren—Sean,
Marina and Ryan Kemper
and Sayla Flores.

DAVID GAINER, Ret.
USAF Chief MSGT, 63,
died Thursday, February
2, 2012. David received
his B.A. in Financial
Management from Texas
Lutheran University

and his M.S. in Systems
Management from
University of Southern
California. While in the
Air Force, David received
a Bronze Star for his
service. David was also
a longtime commu-

nity activist for gay and
human rights, board
member of Service
Members Legal Defense
Metwork and an active
member of Cathedral of
Hope. David is survived
by his life partner

David Guy, daughter Brie
Gainer, granddaughter
Ilona Sunshine Hawkins,
brothers Robert Gainer
of Kentucky and Rodney
Gainer of Florida, former
wife Lilia Gainer of San
Antonio, nieces, neph-
ews, cousins and friends.

OTTO ALSTERGREN
SANDBERG (BSCE 51),
85, died Thursday, Janu-
ary 26, 2012 at Ollie Steele
Burden Manor in Baton
Rouge. As the general
manager of plant services
with Borden Chemical

in Geismar, Otto helped
oversee an outstanding
plant record. He retired
in1991 and became a
consulting engineer in Eu-
ropean operations. Otto
was also a longtime mem-
ber of Rotary, a member
of Sons of Norway, Lief
Erikson Lodge 2-001 and
amember of American
Institute of Chemical En-
gineers. He is survived by
his wife Catherine Daigle
Sandberg, daughters
Ellen Parr Sandberg,
Suzanne Parr Sandberg
and Signe Parr Sandberg,
son Lars Parr Sandberg
and his wife Lynn, six
grandchildren, three
great-grandchildren,
sister Signe Bach-Gansmo
and brother Hagbart
Alstergren Sandberg.

GEORGE RAYMOND
SHEPHERD, 85, died
Sunday, January, 15,
2012 at Willow Springs,
California. Since becom-
ing a pilot for the United
States Navy, aviation
was George's greatest
passion. He was also
recruited by the U.S. Air
Force and held a long-
time career with Arco,
eventually becoming its
vice president. George is
survived by his children
and their families: Kathy
and her husband Bob
Blankenship; Debby and
her husband Rod Green;
Ron Shepherd and his
wife Donna; Son-in-Law
Greg Schneeweiss;

eight grandchildren and
12 great-grandchildren.

WARREN W. SIMONDS,
84, died Wednesday,
January 25, 2012. After
graduating from the
University of Southern
California with a degree
in foreign service, War-
ren served the United

States in World War Il as
aradio operator in the
Army Air Corps. Warren
later moved to Baton
Rouge, where he served
as an administrator at
Baton Rouge General
Hospital and president
of the Louisiana Hospital
Association. Warren was
actively involved with the
Boy Scouts of America for
over 20 years as well as
the Kiwanis Club in Baton
Rouge for more than

50 years. He is survived
by his beloved wife of

56 years, Elizabeth J.
Simonds, of Cumming;
three cherished children,
William P. Simonds,
Carolyn S. Cagle and
husband Kenny, and
Jonathan R. Simonds
and wife Kathy; 10 much
loved grandchildren and
two great-grandchildren;
his brother, Dr. Robert
Simonds and wife Betty,
of Mercer Island, Wash-
ington; and his niece,
Monika Simonds.

MANEIR SINGH, 67,
Ph.D, died in December
201 while visiting family
in India. A pioneer in
biomedical imaging
technology and beloved
faculty member at the
USC Viterbi School of
Engineering, Manbir
joined the Department
of Radiology at USC
in1977 and received a
joint appointment in
Biomedical Engineering
in 1988. He was one of
the first investigators
to demonstrate the
synergism of X-ray CT
and nuclear medicine
single photon emission
computed tomography
(SPECT) imaging in
detecting and visualizing
both the anatomy and
function of the heart.
Dr. Singh was also the
founding director of

the graduate program
in Biomedical Imaging
within the department of
Biomedical Engineering.
He is survived by wife Heidi
and their son, Kabir, 24,
of Los Angeles, California.
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EDITORIAL

Robot Warriors

A look at robotic systems in use by the U.S. military

by Gearge A. Bekey, founder, USC robotics program

This is a remarkable
hook by a remarkable
man. It is an almost
encyclopedic review
of the robotic systems
in use by the U.5, mili-
tary, on the ground,
on and under water, in
the air and in space.
Even more important
are Simon Ramo's
predictions about the
future use of autonomous and semi-autono-
mous systems, In view of his record in various
areas of engineering and science, these pre-
dictions should be taken seriously. Among his
many achievements, he is the co-founder of
Ramo-Wooldridge Corporation (later renamed
Space Technology Laboratories). Ramo was
one of the founders of the National Academy
of Engineering. Now, at age 99, he is the
Presidential Chair and Professor of Electrical
Engineering at USC.

The basic thesis of the book is that in the
future the American military establishment will
be characterized by a cooperative partnership
between humans and robots, Ramo believes that
our future security depends on developing such
partnerships, since it will no longer be possible to
defend the U.S. (and participate in possible future
wars) with an entirely human Army, Navy and
Air Force personnel, for three reasons: (1) cost: in
view of spiraling costs of defense and the severe
national deficit; (2] the increasing reluctance of
the American public to accept large numbers of
battle casualties; and (3) the need to reduce the
number of American forces stationed in other
countries. Ramo points out that we have 800
installations in 100 countries, with large contin-
gents of military personnel in such countries as
Germany, Japan, Italy and the Republic of Kores,
not counting personnel in Afghanistan.

The following four chapters deal with today's
robots in air and space, in surface ships and
submarines, and on land. Unmanned air vehi-
cles [UAVs], frequently referred to as drones are
much in the news. While there were essentially
no UAVs a decade ago, there are currently more
than 7000 in regular use, and the number is
growing. A similar situation exists with respect
to unmanned ground vehicles [(UGVs], surface
water vehicles, and unmanned underwater
vehicles. Chapter 8 concentrates on the “Infor-
mation Problem." Bamo points out that control
of large numbers of robots in the air, on land and
in the water will require very large allocations
of bandwidth and dramatic increases in com-
munication rates. Additional bandwidth will be
required to prevent cyber attacks against our

DO THE

DYING

- —

robot forces. The issue of jamming and potential
attacks against our communication infrastruc-
ture is discussed at length. It is not clear that
such increases will be possible.

The book emphasizes the author's conviction
that any autonomy on the part of the robots will
be limited, and that in the coming human-robot
partnerships, the ultimate decision to fire a
weapon will always rest with the human partner.
Many robotics researchers, including myself,
are not sure. It is my belief that financial pres-
sures and personnel limitations (i.e., providing a
sufficient number of highly trained humans to
control the growing number of robots) will lead
to increased battlefield autonomy on the part of
intelligent robots, capable of learning andmodi-
fying their behavior, Such autonomy will lead to
a host of ethical issues as well as new problems
in the design of rules of engagement, in addition
to those discussed in this baok.
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LET ROBOTS DO THE DYING

How To Prevent The Next Titanic

Shifting our focus from ships to the ocean itself

by Professor Castas Synolakis

This past April marked the 100th anniversary
of the sinking of the Titanic. The story keeps
enthralling us, despite the fact that so few of
us travel by large ocean liners., Recent events
provide clues on why ship disasters captivate
us. In January's sinking of Costa Concordia off
the Isola de Giglio in Italy, 32 died, a surprising
number given that the ship was only five years
old and the accident occurred within a few hun-
dred feet of the nearest port.

The Costa Concordia captain claimed that
the undersea rock formation his ship hit was
uncharted - in other words, it was not pres-
ent in navigational charts. Similar claims have
been made in other recent marine disasters, In
2000, MSS Express Samina, a ferry with 534
passengers, sunk off the island of Paros in the
eastern Mediterranean. In 2005, the submarine
U.5.5 San Francisco hit an unmapped seamount
about 350 miles south of Guam. In all these
disasters, the images are unnervingly similar,
Large gashes at the exterior of the ship are sug-
gestive of what the stricken Titanic must have
looked like. In all cases, accidents occurred in
calm seas, and captains blamed faulty naviga-
tional charts and unexpected currents.

The demise of ships has always precipitat-
ed design improvements and regulations; we
are rapidly getting to the point of diminishing
returns in terms of design without huge added
costs: to improve marine safety, we need to fo-
cus on the sea itself,

The shipping industry should take note.
There are Titanic-sized gaps in our knowledge
of the details and motions of the seafloaor.
Rogue waves can appear without warning and

can literally break ships in seconds, yet they are
elusive and even less understood than tsu-
namis; they were considered mythical before
1995, when first measured. Floating weather
stations in the deep sea [buoys) that transmit
real time data for winds, sea surface heights,
water temperatures and currents can vastly
improve weather forecasts and anticipate rogue
waves, yet are sparse. The National Oceanic and
Atmospheric Administration operates a large
network of buoys in the Pacific, but poor mainte-
nance is an issue: buoys are sacrificed to reduce
"big government”, As they go offline, the quality
of marine forecasts diminishes markedly.

As the cruise and shipping industries expand,
they should share the costs of marine-weather
forecasts and of high resolution mapping of
the seafloor. Well-huilt ships are no match even
for benign sand bars or "perfect storm” waves.
Design improvements are without exception ad-
dressing lessons learned from the last disaster,
but it is hard to anticipate unknowns, A ship-based
real time system transmitting measurements of
sea surface temperature, salinity and weather
information costs less than $50,000 per instal-
lation. Yet, even if deployed in 10 percent of the
ships industry, it can lead to dramatic improve-
ments in the accuracy of sea-state forecasts
and improve safety substantially.

The legacy of Titanic is not only the profes-
sionalism of the crew and its orchestra — which
kept playing — but that the inconceivable can
and does sometimes happen. Improving the
odds of survival of ships and passengers relies
increasingly on learning more about our waves,
winds and seafloors.

We Must Cooperate on
Nuclear Safety

Radiation fallout doesn't care
about national boundaries.

by Professor Najmedin Meshkati

A nuclear accident anywhere has the potential to
be a nuclear accident everywhere. That is why it is
encouraging that the United Nations is examining
the lessons of the accident at the Fukushima Daiichi
power plant in Japan, the worst nuclear disaster
since Chernobyl in 1986.

The Chernobyl accident in Ukraine was attributed
initially to workers who shut off key emergency equip-
ment during a test and then ignored warnings that
the reactor was out of control. The accident in Japan
followed a powerful earthquake and tsunami that
swept over the northern part of the country. But both
disasters were also the result of failures in the safety
cultures of Japan and the Soviet Union. Japan’s nuclear
regulatory agency, for instance, was never really in-
dependent from the nuclear industry or the country’s
powerful Ministry of Economy, Trade and Industry.
The plant’s operator, Tokyo Electric Power Company,
had a long history of disregarding safety concerns
and a woefully weak safety culture but was allowed to
operate with minimal government oversight.

What we need now are tough, system-oriented
safety standards and much closer cooperation
between countries and their regulators. The United
Nations should also urge its members to forge a bal-
ance between national sovereignty and international
responsibility, when it comes to nuclear safety.
Radiation fallout doesn’t discriminate or care about
national boundaries.

This approach can begin at a regional level. As a
start, Persian Gulf countries should be entitled to
know the details of the safety measures for Iran’s
just-completed nuclear reactor in the coastal city of
Bushehr and for the four reactors under construction
by the United Arab Emirates in Abu Dhabi. Persian
Gulf countries would all be vulnerable to radiation
fallout and water contamination from a nuclear
accident in either of those countries. The same
logic also applies to the Dimona reactor in Israel and
ones planned in Egypt and Jordan. All three coun-
tries should open their books on the safety of those
plants. Such an initiative would force these neigh-
boring countries to engage in a mutually beneficial
nuclear diplomacy. One of the consequences might
be to build better overall better relations.

The disasters at Chernobyl and Fukushima are
sober reminders of what Nobel physicist Richard
P. Feynman said in the context of another techno-
logical system failure, the space shuttle Challenger
explosion in 1986: “When playing Russian roulette,
the fact that the first shot got off safely is little
comfort for the next.”

A full version was originally printed in The New York
Times — September 2011.
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CHANGING THE CONVERSATION

52 Fall 2012

The Many Lives of Engineers

As a nod to the NAE's "Changing the Conversation” initiative, we go
outside the laboratory — a look at the myriad talents, interests and
dimensions of the USC Viterhi engineer.

Photography by Noe Montes
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With Patrick Soon-Shiong

Visionary philanthropist and

surgeon on innovation and the

You once said: “The most important ad-
vances in medicine would be made not by
new knowledge in molecular biology ... It'll
be made by mathematicians, physicists,
computer scientists, figuring out a way to
get all that information together.” What did
you mean by that?

When you were working on diabetes and
cancer, when did you first realize the neces-
sity for an engineering solution?

You have been associated with USC and the
Viterbi School for almost four years. Tell us
about your impressions.

I'm a fan. I've heen impr

Let’s talk about innovation. As an inventor,

where do your ideas come from? For ex-
ample, what inspired your use of seaweed
extract for diabetic patients?

that k

different

Your father was a herbal doctor — what
childhood memory of him still lingers in
your mind?

Your recent chair gift funds a professor at
“the intersection of engineering and medi-
cine - specifically computer science, mobile
vision or robotics.” What excites you about
that particular intersection?

hing. There are infi

ual human capabiliti nple, helping the

and mechanical engi-

You joined with Bill Gates, Warren Buffet
and many others in the Giving Pledge. De-
scribe a scene in the future — how would
you like your generosity to manifest itself
in our everyday lives?

Every person experiences a couple of
game-changing moments that essentially
inform who they are today. What are yours?

50 many. Soon after [ qualifi )
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Have you remembered
Viterbi in your estate plan?

Please let us know!

The Viterbi School of Engineering would like to thank you during
your lifetime and ensure that your intentions are understood.

Bequests play an important role in Viterbi’s efforts to educate stu-
dents from all walks of life, advance our academic priorities, and
expand our positive impact on the community and the world.

The professionals in the Viterbi Office of Advancement are ready to
help you with gifts made through wills and living trusts, beneficiary
designations for retirement plans, and more.
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University

of Southern
California
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