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November	11
Computational Thinking Seminar

Noel Zahler, School of Music,  
Carnegie Mellon University

>	Newell-Simon Hall 1305

November	17
Machine Learning/Google Seminar

Eugene Agichtein, assistant professor, 
Emory University

>		Collaborative Innovation Center,
 lower level

December	4
TechBridge World Interactive

>	Newell-Simon Hall, Perlis Atrium

December	10
SCS Undergraduate Research  
Poster Presentations

>	Newell-Simon Hall

January	5
Los Angeles Alumni Network Night, 
hosted by Xirrus

January	6
Silicon Valley Alumni Network Night, 
hosted by Oracle

January	7
San Francisco Alumni Network Night,  
in partnership with the University of 
California at Berkeley

January	8
Seattle Alumni Network Night, 
hosted by Microsoft

January	30
Pittsburgh Alumni Network Night

March	5
Washington, D.C., Alumni Network Night

March	10
Boston Alumni Network Night, 
hosted by Philips Color Kinetics

April	17
15th Annual MoBOT Races

       >	Wean Hall, front entrance

All events are to be held at the Carnegie Mellon University 
campus in Pittsburgh unless otherwise noted.

Contact Tina Carr, SCS alumni director, at tcarr@cs.cmu.edu for  
more information on these events. Visit www.alumni.cmu.edu and  
click on “Upcoming Events” for details on other Carnegie Mellon  

alumni events around the country.

Feedback	Loop

Your input affects our output. Do you have a question or comment about 

something you’ve read in The Link? Would you like to make a suggestion 

or submit a news item? Do you know who’s been posting poetry in 

the stairwells of Wean Hall? Call us at 412-268-8721, email TheLink@

cs.cmu.edu, or write to The Link Magazine, Office of the Dean, School 

of Computer Science, Carnegie Mellon University, 5000 Forbes Ave., 

Pittsburgh, PA 15213. Cheerful email and letters will be read promptly; 

rude ones will be soaked in the data sink first.

—Jason Togyer (HS’96), managing editor



Contents

10 Mind Readers

 Marcel Just (left) and Tom Mitchell have identified the  
basic building blocks that the brain uses to process language. 
By Byron Spice

2 From the Dean

3	 Creating the 
New SCS Complex 
The final beams of the Gates and 
Hillman centers are now in place, 
but a big fundraising campaign 
has just begun.

5	 On Campus
 GM lab seeks a smarter smart car, 

SCS harnesses Yahoo!’s M45, a 
new bachelor’s degree is created, 
and robots invade Pittsburgh.

9	 In the Loop 
2008 Bower Prize winner  
Takeo Kanade on quality of life 
technology, inside-out vision,  
and the difference between 
“new” and “useful.”

18	 SCS Alumni Relations 

19	 Alumni Snapshots

20	 SCS in the News
14 The Lasting  

Legacy
 

 Randy Pausch (CS’88) left 
his mark on the School of 
Computer Science long  
before his book made him 
an international celebrity.  
By Jason Togyer

On the Cover: Tom Mitchell, head of the 
Machine Learning Department, and  
Marcel Just, director of Carnegie Mellon’s 
Center for Cognitive Brain Imaging, have 
developed a computational model for 
predicting the neural activation pattern 
for any noun. Their work could eventually 
lead to the use of brain scans to identify 
thoughts and could have applications in 
the treatment of mental disorders. (Wade 
H. Massie photo)
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Welcome to this edition of The Link, re-
porting on the latest activities by members 
of the community that surrounds and has 
grown out of the School of Computer Sci-
ence at Carnegie Mellon University. In this 
issue, we highlight the ways that computer 
science can spread out and be applied to 
many different areas of human endeavor, 
ranging from science to the arts.

Of course, this theme has a long tradi-
tion at Carnegie Mellon—we have always 
been a very “outward facing” organization. 
Since our earliest days, our faculty and stu-
dents have thought of ways that computer 
technology can benefit society, and at the 
same time we’ve discovered new research 
and educational challenges in computer  
science that are posed by adapting and  
applying technology to new areas.

I’ve been especially intrigued by the work of  Tom Mitchell and Marcel Just on analyz-
ing brain scans. Understanding how ideas are represented in the human brain is one of the 
greatest unsolved problems of neuroscience. Tom and Marcel’s approach is unique in that it 
is based on studying high-level measurements of brain activity, rather than low-level models 
of neurons and their interactions. It reminds me of how Allen Newell showed up at a 1956 
workshop at Dartmouth (where the term “artificial intelligence” was first used) with the 
only working code, a program to prove theorems in logic, while the other participants were 
theorizing about abstract models of neurons. The Carnegie Mellon approach has always 
been to let our thinking be inspired by real-world data.

We’ve all been inspired by Randy Pausch’s brave fight against pancreatic cancer, to which 
he succumbed in July. We miss Randy and his effusive spirit in many ways. Fortunately, one 
of Randy’s greatest legacies, the Alice Project, lives on and promises to provide a new and 
compelling way to introduce computer programming to people who might otherwise never 
consider this a useful and fulfilling activity.

We also are in the midst of a major convergence of computer technology and the arts, 
building on two of the greatest strengths of Carnegie Mellon. These include the recent 
Robot 250 activities, involving robots and the arts as part of Pittsburgh’s 250th anniversary 
celebration, and the recent introduction of the Bachelor of Computer Science and Art  
degree program, spanning SCS and the College of Fine Arts. Beyond the stories presented 
here, we have a number of faculty and students in the two schools working together to  
create new forms of artistic expression using computer technology.

Finally, our connections to industry continue to grow stronger. We’ve been fortunate to 
have Yahoo! provide our researchers with access to their M45 computing cluster, enabling 
us to work on problems at a scale that far exceeds what we could do with our own machines. 
General Motors has partnered with us to conduct research on robotic technology, with the 
ultimate goal of having vehicles drive themselves. Our strength in robotics has also moti-
vated Disney to set up a research lab adjacent to campus, developing technology for their 
movies, for their theme parks, and for sports television.

P.S. With this issue, I would like to introduce Jason Togyer as our managing editor. Jason 
comes to us as both a CMU alumnus and with a lot of experience in writing and finding 
interesting stories. Welcome Jason!

Randal E. Bryant, dean
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It’s an odd feeling to stand on a steel floor, 75 feet above the ground, 
where a few weeks earlier there was nothing but air. But that’s how 
rapidly the steel has gone up at the new SCS Complex. Although 
plenty has been happening below street level since last summer, the 
skeleton of the Gates Center for Computer Science didn’t pop into 
view until this May. Suddenly, its unique silhouette began emerg-
ing on a daily basis; by September, the last beams were in place, and 
construction crews were erecting steel at the adjacent Hillman  
Center for Future-Generation Technologies.

Preparing the site presented unique challenges, says Andrew 
Reilly, the university’s senior project manager for the SCS Com-
plex, as he conducts a “muddy boots” tour for SCS staffers. Utility 
lines for surrounding buildings were relocated, solid bedrock was 
excavated and pulverized into aggregate, and cribbing was con-
structed to temporarily support the ground near the Purnell Center 
for the Arts. “We have a six-acre site here, yet it’s congested, because 
the building goes in many different directions—if it’s not a build-
ing we’re running into, it’s a hillside,” Reilly says.

Building the SCS Complex isn’t just a physical challenge. With 
a price tag estimat-
ed at $98 million, 
it’s also a challenge 
for the university’s 

Creating the New SCS Complex

fundraising team, says Mark Dorgan, principal giving advisor for 
SCS. Almost $40 million has already been raised, including  
$20 million from the Bill and Melinda Gates Foundation, $10  
million from the Henry L. Hillman Foundation, and $9 million 
from alumni, faculty, and other friends of the university, but more 
fundraising work remains.

Many donors are sponsoring rooms in the complex. Some are 
being named in honor of faculty and alumni, but other donors are 
immortalizing computing projects they worked on, Dorgan says. 
“It’s a cool, quirky thing to do in the world of computer science,”  
he says. Besides leaving a lasting reminder of a special person (or 
processor), the gifts can help inspire future students to become entre-
preneurs. Smaller, but important donations include $3,000 pledges 
toward the 250 seats in the Rashid Auditorium; about one-third are 
already claimed in the names of alumni and faculty members.

Fundraising for the SCS Complex is part of the university’s 
newly announced campaign to raise $1 billion by June 30, 2013. 
Half of the money raised will go toward increasing the university’s 
endowment, another 40 percent will go toward additional student 
and faculty support, and another 10 percent will be used for facili-
ties and infrastructure upgrades. University officials say growing 
that endowment—which currently stands at $1.1 billion—is  
essential for strengthening Carnegie Mellon’s ability to launch new 

As the Gates and Hillman buildings rise into view, the university 
reaches higher, too—toward a billion-dollar fundraising goal

Andrew	Reilly	(right),	project	
manager	for	the	SCS	Complex,	
discusses	the	atrium	in	the	Gates	
Center	for	Computer	Science		
during	a	“muddy	boots”	tour	of	
the	construction	site.	From	left	are	
Walt	Schearer,	SCS	associate	dean	
for	finance	and	administration;	Joe	
Greenaway,	Carnegie	Mellon	direc-
tor	of	construction;	and	Jonathan	
Aldrich,	assistant	professor	in	the	
Institute	for	Software	Research.	
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Creating the New SCS Complex

projects in strategic areas as well as to attract and retain the best 
faculty and students.

The fundraising campaign comes at a critical time for both edu-
cation and research in the School of Computer Science and across 
the university, SCS Dean Randy Bryant says. “When I first came to 
Carnegie Mellon, I didn’t have to struggle for funding,” he says. 
“Now, research funding for junior faculty is much harder to get. 
They spend a lot of their time writing grant proposals.” Adding 
new endowed professorships would allow faculty members to spend 
less time chasing grants and more time in the lab and the class-
room.

Graduate students feel the same pinch. According to Dorgan, 
educating a Ph.D. student costs about $75,000 per year, including 
tuition, laboratory space, and living expenses. SCS has always pro-
vided complete funding for Ph.D. students from arrival to  
graduation, Bryant says. Most doctoral candidates are supported by 
research funding obtained by their advisors, while others have exter-
nal fellowships. Any gaps between funding sources and the student’s 
costs are made up through departmental resources; 
no SCS doctoral student has ever been unable to 
finish his or her degree for lack of money.

Unfortunately, those “gaps” are becoming more 
common, Bryant says, because private and public 
grants can be an unreliable source of funding. 
Some research areas fall out of favor from year to 
year, while others are over-funded. “This is putting 
a lot of stress on our overall financial situation,” he 
says. “Having some internally funded fellowships 
would help us support students in areas that are 
out of favor by funding agencies and enable us to 
continue our tradition of providing the most effec-
tive graduate student experience we can provide.”

 By increasing its endowment, the university 
can also offer more competitive financial aid pack-
ages to the best undergraduate students. Twenty 
years ago, Carnegie Mellon’s undergraduate com-
puter science program was in its infancy; today, it’s “an integral part 
of what we do,” Bryant says. Yet according to the university’s statis-
tics, federal and state tuition support isn’t even keeping up with  
inflation. In some respects, it’s actually gone down. Boosting the 
university’s endowment will free additional money for financial aid.

The good news is that—like the steel at the SCS Complex—the 
fundraising total is climbing daily. More than $536 million was 
raised during a so-called “quiet” fundraising campaign that’s just 
ended, and the ultimate billion-dollar goal is well within the uni-
versity’s reach—many of Carnegie Mellon’s peer institutions are in 
the final stages of their own successful billion-dollar campaigns, ac-
cording to The Chronicle of Higher Education.

Gifts today to SCS will have a lasting impact that’s measured 
both in bricks and mortar, Bryant says, and also in the intangible 
benefits created by initiatives such as the Quality of Life Technology 
Center and TechBridgeWorld. “We really feel like the opportunities 
here are limitless,” he says. “But we need the kinds of resources that 
will help us get stronger and better serve the needs of society through 
our research, and students through our education.” 

—Jason Togyer (HS’96)

> For	more	information	on	the		

University’s	capital	campaign,		
visit	www.cmu.edu/giving.

> For	more	information	on	the		
SCS	Complex,	visit		
gatescenter.blog.cs.cmu.edu.

Members	of	the	SCS	building	committee	add	their	signatures		
Sept.	26	to	the	ceremonial	“final	beam”	of	the	Gates	Center	for	
Computer	Science.	Watching	as	SCS	Dean	Randy	Bryant	signs	are,	
from	left,	committee	Chair	Guy	Blelloch,	professor	in	the	Computer	
Science	Department;	Carlos	Guestrin,	assistant	professor	in	Machine	
Learning	and	Computer	Science;	and	Jim	Skees,	SCS	director	of	
facilities.	Not	shown	are	committee	members	Sharon	Burks,	former	
associate	head	of	the	Computer	Science	Department	and	assistant	
dean	of	SCS;	Jim	Herbsleb,	professor	in	the	Institute	for	Software	
Research	and	director	of	the	Software	Industry	Center;	Peter	Lee,	
head	of	the	Computer	Science	Department;	and	Manuela	Veloso,	
Herbert	A.	Simon	Professor	of	Computer	Science.	
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Desire for smarter ‘smart cars’ drives latest GM collaboration

Cars that drive themselves are certainly cool, but cars that could 
avoid potholes would be a godsend in a city like Pittsburgh.

With the latest Collaborative Research Lab (CRL) between 
General Motors and Carnegie Mellon, researchers aim to refine the 
autonomous driving technologies that were so spectacularly put to 
use in Boss, winner of the 2007 DARPA Urban Challenge. That 
competition between driverless vehicles took place over 55 miles of 
urban and suburban roads.

“The Urban Challenge was fantastic, but you couldn’t use Boss 
to get to work in the morning,” says Chris Urmson, a research sci-
entist in the Robotics Institute. “This lab will deal more generally 
with pedestrians, traffic—the wide variety of situations you en-
counter in a normal day. It will produce a much more broadly ca-
pable vehicle.”

The five-year, $5 million CRL will support a range of projects 
in the emerging field of driverless vehicles, such as advanced motion 
planning and next-generation software and hardware architecture.

Research in the CRL will carry forward many of the concepts 
from the Urban Challenge, and aims to improve upon them. For 
example: Potholes.

“Boss didn’t really understand potholes at all,” Urmson says. 
“Had it understood potholes, it would understand that it could 
straddle them.” 

Also, Boss had a necessarily simple model of what obstacles and 
vehicles were around it, and could sometimes get confused about 
whether they were moving or not. “We want to look at how we can 
better represent other vehicles,” Urmson says.

The autonomous driving CRL is directed by Raj Rajkumar, pro-
fessor of electrical and computer engineering. In addition to Urmson, 
Robotics Institute faculty involved in the lab include Senior Systems 
Scientist John Dolan and Systems Scientist Paul Rybski.

Other projects to be investigated by the team include cars that 
can detect bicycles and better navigate parking lots.

When it comes time to park, the car will use aerial images (such 
as those available in Google Maps) to know where the parking spots 
are. “Most of the time when you or I are in a parking lot, it’s much 
like driving on the street,” Urmson says. “You know which lane to 
stay in … We’d like to use imagery to provide the vehicle with the 
structure of the parking lot, and therefore make the vehicle drive 
more like a person.” Indeed, having a car that drives like a person is 
the ultimate goal of this CRL.

Imagine a car that could navigate by landmarks—like “turn left 
after you pass the Carnegie Museums.” That was one of the ideas 
that emerged from the first GM-Carnegie Mellon CRL, which  
focused on information technology and human-vehicle interaction.

In that collaboration, and associated spinoff research projects, 
SCS and Human-Computer Interaction Institute (HCII) research-
ers also worked on cars that could recognize signs and read them in 
real time—even translate them into different languages.

Faculty involved in human-vehicle interaction projects include 
Daniel Siewiorek, director of the HCII and Buhl University Profes-
sor of SCS and ECE; Jie Yang, senior systems scientist in HCII; and 
Jodi Forlizzi, the A. Nico Habermann Chair in SCS and associate 
professor in the School of Design and HCII.

Another project, which used hand gestures to control vehicle 
navigation and music, can be seen in a video available in the “Mas-
ter’s Students” section of the HCII Web site, www.hcii.cmu.edu.

Judging from past collaborations between GM and Carnegie 
Mellon, this CRL will produce new technologies that will radically 
change how we drive. “It’s going to be exciting,” Urmson says.
 
—Karen Hoffmann (S’04) is a Pittsburgh-based freelance writer who 
covers science, health, and the environment.

Mapping	a	New	Paradigm
Faculty members say Yahoo! M45 supercomputing  
cluster packs powerful punch for research

“Hadoop.” It’s a funny-sounding name for an operating environ-
ment, but nobody’s laughing at the results. Combined with Yahoo!’s 
M45 supercomputing cluster, it’s allowing SCS researchers to tackle 
data-intensive problems involving computer graphics, language 
translation, and informational retrieval they never considered  
examining before. “We have datasets that we didn’t analyze because 
they wouldn’t fit on our machines,” says Christos Faloutsos, a pro-
fessor in the Computer Science Department who’s building models 
to spot patterns in massive social networks—networks that might 
have 20 million different users, each of whom might connect to 
tens or even thousands of other users.

Carnegie Mellon is the first academic institution allowed access 
to M45, which offers the power of 4,000 processors distributed 
among 500 Linux-based servers, or nodes. None of those individu-
al nodes is particularly powerful, says Jay Kistler (CS’93), vice pres-
ident for systems, tools, and services in Yahoo!’s Search and Adver-
tising Technology Group. “They’re very generic commodity servers 

Next	Up:	Potholes,	Pedestrians,	and	Parking	Lots

In the latest partnership between General Motors and Carnegie Mellon, the  
automaker has established a new collaborative research lab to develop  
autonomous driving technology. Boss, above, which won the 2007 DARPA Urban 
Challenge, was the product of an earlier GM-Carnegie Mellon collaboration.
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processors, individual equipment failures didn’t slow anything 
down. “It’s elegant, and it’s relatively cheap,” Smith says.

It’s not all as simple as it sounds, because as both Smith and Cal-
lan point out, not every existing problem breaks into nice sets of 
“map” and “reduce” functions. “A lot of our work falls into what we 
call the ‘embarrassingly parallel’ category,” Callan says. “Those 

problems are easy to evaluate 
independently—a lot of text 
analysis programs have this 
property. But for some prob-
lems, it really requires re-
thinking them from scratch.” 
Once you get into the mind-
set of writing problems as 

map and reduce functions, it becomes more natural, Faloutsos says, 
adding with a laugh that “the ones that don’t break easily into map 
and reduce parts will lead to (research) papers!”

In March, Yahoo!’s Sunnyvale, Calif., campus hosted a Hadoop 
summit and a symposium on data-intensive computing attended by 
more than 300 people, including many past and current SCS fac-
ulty and students. “It was eye-opening,” Callan says. Now, he says, 
the race is on to create new and better models for using supercom-
puting clusters like M45. Hadoop, for instance, requires users to tell 
the master program how to break up the data, but a new operating 
environment called Pig tells Hadoop how to break up the data. 
That frees programmers from a lot of time-consuming work, but it 
also forces them to think at higher, more abstract levels about how 
they structure problems, Callan says. A lot of software needs to be 
rewritten to unlock the full potential of large-scale computing sys-
tems, he says. “I expect all of my students will need to learn this 
computational model, because computing clusters will be a major 
part of their careers,” Callan says.

The need to educate students in the principles of large-scale 
computing was a major reason why Yahoo! invited Carnegie Mellon 
to use M45, says Ron Brachman, Yahoo! vice president for world-
wide research operations. “We need to get students and faculty inter-
ested both in running applications on the cluster, and in creating new 
ones,” he says. “We tend to focus on the most relevant universities, 
and the talent of the faculty at Carnegie Mellon in large-scale com-
puting was exceptional.” The benefits go both ways; Smith calls access 
to the M45 a “gift” that’s barely been unwrapped this year. “I feel very 
lucky that my research group gets the chance to use it,” he says. 

—Jason Togyer (HS’96)

A	Degree	for	Both	Sides		
of	the	Brain	
New joint bachelor’s combines CS, arts

When Alyssa Reuter had to choose a college, she wanted one that 
offered programs in computer science and the arts. “The one school 
that was strong in both was Carnegie Mellon,” she says. 

But how could she combine her two passions? Getting under-
graduate degrees from both SCS and the College of Fine Arts—a 
double major—would have meant an extremely heavy workload, 
because the majors don’t have many overlapping courses.

As it turns out, Reuter wasn’t the only student asking to  
combine the disciplines into one undergraduate degree, says Franco 

that Yahoo! and many, many Internet companies deploy by the 
thousands,” he says. But Hadoop—the name comes from a toy el-
ephant owned by the son of the principal developer, Doug Cut-
ting—turns them into a massive parallel-computing environment.

An open-source platform written in Java, Hadoop is powered by 
the MapReduce framework that was developed by Google to run its 
search engine and data- 
retrieval systems. In Map 
Reduce, the user defines two 
different operations to  
perform on each piece of  
data—a map and a reduce. 
Each map function produces 
one piece of the result; the 
reduce functions assemble the pieces into the final output file. A 
master program supervises the processors, telling some of them to 
run the “map” functions and others to run the “reduces.” The mas-
ter program also breaks the incoming data sets into smaller chunks—
about 64 MB each—and assigns each chunk to one of the map 
processors, which runs its program and passes the output onto the 
reduce processors. Periodically, the master program pings each pro-
cessor to make sure it’s working. If it doesn’t get a response, it reads 
replicas of the data from one of the other processors and ignores the 
bad one.

“Failure handling, partitioning data, load balancing—Hadoop 
does a whole bunch of things that programmers previously had to 
do ad hoc,” Kistler says. The genius of the Hadoop file system is 
that it can be scaled for anywhere from 50 to 2,000 processors 
working simultaneously; the ultimate goal, Kistler says, is 10,000.

Using Hadoop and M45 speeds up data processing by “two or-
ders of magnitude,” says Jamie Callan, a professor in the Language 
Technologies Institute. Callan is part of a joint Carnegie Mellon-
University of Pittsburgh project called “Reader-Specific Lexical 
Practice for Improved Reading Comprehension,” or REAP, a system 
for teaching reading skills and testing students on their literacy. 
REAP processes millions of Web documents, decides whether 
they’re suitable for classroom use, and classifies them. For every 
story accepted, however, hundreds are rejected. In the previous four 
years, using existing technology, REAP collected and considered 
about 20 million documents, creating a database of about 75,000 
texts. “It was tedious and painful,” Callan says. But in just four 
weeks this spring, REAP processed 100 million documents using 
M45, resulting in a database of 6 million texts that can be used  
in classrooms.

Callan and Faloutsos are among seven SCS faculty members 
currently working with the M45. Greg Ganger and Garth Gibson, 
who hold joint appointments in computer science and electrical 
and computer engineering, are evaluating the system’s performance, 
while Alexei Efros, Noah Smith, and Stephan Vogel are using M45 
to crunch massive amounts of data. Smith, an assistant professor in 
the Language Technologies Institute, is designing computer models 
that can learn to parse a large set of sentences in any language and 
extract a set of grammar rules from them. With his current models, 
it takes about 15 hours to carry out one round of training on a mil-
lion sentences.  Completing the full training regimen on that much 
data would have tied up one processor for nearly a year—and that’s 
barring equipment failures. Running the same data through 50 
nodes in the M45 cluster took less than five days, he says, and  
because of Hadoop’s ability to seamlessly reroute data around bad 
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Sciannameo, director of Carnegie Mellon’s Bachelor of Humanities 
and Arts (BHA) and Bachelor of Science and Arts (BSA)  
programs—joint efforts between CFA, the College of Humanities 
and Social Sciences, and the Mellon College of Science.

Students were literally “knocking on my door,” Sciannameo 
says. From game design and computer animation to computer mu-
sic and robotic art, technology and the arts are no longer separable, 
he says. “This is Carnegie Mellon, the temple of arts and technol-
ogy combined. Students come to us, attracted by these two pillars 
of today’s world. The time was right to create another program.”

The newly created Bachelor of Computer Science and Arts 
(BCSA) degree has the enthusiastic support of SCS Dean Randal 
Bryant and CFA Dean Hilary Robinson, and passed both college 
councils unanimously, according to Sciannameo. Eight Carnegie 
Mellon students (four each from SCS and CFA) transferred into 
the program this fall. Others will follow in the spring, and the first 
freshmen are slated to enter the program in the fall of 2009.

The students combine coursework in SCS with studies in CFA’s 
schools of art, architecture, design, drama, and music. “The BCSA 
program eliminates some of the courses that aren’t completely  
necessary for pursuing the combination of the two,” Reuter says. “It 
makes perfect sense to me. I’m really happy about it.”

SCS has long encouraged connections between computer  
science and other disciplines. Carnegie Mellon’s Entertainment 
Technology Center, a joint venture between SCS and CFA, offers 
the only masters of entertainment technology (M.E.T.) degree in 
the United States, while undergraduate computer science majors  
already must select a minor in another field. Mark Stehlik, SCS  
assistant dean for undergraduate education and computer science 
advisor to the BCSA program, says upper-level courses combining 

CFA and SCS students have provoked lively interactions. “When 
you get very creative people with different skill sets working  
together, magic can happen,” he says.

Reuter, now a junior, plans to go into game development,  
animation, or special-effects production. “I also think that it would 
be really interesting to explore other ways computer science and art 
could be combined in more of a gallery situation,” she says. 

The BCSA degree also will serve as a pathway to the MET  
degree; an accelerated program will allow students to complete  
their BCSA in three and a half years and their MET in a year and a half. 

“The goal of the BCSA program is to help students who really 
want to achieve a complete fusion of two fields of inquiry,”  
Sciannameo says.

Interest in the BCSA is high; Reuter’s friends keep telling her 
the program is a “cool idea.” But perhaps the strongest measure of 
its success are the inquiries that Sciannameo is getting from  
students in the Carnegie Institute of Technology and the Tepper 
School of Business, who want to know when they’ll get their own 
joint degree programs. To which Sciannameo says, “one discipline-
bridging program at a time.” 

—Karen Hoffmann (S’04) 

Do	Electric	Sheep	Dream		
of	Androids?
Robots invade Pittsburgh’s homes, streets 
during citywide celebration

By candlelight, Leonardo da Vinci sketched plans for an android. 
He designed a mechanism that enabled the wrists to bend, the head 
to turn, and the hands to wave. In the chest cavity of a German-
Italian suit of armor, he placed the creature’s organs—an intricate 
system of pulleys and gears, allowing it to move independently. 
Later dubbed “Leonardo’s Robot,” this knight, built around 1495, 
is the first known humanoid machine.

Ever since, humans have yearned to create autonomous robots 
that could relieve people of mundane tasks such as cleaning and 
dangerous tasks such as combat. Yet for all our interest in them, few 
people know what modern robots do. The real things are rarely any-
thing like R2-D2, the Terminator, or even da Vinci’s creation.

Illah Nourbakhsh and his colleagues in the Robotics Institute’s 
CREATE Lab make and use robots, and they know that most lay 
people don’t understand their work at all. With that in mind,  
Nourbakhsh, an associate professor in the Robotics Institute, and 
Carl DiSalvo, an assistant professor in the School of Literature, 
Communication, and Culture at Georgia Tech, secured funding for 
Robot 250—a series of workshops held at 16 different locations 
throughout Pittsburgh over two weeks in July. It was tied to the 
ongoing celebration of the city of Pittsburgh’s 250th anniversary 
and helped to show off the robotics research being done at Carnegie 
Mellon and throughout the region. At the workshops, CREATE 
Lab staff instructed children, families, and community members 
how to design robots and introduced them to projects like Canary, 
GigaPan, and Qwerk.

“We wanted to break people’s stereotypes,” Nourbakhsh says. 
“By empowering people to use technology, it makes them (more) 
creative. We want people to participate in technology to influence 
the future development (of it).” 

Junior Alyssa Reuter applied traditional painting techniques to 
digital media to create the above work-in-progress. Reuter is one 
of the students in the new Bachelor of Computer Science and Arts 
degree program.
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Priyanka Srinivasa (left), a junior at Pittsburgh’s Shady Side Academy, discusses a panorama she created for Robot 250  
using a GigaPan robotic camera.

Josh Schapiro of the Robotics Institute and artist Osman Khan built 
Moe, a robotic sheep, for an installation called “Mower” on the front 
lawn of Phipps Conservatory near Schenley Park. A small blade in 
Moe’s mouth cut the grass as the six-legged sheep roamed the lawn.

On Campus

One group of students made a concept robot that would  
de-ice sidewalks on bridges in the winter. And they investigated en-
vironmental issues to make sure the salt wouldn’t harm aquatic life 
in the water—Nourbakhsh hoped participants would use the tech-
nology as a conduit to understand the world. “What’s exciting is 
that children came back again and again. They stuck with it to cre-
ate a prototype,” he says. 

Nourbakhsh also hoped Robot 250 would have a long-term  
impact. Knowing that art often explores the role of technology in 
society, he invited artists and performance companies—such as 
Quantum Theatre and Squonk Opera—to design robots, too. Ian 
Ingram (CFA ’07), a senior research associate in the Robotics  
Institute, spearheaded BigBots, a citywide exhibit of robotic artwork. 
Ingram’s own “BigBot” was a 12-foot black and gold foam “Number 
1” finger, perched on the roof of the Andy Warhol Museum, pointing 
and waving at the city. He wanted to create a piece that explored 
Pittsburgh’s love of sports and its place in robotics—and instead  
of “attacking” the city, as science fiction robots often do, Ingram’s 
finger bestowed a friendly compliment: “You’re No. 1,” it said.

Other exhibits included a squat foam-covered sheep, grazing on 
the lawn of Phipps Conservatory (it was a “green” lawnmower, but 
one that didn’t require the care a real sheep does); a “rollercoaster for 
plants” thundering over the entryway of the Children’s Museum of 
Pittsburgh; and animatronic animals playing video games at the 
Carnegie Museum of Natural History, among others.

While Robot 250 encouraged creators to infuse life into art  
using robotics, robots, after all, also carry out more routine jobs. 
Canary, for instance, is a sensor pack that tracks environmental 
changes such as humidity, light, speed, and sound. Nourbakhsh says 
a resident of Pittsburgh’s Lawrenceville neighborhood who attended 
a Robot 250 workshop decided to modify the Canary to monitor 
traffic near her house. She added a mechanical arm that snapped a 
picture if the Canary detected large, speeding objects—like cars.  
For several weeks, the robot monitored her street, documenting 
speeders—proof she can use to argue for tougher speed controls. 

“These technologies can really impact the world,” Nourbakhsh says. 

—Meghan Holohan is a Pittsburgh-based freelance writer whose work 
regularly appears at MentalFloss.com and in magazines such as Geek 
Monthly, Carnegie, and Pittsburgh Professional. See more Robot 250 
coverage at www.robot250.org.
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In the Loop with SCS Faculty

Takeo Kanade is the 2008 recipient of 
the Bower Award and Prize for 
Achievement in Science from Phil-
adelphia’s Franklin Institute. The award, 
which includes a gold medal and a 
cash prize of $250,000, honors Kanade 
for his “visionary leadership and 
scientific accomplishments in the 
design of perceptual robotic algorithms 
and systems that function in the 
physical world.” He recently spoke with 
The Link Managing Editor Jason Togyer 
about his work and offered advice for 
aspiring technologists.

Quality	of	Life	Technology
The most exciting part of my current re-
search is being done in the Quality of Life 
Technology Center. Imagine you could cre-
ate a system that would take patients from 
bed in the morning, feed them, dress them, 
turn on the TV, and handle their hygiene 
needs. It would be an enormously helpful 
machine—and most people wouldn’t want 
to live with a machine like that.

Most people want to be able to take 
care of themselves as much as possible. 
What quality-of-life systems should do is 
the difference between what you want to 
do and what you are physically able to 
do—no more, no less. They should in-
crease the amount of human involvement, 
not reduce it.

In the past, roboticists wanted to de-
velop autonomous systems—robots able to 
act without human help. They had the im-
plicit goal of reducing human input. I’m 
very interested in developing technology 
that can think about human needs  
non-invasively.

Inside-Out	Vision
Computers should be able to think intelli-
gently about what people need, but know-
ing that from an outside-in viewpoint is 
almost impossible. Suppose we want to 
know what you’re doing right now. We 
could put a camera in the room and ob-
serve you, but that’s a third-person view-
point, and it’s pretty tough to get useful 
information, because the camera has to 
have the right viewing angle at all times. 

Takeo	Kanade
U.A.	and	Helen	Whitaker	Professor	of	Computer	Science	and	Robotics

Take the way you’re sitting—you may be 
writing or sleeping; depending on where 
the camera is, it might be hard to tell, be-
cause you have the same pose.

What if you wore a little camera? Now 
the computer is looking at things from your 
point of view and it’s easy to tell what you’re 
doing. I call it “inside-out, first-person vi-
sion.” Most of the time, your gaze is focused 
on the most important thing that you need. 
After all, when we watch movies, from time 
to time we see things from the character’s 
point of view, and we can easily understand 
what he’s about to do.

Balancing	Help	and	Privacy
We’re very aware of privacy issues. That’s 
one of the problems with putting a camera 
in a room—you feel like you’re being 
watched all the time. But a camera that 
looks at things from your point of view is 
more like an assistant. For instance, some 
people put on gloves before they drive 
somewhere; they feel that helps them better 
hold the steering wheel. What if you put on 
a small camera instead, so that it was actu-
ally sharing the complete view that you 
have? The most intelligent machine in the 
car is you. Why shouldn’t the computer be 
helped by you?

In factories, one of the newer trends is 
not to completely have a robot do assembly, 
but to have a robot as a helper to the human 
assembler. A robot can be a very, very effec-
tive helper if it provides tools or parts, or 
inspects the assembly while the compo-
nent is being assembled. Let’s 
say you’re wearing a cam-
era. Now the computer is 
watching from your per-
spective—you know 
what you’re assembling, 
and the computer knows 
what you’re assembling. 
Maybe it can spot some-
thing that you’ve forgotten.

On	Innovation
We may have the wrong con-
cept of “new.” “New” is not it-
self a virtue. “Usefulness” is a 
virtue. Doing “new” things is  

almost trivially easy—there are probably 
many more new things done every day than 
useful things. What’s important to a concept 
is, does it do anything useful for us? Does it 
solve a problem meaningfully?

Then, when you come up with an idea, 
you have to sharpen it, and that takes work. 
The only way to test a concept is to try it. 
Students will say in a presentation, “Param-
eter A is best when it’s a small number near 
zero, so I set it to 0.8.” I’ll ask, “You say A is 
better small, so then why not go all the way 
to zero, and see what happens?”  

Too often, people don’t go to these  
extremes, or even do a “thought experi-
ment” to figure out what would happen at 
the extremes. They have to actually follow 
these things through, either by thinking 
about it, or by actually doing it. 
One of my favorite say-
ings is, “Think like an 
amateur. Execute like 
an expert.” Most 
people do the other 
thing—they think 
they’re an expert, 
and execute like an  
amateur! That’s a  
recipe for failure.

THE 	L INK   < 9
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Robert Mason, senior research associate  
at the Brain Imaging Research Center, a  
joint project of Carnegie Mellon and the 
University of Pittsburgh, demonstrates its 
functional magnetic resonance imaging 
(fMRI) scanner with the help of research 
coordinator Justin Abernethy. Using fMRI 
scans, computer scientist Tom Mitchell and 
cognitive neuroscientist Marcel Just have 
developed a model for predicting how 
different words activate different thought 
centers in the brain.fMRI P
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Mind Readers
oped for cataloging fMRI patterns and find 
a way to accurately predict the activation 
patterns for actual words used in everyday 
speech—dozens, hundreds, even thousands 
of them.

“What we really needed,” says Mitchell, 
the Fredkin Professor of Artificial Intelli-
gence and Machine Learning, “was a com-
puter-manipulable representation of mean-
ing.” Adding this intermediate layer of 
analysis would allow the computer to probe 
the images in ways no human could, breaking 
them down into component parts associated 
with each aspect of a word’s meaning. 

This resource was desperately needed, 
but Mitchell knew where to find it, thanks 
to his other major research interest—teach-
ing computers to extract information from 
the Internet. He knew computational lin-
guists had long wrestled with meaning and 
developed a number of ways of semanti-
cally representing words.

“So solving our problem,” a smiling 
Mitchell says, tongue in cheek, “was just a 
matter of stealing that idea.” 

The technique that Mitchell and his 
cohorts borrowed for their study is called 
“corpus co-occurrence.” This statistically 
driven technique infers the meaning of 
words by analyzing a gargantuan amount 
of text, called a corpus—in this case, 
Google text files totaling more than a tril-
lion words that reflect typical English-lan-
guage sentences. The meaning of each word 
is determined by examining which other 
words most often appear near it within the 
text corpus.

Unfortunately, that’s not likely to be 
the way the brain determines the meanings 
of words, notes Kai-Min Chang, a graduate 
student in the Language Technologies In-
stitute who began working with Mitchell 
and Just two years ago. “The corpus is 
huge,” he says. “The word ‘hammer’ alone 
might be associated with thousands of 
words. You can’t imagine the brain storing 
all of that. Humans probably use a system 
that is more concise.”

But corpus co-occurrences proved to be 
a critical tool for exploring how humans 
encode the meaning of concrete nouns—

A	Carnegie	Mellon	team	is		

uncovering	important	clues		

to	the	way	that	humans	store	

and	process	language

names for things that you can see, hear, feel, 
taste, or smell. For this study, Mitchell 
chose 25 verbs associated with sensory-mo-
tor functions, such as “lift,” “listen,” “taste,” 
“eat,” “push,” and “drive,” and used their 
co-occurrences to encode the meaning of 
all concrete nouns in the corpus.

Meanwhile, Just and his students en-
rolled nine volunteers to sit inside an MRI 
machine in the Brain Imaging Research 
Center (BIRC) on Pittsburgh’s South Side 
as they concentrated on a series of 60 stim-
ulus nouns—five words in each of 12 se-
mantic categories including animals, body 
parts, buildings, clothing, insects, vehicles, 
and vegetables. Each person lay on his or 
her back inside the magnet, staring at a 
mirror above. The mirror reflected the 
words and pictures from a computer moni-
tor, which was located safely beyond the 
most powerful portion of the machine’s 
magnetic field. As the subject concentrated 
on each word, the machine made note of 
which areas of the brain were placing the 
largest demands on blood flow.

During the scans, the BIRC staff mem-
bers saw nothing that would give them a 
hint about what the participants were 
thinking. The additional processing neces-
sary to turn the weak electromagnetic sig-
nals emitted by oxygen nuclei in the blood 
into fMRI images didn’t occur until after 
the raw data was uploaded into computers 
back on the Carnegie Mellon campus. 
That’s when the real fun began.

The fMRI scans are much less detailed 
than MRI scans. Instead of two-dimension-
al pixels, they’re composed of three-dimen-
sional “voxels,” each representing an area 3 
millimeters by 3 millimeters by 6 millime-
ters. (By comparison, coarse grains of sand 
are 2 millimeters or smaller along each 
edge.) An fMRI scan comprises about 
20,000 voxels. For each of the 60 stimulus 
words used in the experiment, an algorithm 
automatically determined how each co-oc-
currence of that word with one of the 25 
sensory-motor verbs affected the activation 
of each of the voxels in the scans.

With this information in hand, the 
computer model the researchers developed 

By Byron Spice

As Tom Mitchell recalls it, the idea that led 
to the first crack in the brain’s code was more 
a matter of desperation than inspiration.

Mitchell, chair of the Machine Learn-
ing Department, had been collaborating 
for years with cognitive neuroscientist  
Marcel Just, using machine learning tech-
niques to make sense of the complex brain 
images produced by functional magnetic 
resonance imaging, or fMRI. These scans 
highlight areas of increased blood flow in 
the brain, signaling which neurons are acti-
vated in response to a stimulus, such as a 
word or picture.

For Mitchell and Just, these images 
provided a fascinating glimpse into the 
brain’s inner workings. Each word or photo 
caused neurons scattered across the brain to 
fire, and the brain regions containing these 
neurons were identified in the fMRI scans. 
Algorithms and models developed by 
Mitchell and his students learned to iden-
tify these three-dimensional patterns and 
match them to a given word.

It was all very tantalizing for the re-
searchers, who want to understand how the 
brain encodes meaning and perhaps find a 
way to identify what a person is thinking—
in other words, “mind reading.” But plac-
ing people inside the noisy, doughnut-
shaped superconducting magnet of the 
fMRI scanner and asking them to repeat-
edly concentrate on one word at a time is 
laborious, expensive, and time consuming. 
To develop a theory of how meaning is rep-
resented in the brain, they needed to move 
beyond the classifications they had devel-

>
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the model was trained to handle, but still 
significantly higher than chance.

To test the model’s ability to distinguish 
among a diverse set of words, they retrained 
it using 59 of the 60 stimulus words. They 
then presented the model with the fMRI of 
the withheld word and a list of 1,000 fre-
quently used words from the corpus, plus 
the withheld word. The model predicted 
the fMRI image for all 1,001 words and 
compared those predictions to the actual 
fMRI of the withheld word, ranking them in 
order of similarity. Left to chance, the correct 
word would score a percentile rank of 0.50; 
in the research team’s model, the mean rank 
was 0.72. The findings proved powerful 
enough to merit publication in the May 30, 
2008 issue of the journal Science.

 “We believe we have identified a num-
ber of the basic building blocks that the brain 
uses to represent meaning,” Mitchell says.

Though corpus co-occurrences may not 
reflect the same methods used by the brain 
to represent meaning, the study yielded new 
insights into the nature of human thought. 
“Before these experiments, nobody knew 
how meaning would be represented in the 
brain,” Just says. But as he and Mitchell 
studied the scans, they noted that the voxels 
that were activated often corresponded with 
areas of the brain associated with the senses 
or motor control. That suggests that the bi-
ology of the brain drives the way that mean-
ings are stored and represented.

 “We are fundamentally perceivers and 
actors,” Just says. “So the brain represents 

the meaning of a concrete noun in areas of 
the brain associated with how people sense 
it or manipulate it. The meaning of an ap-
ple, for instance, is represented in brain ar-
eas responsible for tasting, for smelling, for 
chewing. An apple is what you do with it. 
Our work is a small but important step in 
breaking the brain’s code.”

Although the predictive model is fine-
tuned to each subject, earlier work by the 
group has shown that how the brain repre-
sents information is remarkably similar 
from person to person. In that work, pub-
lished Jan. 2, 2008, in the online journal 
PloS One, participants were scanned while 
they concentrated on line drawings of tools 
and dwellings. By training their model 
based on the brain activation patterns of 
some participants, the researchers found 
that they could identify the activation pat-
terns for, say, a hammer in the brain scans 
of a different participant.

“There has always been a philosophical 
conundrum as to whether one person’s per-
ception of the color blue is the same as an-
other person’s,” Mitchell says. “In these ex-
periments, we found that there is a great 
deal of commonality across different peo-
ple’s brain activity corresponding to familiar 
tools and dwellings.”

Although the work on how the mind 
encodes meaning might someday be useful 
for so-called “mind reading,” Just says it 
could also provide meaningful tools for an-
alyzing autism and thought disorders such 
as paranoid schizophrenia. It might also be 

could predict the activation pattern for any 
concrete noun in the corpus simply by 
knowing the frequency with which that 
noun co-occurred with one of the 25 verbs.

“You can think of these as little Lego 
bricks that you piece together,” says Just, 
the D.O. Hebb Professor of Psychology in 
the College of Humanities and Social Sci-
ences, who directs Carnegie Mellon’s Cen-
ter for Cognitive Brain Imaging. The word 
“celery,” for instance, appears most fre-
quently in the corpus with the verb “eat”; 
often, but less frequently with “taste”; a bit 
less with “fill,” and so forth. Proportionally 
adding these individual activations together 
produced the predicted activation pattern 
for “celery.”

To test this idea, the researchers used 58 
of the 60 stimulus words to train their com-
puter model and then used the model to 
predict the activation patterns for the re-
maining two stimulus words. When they 
compared the predictions with the actual 
activation patterns for those two words, the 
model had a mean accuracy of 77 percent.

The method proved powerful even 
when predicting activation patterns in se-
mantic areas for which the model was un-
trained. For example, the model could be 
retrained with words from all but two of the 
12 semantic categories; when tested with 
nouns such as “airplane” or “celery” from 
the excluded categories of vehicles and veg-
etables, the mean accuracy was 70 percent. 
That wasn’t quite as good as when the mod-
el was tested with words from the categories 

Carnegie Mellon researchers predicted the fMRI activation pattern for concrete nouns such as “celery” by statistically analyzing each noun’s co-occur-
rence with 25 verbs such as “eat,” “taste,” and “fill” in a text database. The predicted brain activity is created by combining the fMRI signatures for each of 
these verbs weighted according to the frequency of their co-occurrences with the noun. 
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useful in studying semantic disorders such as 
Pick’s disease, a rare form of dementia with 
symptoms that can include difficulty in find-
ing words and maintaining a conversation.

Mitchell and Just already are planning 
to expand their research to include fMRIs 
for phrases, short sentences, and combina-
tions of words, such as “hungry rabbit” and 
“running rabbit.” Likewise, they want to 
study how the brain processes abstract con-
cepts such as “democracy,” “science,” and 
“justice.” Rebecca Hutchinson, a Ph.D. stu-
dent in computer science who has been 
working on the neurosemantics project 
since 2002, is already refining techniques 
that will help researchers sort out these more 
complex signals. Researchers will have to 
deal with uncertainty as to when the activa-
tion pattern for one word ends and the pat-
tern for the next word begins. One possible 
solution is a new class of probabilistic mod-
els, called Hidden Process Models, that she 
and her colleagues developed for analyzing 
time-series data.

But even for single concrete nouns, “the 
Science paper is still just a start,” says Chang, 
one of the report’s co-authors. The 25 verbs 
chosen by Mitchell aren’t necessarily the op-
timal set for revealing how the mind en-
codes meaning; a different set of verbs might 
work better, or perhaps a larger or even 
smaller number would be preferable. “Some-
times more is better, but not always,” Chang 
says, noting that too large a set may result in 
a model that is too specific for a certain sub-
set of subjects and thus limited in its 
“generalizability”—the ability to make the 
same predictions using other data sets.

Indra Rustandi, a Ph.D. student in 
computer science who has worked with 
Mitchell since 2003, is looking into algo-
rithms that can automatically discover the 
best representation of the data. For instance, 
rather than selecting 25 verbs in advance to 
analyze the corpus, certain algorithms might 
figure out a set of words that will give the 
best prediction accuracy. Chang, whose 
study of semantics is part of his long-term 
goal to develop a computational model of 
language processing in the human brain, is 
also exploring ways to analyze fMRI scans 
that don’t involve corpus co-occurrences. 
One possibility is based on feature-norming 
studies in psychology, in which people list 
the distinguishing characteristics of things. 
A combination of different semantic layers 
likely will be necessary to improve predic-
tion accuracy, he says.

For Mitchell, this new insight into the 
function of the human brain presents an 
opportunity for computer scientists to re-
consider some of their architectures. “One 
of the main problems in artificial intelli-
gence is (deciding) how robots should rep-
resent the myriad things they see in the 
world,” he says. 

The human brain could store informa-
tion about the word “tomatoes” much like 
a dictionary would, lodging it in the fron-
tal cortex where higher reasoning takes 
place. Instead, the brain seems to use its 
sensory and motor sections to store the 

bulk of this information. Doing so may help 
the brain operate more efficiently, allowing 
it to make inferences about what it sees and 
reason about how to act on that information 
in the same areas of the brain where percep-
tion takes place.

“That’s very different than how it’s done 
in robots today,” Mitchell says. “Maybe 
there’s a reason the brain does it that way, and 
maybe we should give that a little thought.” 

—Byron Spice (bspice@cs.cmu.edu) is 
co-director of public relations for the School  
of Computer Science. He has written about 
science and technology for nearly 30 years.

Although	the	work	on	how	the	mind	encodes	
meaning	might	someday	be	useful	for	so-called	
“mind	reading,”	Just	says	it	could	also	provide	
meaningful	tools	for	analyzing	autism	and	thought	
disorders	such	as	paranoid	schizophrenia.	It	might	
also	be	useful	in	studying	semantic	disorders	such		
as	Pick’s	disease,	a	rare	form	of	dementia	with	
symptoms	that	can	include	difficulty	in	finding	
words	and	maintaining	a	conversation.
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By Jason Togyer (HS’96)

The Building Virtual Worlds class offered by 
Carnegie Mellon’s Entertainment Technology 
Center is as much about teamwork as it is 
about learning the rudiments of virtual reality. 
Several times during each semester, Randy 
Pausch, who created the course in 1998, 
polled students about their interactions with 
their teammates, and ranked them according 
to their classmates’ opinions.

Pausch once sat down with a particularly 
uncooperative and self-centered student and 
told him that he was ranked in the bottom 25 
percent of the class. “Oh, that’s not too bad,” 
the student replied.

So Pausch pulled out the chart and 
showed him the hard evidence: he was ranked 
dead last out of 50 students.

But, Pausch added, he did have some 
good news. The young man could become a 
better listener, keep his ego in check, and im-

prove his standing. Pausch later recalled tell-
ing the student: “I’m a recovering jerk. And 
that gives me the moral authority to tell you 
that you can be a recovering jerk, too.”

It was a blunt life lesson for that student, 
but one he’ll probably never forget. And it 
was just one of hundreds of life lessons Pausch 
imparted to Carnegie Mellon students after 
joining the faculty in 1997.

“Every teacher has students who ‘flake 
out’ from time to time,” says Randal Bryant, 

The Lasting Legacy
Long	before	the	bestseller,	Randy	Pausch	(CS’88)	

was	leaving	his	mark	on	research,	teaching,	
and	his	friends,	colleagues,	and	students
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dean of SCS and University Professor of 
Computer Science. “Most teachers move on. 
But Randy’s reaction was to bring students 
in and give them direct evidence that they 
had a problem they needed to work on.

“One of the things I respect Randy for 
was how willing he was to jump into people’s 
lives and give them advice,” Bryant says. 
“I’ve spoken with dozens of people who 
praise Randy for the valuable advice he gave 
them … He had a way of being pretty blunt 
with people, and by definition, somebody 
like that is not always appreciated. But you 
never had the sense that he was doing it to 
satisfy his own ego.”

Pausch (CS’88), a professor of computer 
science, human-computer interaction, and 
design, died July 25 after a long battle with 
pancreatic cancer. His fight began shortly 
before he told shocked friends and colleagues 
of his illness in August 2006; it became 
widely known after he delivered a lecture 
called “Really Achieving Your Childhood 
Dreams” to current and former students,  
co-workers, and others who packed the  
McConomy Auditorium at Carnegie Mellon’s 
University Center on Sept. 18, 2007.

Although the talk was witty, informative 
and by turns touching and funny, Pausch al-
most didn’t deliver it—he’d learned three 
weeks earlier that despite aggressive treatment, 
his cancer had spread to his liver and spleen 
and would surely be fatal. He wasn’t sure he 
wanted to face a crowd with that on his mind. 
Afterward, Pausch said he didn’t consider it 
one of his best lectures; he was prouder of his 
presentations on time management.

It was a rare occasion when Pausch’s in-
stincts nearly failed him, because there was 
something remarkable about the 76-minute 
talk, and articles in Pittsburgh’s two daily 
newspapers and The Wall Street Journal 
spread the word. Hundreds, then thousands, 
then tens of thousands of people viewed the 
lecture on the university’s Web site, posted 
the video to file-sharing services, and sent 
links to friends. “I don’t know of anything 
else like it in my 35 years in academia,” says 
Dan Siewiorek, director of the Human-
Computer Interaction Institute and Buhl 
University Professor of Electrical and Com-
puter Engineering and Computer Science. 
“It’s amazing how many people passed on 
that pointer.”

Perhaps some of the people who watched 
were marveling at the novelty of seeing 
someone describe a serious illness with 
Pausch’s trademark frankness and optimism. 
But most were moved by the simple truths in 

Pausch inspects one of the Pittsburgh Steelers’ five Super Bowl trophies following an Oct. 3, 2007, 
workout session at the team’s practice facility. During his celebrated lecture two weeks earlier, 
Pausch had told the audience that his three childhood dreams were “being in zero gravity, play-
ing in the National Football League, and authoring an article in the World Book Encyclopedia.” He 
achieved all but the second.

his message: Follow your dreams, and help 
other people achieve theirs. Journal reporter 
and Carnegie Mellon alumnus Jeffrey Zaslow 
(HS’80) helped Pausch turn the talk into a 
book, “The Last Lecture.” TV appearances 
with Oprah Winfrey and Diane Sawyer 
helped make it a bestseller and transformed 
Pausch into an international celebrity. More 
than 4 million copies are now in print, and 
the book has been translated into 36 lan-
guages. A memorial service on Sept. 22 in 
Rangos Hall attracted 400 people and was 
streamed live to the world on ABC News’ 
Web site.

Some colleagues and former students are 
concerned that the hoopla has overshadowed 
Pausch’s real legacies as an inspiring teacher, 
innovative researcher, and valued colleague 
and friend. Take Building Virtual Worlds, 
for instance, which was created by Pausch to 
allow students from across the university to 
use 3D modeling software, digital video and 
audio editing tools, and programming librar-
ies to create their own fanciful VR environ-

ments. Thrown into teams with people of 
wildly different skill sets, a few students 
crashed and burned. But many others turned 
out extraordinary work—since the first year, 
people have waited in line at the end of each 
semester to see the best projects.

“The students who went through that 
course with Randy were changed in amazing 
ways,” says Jessica Hodgins (CS’89), profes-
sor of computer science and robotics and a 
Ph.D. classmate of Pausch’s at Carnegie 
Mellon in the late 1980s. “None of us have 
a surplus of time, but he made time for  
people.” Although Pausch’s methods and  
research were sometimes unconventional, 
Siewiorek says he was effective. Adds  
Hodgins: “Some people do well in the class-
room. Some people do well in a lab. Randy 
was very good at both.”

In addition to the Entertainment Tech-
nology Center, which he co-founded in 
1998 with Don Marinelli, professor of  
drama and arts management in the College 
of Fine Arts, one of Pausch’s lasting legacies 
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will be Alice, a software package that teaches 
the principles of computer programming us-
ing a “drop-and-drag” interface that allows 
students to create their own 3D animations. 
Version 3 of Alice is being tested this fall 
with 200 first-year computer science stu-
dents at Carnegie Mellon and Ithaca College 
in upstate New York. A beta release is slated 
for spring 2009 and will involve an estimat-
ed 600 students and 30 faculty members at 
colleges around the United States.

A team led by Pausch originally devel-
oped Alice as a rapid, inexpensive environ-
ment for virtual reality research that could 
run on inexpensive machines. Wanda Dann, 
then an associate professor of computer sci-
ence at Ithaca, saw a demonstration of the 
program at a conference on human-comput-
er interaction in 1997. At the time, Dann 
was developing a system for teaching the 
fundamentals of computer programming in 
a visual way. “One of the concepts that stu-
dents struggle to understand is classes versus 
objects,” she says. “The difference between 
the two is often nebulous. In a text-based 
programming language, it’s all in writing, 
and many students don’t really grasp it—it 
all looks the same, it’s all just words.”

Dann’s visual system worked in two di-
mensions, but she recognized that students 
weren’t getting the full sense of how different 
programming elements interact. She was 
getting ready to start over, from scratch, 
when she saw Alice and decided it offered a 
3D environment that could be adapted as a 
teaching tool. Along with Stephen Cooper, 
an associate professor of computer science at 
Saint Joseph’s University, Dann was intro-
duced to Pausch by a mutual friend, Jacabo 
Carrasquel, associate teaching professor in the 
Computer Science Department. “I was only a 
little bit more than a year out of my Ph.D. 
program, so I had no reputation and no fund-
ing,” says Dann, now director of the Alice 
project and associate professor of computer 
science in SCS, “but Randy looked at my 
work carefully and asked us to join his team. 
He was generous and inspiring.”

One of Pausch’s former students, Dennis 
Cosgrove, started working on Alice back in 
the early 1990s, when Pausch was on the 
faculty at the University of Virginia. Now 
the lead project scientist on the Alice project 
at Carnegie Mellon, Cosgrove says no one  
realized then the software’s future was as an 
educational tool, but that it fills a vital need. 
Too many students shy away from computer 
science because the first programming  
assignments they receive are dull or perform 
tedious mathematical operations. Or,  

According to Pausch, then-Ph.D. student Caitlin Kelleher (CS’06) was the first person on the Alice 
team to realize that the basics of storytelling could be used to explain computer science concepts 
to beginners.

Cosgrove says, students get frustrated at having 
to learn the syntax rules of C++ or Python be-
fore they can actually write a useful program. 

Forcing students to use industrial-
strength programming languages for intro-
ductory education is “really kind of crazy,” 
says Peter Lee, head of the Computer Science 
Department. “You wouldn’t use a mass spec-
trometer for introduction to chemistry,” he 
says. Alice is a tool designed to start begin-
ning students in computer programming; it 
frees newbies from having to learn punctua-
tion and bracket placement and instead al-
lows them to focus on computer science con-
cepts while making them the director, writer, 
and producer of their own short animated 
films. Students drag characters into a scene 
and choose instructions that make them re-
spond to stimuli or various conditions: “If 
the cow walks forward, then the duck jumps 
in the air.” “If the door is closed, then turn 
the knob.” 

Pausch credited Caitlin Kelleher, one of 
his Ph.D. students, with first realizing that 
computer programming could be 
transformed into storytelling. “As it turns 
out, there are actually a number of things in 
stories that map themselves onto computing 
concepts,” says Kelleher (CS’06), now an 
assistant professor of computer science and 
engineering at Washington University in St. 
Louis. Storytelling’s universal appeal enables 
many different age groups to learn 
programming concepts from Alice, she says. 
Declaring parameters for the characters in 
Alice, for example, allows them to perform 
similar actions in multiple settings and thus 
introduces students to calls, values, and 
subroutines. 

At first, people had doubts about Alice’s 

value. “I was a big skeptic for a long time,” 
says Lee, who admits that he and Pausch had 
some “very, very direct” arguments over the 
project. He suspected students would get 
caught up in the video-game aspects of Alice 
and never bother to learn what made their 
animations work. So Lee tried it on his then-
8-year-old son. “He really got inside the 
program to see what made things work—he 
was self-motivated to discover the concepts,” 
Lee says, “and my attitude started to soften 
when I saw how effective it was.”

“The idea is, let’s make it so people can 
focus on the concepts: Boolean logic, if 
statments, for loops, objects,” Cosgrove says. 
“Once you’re grounded in the foundations  
of computing, dealing with the syntax is easy 
in retrospect.”

Alice 3 incorporates two major new 
features—characters from Electronic Arts’ 
popular video game series, The Sims 2, and 
the ability for students to immediately see 
how the changes they make in the “drag and 
drop” environment affect the Java code that 
makes the animations run. Pausch, who had 
taken a sabbatical at EA in 2004, used his 
contacts at the gaming giant to convince the 
company to donate a license for its intellectual 
property to Carnegie Mellon.

Earlier, while at the University of Virginia, 
Pausch had taken a sabbatical to become an 
“imagineer” for the Walt Disney Company. 
Although plenty of computer scientists were 
working on VR projects for Disney, no 
tenured professor had ever before gotten 
permission to work inside the House of 
Mouse. Pausch did—through the strength of 
his credentials and his own force of will. “He 
served as a model for the kind of individual 
who can bridge the gap between the arts and 
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computer science,” says Marinelli, who’s now 
the executive producer of the Entertainment 
Technology Center. “When Randy and I first 
started the ETC, we thought our biggest 
issue would be getting ‘right-brain’ and ‘left-
brain’ individuals to work together. Now, it’s 
almost the norm for us to have students who 
say, ‘I have a B.S. in computer science and a 
minor in art,’ or ‘I have a degree in music 
and a minor in C.S.’”

Marinelli, who shared an office with 
Pausch for six years, says that his ability to 
sell his ideas to skeptical faculty and students 
alike made him invaluable in the ETC’s early 
years. “We became a tag team,” he says, “so 
that when we were done with an ETC pre-
sentation, you had a sense of what it was re-
ally all about.” A joint program of SCS and 
CFA, the ETC offers the world’s first master’s 
degree in entertainment technology for stu-
dents interested in computer animation, 
video-game design, digital art, video and au-
dio editing, and dozens of related fields. 
More than 120 students are currently en-
rolled in the ETC, including 62 expected to 
receive their degrees this year.

Pausch described himself—according to 
Marinelli—as “risk-averse,” but Siewiorek 
says that working on projects like the ETC 
launch was actually very risky. “The normal 
measure of academic success is how much 
you’ve published, or how many grad students 
you’ve had,” he says. By focusing on end-user 
applications and entertainment-oriented 
projects—mainly applied research, rather than 
pure research—Pausch was blazing his own 
trail, and it was one that struck some of his 
colleagues as unusual or even frivolous. 

Nevertheless, many of his papers were ac-
cepted into the best conferences and jour-
nals; Siewiorek remembers a 1994 paper that 
Pausch co-authored called “A Three-Dimen-
sional User Interface for Neurosurgical Visu-
alization,” which argued that neurosurgeons 
would get more information from magnetic-

resonance imaging (MRI) scans if they had 
real-world, 3D props they could manipulate. 
When Pausch demonstrated the paper using 
a doll’s head and a piece of cardboard, a few 
people asked, “Where’s the science?” In fact, 
although the demonstration made the con-
cept seem deceptively simple, it was a real 
breakthrough—by giving surgeons tactile 
feedback instead of a screen full of menus 
and icons, the user interface improved by 
leaps and bounds. “You’d look at things like 
that and say, ‘wow,’” says Siewiorek, who calls 
Pausch’s skill at spotting useful ideas in un-
likely places “uncanny … he did it too often 
for it to be considered luck. And once he put 
his ideas out there, other people would grab 
onto them and apply them to areas never orig-
inally conceived.”

Like others, Siewiorek says Pausch had a 
gift for cutting through distractions to the 
core of any concept; he calls them “Randy’s 
elevator speeches”—short, direct summa-
tions that got to the heart of problems. For-
mer students remember Pausch telling them 
“don’t polish the bottom of the banisters”—
don’t obsess over small details to the detri-
ment of the overall project. 

“Randy was a monumental detail freak,” 
Cosgrove remembers, “but he was very 
strongly biased towards ‘big ideas,’ projects 
where the fundamentals were so right that 
you didn’t have to worry about all of the 
small stuff to make them work.”

Siewiorek says Pausch also had a habit of 
passing around credit for projects rather than 
building what he calls an “academic fiefdom. 
Getting the original ideas, putting the teams 
together, keeping them focused—he was the 
catalyst.” In those teams, Pausch spurred the 
other members forward. “When Randy did 
get excited, it was incredibly motivating,” 
Kelleher says. “He’d get energized.” Dann 
can remember driving to Carnegie Mellon 
from Ithaca, depressed or discouraged about 
some obstacle in her research. After a few 
days with Pausch, she says, “I left encouraged 
and full of inspiration … he was a very pow-
erful leader, with an extremely positive out-
look. When he said, ‘We’re going to make 
this happen,’ I believed him.”

Pausch wasn’t all warm fuzzies and posi-
tive reinforcement; while teaching Building 
Virtual Worlds, he presented a Penguin 
Award each semester to the team whose proj-
ect best represented a “glorious failure” 
caused by overreaching. The award was so 
named, Pausch said, because the first pen-
guin to dive into unfamiliar waters some-
times gets eaten by sharks. “It was an ac-
knowledgement by Randy that something 

really important was being attempted by the 
team,” Lee says. “What isn’t often mentioned 
is that people who got the Penguin Award 
still got failing grades for those projects.” 
That was Pausch’s way of teaching students 
that ambition matters, but results are impor-
tant, too.

His ambitions for his “Childhood 
Dreams” lecture were modest, even if the re-
sults haven’t been. As of this writing, the 
book it spawned has spent more than four 
months on top of The New York Times’ best-
seller list; all incoming Carnegie Mellon un-
dergraduates were sent copies of The Last 
Lecture and encouraged to discuss it during 
freshman orientation. And mail addressed to 
Pausch continues to arrive daily—Cleah 
Schlueter, an SCS administrative associate 
and project manager, has filled several large 
baskets with cards and letters from around 
the world, from people who all say that 
Pausch’s message has encouraged them to 
change their lives and follow their dreams. 

Marinelli isn’t worried that Pausch’s death 
will overshadow his life. Even if the emotion-
al impact of The Last Lecture fades, he says, 
Pausch’s lessons will endure in the students 
and faculty who were inspired by his work 
and his personality, and who instill his ex-
ample in the other people around them. 
“Randy said something in his last lecture 
about the ETC—that no other school but 
Carnegie Mellon would touch something 
like this,” Marinelli says. “The subtext of 
that was when the world met Randy, they 
said, ‘Gee, Carnegie Mellon was the kind of 
school that appreciated someone with this 
nontraditional point of view, wow, it must be 
a special place.’”

There will be a permanent tangible  
reminder of Pausch in the 220-foot-long 
bridge that connects the new Gates Center 
for Computer Science to the Purnell Center 
for the Arts. Named the Randy Pausch  
Memorial Footbridge, the railings will be 
decorated with panels engraved with stylized 
penguins. Carnegie Mellon President Jared 
Cohon unveiled the design at the Sept. 22 
memorial service.

Randy Pausch’s real legacy thus will be 
ensured by the people who remember him, 
Marinelli says: “Whether it’s through the 
ETC or Alice, we have an obligation to make 
sure that Carnegie Mellon is a place where 
young Randy Pausches can flourish.”

—Jason Togyer (HS’96) is managing editor of 
this magazine. 

Pausch with Vice Provost for Education Indira 
Nair following his Sept. 18, 2007, lecture.
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From the Director

SCS Alumni Relations

I’m often asked how we measure success in 
alumni relations. Most people who ask 
assume the primary metric is the number 
of donations we receive. In fact, a few 
alumni believe the sole purpose of alumni 
relations is to raise money! That couldn’t 
be further from the truth.

Yes, donations play a crucial role in the 
university’s drive to maintain excellence, 
and alumni contributions help establish 
scholarships and fellowships, support 
faculty research, and build educational 
programs. But gifts come in many forms, 
and a successful alumni relations program 
relies on one very important gift: the gift 
of time. Alumni who volunteer to give 
talks, attend events, speak with high school 
students, recruit future graduates, partici-
pate on alumni boards, or volunteer for 
school-driven initiatives contribute immea-
surably to our success.

Establishing and maintaining mean-
ingful relationships with our alumni is a 
key measure of success. That’s why we 
continue to reach out to the alumni 
community through educational, social, 
and professional activities. Recent events 
were held at Yahoo!, Microsoft, Amazon, 
Disney, Electronic Arts, and Google. This 
summer, we also continued our tradition 

of holding fun family-friendly activities 
with our fellow alumni from the Depart-
ment of Electrical and Computer Engi-
neering in Boston, Washington, San 
Francisco, Seattle, New York City and 
Austin, Texas.

 A strong alumni network makes  
an impact on the world because alumni 
step in to support ongoing projects within 
the university and help classmates embark 
on new technology ventures. A special 
Yahoo! group was formed last year to 
enable alumni in computer-related 
disciplines to share information and  
ideas, and bring jobs and technical 
questions to a discussion-style forum. Visit 
tech.groups.yahoo.com/group/tartanadvantage 
to join or learn more.

So, what makes a successful alumni 
relations program? People! Remember, the 
gift of time is one of the most important 
gifts alumni can give. Our continued 
success depends on it! If you’re interested 
in learning more about volunteer opportu-
nities, email me at tcarr@cs.cmu.edu.

> Tina M. Carr (HNZ’02)  
SCS director of alumni relations

A	Measure	of	Success:	The	Gift	of	Time

@ SCS Alumni Events

Management consultant and Andrew Carnegie 
Society member Marie Colantoni Pechet (S’84, 
TPR’91), husband Tiron, and their son Aidan 
joined Boston-area SCS and ECE alumni for 
lunch at the Museum of Science on June 28.

Niraj Tolia (E’02, ’03, ’07), Dan Wendlandt 
(CS’08, ’11), Tejaswim Hebalkar (E’00, ’01), and 
Yash Sethi (CS’02) share a laugh during the 
July 18 joint SCS/ECE alumni picnic at Reng-
storff House in Mountain View, Calif.

Seattle-area SCS and ECE alumni gathered for a 
picnic July 26 at the city’s Lincoln Park.
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people exploring ways that technology 
would change lives for the better.

It was an exciting, stimulating environ-
ment for Goldberg, who always loved 
technology; his father, a metallurgist, had 
designed an automated chrome-plating 
system for the factory where he worked. 
“I loved to play with model rockets and 
cars and go-karts, and my dad taught me 
about binary numbers, stepper motors, 
things like that,” he says.

At SCS, Goldberg studied under 
Matt Mason, now director of the Robot-
ics Institute, as Mason refined his theo-
ries on how the laws of physics could be 

channeled to make robots more effective. 
“Matt showed how robots could make use 
of their environments, which allowed them 
to do remarkable tasks with minimal sens-
ing,” Goldberg says. “It was a profound in-
sight.”

Goldberg’s Ph.D. dissertation was on 
mathematical models for feeding parts to 
factory automation systems, but when ev-
eryone else left the lab for the day, he stayed 
behind, programming robots to create ab-
stract paintings. Goldberg wanted to dem-
onstrate how imperfections in paints, 
brushes, and other parts of the physical 

world introduce variations. His solo exhibi-
tion in 1990 at Forbes Gallery provoked 
heady discussions on the nature of art  
and originality.

After leaving Carnegie Mellon, Gold-
berg took a faculty position at the Univer-
sity of Southern California, where he 
worked with students to create Telegarden, 
an award-winning art installation that for 
nine years allowed Internet visitors to re-
motely plant seeds and tend a real garden. 
Now an IEEE fellow and professor of engi-
neering at the University of California, 
Berkeley, Goldberg is known internationally 
for his research on automation and net-
worked telerobotics.

And he’s still combining art and tech-
nology; Goldberg is currently director of 
Berkeley’s Center for New Media, which 
engages more than 110 faculty members 
from 30 different departments. One of its 
newest projects, Donation Dashboard, is a 
Web site that matches givers with custom-
ized portfolios of charities using statistical 
profiles and social-networking techniques. 
Details on Goldberg’s research (and art) 
can be found at goldberg.berkeley.edu. 

—Jason Togyer (HS’96)

Alumni Snapshots

She’s been everywhere—from Shanghai to 
Beijing to Hong Kong to Singapore to At-
lanta to New York City—but Frances Ning 
says that her family’s frequent job-related 
moves left her better prepared for life’s un-
expected detours.

“It made me very adaptable to any envi-
ronment or culture,” Ning says. “Basically, 
you learn to perceive things in a different 
manner—to go with the flow. It’s good to 
have some change once in a while.”

Her willingness to explore new ideas 
served Ning well at Carnegie Mellon, where 
she found time to take violin lessons and 
perform with the All University Orchestra 
while she pursued dual bachelor’s degrees in 
computer science and electrical and com-
puter engineering.

“You have to make sure you take advan-
tage of opportunities that come your way in 
school—in a few years’ time you won’t have 
those opportunities,” she says. “Being a 
well-rounded person never hurts.”

Ning has charted her own path since 
leaving Carnegie Mellon; instead of going 
into a computing career, she went to work 
for a major Wall Street investment bank, 

doing trading and analysis for a hedge fund. 
Her CS education was an asset in that job, 
and she encourages other young women to 
consider computer science, engineering, or 
math careers.

“They’re afraid that they’ll spend all 
their time in a computer cluster, or that 
there’s not much interaction with people,” 
Ning says. “Computer science doesn’t limit 
you—it actually opens up a lot of possibili-
ties for you. The mindset you develop at 
school gives you the ability to think logi-
cally and break things down. The world is 
getting more qualitative and quantitative, 
and learning to think about things in an ab-
stract manner is a tremendous asset.”

She’s currently part of a hedge fund that 
will invest in high-tech companies in Asia 
and other emerging markets, and she’s look-
ing for partners for a new venture. “I want 
to work on a possible start-up in the area of 
health-care delivery—taking advantage of 
supply and demand to match services with 
providers,” Ning says. 

Active in the Chinese Finance Associa-
tion and the young alumni committee at 
Choate Rosemary Hall, Ning also finds 

B.S., Computer Science;  
B.S., Electrical and Computer Engineering

Carnegie Mellon University, 2002

M.S., Electrical and Computer Engineering
Carnegie Mellon University, 2003

B.S.E., Electrical Engineering; B.S., Economics
University of Pennsylvania, 1984

M.S., Computer Science
Carnegie Mellon University, 1988

Ph.D., Computer Science
Carnegie Mellon University, 1990
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time for her favorite outdoor hobbies, in-
cluding sailing, biking, snowboarding,  
tennis, and golf. —JT

 

Ken Goldberg arrived at Carnegie Mellon 
during the portentous year of 1984, but in-
stead of the dystopian society envisioned by 
George Orwell, he found a campus full of 
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Disney	Taps	SCS	for	Five-Year	
Research	Collaboration

Carnegie Mellon is one of two 
universities participating in a 
new research and develop-
ment initiative with The Walt 
Disney Company.

Under a five-year agree-
ment, Disney will fund a 
Pittsburgh research center, 
including a director and seven 
to eight principal investigators. 
Additional staff will include 
professors, academic interns, 
scientific consultants, and 
collaborators. The other 
collaborative lab is being 
created at the Swiss Federal 
Institute of Technology in 
Zurich. 

Ed Catmull, president of 
Disney and Pixar Animation Studios, made the announcement 
Aug. 11 during the 2008 SIGGRAPH conference in Los Angeles.

Besides its movie and television production arms and its theme 
parks, Disney is the parent company of ABC and ESPN. The scope 
of its activities makes the partnership especially valuable, says  
Jessica Hodgins (CS’89), professor of computer science and robot-
ics and director of the new Disney lab in Pittsburgh. “I think this is 
a really special opportunity and a really exciting time to get to work 
on these problems,” she says.

One of the first projects being tackled in Pittsburgh will be im-
proving the interactive characters and robots at Disney’s theme 
parks, Hodgins says. Researchers are looking for ways to make the 
interactions between guests and robots more meaningful and less 
dependent on puppetry and human intervention, she says.

Method	to	Automatically	ID		
Photo	Locations	Unveiled
Researchers have unveiled the first computerized method for ana-
lyzing a single photograph and determining where in the world the 
image likely was taken. It’s a feat made possible by searching mil-
lions of GPS-tagged images in the Flickr online photo collection.

The IM2GPS algorithm, developed by computer science gradu-
ate student James Hays and Alexei A. Efros, assistant professor of 
computer science and robotics, doesn’t scan photos for location 
clues as a person might do. Rather, it analyzes the composition of 
the photo, noting the distribution of colors, textures, and lines. It 
then searches Flickr for photos that are similar in appearance.

In tests of IM2GPS, Hays and Efros could accurately locate 
the images within 200 kilometers for 16 percent of the photos 
analyzed—up to 30 times better than chance. Even if their algo-
rithm failed to identify the specific location, it could often narrow 
the possibilities by identifying the locale as a beach, desert or some 
other general category.

They presented their research June 26 during the IEEE Com-
puter Society Conference on Computer Vision and Pattern Recog-
nition in Anchorage, Alaska. For more information, visit the proj-
ect Web site at graphics.cs.cmu.edu/projects/im2gps.

Spam	Blocking	Tool	Now		
Recapturing	Lost	Texts
A research team led by Luis von Ahn (CS’03, ’05), an assistant pro-
fessor of computer science, has taken the CAPTCHA technology de-
veloped at Carnegie Mellon and given it a new purpose—digitizing 
books and articles produced before the 
computer age.

When old books or newspaper ar-
ticles are scanned, about one in five 
words can’t be turned into text because 
fading, dirt, or other damage prevents 
optical-character recognition software 
from processing them. Those words are 
now being served up by reCAPTCHA, which requires Web visitors 
to decode the scrambled text before they can register for email or 
post comments on blogs. Humans are better than OCR programs 
at ignoring background noise in scans; by retyping the words into 
reCAPTCHA boxes, they turn them into machine-readable text.

In an article for the Sept. 12 issue of Science, von Ahn’s team 
reported that more than 440 million words were deciphered dur-
ing reCAPTCHA’s first year of operation—the equivalent of manu-
ally transcribing more than 17,600 books. Other authors included 
computer science undergraduate Benjamin Maurer, graduate stu-
dents Colin McMillen and David Abraham, and Manuel Blum, 
professor of computer science.

Perspectives	Plug-In	Helps	
Secure	Web	Transactions
The growth of shared Wi-Fi has increased the risk of eavesdropping 
on Internet communications, but a low-cost system developed at 
Carnegie Mellon can thwart these so-called “man-in-the-middle” 
attacks. The system, called Perspectives, was created by David 
Andersen, assistant professor of computer science; Adrian Perrig 
(CS’99, ’02), associate professor of electrical and computer engi-
neering and public policy; and Dan Wendlandt (CS’08), a Ph.D. 
student in computer science. It’s been incorporated into a free ex-
tension for the Firefox Web browser that can be downloaded at 
www.cs.cmu.edu/~perspectives.

Perspectives employs a set of friendly sites, or “notaries,” that 
help authenticate Web sites for banks, online retailers and other 
transactions that need to be secure. The notaries independently 
query a target site; if any notary receives a different digital certifi-
cate than the others, users are warned that their connections may 
have been compromised. Perspectives also can protect against at-
tacks that could exploit recently discovered flaws in the domain 
name system (DNS) and cause Internet service providers to con-
nect users to malicious sites. 

The work was supported by Carnegie Mellon’s CyLab under 
grants from the Army Research Office and the National Science 
Foundation, as well as by the Department of Homeland Security.

—Compiled from staff reports
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Ed Catmull, president of Walt 
Disney and Pixar Animation 
Studios, announces the new 
Disney research initiative during 
SIGGRAPH 2008.
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Screenshot

Thirty-five	students,	including	12	in	computer	science,	received	diplomas	May	5	during	the	

inaugural	graduation	ceremony	at	the	university’s	campus	in	Doha,	Qatar.	More	than	700	family	

members,	friends,	faculty	and	invited	guests	attended.

The	first	Carnegie	Mellon	undergraduate	commencement	ever	held	outside	Pittsburgh	melded	

American	and	Qatari	customs	with	the	university’s	Scottish	traditions.	Faculty	Marshal	G.	Richard	

Tucker	carried	an	Arabic	sword	in	place	of	the	traditional	mace.	A	bagpiper	clad	in	full	regalia	led	

the	formal	procession	into	the	graduation	tent,	and	both	“The	Star-Spangled	Banner”	and	the	

Qatari	national	anthem,	“Al-Salam	Al-Amiri,”	were	played.	

Above,	second	from	left,	Nora	Al	Subai	(CS’08)	delivers	the	student	address.	Third	from	left,	

Charles	Thorpe	(S’85),	dean	of	Carnegie	Mellon	in	Qatar	and	former	director	of	the	Robotics	

Institute,	presents	a	diploma	to	Anirban	Lahiri	(CS’08).

Other	computer	science	graduates	in	the	inaugural	class	from	Qatar	included	Maha	Abdulmajeed	

Abdeen,	Ameer	Abdul	Salam,	Eiman	Ali	Al-Emadi,	Fatima	Ahmed	Al-Mansoori,	Noora	Hamad	

Al-Saad,	Noura	Mohamed	El-Moughny,	Aysha	Abdulrahman	Fakhroo,	Maryam	Najeh	Khalil,	Amer	

Hasan	Obeidah	and	Noof	Abdulla	Al-haj	Salem.
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Then and Now
< When the new Naval and Marine Corps Reserve Training Center opened next 

to the Carnegie Tech campus in 1956, this postcard described it as “ultra-
modern.” Few tears when shed when crews demolished the old building, 
which was used in the mid-1990s as a temporary student union and then 
for offices and the Carnegie Mellon police station.

The SCS complex rising on the same spot will contain 200,000 square feet 
of classrooms, collaborative laboratories and public space. It’ll also have 
something that was lacking when the old “Navy building” opened—lots of 
natural light. Indeed, when the planning committee surveyed SCS students, 
faculty, and staff to find out what they wanted in the new complex, 
“windows” was the number one request.

A photo taken from the same location as the postcard view shows the 
final steel for the Hillman Center for Future-Generation Technologies rising 
into place. The Hillman building and adjoining Gates Center for Computer 
Science will be ready for occupancy in 2009.
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