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Ambient backscatter transforms existing wireless signals into both a source of
power and a communication medium. It enables two battery-free devices to
communicate by backscattering existing wireless signals.
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When Shyam Gollakota arrived from MIT in 2012, the University of
Washington gained a rising star in networks and wireless research. Fast
forward nearly two years, and the campus — not to mention the entire
computer science and engineering community — is abuzz over what
Gollakota and a group of talented faculty and students have achieved in
the quest to power the next great computing revolution: the Internet of
Things.

Ambient backscatter is a system that accomplishes both, taking advantage
of existing radio frequency (RF) signals present through cellular and
television transmissions. Devices equipped with the technology are able to
communicate wirelessly and battery-free by "backscattering" the ambient
RF signals, thus avoiding the expense of generating their own radio waves
or requiring a dedicated power infrastructure.
Continued on page 8

From where I sit...
and understanding of the massive amounts of text now
available on the web. Noah Smith, currently Associate
Professor at Carnegie Mellon, will arrive next fall,
and Yejin Choi, formerly Assistant Professor at Stony
Brook, joined us this past fall; adding them to our
current expertise in NLP will make us one of the very
best departments in this field. In addition, our hires
of Franzi Roesner in security, Emina Torlak in software
engineering and programming languages, Xi Wang in
operating systems, and Alvin Cheung in databases,
greatly strengthen our core research and teaching
capabilities. You can read more about all of these great
hires in this issue.
I'd like to wish you a Happy New Year. As always, we
love to see and hear from our former students and
friends — keep in touch, and please come to one of
our CSE events!
As we enter 2015, I have some very exciting news! A
few weeks ago, on December 15th, the UW Architectural
Commission interviewed four architectural firms, and on
January 8th, the UW Board of Regents will approve one of
them to carry out a pre-design of what we're now calling
CSEII — a new building to facilitate our future growth.
CSEII will add new features to our already outstanding
space in the Allen Center, including a 200-person lecture
hall, multiple modern classrooms, seminar rooms, and
undergraduate spaces, as well as research labs and
great people space for graduate students, postdocs,
faculty, colleagues, and department staff.
Student demand has grown enormously over the last
five years in CS departments all over the country, and
this new space will help us maintain our leadership role
in both education and research. As an anecdote to the
rate of growth, this quarter for the first time, we had
1,000 (!) students in our intro programming course, CSE
142. This placed a strain on Principal Lecturer Stuart
Reges, who among other things, always bakes cookies
for all of his students at the end of the quarter. This year
Stuart baked 1,400 yummy chocolate chip cookies for his
students (search for "GeekWire Reges Cookies" to read
a GeekWire article on Stuart and this Herculean task).
We are extremely excited as well with our six new faculty
hires who joined CSE this year. Following our big hiring
initiatives in exciting technical areas over the last few
years, such as big data and computer vision, this past
year we made two superb hires in natural language
processing (NLP), a field that is having enormous impact,
both in the way that people interact with computers
through speech, and through the automatic processing
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Stuart Reges baked 1,400 cookies for his students during finals
week. That's 116 dozen chocolate chip cookies — or roughly
154,000 calories, as Ed Lazowska notes.
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CSE launches Taskar Center for Accessible Technology
Nearly 57 million non-institutionalized civilians in our
country live with a disability, according to the U.S.
Census Bureau. Of these, the Reeves Foundation
estimates 10 percent — more than 5.6 million people
— live with some form of mobility impairment that
makes it difficult or impossible to move their upper
or lower extremities. This fall, UW CSE created the
Taskar Center for Accessible Technology (TCAT) to bring
together researchers, technology users, caregivers and
therapists to advance the development and deployment
of new technologies that will empower this underserved
population.
TCAT will provide support, mentorship and educational
opportunities to engineering, design and rehabilitation
medicine students who are interested in user-focused
product design to improve the lives of the mobility
impaired. The center's
director, Anat Caspi,
brings to CSE a unique
perspective on the
challenges of creating
practical assistive
technologies along
with a background in
bioengineering and
technology translation
into clinical settings.
Participating CSE
faculty include Luis
Ceze, Julie Kientz,
Richard Ladner and
Shwetak Patel.

The center's namesake, the late Ben Taskar, was a UW
CSE faculty member renowned for his work in machine
learning, particularly as it applied to real-world data and
applications. Taskar felt strongly that new prototyping
techniques and novel sensor technology, along with
the emergence of the wearable and mobile technology
markets, meant there was no better time to work on
new solutions aimed at improving the quality of life of
people living with disabilities.
"Ben saw great potential for rapid development of
accessible technologies by combining CSE's expertise
in machine learning, robotics, sensors and human
centered design with UW's leadership in engineering
and rehabilitation medicine," said Caspi. "TCAT will
honor Ben's vision and speed up the development of
user-centric technology solutions that could benefit
millions of people living with significant mobility
impairments."
TCAT will involve end-users and their caregivers early
in the design process. Its methodology of "design for
one, generalize to others" will challenge students to
think deeply about proof-of-concept and technology
translation of the solutions they develop. By bringing
together multiple disciplines to tackle these problems,
the center will spur innovations in home automation,
communication, mobility and entertainment to serve the
unmet needs of a large and diverse population.
To learn more about the Taskar Center's activities and
opportunities for researchers, users and caregivers to
get involved, visit the website at:
tcat.cs.washington.edu.

Pedro Domingos wins KDD 2014 Innovation Award
UW CSE's Pedro Domingos received
the KDD 2014 Innovation Award,
the highest award for technical
excellence in data mining / data
science. Pedro was recognized "for
his foundational research in data
stream analysis, cost-sensitive
classification, adversarial learning,
and Markov logic networks."
Domingos carried out some of the
earliest research on mining data streams; his VFML
toolkit is one of the best open-source resources for
stream mining. Another key contribution was the
MetaCost algorithm, perhaps the most widely used
algorithm for cost-sensitive classification. He was a

pioneer in social network mining, where he defined
the influence maximization problem and proposed the
first algorithms for it. Another area that he helped start
is adversarial learning — important in areas such as
spam filtering, fraud detection and counter-terrorism,
where the people being modeled by the learning system
modify their behavior adversarially in response to the
system. He also pioneered the use of machine learning
methods in information integration. Most recently
Domingos has led the field of statistical multi-relational
learning, which is essential for a mature science of
knowledge discovery.
To learn more about Domingos and his research, please
visit his homepage at:
www.cs.washington.edu/people/faculty/pedrod.
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Another banner year for CSE faculty recruitment
Reinforcing CSE's position among the best programs
in the nation, this year's hires complement our recent
game-changing hires in machine learning, "big data,"
computer vision, and other areas. In the spring issue of
MSB, we announced our first two hires of 2014: a rising
star in natural language processing and a rising star in
security and privacy.
Yejin Choi joined the
department this fall. She
received her Ph.D. in
computer science from
Cornell University and her
B.S. in computer science
and engineering from
Seoul National University.
Choi is a rising star in
natural language
processing (NLP), with a
focus on studying nonliteral and contextual
language understanding.
She is a leader in combining NLP and computer vision
(studying the automatic captioning of photographs)
and was a co-recipient the 2013 David Marr Prize for
this work. For more information about Choi and her
research, please visit her homepage:
homes.cs.washington.edu/~yejin/.
Franzi Roesner, a
researcher in security
and privacy with a strong
focus on system design,
also joined CSE this fall.
She received her Ph.D.
from UW CSE in June
and her B.S. in computer
science at UT Austin.
Roesner's research has
included the creation of
novel defenses against
third-party personal
tracking on the Web,
new approaches to permission granting in modern
operating systems (particularly mobile devices, such as
smartphones), and security for emerging augmented
reality technologies. For more information about
Roesner's research, please visit her website:
www.franziroesner.com.
UW CSE is delighted to introduce our additional faculty
hires made during 2014. These talented individuals
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are contributing to our leadership in key areas of the
field, from building a world-class natural language
processing group, to expanding our expertise in core
areas such as systems, security, data management,
programming languages, and software engineering.
Alvin Cheung joins CSE in
January 2015. He received
his Ph.D. in computer
science from MIT this
fall and his B.S. and M.S.
degrees in electrical
engineering from Stanford
University.
Cheung's research focuses
on co-optimizing dataintensive applications by
examining the database
and the runtime system
and environment together,
which can enable order-of-magnitude speedups in
applications. He demonstrated how to convert application
functions written as imperative code into SQL queries
so that they can be optimized by the data management
system, for which he received a Best Paper Award from
the Conference on Innovative Data Systems Research
(CIDR); his paper describing the programming language
methods used to achieve that result was a Best Paper
nominee at Programming Languages Design and
Implementation (PLDI).
Cheung is a recipient of an Intel Ph.D. Fellowship, an
NDSEG Graduate Fellowship, and an NSF Graduate
Fellowship. To learn more about him, please see:
people.csail.mit.edu/akcheung/.
Noah Smith will join the
department in autumn
2015. Currently, he is the
Finmeccanica Associate
Professor in the Language
Technologies Institute at
Carnegie Mellon's School
of Computer Science.
His Ph.D. is from Johns
Hopkins University,
where he was a Hertz
Foundation Fellow, and his
undergraduate degrees
in computer science and
linguistics are from the
University of Maryland.
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Smith's research interests include statistical natural
language processing, especially unsupervised methods,
machine learning for structured data, and applications
of natural language processing. He is widely regarded as
a leading researcher in NLP and known for significant
contributions in both core algorithms and innovative
applications. His honors include an ACL Best Paper
Award for work in syntactic parsing and a WMT Five-Year
Award for his work on feature-rich machine translation.
Smith publishes regularly in the top computational
linguistics and machine learning journals and
conferences. His work has been featured in the New
York Times, Washington Post, New Scientist, Time, and on
NPR, CBC, and BBC. For more information about Smith
and his research, please see:
www.cs.cmu.edu/~nasmith/.
Emina Torlak joined
the department in fall
2014. A researcher in
software engineering and
programming languages,
Torlak received her B.S.
('03), M.S. ('04), and Ph.D.
('09) degrees from MIT.
She came to UW CSE from
UC Berkeley, where she
worked as a research
scientist. Previously, she
was a senior computer
scientist at LogicBlox and
a research staff member
at IBM Research.

Xi Wang also joined CSE
this fall. A researcher
in computer systems
whose work intersects
operating systems,
computer security, and
programming languages
to improve security for all
levels of computing, Wang
received his Ph.D. in
computer science from
MIT and his B.S. and M.S.
degrees in computer
science from Tsinghua
University.
Wang's research focuses on securing operating systems
and applications and has led to the discovery and fix
of more than 300 defects and vulnerabilities in mobile
devices, desktops, and web services. His research has
already had significant real-world impact. His static
analysis tools are used by companies such as Dropbox,
Cloudera and Intel; his debugging systems are used
in the production pipeline of Bing; and his work on
undeﬁned compiler behavior is being adopted by the
C++ standards committee.
Wang's paper on the analysis and impact of security
compromises resulting from compiler optimizations
won a Best Paper Award at the 2013 ACM Symposium
on Operating Systems Principles. To learn more about
Wang and his research, visit his homepage:
homes.cs.washington.edu/~xi/.

Torlak's research focuses on automating and improving
the programming process. She is developing new
programming models that utilize practical advances
in automated reasoning to enable programmers to
quickly design, develop and validate software. She has
studied how automated tools can impact programming
in languages such as Java and how they can be used to
test big data applications.
Torlak developed Rosette, a solver-aided programming
language with applications ranging from low-power
computing to end-user programming, and Kodkod,
an SAT-based constraint solver that has been used in
over 70 academic and industrial programming tools.
Torlak's homepage may be viewed here:
homes.cs.washington.edu/~emina/.

Fitting right in: New faculty "volunteer" for the 2014 faculty
holiday skit. Pictured above: Franzi Roesner, Yejin Choi, Emina
Torlak, and Ed "Gru" Lazowska. Other faculty skit participants:
Magda Balazinska, Maya Cakmak, Luis Ceze, Dieter Fox, Barbara
Mones, Zach Tatlock, Luke Zettlemoyer, and author and narrator
Hank Levy.
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Kuang Chen and his Captricity vision: Vanquish paper
data clogs and make the world a better place
Health workers in rural Africa had a problem — no way
to track and analyze child immunizations. The Federal
Elections Commission had a problem — campaign
finance reports submitted by U.S. Senators on paper,
most thousands of pages long, and impossible to
analyze for public accounting until long after an
election. The Food and Drug Administration had an even
weightier, life-threatening problem — a huge room with
paper reports of adverse drug reactions, stacked two
to three feet high atop filing cabinets. The inability to
issue timely information on drug reactions was a serious
public health issue.
Providing the
solution for all is
Kuang Chen (B.S.
'03), one of two
UW CSE alumni
recognized this
year in the MIT
Technology Review
annual list of
Innovators under
35 whose work
shapes their fields.
(Also honored this
year was Kurtis
Heimerl, B.S. '07.)
TR35 honored
Chen in the humanitarian category for using technology
to expand opportunities or inform public policy.
Captricity, a company Chen cofounded in 2011 in
Berkeley, Calif., digitizes paper-bound information,
including hand-written documents, for fast analysis
and use by organizations, government agencies, and
corporations that need accurate data for planning
and decision making. The cloud-based, vastly scalable
platform combines innovative machine learning
algorithms with crowd-sourced training data creation
and verification to achieve close to 99.9 percent accuracy
and ironclad data security. Clients scan their data on
any scanner or phone camera, and after a self-serve
web upload of the files, can access the structured data
in near real-time.
Captricity now has 34 staff members, nearly 100
clients, and $14 million in funding. Chen didn't find the
inspiration for Captricity while sitting at his computer,
or within the walls of academia, or by networking in the
corporate or venture capital sectors. That happened in
a village in sub-Saharan Africa.
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The power of CSE connections
While an undergrad, Chen discovered a love for working
with databases while a research assistant to the grad
students in Professor Alon Halevy's lab. Degree in hand,
he turned down job offers at Amazon and Google, as
well as admission to UC Berkeley's law school, to join
CSE faculty member Larry Arnstein at Teranode, a
startup company that provided computational workflow
solutions for pharmaceutical companies.
A few years later on a return flight from a business trip
to Boston, his plane reading was the UW common book,
Mountains Beyond Mountains, about Dr. Paul Farmer's
work among the poorest of the poor in Haiti. "It had me
tearing up on the plane," Chen says. "His community
health workers were basically gathering data about
their communities and making lives better." Inspired,
he decided to apply to the computer science doctoral
program at UC Berkeley to work on projects for lowresource regions.
One problem: Berkeley CS faculty had no doctoral
student funding for "crazy kids who want to go to subSaharan Africa." Chen had to scrounge up support on
his own. A pitch to a Yahoo executive led to the creation
of a Technology for Developing Regions Fellowship
that funded his first year. More networking led to Dave
Goldberg, CEO of SurveyMonkey, who agreed to fund
Chen's second year of doctoral work.
Fortunately, Tapan Parikh (Ph.D. '07) had joined the
Berkeley faculty around the same time. His UW doctoral
work on use of cell phones as a business tool for the
rural poor in India had earned him TR35 Humanitarian
of the Year recognition in 2007. "I practically stalked him
for advice," Chen laughs. "I also asked Tapan for advice

Kuang Chen making rounds with health care workers in rural
Uganda as a volunteer for the Millennium Villages Project.

rss feed for news items: news.cs.washington.edu
on a research project for Africa, and he said, 'Look man,
there are no solutions in the ivory tower. Go there and
experience what it's like.'"
With the help of Neal Lesh (Ph.D. '97), he did — first for
a month as a volunteer analyst on an AIDS/HIV project
in Tanzania, and then for more extended stints as a
volunteer researcher for the Millennium Villages Project
in rural Uganda. "It was a dream come true for me to
help set up a community health worker data collection
program covering a population of 100,000," he says.
Chen saw that a child's vaccination record was a piece
of paper in the family's home. The health workers had
no way to compile the data for planning and allocating
resources. "I realized that paper wasn't the problem. It
was access to data. You have to pick your battles, and
paper wasn't going to go away," Chen says. "I imagined
photographing vaccination forms with my cell phone,
and like mobile check deposit, immediately getting the
data."
Chen describes sitting on a dirt floor writing code on a
laptop hooked to a solar panel to set up data collection
forms and reports for one particular village doctor,
Emmanuel Atuhairwe ("Dr. Emma"). "I wanted to help
Dr. Emma track simple trends, like health worker
performance and how many women gave birth at the
clinic versus at home." This project led Chen to see
how arming a village doctor with data could make a
significant difference.
During the last year of his Ph.D., Chen cofounded
Captricity with another CS alum, Jeff Lin (B.S. '05), who
had gained fame with gold record rock band Harvey
Danger in the 1990s. Lin also had diverse experience in
journalism and the technology sector before returning
to UW to focus on computer science for a second B.S.
degree. Lin was an unlikely Asian-American role model
for Chen. "When I was in high school, I saw Jeff's name
in the CD liner for their first album, and thought — this
guy is awesome: editor of The Daily, a rock star. He's a
big reason I enrolled at UW." Three years later, they
met in Sieg Hall and spent a lot of time playing Halo on
Xbox. "He's moved on from Captricity, but we're lifelong
friends," Chen says.
Although Chen gained considerable experience tackling
startup challenges while working at Teranode, he
inevitably encountered problems that stumped him
as CEO of his own company. For advice, he called on
yet another CS classmate and good friend, Christophe
Bisciglia (B.S. '03), who founded Cloudera in 2008 and
WibiData in 2010. (See story in MSB Spring 2014.) "I
could ask Christophe questions I'd be embarrassed to
ask anyone else, and he's still an advisor for Captricity,"
Chen says.

Boundless opportunity and vision
Since Captricity's success solving the FDA's need to
speed up reporting of adverse drug reactions, the
company has grown steadily. High-profile clients include
Chrysler and insurance giants Humana and New York
Life, education institutions such as MIT and Yale, and
the new work with the Federal Election Commission to
digitize reams of Senate campaign finance records and
boost government transparency.
Both traditional angel investors and venture capitalists
(Atlas Venture, Reid Hoffmann, Dave Goldberg), and
those also seeking social impact (The Social+Capital
Partnership, Knight Foundation, Mitch Kapor) have
invested in Captricity, providing a war chest for rapid
growth and development of services for both the
corporate and nonprofit sectors.
One of Chen's favorite clients is the UW Institute for
Health Metrics and Evaluation, which compiles and
makes publicly available vast quantities of health data
for its Global Burden of Disease project. For that work,
Chen collaborated with Yaw Anokwa and Carl Hartung
(both Ph.D. '12) to unite their work with mobile phones
and Open Data Kit with Captricity's capabilities so health
workers in the developing world can photograph paper
data and enter electronic forms in tandem with their
mobile phones and seamlessly merge the data for
IHME's analysis.
From day one, the company has offered its services and
software for free and at a significant discount to an array
of nonprofit organizations, especially those working in
international health and development and that would
otherwise be priced out of the market. "One of our
values is 'Remember why you're here.' I’m here to help
the Dr. Emma's of the world," Chen says.
Life and career are a global journey for Chen, who was
born in southwest China, moved with his parents to the
Midwest at age 9, and then to Redmond.
He has a message for UW CSE students and alumni:
"Captricity is hiring mission-driven technologists to
democratize data access. Please join us."
Information about opportunities at Captricity may be
viewed at: captricity.com/jobs/.
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Continued from page 1

Internet of Things

(cont'd)

Researchers tested prototype devices in a variety of
real-world settings, including inside an apartment
building, on a street corner, and on the top level of a
parking garage. Distances from the nearest television
tower — the source of the signal to be backscattered
— ranged from under half a mile to roughly 6 1/2
miles. Regardless of the distance from the tower, the
receiving device was able to pick up the signal sent
by the transmitting device. The rate of transmission
reached one kilobit per second between devices placed
2 1/2 feet apart outdoors, and 1 1/2 feet apart indoors.
The technology, which was developed with support
from a Google Faculty Research Award and the
National Science Foundation's Research Center for
Sensorimotor Neural Engineering at UW, earned the
Best Paper Award at SIGCOMM 2013.
"We can form a network of our devices out of thin air,"
said Joshua Smith, an associate professor of computer
science & engineering and electrical engineering. "By
repurposing the signals that are already around us to
serve as both a power source and a communication
medium, we can create self-sustaining systems that
require little to no human intervention. The possible
applications are endless."
The team, including graduate students Bryce Kellogg
and Aaron Parks, went a step further with the
development of Wi-Fi backscatter. With this technology,
devices use RF signals as a power source and reuse
existing Wi-Fi signals for Internet connectivity.
Wi-Fi backscatter is the first system that has proven
capable of connecting battery-free devices to Wi-Fi
infrastructure — that next step needed to truly enable
the Internet of Things. Using off-the-shelf Wi-Fi devices,
the team was able to demonstrate communication
rates of one kilobit per second at a distance just over
two meters.

Foundation, National Science Foundation, University
of Washington and UW Commercialization Gap Fund.

The ultimate remote control
Another way UW faculty and students are moving us
closer toward the Internet of Things is by developing
new gesture recognition technology. Two systems,
AllSee and WiSee, are attracting attention for defying
conventional limitations to open up exciting new
frontiers in wireless sensing and human-device
interaction.
AllSee is a system that enables gesture control over
electronic devices even while they are hidden from
sight. The system uses television signals as both a
power source and the means by which it receives
gesture commands.
"AllSee is the first gesture recognition system that can
operate on a range of devices, including those with no
batteries, for less than a dollar," said Gollakota. "It also
offers intriguing possibilities for controlling devices
too small to incorporate a traditional keypad."
Unlike existing technology for gesture control — for
example, that incorporated into the Samsung Galaxy
S4 smartphone — AllSee consumes a miniscule amount
of power, enabling it to be always on, and does not
require the user to manually initiate its operation.
With AllSee, a person could use a gesture to mute his
or her smartphone without removing it from a pocket
or handbag.
The research team, which includes Kellogg and fellow
graduate student Vamsi Talla, tested its prototype
using eight different hand gestures. AllSee correctly
identified the movements more than 90 percent of the
time, from a distance of more than two feet.
Another system, WiSee, moves us closer to a truly
smart home by leveraging wireless networks to enable

"If the Internet of Things is really going to take
off, we must provide connectivity to potentially
billions of battery-free devices that can be
embedded in everyday objects," said Gollakota.
"By developing the ability to enable Wi-Fi connectivity
for devices while consuming orders of magnitude less
power than what Wi-Fi typically requires, we are closer
to making the Internet of Things a reality."
Wi-Fi backscatter was presented at SIGCOMM 2014
and made possible with support from the Qualcomm
Innovation Fellowship, Washington Research
AllSee, bringing gesture recognition to all devices
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Sensing an opportunity in healthcare

WiSee's gesture control will be signaled by a startup sequence
of gestures such as making a circle with your arm to control the
system before you send the real gesture commands.

whole-home gesture recognition and control without
requiring cameras or instrumentation of the user.
Instead, it relies on an adapted Wi-Fi router, which
functions as a receiver, and a handful of strategically
placed wireless devices.
The system is tuned to detect small changes in the
frequency of the wireless signal, called the Doppler
shift, caused by a person's movement. WiSee reads
the unique Doppler pattern produced by specific
movements and classifies them using a binary pattern
matching algorithm.
Using MIMO (multiple input, multiple output)
technology, the system is able to lock onto a particular
user among a group of people when that individual
performs a specific, repetitive sequence of gestures
that functions like a password. WiSee then enables
that user to use a specific gesture to control a
corresponding device, such as turning an appliance on
and off.
"By repurposing wireless signals, we eliminate the
need for additional sensors or cameras," explained
Gollakota. "And because Wi-Fi signals can travel
through walls, our technology does not require a
person to be in the same room as the device that he or
she wants to operate."

CSE researchers are looking at ways to apply similar
principles in healthcare settings. For example,
researchers in Gollakota's lab turned a smartphone
into an active system for diagnosing sleep apnea.
Called ApneaApp, the system transmits signals on
a smartphone and monitors patients' chest and
abdominal movements in sleep, identifying sleep apnea
events based on the minute changes caused to the
signal reflections from the human body.
ApneaApp offers an
alternative to the
traditional — and
expensive — clinical
polysomnography
test, which requires
the patient to spend
the night in a sleep
laboratory. Unlike
other portable
alternatives that require
instrumentation of the
bed or patient and a
trained technician to
set up, ApneaApp is
a truly wireless and
contactless tool that
can operate on an
off-the-shelf Android
smartphone.

Nandakumar demonstrates how
the ApneaApp diagnoses apnea
without using traditional sensors.

Working with Dr. Nathaniel Watson at the UW
Medicine Sleep Center, Gollakota and graduate student
Rajalakshmi Nandakumar were able to demonstrate
how the ApneaApp accurately diagnoses three types
of apnea: central (when the subject holds his or her
breath), obstructive (a complete or partial blockage of
the subject's airway), and hypopnea (when the subject's
breathing becomes shallow). ApneaApp is accurate at
distances of up to a meter from the patient, even when
he or she is under a blanket.

This last point sets the system apart from existing
gesture-recognition technology familiar to consumers,
like Microsoft's Xbox Kinect. WiSee is simpler,
less expensive, and not bound by line-of-sight
requirements or sound restrictions. In a user study,
its rate of accuracy in identifying nine distinct, wholebody gestures was 94 percent.

"There is an incredible opportunity to transform
healthcare by looking at how technology can improve
diagnosis and outcomes. ApneaApp can potentially
transform sleep diagnosis, achieving fine-grained
diagnosis — similar to that achieved in a hospital
overnight — using just a smartphone," said Gollakota.

WiSee, which was initially funded by CSE, won the Best
Paper Award at MOBICOM 2013. The research team
is now working on enabling WiSee users to control
multiple devices at the same time.

UW CSE's formidable expertise in wireless and
sensing research was developed in partnership with
our neighbors in Electrical Engineering. Through
labs like Gollakota's that engage students from both
departments in hands-on research and joint faculty

Collaboration is the key

Continued on page 10
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Picture this: New software reveals how people will look
as they age
If you have ever wondered what your toddler will look
like when he or she grows up, there may soon be an app
for that. With new illumination-aware age progression
software developed by Ira Kemelmacher-Shlizerman
and her colleagues in CSE's GRAIL Group, we now have
the capability to generate remarkably accurate images
of an individual's face at multiple ages based on a single
photograph.

The software, which runs on any standard computer,
leverages thousands of random Internet photos to
compute the average pixel arrangement of different
parts of the face at various ages. It then applies the
differences in shape and texture to the input photo. The
software is able to correct for vagaries in lighting quality
and facial expression and generate age-progressed
images up to 80 years old — and it can do it in about
30 seconds.
"Aging the faces of very young children from a single
photo is considered the most difficult of all scenarios,"

noted Kemelmacher-Shlizerman. "Our method
generates results so convincing that the majority of
people who participated in our user studies could not
distinguish between the age-progressed photo and the
real one."
Her work will do more than satisfy people’s curiosity
about their future selves. It could also change the face
of missing child cases by providing families and law
enforcement with a more accurate tool for determining
what victims look like years after their disappearance.
According to Kemelmacher-Shlizerman, aging is one of
many factors that interest her team, which also includes
Supasorn Suwajanakorn and Steven M. Seitz.
"I am intrigued by the prospect of finding a representation
of everyone in the world," she said. "The massive
amount of facial photos captured digitally presents
exciting possibilities for the future of computer vision
research."
The work, which has received extensive media coverage
on television and in print since it was first announced
in April, was presented at CVPR 2014 and was funded
by Google and Intel Corp.
To learn more, visit: grail.cs.washington.edu/aging/ and
homes.cs.washington.edu/~kemelmi/.

Continued from page 9

Internet of Things

(cont'd)

appointments like Smith, CSE and EE have seized
upon a tremendous area of opportunity for the
university and for our region. And, as evidenced by the
ApneaApp project, the opportunity to collaborate on
groundbreaking computer science research extends
beyond these two departments on campus.

"This is what we do at UW: we collaborate to push the
boundaries of our field," said CSE department chair
Hank Levy. "With our ability to attract the best and
brightest researchers and our entrepreneurial spirit,
we are leading the charge to build systems that have
an impact."

"By tearing down the barriers between hardware
and software, and computer science and other
disciplines, we are enabling novel ways of computation,
communication and sensing that would not be possible
if researchers work in their siloed fields," said Gollakota.
"Computer science affect so many aspects of human
life, and working as a member of the CSE faculty offers
opportunities to work in a variety of different domains."

Gollakota, who received the prestigious TR35 award this
fall, is focusing on the future. He and Smith launched
a startup company, Jeeva Wireless, to commercialize
their research with the tagline, "Power and Internet
connectivity for the next billion devices."
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"There are so many important problems to solve,"
Gollakota observed, "and so little time!"
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UW CSE researchers successfully demonstrate brainto-brain communication over the Web
Cat got your tongue? Someday, it may not matter if
you're at a loss for words, because your brain may be
able to communicate without them.
A team of UW researchers
led by CSE professor Raj
Rao recently replicated
their ground breaking
experiment from
2013 that established
a direct brain-to-brain
connection between
two people. The
results of the latest,
more comprehensive
demonstration, involving
six people, was published
this fall in the journal
PLOS One.

or skills," said Rao, who was lead author on the study.
"But we hope our simple demonstration will serve as
a stepping stone for achieving more complex types
of brain-to-brain interaction in the future, and as
an inspiration for using this new paradigm to better
understand brain function."
The study was coauthored by assistant professors
Andrea Stocco and Chantel Prat of UW's Institute for
Learning & Brain Sciences, CSE student Joseph Wu,
Devapratim Sarma and Tiffany Youngquist of UW
Bioengineering, and CSE alumnus Matthew Bryan. Initial
funding was provided by grants from the UW Royalty
Research Fund and the U.S. Army Research Office, which
was recently followed by a new $1 million grant from
the W.M. Keck Foundation.

Professor Raj Rao

In the demonstration,
each pair of participants
— a sender and a receiver — was separated into two
different locations on the UW campus. The sender was
connected to an electroencephalography (EEG) machine,
which read his/her brain activity and sent electrical
pulses over the Web to the receiver, who wore a
transcranial magnetic stimulation (TMS) coil placed near
the part of the brain that controls hand movements.
Participants were asked to cooperate in playing a
computer game using only the link between their brains.
The sender could see the game but could not physically
control the gameplay, while the receiver could not see
the game but had control of the touchpad that operated
it. The only way the sender could meet the game's
objective of firing a cannon was to think about moving
his/her hand, which would in turn cause the recipient's
hand to twitch on the touchpad across campus. While
accuracy varied among participants, one pair achieved
a rate of 83 percent.
In addition to assessing how often each pair successfully
executed the "fire" command, the researchers were
able to quantify the amount of information conveyed
between the two brains. Next, researchers want to
move beyond quantity to focus on the quality of that
information.
"We are still a long way from being able to directly
communicate abstract knowledge, thoughts, feelings,

UW students Darby Losey, top, and Jose Ceballos are
positioned in two different buildings on campus as they
would be during a brain-to-brain interface demonstration.
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UW CSE calendar of
2015 events
Mark your calendars! We would love to see you at
our upcoming events this winter and spring.
January 15, 2015
CSE Distinguished Lecture (joint with Data Sciences
Seminar)
Jon Kleinberg, Cornell University
3:30 p.m., Room EEB-105
www.cs.washington.edu/events/colloquia/details?id=2572

February 7, 2015
STEM Out!
Organized with DawgBytes, PSCSTA and Amazon
pscsta.org/stem-out/

February 26, 2015
CSE Distinguished Lecture
Jeff Dean, Google
3:30 p.m., Room EEB-105

www.cs.washington.edu/events/colloquia/details?id=2668

April 21, 2015
New Tech Seattle - 3rd annual UW event
5:30 p.m., Atrium

Dieter Fox named IEEE
Fellow
CSE's Dieter Fox has been
named a Fellow of the
Institute of Electrical and
Electronics Engineers. He
is the 14th UW CSE faculty
member to be honored in
this way by IEEE.
Fox's research interests
include artificial
intelligence, robotics,
and probabilistic state
estimation. He was
recognized by the IEEE
"for contributions to
Bayesian state estimation and robotic perception."
Fox serves as the director of the UW Robotics and State
Estimation Lab and as academic PI of the Intel Science
and Technology Center for Pervasive Computing. From
2009 to 2011, he was director of the Intel Research Lab in
Seattle. To learn more about Fox, visit his homepage at:
www.cs.washington.edu/people/faculty/fox.

www.meetup.com/NewTechSeattle/

April 24-25, 2015
Engineering Discovery Days
UW campus

engr.uw.edu/alumcomm/openhouse.html

June 12, 2015
CSE Graduation Ceremony
8:00 p.m., Hec Edmundson Pavillion
June 13, 2015
UW Graduation Ceremony
1:30 p.m., Husky Stadium

www.washington.edu/graduation/

Be in the know!
Subscribe to CSE news. Department events will be
announced as they happen on CSE's news page:
news.cs.washington.edu
Follow CSE's Facebook page: www.facebook.com/uwcse
For information on upcoming DawgBytes events as part
of CSE's K-12 outreach, follow DawgBytes on Facebeook:
www.facebook.com/uwdawgbytes
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Recent UW CSE family
TR35 recipients
2014: Kuang Chen, UW CSE B.S. alum
Shyam Gollakota, UW CSE professor
Kurtis Heimerl, UW CSE B.S. alum
2013: Julie Kientz, UW CSE adjunct professor
2012: Abie Flaxman, UW CSE adjunct professor
2011: Noah Snavely, UW CSE Ph.D. alum
2010: Scott Saponas, UW CSE Ph.D. alum
2009: Jeff Bigham, UW CSE Ph.D. alum
Jeff Heer, UW CSE professor
Shwetak Patel, UW CSE professor
Adrien Treuille, UW CSE Ph.D. alum
2008: Meredith Ringel Morris, UW CSE affiliate
professor
2007: Yoshi Kohno, UW CSE professor
Karen Liu, UW CSE Ph.D. alum
Tapan Parikh, UW CSE Ph.D. alum and
affiliate professor
Desney Tan, UW CSE affiliate professor
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UW CSE faculty and alums named among top
innovators under 35
Each year MIT Technology Review recognizes 35
technology innovators under the age of 35 with its TR35
Awards. More than 500 nominees were pared down to
80 finalists by the Review's editors this year. A panel of
outside judges then rated the finalists on the originality
and impact of their work, and the editors took those
ratings into account in selecting the final group of TR35
Award winners.
The TR35 Award competition has always been very good
to our faculty and alums. (See sidebar on page 12.) This
year is no exception. Several of this year's awardees
have a connection to UW CSE.
CSE professor Shyam
Gollakota was named one
of this year's "Innovators
Under 35" in the inventor
category. He leads the
Networks and Mobile
Systems Lab in CSE, and
his research focuses on
leveraging wireless signals
around us to power devices.
The main article in this
issue, "Leading the charge
to power the Internet of
Things," highlights his
research. In 2012, Gollakota received the Association
for Computing Machinery's Doctoral Dissertation
Award, which is given to the author of the best
doctoral dissertation worldwide in computer science
and engineering. His doctoral work while at the
Massachusetts Institute of Technology was in building
systems that transform wireless interference into
beneficial use. Learn more about him by visiting his
homepage at:
homes.cs.washington.edu/~gshyam/.
Two UW CSE bachelor's alums were recognized by TR35
in the humanitarian category: Kuang Chen and Kurtis
Heimerl. After receiving their undergraduate degrees,
both entered UC Berkeley’s Ph.D. program, where they
worked with Berkeley professor and 2007 UW CSE Ph.D.
alum Tapan Parikh, who himself received a TR35 Award
in 2007 and was named the TR35 Humanitarian of the
Year. Parikh, Chen, and Heimerl all work in the area of
information technology for developing regions.
Kuang Chen (B.S. '03) was honored for his groundbreaking
work, using a combination of computing and brainpower

to read information on
paper forms dozens of
times faster and more
cost-effectively. In 2011,
Chen cofounded Captricity,
a company that digitizes
paper-bound information,
including hand-written
documents, for fast analysis
and use by organizations,
government agencies, and
corporations that need
accurate data for planning
and decision making. A
more in-depth look at Chen and his Captricity vision is
available on page 6 in this issue. More information on
Captricity may be viewed at:
captricity.com.
Kurtis Heimerl (B.S. '07)
was honored for creating
the Village Base Station, a
low-cost, low-power cellular
system based off OpenBTS
that has the potential to
bring cellular coverage to
the estimated one billion
people in rural areas
currently living without
service.
Heimerl started a company
to commercialize this
research, Endaga. The
company built a GSM "network-in-a-box" that allows
users to have network access independent of corporate
providers. The tool box-shaped Endaga CCN1 runs on
solar power and can even be latched onto trees. In 2013,
Endaga built their first community cellular network in
Papua, Indonesia, which brought coverage to some
350 users. More information about Endaga may be
viewed at:
www.endaga.com.
In addition to helping run Endaga, Heimerl works as
a postdoctoral researcher in UC Berkeley's TIER lab
(Technology and Infrastructure for Emerging Regions)
with Professor Eric Brewer. More information about
Kurtis may be viewed at:
www.eecs.berkeley.edu/~kheimerl/.
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Datagrams
Nanocrafter wins Serious Games Showcase and
Challenge
The Nanocrafter team at CSE's
Center for Game Science won the
award for "Best Serious Game,
Special Emphasis Category,
Use of Social Media" at the
Serious Games Showcase and
Challenge. The event celebrates
excellence in the field of serious
games development. Players
of Nanocrafter build nanoscale
devices using pieces of DNA.
The game, in addition to being fun and educational,
is helping to advance scientific discovery in the field
of synthetic biology by leveraging the power of
crowdsourcing. Congratulations, team! For information
about Nanocrafter, please visit:
nanocrafter.org.

UW CSE PLSE team wins ACM Distinguished
Paper Award
CSE's René Just,
Darioush Jalali, and
Michael Ernst won an
ACM Distinguished
Paper Award for their
paper Are Mutants a
Valid Substitute for
Real Faults in Software
Testing? The paper reports on extensive experimentation
that shows that mutant detection is the best available
proxy for test suite quality. The team shows how
mutation analysis can be improved and identifies some
fundamental limitations that prevent it from perfectly
predicting real fault detection. In addition to these
experimental results, the real faults and test suites
they assembled can be used in future testing research.
The paper was presented at FSE 2014, one of the two
top software engineering conferences. The paper was
coauthored with Laura Inozemtseva and Reid Holmes
(a former postdoc at UW) of the University of Waterloo
and Gordon Fraser of the University of Sheffield. This
is Just and Ernst's second ACM Distinguished Paper
Award this year.

Using ODK-equipped smartphones, Paul G.
Allen helps fight Ebola
In November, philanthropist Paul G. Allen announced
that he and the Paul G. Allen Family Foundation plan
to ship more than 10,000 specially programmed
smartphones to West Africa to enhance data collection
msb p14

and identify aid needs. The
smartphones will enable
government workers and
humanitarian aid volunteers
to gather reliable data about
the effectiveness of relief
efforts in affected areas. The
technology utilized by the
phones is UW CSE's Open
Data Kit, an open-source
toolkit for building data collection applications on
smartphones and uploading the data to the cloud for
analysis. ODK is widely used throughout the world for
data collection for global health and other applications.
Learn about ODK here:
opendatakit.org.

Rajalakshmi Nandakumar receives SenSys 2014
Best Presentation Award
CSE Ph.D. student Rajalakshmi
Nandakumar received the Best
Presentation Award at SenSys
2014, the 12th ACM Conference
on Embedded Networked Sensor
Systems. The paper, Feasibility and
Limits of Wi-Fi Imaging, describes
work done by Rajalakshmi and
fellow CSE Ph.D. student Donny
Huang as first-year students,
working with UW CSE professor
Shyam Gollakota. A copy of the paper is available at:
homes.cs.washington.edu/~gshyam/Papers/wision.pdf.

UW CSE project wins award from USAIDHumanity United Tech Challenge for Atrocity
Prevention
Interactive
Voice Response
(IVR) Junction, a
research project
led by CSE Ph.D.
student Aditya
Vashistha, won
a grant as part
of the joint USAID-Humanity United Tech Challenge
for Atrocity Prevention. Vashistha is supervised by
professor Gaetano Borriello. IVR Junction is a flexible
voice-communication tool that allows users with limited
connectivity or literacy to record and listen to posts,
while the global community can access them online.
The grant helps recipients partner with an operational
NGO or an established human rights group to further
develop and pilot their innovations to document
atrocities and facilitate communication for those at
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risk. Vashistha will partner with two local organizations
in sub-Saharan Africa to connect low-tech users and
members of marginalized communities, such as
refugees and asylum seekers. To learn more about IVR
Junction, visit the website at:
www.ivrjunction.org.

UW wins Best Student Paper Award ASSETS 2014
The paper, Tactile Graphics
with a Voice: Using QR Codes to
Access Text in Tactile Graphics,
was named Best Student
Paper at ASSETS 2014, the
1 6 th I n t e r n a t i o n a l A C M
SIGACCESS Conference on
Computers and Accessibility.
The authors are UW CSE
graduate students Catherine
Baker and Lauren Milne, UW CSE staff member Jeffrey
Scofield, UW HCDE graduate student Cynthia Bennett,
and UW CSE faculty member Richard Ladner.
Tactile graphics are a major way for blind people to
access figures and diagrams in books and documents.
Tactile Graphics with a Voice (TGV) allows text within
tactile graphics to be accessible by using a talking QR
code reader app on a smartphone. The paper explores
different picture taking guidance techniques for blind
users. This recognition continues UW CSE’s leadership
in accessibility technology. Read the paper at:
lazowska.cs.washington.edu/p75-baker.pdf.

Arrakis is OSDI '14 Best Paper
Arrakis: The
Operating System
is the Control Plane
was named one of
three Best Papers
of the 11th USENIX
Symposium on
Operating Systems Design and Implementation
(OSDI). The paper's authors are CSE's Simon Peter,
Jialin Li, Irene Zhang, Dan R.K. Ports, Doug Woos, Arvind
Krishnamurthy, Tom Anderson, and Timothy Roscoe.
Arrakis is a new operating system that is designed
around recent application and hardware trends. In
Arrakis, we ask the question whether we can remove the
OS kernel entirely from normal application execution.
To learn more about Arrakis, please visit the website at:
arrakis.cs.washington.edu.
The team received the Madrona prize as the project
deemed most likely for entrepreneurial success at the
UW CSE industry affiliates meeting in October.

UW CSE’s Jeff Hightower, Gaetano Borriello win
2014 Ubicomp 10-Year Impact Award
The 2004 research paper
Particle Filters for Location
Estimation in Ubiquitous
Computing: A Case Study by
UW CSE's Jeff Hightower
(Ph.D. '04), currently an
engineering manager
at Google, and Gaetano
Borriello, the Jerre D. Noe
Professor of Computer
Science & Engineering, has
been recognized with the
10-Year Impact Award from
Ubicomp 2014, the 2014
ACM International Joint
Conference on Pervasive
and Ubiquitous Computing.
In selecting the paper, the
award committee said, "The
committee is unanimous
in awarding you this prize based on the quality of the
research and of the paper, and especially the impact
the paper has had in terms of citations (both primary
and secondary) and inspiration to similar research. The
proposed method of particle filters is still a widely used
approach and the paper provides very strong empirical
evaluations and results."

Neil Spring, Ratul Mahajan, and David Wetherall
win 2014 ACM SIGCOMM "Test of Time" Award
Measuring ISP Topologies with
Rocketfuel by Neil Spring, Ratul
Mahajan, and David Wetherall
was named co-recipient of the
2014 ACM SIGCOMM Test of
Time Award. The paper was
presented at the 2002 ACM
SIGCOMM conference. Spring
(Ph.D. '04) is now a faculty member at the University
of Maryland; Mahajan (Ph.D. '05) is now a Senior
Researcher at Microsoft Research; and Wetherall
(former CSE professor) is now at Google.
According to the citation: "Rocketfuel contributed
methods to make efficient measurements for
ascertaining Internet router-level topologies, useful
for the modeling and simulation of routing, transport
protocols, and graph evolution, to name a few areas.
In addition, this effort produced a dataset used by a
number of subsequent efforts. One recent (2011) text
describes this dataset as: 'the most trustable existing
dataset for Internet service provider (ISP) networks.'"
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Tom Anderson receives USENIX Lifetime Achievement
Award and Software Tools User Group Award
UW CSE professor and Ph.D. alum Tom Anderson was
honored by USENIX not once but twice during the past
year in recognition of his significant contributions in the
field of advanced computing systems.
The USENIX Lifetime Achievement Award ("The Flame")
celebrates intellectual achievement and service to the
UNIX community. Anderson was presented with The
Flame in 2014 in recognition of his efforts to build
a thriving community around systems building and
experimental research. USENIX recognized Anderson as
"the embodiment of USENIX values" who has "carried
the community forward as much as anyone." His many
contributions include the Nachos operating system
course project, the PlanetLab research platform, and
the USENIX Symposium on Networked System Design
and Implementation (NSDI). USENIX also highlighted his
extraordinary commitment to mentoring students and
colleagues. Read more about The Flame and Anderson's
citation at:
www.usenix.org/about/flame.

In June, Anderson and his
colleagues were presented
with the USENIX Software Tools
User Group (STUG) Award. This
award recognizes individuals
who embody the spirit of the
STUG community by making a
significant contribution to the
reusable code-base available
to all or providing a significant
enabling technology directly
to users. USENIX presented
the 2014 STUG Award to Anderson, along with Mic
Bowman, David Culler, Larry Peterson and Timothy
Roscoe, to recognize their work on PlanetLab. Read
more about the STUG Award and the PlanetLab team's
citation at:
www.usenix.org/about/stug.
To learn more about Anderson and his research, visit
his website at:
www.cs.washington.edu/people/faculty/tom/.
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