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C A L E N D A R  O F  E V E N T S
All events to be held at the Carnegie Mellon University campus in Pittsburgh, unless otherwise 
noted. Dates and locations are subject to change without notice. Visit calendar.cs.cmu.edu for a 
complete and current listing of events.

October 7–8
Science2010: Transformations  
8 a.m.-6 p.m., Alumni Hall, 
4227 Fifth Avenue, University of 
Pittsburgh

October 7
SCS Distinguished Lecture 
Series: “Rethinking Architectural 
Research and Education”
Chuck P. Thacker,  Microsoft 
Research
4:30 p.m., Rashid Auditorium

October 8–10
Carnegie Mellon Family Weekend
(SCS Presentation with Jacobo 
Carrasquel, 10:45 a.m., October 9, 
Gates & Hillman Centers)

October 9–10
The Pittsburgh Perl Workshop
Gates & Hillman Centers 
pghpw.org

October 14
Alumni Network Event:  
New York
Hosted by Pricewaterhouse 
Coopers
New York City

CSD Login Ball 
6 p.m., Grand Concourse  
Station Square

October 15
Mid-Semester Break: No Classes

October 20
“The Boss is Watching: Robust 
Obstacle Detection for the 
DARPA Grand Challenge”
Robert Fisher, Machine Learning 
Department
2 p.m., Gates Center 4101

October 22
LTI Colloquium: “Class-Based 
Contextualized Search”
Paul Bennett, Microsoft Research
2:30–4 p.m., Wean Hall 7500

October 25
Seminar: Computational  
Modeling and Analysis for  
Complex Systems
Sreeranga P. Rajan, Fujitsu  
Laboratories
Gates & Hillman Centers

November 3
CSD Faculty Meeting 
3:30 p.m., Gates Center 6115

November 5–6
Homecoming 2010

November 6
Microsoft College Puzzle  
Challenge 2010
1–11 p.m., Rashid Auditorium, 
Hillman Center

Homecoming Football Game 
Carnegie Mellon vs. University  
of Chicago 
Gesling Stadium, 1 p.m.

November 11-13
Fine International Conference  
on Gigapixel  
Imaging for Science

November 24–26
Thanksgiving recess: University 
closed

December 3
Last day of classes, fall term

Seminar: Computational  
Modeling and Analysis for  
Complex Systems
Christel Baier, University of 
Dresden
2 p.m., Hillman Center 6501

December 11
SCS and ECE Alumni Holiday 
Brunch 
New York City

January 20
Student Activities Fair
4:30–6:30 p.m.

February 2
CSD Faculty Meeting
3:30 p.m., Gates Center 6115

February 4
Alumni Network Event: Pittsburgh

March 3
Alumni Network Event:  
Washington, D.C.

Thank you to everyone who filled out the survey in the last issue. It wasn’t scientific, and the response 
rate was low, but your feedback was interesting nevertheless.

Responses came from alumni (about 32 percent), faculty and staff (28 percent) and current students 
(21 percent), but visitors, friends and a few people with no affiliation with CMU also replied. The top 
three career fields reported were, in order, “educator/researcher,” “student” and “IT/CS professional.”

More than 70 percent of respondents “agree or strongly agree” that The Link has “interesting writ-
ing” and a “wide variety of stories,” and also agreed The Link is “attractive” and uses “high quality 
photos and art.” But about half of respondents disagreed when asked if The Link is “provocative” and 
more than 20 percent said they either don’t enjoy the magazine, or rarely read it.

Asked which subjects they prefer to read about, almost all respondents said “faculty research,” and a 
large majority said they enjoy stories about alumni and “general topics in computer science.”

Other comments: “The Link gives the impression of SCS as a very male place, which is probably 
accurate. This is perhaps more a criticism of SCS than The Link.” One writer asked for “more stories 
about the state of the CS field,” and “an historical perspective” on computer science. 

A respondent asked whether The Link is distributed to all students and questioned whether that was 
a “waste of resources … I think providing a stack of magazines for each department is more reason-
able.” (Currently, all SCS faculty, staff and students who have departmental mailboxes receive a copy 
of The Link, while extras and leftovers are distributed around campus.) And someone simply wrote, 
“Wonderful magazine … (the) last issue was by far the best,” which was a very nice thing to say. 

Your comments, criticisms and suggestions are always welcome. Write to TheLink@cs.cmu.edu, call 
412-268-8721, or drop by my office, Gates Center 5101.

—Jason Togyer (HS’96), managing editor

F E E D B A C K  L O O P



 

7 / Inside Intel

Intel Labs Pittsburgh—the on-campus research 
partnership between Carnegie Mellon and 
semiconductor giant Intel Corp.—turns 10 in 
2011. Dating back to the early days of Mellon 
Institute, CMU’s had many collaborators with 
private industry. What makes this relationship 
unique? And what does the success of Intel Labs 
Pittsburgh teach us about partnerships between 
academia and the corporate world?

By Jason Togyer

C O N T E N T S

1The Link

On the Cover:

“Many hands make light work,” wrote the English poet John Heywood in the 16th century. 
Many hands indeed make light work of some of computer science’s thorniest problems, 
especially when those hands are those of Carnegie Mellon and Intel researchers working 
together. 

The cover cartoon by Carnegie Mellon alumnus and illustrator Frank Harris (A’82) shows 
the “many hands” representing CMU faculty and students as they help raise the Intel logo 
over the Collaborative Innovation Center on the Pittsburgh campus. 

A resident of the Pittsburgh suburb of Mt. Lebanon, Frank’s also worked for Major League 
Baseball, Harvard University, Pittsburgh Magazine, Vanity Fair magazine and Westing-
house Electric. 

Luckily, many hands aren’t necessary to read our story about Intel Labs Pittsburgh—just 
turn to page 7.

(Frank Harris  illustration)
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2 / From the dean

3 / On Campus
Two CMU researchers say tweets can provide an accurate barometer of public 
opinion. Software Engineering Institute celebrates 25 years of setting the stan-
dards for information technology. Synthetic Interviews are fun, educational and 
have commercial potential. And the Institute for Software Research is building 
diplomatic bridges between the U.S. and Asia.

10 / In the Loop
Justine Cassell, the new director of the Human-Computer Interaction Institute, 
went from studying literature and linguistics to developing virtual humans.

17 / Research Notebook
SCS is revolutionizing the way that undergraduates get their first education in 
computer science. Randal Bryant, Klaus Sutner and Mark Stehlik explain why.

20 / Alumni director’s Message
It’s been a very busy summer for Tina Carr (HNZ’02) and SCS alumni. Take a 
look at some of the highlights.

21 / Giving Back
Jonathan Betz (CS’99) on why he remains connected to Carnegie Mellon.

22 / Alumni Snapshots
Catch up with Aaron Eppolito (CS’99, A’99) and Thomas Howard (CS’06,’09).

12 / The Gambler

A smart gambler bets on sure things with big 
payoffs—and Gordon Bell has made and won some 
pretty large bets. Throughout his half-century 
career, the father of computer architecture has 
proved almost clairvoyant about the transformative 
power of technology. Now Bell, who received an 
honorary doctorate from the university this year, is 
digitizing his life’s work.

By Meghan Holohan
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Randal E. Bryant
From the Dean

From the dean

A redesign of the 100 and 200 levels of our undergraduate computer science 
curriculum has been underway for about a year. Bob Harper of the CS department 
has chaired a small committee of faculty, which came up with recommendations. 
Their ideas have been reviewed and refined by many over the past year, including 
presentations at last January’s teaching meeting. 

In this issue of The Link, beginning on page 17, you’ll find a condensed version of 
a technical report that explains the overall context for our undergraduate courses 
(which go well beyond the needs of our own majors), as well as a vision for how we can 
better prepare students for a future in which computational concepts find applications 
in many aspects of society, where the need for program reliability is much greater and 
where parallel computation becomes the dominant form of program execution.

We’ve devised a plan for making a transition to the new curriculum. During the next 
three semesters, SCS will phase in new courses in the principles of computer science, 
imperative programming, functional computation, fundamental algorithms and data 
structures, computer systems and object oriented programming and programming in 
the large.

More complete descriptions of these courses and how they fit together are provided in 
the tech report. The complete report—written by Associate Dean of Undergraduate 
Programs Klaus Sutner, Assistant Dean for Undergraduate Education Mark Stehlik, 
and myself—can be downloaded from The Link’s website at link.cs.cmu.edu.

During the transitional period, older courses such as 15-121, 15-211 and 15-212 will 
still be offered, at the very least during the next academic year. Naturally, this strains 
our resources, but we have worked out a plan for meeting our teaching needs.

I would like to thank the many people who have put in so much time and effort into 
understanding the needs of our students and how we can best serve them.

Randal E. Bryant

Dean and University Professor

School of Computer Science

Ed Schlesinger, head of the Electrical and Computer 

Engineering department, and SCS dean Randy Bryant 

joined Los Angeles-area alumni for a networking event 

July 11 at Cafe del Rey near Venice, Calif. For more 

alumni event photos, please turn to page 20.
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opinion that complements, rather than replaces, 
traditional polls. “There are a lot of questions of 
public opinion that we don’t pay that much to 
ask,” Smith says.

Professional opinion researchers view the 
Carnegie Mellon team’s initial observations 
with interest—but caution. There’s a “black 
box” nature to Smith and Routledge’s work that 
worries Terry Madonna, a professional pollster 
and professor of public affairs at Franklin & 
Marshall College in Lancaster, Pa.

“This is certainly path-breaking research that 
may have enormous significance in the future for 
survey research,” he says. But Madonna wonders 
how demographically representative that Twit-
ter users are of the general public. Smith notes 
that just as techniques have been developed to 
help control for bias in, for instance, telephone 
surveys, a technique could also be developed for 
Twitter polling.

Miles Osborne, an associate professor at the 
University of Edinburgh in Scotland who does 
research into social media, thinks the method 
may fail when applied to smaller questions that 
get fewer Twitter comments. The simplicity of the 
analysis, the fact that it has only been tested on 
topics offering massive Twitter volumes, and the 
noise in the data may all contribute to degrading 
the correlation with the “reality” of larger public 
opinion with less-tweeted topics, Osborne says. 
While it might be easy to gauge the President’s 
popularity using Twitter, he says, it’s “less so for 
whether Russia will default on its loans.”

The CMU researchers aren’t trying to replace 
traditional opinion surveys, and they note that 
they aren’t claiming their method is a substitute 
for polls like those of Gallup or Quinnipiac Uni-
versity in Connecticut. Routledge and Smith say 
their interest—as a financial theorist and a com-
putational linguist, respectively—is in dissecting 
how and why the method works or doesn’t, not in 
replacing conventional polling. 

“We don’t have any particular magic ball in that 
we can only extract the information that’s in the 
tweets—we can’t forecast the future,” Routledge 
says. “But tweets are attractive data, since one can 
gather a large cross-section easily.”

On Campus

Let’s face it: It’s easy to dismiss Twitter.

Sure, about 100 million users, including  
journalists, politicians and business people,  
use the medium to trade about 65 million  
rapid, succinct messages every day. But with  
those users limited to only 140 characters,  
how meaningful can “tweets” possibly be?

Very meaningful indeed, as it turns out.

Analysis of tweets can provide a survey of public 
opinion that’s comparable to established polls, 
according to Noah Smith, assistant professor in 
the Language Technologies Institute at SCS, and 
Bryan Routledge, associate professor of finance 
at the Tepper School of Business. A team led by 
Routledge and Smith analyzed 1 billion public 
tweets posted in 2008 and 2009. They showed 
that, for topics such as consumer confidence and 
presidential approval, their method had better 
than a 70 percent correlation with established 
polls. The results of the research were published 
in May in the Proceedings of the International 
AAAI Conference on Weblogs and Social Media.

 “They’re short,” Smith says. “When the channel 
is restricted, a person can only talk directly, and 
about simple things.” This simplicity offers the 
possibility of a straightforward analysis that, for 
example, more complex financial filings can’t 
accommodate.

To sip from the fire hose of data, the researchers 
used simple methods indeed. They first retrieved 
relevant tweets by searching for topic-relevant 
keywords. Then they measured the frequency of 
“positive” vs. “negative” words in these tweets—
defined by a standard lexicon—creating a “senti-
ment score” that’s simply the ratio of positive 
words to negative words.

The work had obvious pitfalls, the researchers 
say. Their method gives equal weight to tweets by 
private citizens, political operatives, companies 
and even spammers. Subtle changes in key-
words produced strikingly different results. And 

the method inevitably mischaracterized some 
tweets—sarcastic ones, for example.

The sentiment score itself, Smith says, is 
relatively meaningless. For example, between 
January 2008 and November 2009, the weekly 
moving average of the sentiment ratio for “jobs” 
never dipped much below 2.0. That’s not because 
optimism about the job market was twice as large 
as pessimism—it’s an artifact of the language.

“We’re not interested in the precise value of the 
ratio,” Smith says. “We’re interested in its trend 
over time.”

That trend, the researchers say, showed a strik-
ing correlation with traditional polls. When 
averaged over intervals comparable to the polls’ 
frequency, the Twitter analysis showed a strong 
correlation with the well-respected Gallup Poll 
on both consumer confidence (73.1 percent 
correlation) and job approval polls for President 
Obama (72.5 percent). The method did less well 
with the support for Obama vs. McCain in the 
2008 election cycle (44 percent correlation), 
hinting that the method doesn’t seem to capture 
the more complex situation of a contest.

Of course, traditional opinion polling conducted 
through field research has its own limitations, al-
beit better known ones. And the Twitter method 
may be attractive in contrast to one major 
limitation of polls: their considerable expense. 
Since the Twitter method only costs program-
ming and CPU time, it may represent a future, 
bargain-basement method of measuring public 

Survey Says: 
Research suggests Twitter  
may offer an accurate  
gauge of  public opinion— 
on certain subjects

By Ken Chiacchia>
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On Campus

SEI was the original home of Carnegie Mellon’s 
Master of Software Engineering degree—also 
established by Habermann. As the SEI began 
teaching its professional development courses for 
software professionals already in the field, that 
academic program was taken over by the SCS.

Although the MSE program is now part of the 
Institute for Software Research, SCS retains a 
strong educational connection to the SEI. SCS 
staff members teach many SEI courses, SEI staff 
work as mentors on SCS projects, and some SCS 
faculty and student projects are funded through 
the SEI’s Independent Research and Develop-
ment, or IRAD, program.

During remarks made in March at the 20th anni-
versary of the MSE program, Paul D. Nielsen, di-
rector and chief executive officer of the SEI, cited 
the university’s “strong commitment, present 
since the beginning,” to the Software Engineer-
ing Institute, and said that partnership goes both 
ways. “SEI’s involvement with Carnegie Mellon’s 
academic programs—particularly the MSE—is 
unflagging,” Nielsen said. “The SEI continues 
to support the MSE with people, projects and a 
commitment to developing the highest caliber of 
professionals.”

The SEI and SCS recently established a new 
joint degree program, the Master of Science in 
Information Technology– Software Engineering 
Management, now entering its second year. In 
addition to components from SCS and the SEI, 
the MSIT-SEM includes coursework from Heinz 
College. A distance degree aimed at mid-level 
managers, the MSIT-SEM is billed as “an MBA 
for software engineering.”

The best-known piece of the SEI, at least to the 
general public, is probably the CERT Coordina-
tion Center, which responds to cybersecurity 
threats. (“As the Morris Worm Turned,” The 
Link, Summer 2009.) But the SEI also conducts 
research and training on best practices for acquir-
ing new software, measuring its performance and 
dependability, allocating resources and ensuring 
different systems are interoperable. The Capabil-
ity Maturity Model Integration, or CMMI, de-
veloped at the SEI has become the international 
standard by which large organizations evaluate 
their delivery of products and services both on-
line and off-line.

From a “smart grid” for delivering power, to 
electronic medical record systems, to trans-
port systems, society relies more and more on 
software. For 25 years, as the scale and security 
implications of software have continued to 
grow. Carnegie Mellon’s Software Engineering 
Institute has given organizations the knowledge 
and technology they need to improve software 
development. In June, the Defense Department 
granted the SEI its fifth five-year contract exten-
sion, valued at $584 million, to continue its work 
advancing software research and improving the 
quality of software-related systems.

Though the federally funded research and devel-
opment center is independent from the School 

CMU was instrumental in developing the field of 
software architecture. With Mary Shaw, the A.J. 
Perlis Professor of Computer Science in the SCS, 
Garlan wrote one of the earliest books on the field 
called “Software Architecture: Perspectives on 
an Emerging Discipline.” And he and other SCS 
faculty continue to collaborate on research with 
SEI colleagues into software architecture. 

One of the SEI’s newest technical sections is de-
voted to developing the best architecture for ultra-
large-scale software systems. Software architects 
decide how best to structure and organize the com-
ponents of complex software systems. Ultra-large-
scale, or ULS, systems are particularly challenging 
because they’re big in all kinds of ways—they have 
many users, many lines of code and vast amounts 
of data.

As a result, they come with their own unique chal-
lenges, and issues that may seem insignificant at 
smaller scales become critical problems at ultra-
large scales. At a seminar conducted earlier this 
year, Linda Northrop, the director of the Research, 
Technology and System Solutions program at 
the SEI, compared a ULS system to a large city. 
Although a city might seem like a collection of 
buildings, it wasn’t conceived and built by one 
single organization, but rather by individuals acting 
locally, over time. 

Like cities, ULS systems should have separate, 
decentralized functions, which in the case of soft-
ware can prevent malicious intruders from taking 
down an entire service provider with one attack. 
Decentralizing functions also enables problems 
in ultra-large-scale systems to be tackled locally, 
in the way that problems are addressed in cities. 
“There’s construction going on every day, but it 
doesn’t mean you need to take the (entire) city 
down for maintenance,” Northrop said. The  
SEI is also working on developing self-healing 
mechanisms for systems. 

At a celebration of the SEI’s 25th anniversary 
earlier this year, Nielsen pointed out that software 
isn’t confined to desktop and laptop computers. “It 
is part of our everyday life in automobiles, phones, 
kitchen appliances and airplanes,” he said, and it’s 
spreading, changing and growing. SEI can’t afford 
to rest on its “past accomplishments,” Nielsen said. 

“We may be 25 years old, but we are only just begin-
ning,” he said. “This is an exciting time to be part 
of today’s technological advances. We look forward 
to the next 25 years and providing organizations 
the research, skills and tools they need to build bet-
ter, faster, more reliable and more secure software.” 
— Link Managing Editor Jason Togyer contributed to this 
story. 

>

CMU’s Software Engineering 
Institute looks to the next 25 
years

By Karen Hoffman (S’04)

Setting the Standards

Paul D. Nielsen, director and chief executive officer of the SEI

“SEI’s involvement with Carnegie Mellon’s academ-

ic programs—particularly the MSE—is unflagging,” 

Nielsen said. “The SEI continues to support the 

MSE with people, projects and a commitment to 

developing the highest caliber of professionals.”

of Computer Science, it’s had strong links to SCS 
since its inception. Nico Habermann, founding 
dean of SCS, was also the co-founder of the SEI 
and served as acting director from 1984-85. One 
of the students Habermann advised was David 
Garlan, now a professor of computer science at 
CMU and director of Software Engineering Pro-
fessional Programs in the Institute for Software 
Research. “Nico set the tone for the SEI,” he 
says. “I think he got it right—a balance between 
practical technology transfer and research.”

Habermann felt strongly that the SEI needed to 
be tightly integrated into CMU, says Garlan. “He 
brought people over and made it possible for them 
to participate.” Habermann established technical 
initiatives and a focus on engineering, in addition 
to process management.
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CMU-developed Synthetic Inter-
view has commercial potential 
beyond museum exhibits

By Tom Imerito

Ted and Toni Legarski of Glenmore, Pa., are in 
Pittsburgh for the weekend. While on a visit to 
the Senator John Heinz Regional History Center, 
the couple comes upon a life-size video of George 
Westinghouse—or at least an actor who looks just 
like him.

The distinguished-looking gentleman alternately 
strokes his moustache and grasps the lapels of his 
suit coat while pacing back and forth thoughtfully 
behind his office desk.

Built into his desktop is a large interactive touch 
screen strewn with images of Westinghouse’s 
personal belongings, including a family photo 
album, a stack of patent papers and a ledger. 

As Toni Legarski touches the screen, the hardy, 
silver-haired inventor turns to face them, 
introduces himself, and invites her to touch the 
stack of patents on his desk. When she does, an 
image of Nikola Tesla appears behind him as he 
tells the story of his association with Tesla. 

She touches the photo album, and her video host 
comments on each photo. When Ted Legarski 
touches the ledger, the book opens revealing a 
series of questions about Westinghouse’s life. 
Each question they pose electronically triggers a 
different response from the genius himself.

“It’s a lot more interesting than just showing the 
artifacts,” Ted Legarski says afterward. “To be able 
to talk to the man brings it alive. It takes you back 
to that time.”

The Legarskis have just experienced their first 
Synthetic Interview, a patented technology 
developed at Carnegie Mellon University that 
merges computer science with video, audio and still 
photos. CMU’s Entertainment Technology Center 
produced the “interview” with “Westinghouse” in 
addition to others with Albert Einstein, Benjamin 
Franklin, Abraham Lincoln and Charles Darwin.

Underlying the Synthetic Interview is an area 
of computer science called natural language 
processing, which analyzes user questions and 

classifies them by meaning. The 
sorted questions are then associated 
with appropriate answers in the 
form of text, audio or video. In most 
cases they’re video clips.

Whenever a question is posed, its 
most appropriate answer is retrieved 
from the database and displayed or 
played. Right now, visitors can type 
a question on a keyboard or choose 
items from a touch screen, though 
someday, users will be able to talk 
out loud to their virtual hosts and 
receive their answer the same way, 
says Don Marinelli, professor of 
drama and arts management and 
executive producer and co-founder 
of the Entertainment Technology 
Center.

“Speech recognition is not quite 
there yet, especially for kids, whose speech isn’t 
as predictable as adults,” Marinelli says, “but it’s 
getting there.”

Synthetic Interviews are the product of a 
20-year-plus collaboration between Scott 
Stevens, research professor in the Entertainment 
Technology Center and senior systems scientist in 
the Human-Computer Interaction Institute; and 
Mike Christel, research professor in the ETC and 
senior systems scientist in the Computer Science 
Department. 

The interviews, Stevens says, incorporate 
technology derived from two innovations 
developed at Carnegie Mellon: the search 
algorithms originally developed for the Lycos 
web crawler, but tweaked to parse sentences; 
and Informedia, a digital information system 
that enables quick retrieval of vast amounts of 
information from non-textual media such as 
still and moving pictures and sound recordings. 
Developed beginning in 1994 by Howard Wactlar, 
now vice provost for research computing, 
Informedia processes, captures and classifies 
non-verbal media by creating verbal metadata 
descriptions, so that photos, video and audio can 
be quickly sorted, retrieved and delivered to users.

Synthetic Interview has potential beyond  
museum exhibits. MedRespond, a CMU  

>

Tell Me a Story spinout company supported by the Pittsburgh 
Life Sciences Greenhouse, is commercializing the 
technology for use in the health care industry. The 
company is producing a synthetic interview that 
will be distributed on MedScape.com, a website for 

health care professionals. Scheduled to go live in 
December, the MedScape synthetic interview will 
be part of a continuing medical education program 
that helps physicians manage the risks associated 
with asthma medications used by children. 

Following a video panel discussion by asthma 
experts, the site will open for viewer questions, 
which will be analyzed by natural language 
processing, then answered from a Synthetic 
Interview video answer database by the physicians 
who appeared in the panel discussion.

Virginia Pribanic, CEO of MedRespond, sees a 
bright future for synthetic interviews in these kinds 
of uses.

“Besides the MedScape (program), we have 
successful pilot projects for childhood nutrition, a 
patient cardiovascular management project that’s in 
development and an ‘ask the doctor’ project that’s 
currently in discussion, all with major health care 
players,” she says.

Pribanic is also working independently with a West 
Coast group that is developing a social networking 
application for the technology. “Companies whose 
software can answer questions are going to be worth 
many billions of dollars,” she says. 

Tom Imerito is a Pittsburgh-based science writer. He wrote 
about the Quality of Life Technology Center in the Spring 
2010 issue of The Link.

A visitor to Pittsburgh’s Heinz History Center inter-

acts with “George Westinghouse” with the help of 

CMU-developed Synthetic Interview technology.
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Education Across the Ocean

On Campus

On Campus

>

Outreach from the Institute for 
Software Research strengthens 
international relations between 
the U.S., Asian allies

 By Tom Imerito 

Van Lang University, Ho Chi Min City, Vietnam, 
March 2009: Don Marinelli waits backstage to 
present “The Triumph of the Gamer,” his talk on 
the emergence of computer gaming as a major cul-
tural force. Suddenly, the crowd of 800 Vietnam-
ese college students begins to whistle and shout as 
though awaiting the appearance of a rock star.

“Who are they cheering for?” Marinelli asks his 
host. 

“You,” the host answers, stunning Marinelli. 
During his tour of Vietnam, Marinelli, executive 
producer and co-founder of CMU’s Entertainment 
Technology Center, also visits Duy Tan University 
in Da Nang and talks to VNN, the Vietnam News 
Network in Hanoi, evangelizing the promise of 
“edu-tainment,” the hybridization of digital tech-
nology with art.

Marinelli’s Vietnam tour was orchestrated by John 
Kang, director of Asia Collaboration for Carnegie 
Mellon’s Institute for Software Research. Kang 
creates collaborative relationships between the 

dean Raj Reddy, Kang’s strong network and broad 
experience made him a natural candidate to lead 
the Institute’s Asian Outreach Program.

“The Korean relationship became a model for ISR 
to apply to other countries,” Kang says. “I’m trying 
to bring the Korean model to Vietnam and China 
and Japan.” Kang is trying to build relationships 
not just with universities and corporations, but also 
with other nations. And it’s not an exaggeration 
to say that these kinds of educational partnerships 
are helping to build international goodwill. Dur-
ing a visit to Western Pennsylvania in June, the 
Vietnamese ambassador to the United States, Le 
Cong Phung, said partnerships between Pittsburgh 
universities such as Carnegie Mellon and Vietnam-
ese universities are having a profound and positive 
effect on relations between the two nations. 

“Everything you are doing in Pittsburgh to help 
Vietnam, to assist Vietnam, to cooperate with Viet-
nam, is in the interest of our two nations,” Phung 
said. “What you are doing will be a great contribu-
tion to the promotion of our mutual relations.”

In South Korea, SCS partnerships developed by 
Kang reach right up to the office of Lee Myung-bak, 
President of the Republic of Korea. Others include 
affiliations with five government ministries, eight 
government agencies, three large city governments, 
10 universities and several large corporations, 
including LG and Samsung, along with many small 
IT companies. 

 “We’re actually going out and creating the relation-
ships and bringing in collaborative work, whether 
it’s training, or research and development, or core 
technology development,” says Kang, who adds that 
he goes right to the “roots” of the organizations he 
needs to connect with. “People I know help me find 
the people who are in the right positions in govern-
ment, academia and industry. I find a mid-level 
manager and I penetrate from there.”

LG’s Choi admits to having initial reservations 
about signing on with an American university. “We 
were concerned about the cultural divide between 
academia and industry,” he says. After meeting with 
SCS faculty, those concerns “disappeared,” Choi 
says.

“We found that the Carnegie Mellon professors had 
several years of practical experience in industry,” he 
says. “Now, I want to (create) a long-term partner-
ship with CMU.” 

School of Computer Science and companies, 
governments and universities in countries such as 
China, Vietnam, Korea and Japan. His efforts typi-
cally result in either Carnegie Mellon faculty going 
to Asia to teach, as in the case of Don Marinelli, or 
Asian workers coming here to study, as in the case 
of 29 engineers and managers from LG Electron-
ics who came to the Pittsburgh campus in July to 
take a customized five-week program on software 
architecture taught by Tony Lattanze and other 
instructors in the Institute for Software Research.

In addition to studying software architecture under 
Lattanze, teaching professor and director of ISR’s 
Embedded Software Engineering Program, the 
LG engineers used their technical and managerial 
experience to organize two competing teams to 
develop an interoperating multi-robot system. The 
project was designed as a scale model robotic seek-
and-transport system that was laid out at the front 
of their classroom in the Gates Center.

This is the fourth time in as many years that LG 
Electronics has sent a group of engineers and 
managers to Pittsburgh for training. On previous 
occasions, training focused on leadership develop-
ment. LG has engaged SCS to train its employees 
as part of its effort to succeed in global markets, 
says LG’s Jin Gyoo Choi during a break. 

“The company realized that if they want to be a 
long-term partner with customers, they had to 
focus on software engineering because it’s the very 
start of the product,” says Choi, chief technology 
officer for LG’s Human Resource Team.  “These 
education courses improve engineers’ work at-
titudes. And because they are all leaders, when 
their attitudes improve, everybody’s improves. The 
organization improves.”

SCS’s links with Korea are deep, thanks in large 
part to Kang. He came to the university in 1996 
while working as a freelance consultant for the 
state-owned Korean Electric Power Company, 
which asked him to develop an executive educa-
tion program and investigate electric power and IT 
technologies in the United States.

By the time he’d completed his assignment for 
the Korean government, Kang knew a lot about 
electric power, information technology and execu-
tive training on both sides of the Pacific. He’d also 
established a solid professional network in Korea. 
In 1999, when the Institute for Software Research 
was founded under the leadership of former SCS 

Tony Lattanze (CS'95), associate teaching 

professor in the Institute for Software Research, 

discusses system architecture with a class of 

engineers from Korea's LG Electronics.
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By Jason Togyer   

The industrialists of the Gilded Age preferred to do their 
experimentation on the factory floor and didn’t have much 
time for scientific research—until Andrew and Richard 
Mellon came along. The millionaire financiers from Pitts-
burgh had struck it rich by placing big bets on the emerging 
technological marvels of the late 19th century, such as 
aluminum smelters and synthetic chemicals.

 Inspired by a book called The Chemistry of Commerce, 
in 1913 the brothers founded Pittsburgh’s Mellon Institute 
for Industrial Research, where major corporations funded 
research by the era’s top scientists into plastics, electronics 
and nuclear physics. As corporations launched in-house 
laboratories in the 1950s, Mellon Institute turned to pure 
scientific research, then merged into Carnegie-Mellon 
University in 1967.

Yet about four blocks from the landmark Mellon Insti-
tute building erected in 1937, industry and academia are 
proving again that they can work together on scientific 
research—and do it very well. Instead of steel and rubber 
industry problems, they’re solving the riddles of the Digital 
Age. The Collaborative Innovation Center, opened in 

As the research partnership between Carnegie Mellon  
and the chipmaker turns 10, it provides useful lessons about  

collaboration between companies and academics
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2005, houses both Carnegie Mellon researchers and labora-
tories for companies that respond to modern consumer needs, 
such as Apple. (Google was a tenant, too, until moving to 
larger quarters earlier this year.)

Of the CIC’s tenants, perhaps none captures the spirit of 
Mellon Institute in its heyday quite like Intel’s Pittsburgh 
research lab. The Intel lab, soon to begin its 10th year, works 
on problems in computer science both large and small. Not 
all of those experiments will pay off, but those that do will 
hit big, predicts Dave O’Hallaron, who in July completed a 
three-year stint as director of Intel Labs Pittsburgh.

“The lab’s mission is to do exploratory research in comput-
ing and robotics,” says O’Hallaron, a professor of computer 
science and electrical and computer engineering who is still 
working on several projects with Intel researchers. “Every-
thing’s on the table. It’s not that different from the research 
being done elsewhere at Carnegie Mellon, and we don’t have 
to rein ourselves in. In fact, if we’re thinking too short-term, 
we’re not doing our jobs.” 

Intel is now the world’s largest semiconductor maker, 

>

>>>
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From left, Limor Fix, associate director of Intel Labs Pittsburgh; Priya Narasimhan, newly appointed director; 

Todd Mowry, professor of computer science and lab director 2004-2007; Mahadev “Satya” Satyanarayanan 

(CS’79, ’83), Carnegie Group Professor of Computer Science and founding director; and dave O’Hallaron, profes-

sor of computer science and electrical and computer engineering and lab director from 2007 until this past July.
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Researchers and staff at Intel Labs Pittsburgh work on the fourth floor of the Collaborative 

Innovation Center on the CMU campus. The proximity makes the partnership “organic,” says 

Priya Narasimhan (center), associate professor of electrical and computer engineering, who 

recently began a three-year stint as the lab’s director
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dwarfing its nearest rival, Advanced Micro 
Devices. With its chips found in Linux-based, 
Windows-compatible and Macintosh personal 
computers, laptops and servers, Intel commands 
about 80 percent of the world’s $37 billion market 
for microprocessors. But computer prices continue 
to fall as mobile and tablet devices command 
more attention from consumers—and as Wall 
Street analysts have recently pointed out, both of 
those factors have the potential to eat into Intel’s 
future profit margins. 

“Intel is a very interesting company, because they 
have to look a long way out in order to build and 
design their products, and they have to have some 
idea of what computers are going to be used for in 
10 years,” O’Hallaron says.

The corporation is betting that the next trans-
formative consumer products will involve cloud 
computing as well as personal robotic devices, 
computer vision and perception—as a result, the 
Quality of Life Technology Center, a federally 
funded research institute run jointly by Pitt and 
CMU, is a major partner of Intel Labs Pittsburgh. 
All of the products that could emerge—robots 
that assist the disabled or telepresence devices 
that allow people to attend meetings remotely—
will require microprocessors and represent new 
markets for Intel beyond desktop and laptop 
computers and servers, O’Hallaron says. “Intel 
is making products that have to work for every-
thing,” he says. “It doesn’t have any particular axe 
to grind, so it’s a perfect job for a researcher.” 

The Pittsburgh lab is a fairly small part of Intel’s 
total international research effort, which encom-

passes everything from semiconductor design 
and manufacturing to computer architecture and 
software engineering. Worldwide, the corpora-
tion spent more than $5.7 billion in research 
and development last year, and it employs 
some 20,000 people doing research at labs and 
manufacturing centers in North America, Europe 
and Asia. By comparison, fewer than two-dozen 
people work at Intel Labs Pittsburgh—indeed, 
because of its relatively small size, it’s sometimes 
called a “lablet.” 

Yet what Intel Labs Pittsburgh lacks in size, it 
makes up for in stature, thanks to its close part-
nership with Carnegie Mellon University. The 
Pittsburgh facility is one of three university-based 
research labs established in 2001 by David  
Tennenhouse, then Intel Vice President and 
Director of Research—the others are near the 
University of Washington and the University  
of California at Berkeley. 

you need to work with an Intel researcher, you 
grab a whiteboard, you grab a researcher and you 
say, ‘Let’s talk.’ The proximity makes the partner-
ship organic.” About 75 faculty members from the 
School of Computer Science and the Carnegie 
Institute of Technology—CMU’s engineering 
school—are currently engaged in research with 
Intel Labs Pittsburgh, and more than 50 CMU 
graduate students last year worked on joint  
projects with Intel.

“That’s an outrageously wonderful number,”  
Narasimhan says. “Find me another industry 
research lab that can boast of those kinds of 
numbers. That cross-pollination tells you not just 
about the spirit of collaboration in this lab, but 
the spirit of collaboration at Carnegie Mellon.”

At times, she says, Intel Labs Pittsburgh feels like 
a start-up company, and she would know. Nara-
simhan founded three technology companies, 
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Intel Labs Pittsburgh, however, is the only one 
located on the partner university’s campus, and 
that makes a huge difference, says Priya Narasim-
han, associate professor of Electrical and Com-
puter Engineering. “It really, really helps,” says 
Narasimhan, who just took a leave of absence to 
begin a three-year stint as the newest director of 
Intel Labs Pittsburgh. “If you have a problem and 

including YinzCam Inc., a Pittsburgh-based firm 
that allows fans sitting in the stands at sport-
ing events to view their own personal instant 
replays on smart phones and other devices. Its 
latest clients include the Pittsburgh Steelers 
and the city’s brand-new Consol Energy Center, 
where the Pittsburgh Penguins begin playing 
hockey this fall.

Dave O’Hallaron

“Intel is a very interesting company, because they have to look a long way out in order to build and design 

their products, and they have to have some idea of what computers are going to be used for in 10 years.”
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Start-up companies succeed when they spot an 
emerging technology and take a chance on it, out-
maneuvering established companies, Narasimhan 
says. “No start-up is risk averse,” she says. “Imag-
ine the kind of things you can do with a scrappy 
little start-up. Well, how much more could you  
do with Intel’s resources behind you?”

The start-up feeling was very much in evidence 
when Intel Labs Pittsburgh launched in 2001, says 
Mahadev Satyanarayanan (CS’79,’83), Carnegie 
Group Professor of Computer Science at SCS and 
the lab’s founding director. “From day one, know-
ing how proximity was essential to serendipitous 
interaction, I insisted we find the closest possible 
location for the lab,” Satya says. The nearest  
office space turned out to be the second floor of  
a convenience store on South Craig Street. 

“To be honest, it was a dump,” Satya says. “We 
had a new lab, run by a company that wasn’t then 
known for its (open) research, and in addition I 
had to show them this place above a Uni-Mart. 
The early researchers who joined us took major 
leaps of faith.”

One of those taking the leap was Phil Gibbons, 
who remembers when Intel Labs Pittsburgh didn’t 
even have the room over the Uni-Mart—it had 
some borrowed space in a corner of Satya’s lab in 
Wean Hall. Gibbons left a research position at 
Bell Laboratories to become one of the first Intel 
employees hired in Pittsburgh. He’s still there, 
nine years later, as principal research scientist.

“We were feeling the corporate pinch at Bell 
Labs, and part of that was a desire to make us more 
short-term relevant to the company,” says Gib-
bons, who worked at Bell Labs for 11 years under 
both AT&T and Lucent ownership. “When I first 
heard about this Pittsburgh lab starting up, it kind 
of rang a ‘bell,’ if you will, because it reminded 
me of what Bell Labs was like when it first started 
up—doing more academic-style research.” Dur-
ing its first half-century, under the benevolent 
ownership of America’s monopoly long-distance 
company, Bell Labs conducted far-reaching 
inquiries into fields that had little to do directly 
with telephone technology—including motion 
pictures, stereo broadcasting, electronic music 
and, most famously, the transistor and the UNIX 
operating system. 

But after the breakup of the Bell System in 1984, 
Bell Labs’ parent company, AT&T, found itself 
competing for customers and revenue with other 
service providers. At Bell Labs, researchers 
now had to focus on protecting profits, and that 
meant less exploratory science and more concern 
over protecting intellectual property. By the 
late 1990s, IP concerns were stifling attempts to 
collaborate with universities, Gibbons remem-

bers. “Essentially, if you could convince a faculty 
member to sign over all of their interests in the 
intellectual property, you could work with them,” 
he says. 

No such red tape hampers collaboration between 
CMU and Intel, thanks to something called the 
Open Collaborative Research, or OCR, agree-
ment. The OCR specifies that both parties jointly 
own any research conducted by Carnegie Mellon 
faculty with Intel. It was devised by Tennenhouse 
and Satya, who remembered the headaches CMU 
encountered while trying to commercialize the 
Andrew File System it developed jointly with 
IBM in the 1980s. Although Carnegie Mellon 
wanted to license AFS to third-party vendors, 
IBM executives were afraid to give any competi-
tors access to the technology, which hampered its 
acceptance, Satya says.

“I learned that giving intellectual property 
ownership to a company was totally deadly from 
our point of view,” he says. When Tennenhouse 
approached CMU about a research partnership, 
Satya and others drew a line in the sand. “I told 
David that unless you’re willing to come to some 
kind of an arrangement (about sharing IP), it’s 
not worth continuing the discussion,” Satya says. 

To his surprise, Tennenhouse told him Intel 
executives were having the same kinds of conver-
sations. And the corporation wasn’t interested 
in having its university labs work on product 
development, which eased fears about letting cor-
porate secrets slip. “David said, ‘We’re interested 
in door-opening research,’” Satya says. “He was 
specifically brought in because Intel wanted to 
take those kinds of risks.”

Although the other university labs also use the 
OCR agreement, the CMU partnership is “abso-
lutely special,” says Limor Fix, a 15-year veteran 
Intel employee who has been in Pittsburgh for 
five years. She’s now served as associate director 
with Narasimhan, O’Hallaron, and Todd Mowry, 
professor of computer science, who directed the 
Pittsburgh lab from 2004–2007.

“This is a dramatically different model of collabo-
ration, and moreover, 10 years later both sides are 
very happy with it—which is very unusual!” Fix 
says. “What we do here is create new things—
possible future directions for Intel.” Working on 
existing product lines “is not what we do,” she 
says. “We’re looking at new markets, investigat-
ing new opportunities.” 

One such inquiry—being conducted with An-
dersen and Intel’s Dina Papagiannaki, Michael 
Kozuch and Madeleine Glick, along with a 
grad student from Rice University—involves 
direct optical switching in data center networks. 
Though data can be transmitted at high speeds 
and at great volumes over fiber-optic networks, 
when it goes from one group of machines to 
another, it eventually has to be converted back 
to electrical signals in a copper wire and move 
more slowly through a conventional switch. 
Traditional data-center networks use a “tree” of 
switches, with racks of computers living along the 
“leaves,” but each switch is a bottleneck, and in 
cloud-computing applications, the inefficiencies 
quickly add up, Kaminsky says.

In an ideal world, high volumes of data would 
bypass this “tree” of switches, moving over faster, 
direct optical links instead. Kaminsky and other 
researchers are working on the algorithms that 
would be necessary to route the traffic. >>>

Priya Narasimhan, associate professor of electrical and computer engineering

“Imagine the kind of things you can do with a 

scrappy little start-up. Well, how much more could 

you do with Intel’s resources behind you?”

Narasimhan is the first director of Intel Labs 
Pittsburgh whose primary CMU affiliation 
wasn’t in SCS. She says the lablet’s research-
ers are supposed to be looking at cutting edge 
problems that are “five, 10, 15 years out.” 
Among those looking into the future is Michael 
Kaminsky, senior research scientist at Intel 
Labs Pittsburgh, who joined the team in 2004 
after earning a doctorate in computer science at 
Massachusetts Institute of Technology. Among 
his current research interests is the “fast array of 
wimpy nodes” being tested by David Andersen, 
assistant professor of computer science (see 
“Technology for a Greener Earth,” The Link, 
Spring 2010). “Wimpy nodes” are less-powerful 
processors running in parallel that can perform 
the same tasks as newer rack-mounted servers, 
but use about one-sixth of the electricity. 
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“A lot of the efficiency gains depend on what 
the traffic looks like,” he says. “If you have a very 
uniform traffic pattern between racks, it’s harder 
to gain efficiency than if you have traffic skew, 
with higher bandwidth demand between some 
pairs of racks.” 

Another of Kaminsky’s projects, being conducted 
with co-principal investigator Dina Papagiannaki 
of Intel along with Andersen, Srini Seshan and 
Peter Steenkiste of SCS, is called Neighborhood 
Aware Networking. NaN imagines a day when 
local network traffic—say, data from one house 
to another in the same housing plan—is passed 
directly along from computer to computer using 
802.11 technology, rather than being sent out 
of the neighborhood to the public Internet, and 
then back into the same exact neighborhood. 
Such an innovation could dramatically speed up 
data transfer while easing the burden on Inter-
net Service Providers, Kaminsky says. Based on 
work with the NaN team, one Carnegie Mellon 
graduate student is currently writing a thesis on 
the use of directional antennas in indoor wireless 
networks, Kaminsky says. 

In fact, more than one CMU student has gener-
ated a master’s or doctoral thesis from work done 
at Intel Labs Pittsburgh. Gibbons says that over 
the past eight years, he’s worked directly with 15 
CMU students who—as a result of those col-
laborations—wound up as primary authors on 
papers submitted to conferences or peer-reviewed 
journals. If Intel benefits from access to Carnegie 
Mellon, the university is reaping benefits as well.

In some ways, Satya says, it’s as if CMU has added 
an entirely new academic department at no cost to 
the university. “The caliber of the people in that 
lab are the same caliber of the people we would 
consider as faculty candidates,” he says. “They 
have the ability to serve on thesis committees or 
mentor grad students. If you have a new idea you 
want to work on, you go down to the Intel Lab and 
have access to all of these high-quality research-
ers. It’s as if the Computer Science Department 
was expanded by the size of the lab.”

Kaminsky, Gibbons and several of their colleagues 
hold adjunct faculty appointments in SCS or 
CIT and mentor both undergraduate and gradu-
ate students, and say they see their role as being 
something like that of a professorship. “Carnegie 
Mellon faculty are very much involved with their 
students, but sometimes we as researchers have 
more time to devote to a particular topic,” says 
Gibbons, who adds that working with students is 
perhaps the thing he likes best about being with 
Intel rather than Bell Labs. “Grad students bring 
tremendous energy, enthusiasm and eagerness to 
their work,” he says.

Intel also hires students as “summer fellows”—not 
interns—to work in the lablet. Since its arrival 
on campus, Intel Labs Pittsburgh has each year 
supported the entire education of several CMU 

In the Loop

grad students, Satya says, and provided supple-
mental funding for others. “We’re talking maybe 
$500,000 to $600,000 per year for 10 years,” he 
says. “That’s a tremendous benefit.” Add to that 
CMU’s access to Intel Lab Pittsburgh’s Open 
Cirrus Cluster, which offers 1,300 processing cores 
and 610 terabytes of disk storage. The cluster, 
housed in the CIC, currently supports 20 different 
projects involving 80 researchers from Intel and 
CMU as well as other universities. 

There are intangible benefits as well, Narasimhan 
says. Working closely with Intel gives CMU facul-
ty insight into emerging issues facing industry, she 
says. “I get passionate about solving real problems 
in the real world,” Narasimhan says. “In academia, 
we sometimes trick ourselves into working on 
problems only because they haven’t yet been pub-
lished. At Intel, we’re not going to waste our time 
chasing fictional problems. It makes our academic 
research more relevant, and that, to me, makes 
sense. You’re learning way more than you can with 
a ‘toy’ lab environment.”

As a result, Narasimhan didn’t think twice when 
she was asked to assume the directorship for three 
years. “When I had a chance to come to work 
here, I thought, ‘Oh my goodness, there isn’t a 
meeting I’ve gone to that I didn’t say, I wish I had 
time to make that field my career,’” she says.

The rotating directorship was designed into the 
university partnerships from the very beginning. 
Fix calls it a “major component” in making Intel 
Labs Pittsburgh successful. “Whenever a new 
director comes in, he or she brings a flow of new 
ideas and additional connections with Carnegie 
Mellon,” she says. “The energy level goes up. And 
it really has established a deep and trusting rela-
tionship between Intel and CMU. Any problem, 
any issue that comes to the table can be solved if 
you’ve worked together for three years and devel-
oped a deep trust.”

There are lessons from the Intel-CMU partner-
ship that should be studied by any university and 
corporation considering a similar effort, Nara-
simhan says. Don’t erect legal barriers to sharing 
intellectual property, make sure that you’re close 
to campus so that collaboration between the lab 
and the faculty is organic, and “tap into the power 
locked in those young student minds,” she says.

As a result, she contends, Intel Labs Pittsburgh 
is poised to benefit the entire Pittsburgh region. 
“Our faculty are becoming known inside the 
highest ranks of Intel,” Narasimhan says. “It gives 
CMU a bigger megaphone, both nationally and 
internationally. In everything we care about in 
computer science and electrical engineering, we 
couldn’t ask for a better partner.”

Jason Togyer is managing editor of The Link. He wrote 
about the university’s Sustainability Series in Computer 
Science for the Spring 2010 issue. Email him at jt3y@
cs.cmu.edu. 

Justine Cassell is the new director of the 

Human-Computer Interaction Institute in the 

School of Computer Science. A member of the 

faculty at Northwestern University from 2003 

to 2010, she was the founding director of its 

Center for Technology and Social Behavior, 

and before that was a tenured professor in the 

MIT Media Lab.

A graduate of France’s Université de Besançon 

and dartmouth College, Cassell earned a mas-

ter’s degree in linguistics from the University 

of Edinburgh and a dual doctorate in linguis-

tics and developmental and cognitive psychol-

ogy from the University of Chicago.

Credited with developing the Embodied Con-

versational Agent—a virtual human capable of 

interacting with people using both verbal and 

non-verbal behavior—Cassell held the AT&T 

Research Chair at Northwestern beginning 

in 2006 and was honored in 2008 with the 

“Women of Vision” award from the Anita  

Borg Institute.

In August, she joined SCS as the newest  

director of the HCII. Cassell recently spoke  

to Link Managing Editor Jason Togyer. 

How did you get from studying literature 
and linguistics to analyzing human- 
computer interaction?

Sometimes I think of it as having been “en-
scienced”—kind of like being “entranced.” 
When I began to study literature, I wanted to 
study people’s natural storytelling ability. As 
a young faculty member at Penn State, I got a 
grant from the National Science Foundation 
to buy the very first piece of video capturing 
software so that I could study how people told 
stories, and compare those with film they had 
just watched. 

Increasingly, I became interested in the  
technology not just as a tool for doing my 
research, but also as a research interest in itself.  
I received a grant to collaborate with folks at 
the University of Pennsylvania and build a 
virtual human and compare different theories 
of the ways that people tell stories using verbal 
and non-verbal cues. 
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At the end of the year I realized I could return to 
Penn State and my job as a professor of French,  
linguistics and psychology, or I could explore this 
new field. That’s when I became a human-comput-
er interaction scholar, and I never went back.

Your work on a virtual human resulted in 
development of the Embodied Conversa-
tional Agent. How might a virtual human or 
ECA complement the research being done at 
the Pittsburgh Science of Learning Center—
particularly in the ongoing development of 
technologies such as the Cognitive Tutor?

ECAs can and do complement pedagogical agents. 
The only issue is that they have to be helpful in the 
experience. The non-verbal behavior has to have 
some intrinsic benefit. 

Sometimes, people stick faces or bodies on things 
because they think it’s going to be “engaging” or 
“cute.” What we know is that while it may hold a 
student’s interest the first time they use the system, 
it’s not going to in the future. To create a really useful 
virtual human, you have to understand how people 
communicate, and integrate those aspects that play a 
role in learning into the pedagogical agent.

How can technology hamper human-to- 
human interaction, and what strategies  
can we use to tackle that?

Technology is not a magic bullet, and for any 
piece of hardware or software that does good for 
the world or improves communication, there’s 
a piece of hardware or software that hampers 
communication or can be used for ill.

One of the goals of the Human-Computer Interac-
tion Institute is to understand how to increase the 
ratio of good technology to bad technology. In 
some cases, we do that by examining technologies 
that already exist—when it comes to crowd- 
sourcing, for instance, the work of Niki Kittur 
comes to mind, along with the early work done 
by Sara Kiesler and Bob Kraut to study the social 
impact of the Internet.

We also do very careful and long-term studies on 
the relationship and integration of these tech-
nologies into the fabric of communities, wherever 
they’ve taken place. By doing that kind of research 
and iteratively re-designing these technologies, 
the field of human-computer interaction improves 
the chances that technology will help communica-
tion and collaboration, and improve opportunities 
for learning and the kinds of learning that take 
place. In this context, Matt Kam’s work is a stellar 
example.
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What attracted you to the SCS faculty— 
and to taking on the position of  
department head at HCII?

What wouldn’t attract me? HCII has a stellar 
faculty in a stellar school of computer science, 
and the school is arranged such that there are so 
many people whom I would love to collaborate 
with in other departments as well. There’s a 
Machine Learning Department, there’s a  
Language Technologies Institute, there’s a  
Robotics Institute—all of the kinds of people  
I work with are clustered at CMU.

In addition, we get really fabulous, passionate 
students—they’re passionate about building 
interfaces, but also passionate about the human 
factor in design. That’s one of the things I hope 
to continue to promote at Carnegie Mellon. 

What do you see as near- 
term future challenges for  
researchers in human- 
computer interaction?

How can technology help the 
elderly have a good quality of life 
as they age? How do we make 
sure that all of society—includ-
ing people with developmental 
and physical disabilities—gets an 
equal chance at a good life? How 
can we make sure that all chil-
dren get equal access to learning, 
regardless of their socioeconomic 
status?

Here, I’m thinking of some of the 
work that Ken Koedinger, Matt 
Kam and Vincent Aleven have 
done with educational software, 
some of my own work on virtual 
peers for children with autism, 
along with the research Jodi  
Forlizzi and Sara Kiesler have 
done on using robots in retire-
ment homes, and that Dan 
Siewiorek has done on mobility 
technologies through the Quality 
of Life Technology Center. 

How can we use technology to  
ensure sustainability—and what  
does it mean to think about technology for a 
green society? Here, I think of the work Jen 
Mankoff and Eric Paulos have done.

All of these are examples of the way the HCII 
works with other parts of SCS to make sure the 
technologies we develop are used for good, and 
that those technologies are as usable as they can 
be and as likely to be used.

Isn’t that a broader challenge for students 
beyond those in HCII? 

I’d like to see every student in SCS take at least 
one HCII class as a way of becoming a better tech-
nologist. You can’t understand how systems work 
without understanding how humans interact with 
each other, and with computers. 

One of the extraordinary things about CMU is 
that Allen Newell and Herb Simon realized from 
the very beginning that human-computer interac-
tion was a key to all of computer science—that 
computers need to be embedded in the human 
world. 

The Link

Justine Cassell
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Gordon Bell (H’10) took risks throughout his career and  computer science is better because of it
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After Bell completed a Fulbright Scholarship 
in Australia, Ken Olsen and Harlan Anderson 
recruited him to their fledgling company, 
Digital Equipment Corp., better known as 
DEC, in 1960. There, Bell began designing 
computer hardware, creating input-output 
devices for the newly launched PDP-1 (for 
“Programmed Data Processor”) and later 
developing the PDP-4 and the PDP-6. The 
PDPs were the first commercially successful 
mid-sized computers, intended to bring 
automation and data processing to businesses 
that couldn’t afford larger mainframes 
produced by bigger companies such as IBM. 
In fact, the PDP-6 turned out to be DEC’s first 
“big” machine—among the first commercially 
available timesharing systems, it could handle 
“words” up to 36 bits long and 18-bit memory 
addressing—features then generally confined 
to much larger machines.

wiring and had built a working electric motor 
from scraps of tin. He knew he wanted to be 
an engineer; when his family took vacations, 
Bell asked to visit power stations with turbines. 
After high school, he enrolled at MIT, earning 
a bachelor’s degree in engineering and then his 
master’s degree in 1957. 

“This was only 10 years after the first major 
computer had been built and I was right (there) 
at the beginning,” he says. “As far as I was 
concerned, they were the most interesting 
artifacts out there.”

The Link 13
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By Meghan Holohan 

Five times a year, computer science professionals 
gather at TTI/Vanguard conferences to discuss 
issues such as cybersecurity and cloud computing. 
At one such conference in 1998, Nicholas 
Negroponte, founder of the Media Lab at the 
Massachusetts Institute of Technology, gave a 
presentation about the Internet. He predicted that 
by 2001, one billion people would be using the 
Internet. 

Sitting in the audience was C. Gordon Bell of 
Microsoft Research’s Silicon Valley lab and a fellow 
member of the Vanguard board. As he listened to 
Negroponte, Bell began running numbers through 
his head. Something didn’t add up. 

So he called Negroponte’s bluff—Bell didn’t think 
there would be a billion users until 2003. And he 
went further—he publicly bet him $1,000 that he 
was wrong.

The two exchanged email to hammer out the 
details, with Bell sending Negroponte a graph 
predicting the number of Internet users based on 
his 1995 figures. (Bell loves graphs and charts. 
He organizes his life with the help of links, charts 
and PowerPoint presentations. Ask a simple 
question, you’re likely to receive a detailed table 
in return.) In 2001, with Bell poised to win the 
bet, Negroponte upped the ante—he bet another 
$5,000 that a billion people would be on the 
Internet by 2002. Once again, Bell won, though 
he says he still hasn’t collected.

A true gambler doesn’t lose track of his bets, and 
Bell is a gambler who knows a good bet when 
he sees it. While others take chances on boxing 
matches, horse races or Super Bowls, Bell bets on 
computers. He seems prescient when it comes to 
computer trends—so prescient that his “Bell’s Law 
of Computer Classes,” formulated in 1972, still 
holds true. Bell’s Law predicts that every 10 years  
a new class of computers will emerge. 

Every decade since, a transformative new 
technology has indeed appeared. The 1970s 
had minicomputers; the 1980s had personal 
computers; the 1990s had Internet-scale 
computers; in the 2000s cell phones and PDAs 
acquired broad computing capabilities; and 2010 
has cloud computing. Bell has now extended 
his law to cell phones and mobile devices—he 
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Gordon Bell (H’10) took risks throughout his career and  computer science is better because of it

optimistically predicts (but won’t bet) that within 
five years, cell phones will store up to a terabyte 
of data, allowing the handheld devices to contain 
nearly everything a person sees and hears.

His early work at Digital Equipment Corp. helped 
invent the minicomputer industry and he gave 
the world the first commercially available time-
sharing computer. As a faculty member in the 
brand-new Department of Computer Science 
at Carnegie Tech, Bell proposed the creation 
of the first multi-processor computers, then led 
construction of a radically different computer, the 
Multi-Mini-Processor, or C.mmp for short. Then 
it was back to Digital, where he led the design of 
the company’s most successful minicomputers—
the VAX series, which remained in production for 
more than a quarter of a century. 

Throughout his 50-year career, Bell’s ability to 
predict computing trends has enabled him to 
pioneer the technologies that have propelled 
computer science forward. This clairvoyance has 
helped establish him as the father of computer 
architecture. In recognition of his lasting 
contributions to computer science and the world, 
Carnegie Mellon awarded Bell an honorary 
doctorate in science and technology at May’s 
commencement ceremony.

“The man is smart—just down to his toes, he 
is smart,” says William Wulf (H’99), AT&T 
Professor of Computer Science at the University 
of Virginia, who was a member of Carnegie 
Mellon’s computer science faculty with Bell  
in the early 1970s.

One of Bell’s more recent collaborators, Jim 
Gemmell of Microsoft Research, calls Bell a 
“geek” in the best sense of the word. “He loves 
the technology, he loves the practical, useful side 
and he gets very excited,” says Gemmell, who 
also appreciates Bell’s personal knowledge of the 
industry. “Here is the guy who (took the industry) 
from mainframes to minicomputers,” Gemmell 
says. “He has a perspective on how things fade and 
how things emerge.”

Bell grew up in Kirksville, Mo., where at age 
six he started working for his father’s electrical 
contracting company. Before he was 10, Bell was 
crawling into tiny spaces under homes to run 

Jim Gemmell

“He loves the technology, he loves the practical, 

useful side and he gets very excited. Here is the guy 

who (took the industry) from mainframes to mini-

computers. He has a perspective on how things 

fade and how things emerge.”
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But while he enjoyed building computers, after six 
years Bell felt he needed a new challenge. “At the 
time, I really wanted to think more about where 
computing was going,” especially in regard to 
computer architecture, Bell says. 

Ivan Sutherland (E’59, H’03), a colleague at DEC, 
told Bell about Carnegie Tech and introduced him 
to Alan Perlis (S’42)—head of the newly formed 
Department of Computer Science—and Allen 
Newell (GSIA’57), then the Institute Professor of 
Systems and Communications Sciences. Bell liked 
what he saw—particularly the chance to help 
shape the new department.

As late as 1966, when Bell arrived at Carnegie 
Tech as an associate professor of computer science 
and electrical engineering, the faculty was still 
creating the CS curriculum. He remembers 
sitting on “half a dozen” national committees that 
were creating the requirements for CS degrees. 
“Looking back, we certainly were developing 
the foundation of what we were going to teach 
and how we were going to teach digital systems 
design,” he says.

At Carnegie Tech, Bell collaborated with 
Newell on the groundbreaking book Computer 
Structures: Readings and Examples, published 
in 1971. Wulf calls the book “one of the first 
influential texts on computer architecture,” 
adding, “that in and of itself has had an enormous 
impact on computer science.”

In the fall of 1968, not long after Carnegie Tech 
merged with Mellon Institute to form Carnegie-
Mellon University, Wulf joined the CS faculty. 
His office was adjacent to Bell’s, and the two 
learned they shared similar interests in improving 
and streamlining computer architecture. They’d 
soon be able to apply their research to a real-life 
problem, close to home. Artificial intelligence—
in particular, speech and vision processing—had 
emerged as major fields of inquiry at CMU, but the 
university’s existing computers weren’t capable of 
handling the necessary calculations or the volume 
of data. A brand-new Digital PDP-10 helped, 
and the university originally planned to acquire 
several and network them together, but a lack of 
funding was holding that back.

dan Siewiorek (second from left, with Allen Newell, center, and Gordon Bell, 

fourth from left) first met Bell while completing his graduate work at Stanford.  

The trio, shown here discussing Cm* in the Wean Hall machine room, co-wrote  

the 1982 textbook Computer Structures: Principles and Examples.

Instead of trying for more PDP-10s, CMU took 
advantage of the interest in system architecture 
among Bell, Wulf and other faculty members, 
and made a radical proposal to the Defense 
Department’s Advanced Research Projects 
Agency. CMU would acquire 16 processing units 
from the newly introduced (but somewhat less 
powerful) PDP-11 minicomputers and link them 
together with a crossbar switch, similar to those 
used in telephone networks. With $1.4 million 
in ARPA funding, they created a precursor to the 
multi-core, parallel-processing computers that 
now, 40 years later, are becoming ubiquitous. The 
new computer was C.mmp, and the operating 
system kernel was called Hydra.

No one in 1971 had yet built any machine using 
more than two processors, says Wulf, who led the 
development along with Bell, Newell, Raj Reddy, 
Bill Broadley and Ron Rutledge. Although Wulf 
was responsible for Hydra—the software side— 
he credits Bell with the concept for C.mmp.

“There is no question that it was sparked by 
Gordon’s essential notion that there could be this 
16-processor computer,” Wulf says. “He really 
thought in very innovative ways. The notion of 
building a 16-processor computer … was just not 
something that anyone else had thought about, 
and it was his idea to do it.” 

Dan Siewiorek, now Buhl University Professor 
of Electrical and Computer Engineering and 
Computer Science at CMU, was a Stanford 
University grad student at the time, using Bell’s 
textbook on computer architecture. Siewiorek met 
Bell for the first time when Bell visited Stanford, 
just about the time that the C.mmp project 
was getting underway. By 1972, Siewiorek had 
followed Bell to Carnegie-Mellon. He eventually 
led the development of C.mmp’s successor, Cm*, 
which linked 50 processors. 

Siewiorek, who recently stepped down as director 
of the Human-Computer Interaction Institute, 
found in Bell a fascinating thinker and innovator. 
“Gordon would be thinking about several things 
at the same time and all the thoughts would come 
out intertwined,” he says. “I would replay his 
thoughts over and over in my mind until I could 
figure out his unique perspectives.”

But by the time C.mmp was coming online 
in 1974, Bell—though still involved in the 
project—was back at Digital, working on further 
development of the 16-bit PDP-11. The original 
concept for the PDP-11 came from the mind of 
Gordon Bell, too, Wulf says. At the heart of the 
PDP-11 was a universal bus called, naturally, 
Unibus. Instead of requiring dedicated input-
output ports for all devices, they shared a bus and 
were mapped to memory addresses instead. And 

Dan Siewiorek

“Gordon would be thinking about several things at the same time and all the 

thoughts would come out intertwined. I would replay his thoughts over and over in 

my mind until I could figure out his unique perspectives.”
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participated in telepresentations, they couldn’t 
make eye contact with the people watching 
them,  which made them less effective. As they 
discussed  the challenges they were facing, Bell 
mentioned that if people had digital presences 
in their workplaces, they should have “digital 
file cabinets,” too. 

William Wulf (H’99)
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“The design of the PDP-11 arose from a lecture 

(Bell) gave at MIT. It was a radically different way 

to access memory and it was brilliant. He just has 

this knack of seeing things in a different way that’s 

very constructive.”

instead of dedicated input and output instructions, 
the PDP-11 used an orthogonal instruction set, 
allowing programmers to use a simple “move” 
command to put any piece of data into any part 
of its memory, including memory that actually 
referred to a device. In this way, data could even be 
transferred directly along the Unibus from an input 
to an output. It was easy to learn, easy to operate 
and even easy to put together. Programmers and 
users loved it.

 “The design of the PDP-11 arose from a lecture 
(Bell) gave at MIT,” Wulf says. “It was a radically 
different way to access memory and it was brilliant. 
He just has this knack of seeing things in a different 
way that’s very constructive.” In 1970, the PDP-11 
became the second machine type (after the PDP-
7) on which the creators of Unix ran their new 
operating system. The wide acceptance of Bell’s 
PDP-11 no doubt contributed to Unix’s longevity.

As advanced as the PDP-11 seemed, Bell was 
already looking ahead. Soon after arriving back at 
Digital as vice president of engineering, he wrote 
a one-page memo, outlining why the company 
needed to develop what became known as “VAX,” 
for “Virtual Address Extension.” Like PDP-11, 
VAX deployed the Unibus and an orthogonal 
instruction set, but VAX would use 32-bit 
addressing (implying huge amounts of memory 
for the day). Bell enlisted some of his former 
CMU graduate students to work on the computer, 
including Bill Strecker (E’66, ’67, ’71), who 
designed the architecture. The first machine—

installed at Carnegie-Mellon in 1977—could 
handle 1 million instructions per second and 
had clustering capabilities that still rival those 
of modern operating systems. The VAX series 
became Digital’s most successful product line ever.

As VAX revolutionized the minicomputer 
industry, Bell’s reputation grew, and more and 
more organizations came to him for his expertise. 
In the early 1980s, along with Xerox and Intel, 
he helped make Ethernet the standard for local 
area networks. Though Ethernet was initially 
developed at Xerox, Bell notes it shares many of 
the features of the Unibus. “A Unibus could be up 
to 15 meters long,” he says. “If you think about it, 
Ethernet is just a 2.5-kilometer Unibus.”

In 1987, Bell joined a task force studying ways to 
open ARPANET—a closed network of computers 
mainly linking universities and government 
agencies—to a wider array of researchers in 
fields beyond computer science. In a paper 
published in IEEE Spectrum, Bell said scientific 
progress required a high-speed worldwide data 
network, and he called on the U.S. government 
to provide the initial funding and access to 
the existing ARPANET protocols. Soon after, 
the first commercial users began linking to the 
ARPANET, and the Internet was off and running. 

Though Bell has shown remarkable foresight 
when it comes to computer architecture, it turns 
out that some things escape his predictions. He 
had no idea that ARPANET would transform into 
the Internet as it exists today.

Bell received an honorary doctorate during the SCS diploma ceremony  

on May 17. To read a transcript of his remarks, visit link.cs.cmu.edu
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“That was one that took me by surprise,” he says. 
“Nobody had a view that, ‘Oh my God, we were 
going to have all these computers and anyone 
anywhere could access these computers and there 
was going to be a plethora of new stuff.’”

Bell’s energy seems boundless and contagious. He 
holds himself and his colleagues to high standards. 
He’ll thump on a table and raise his voice if 
someone presents a poorly conceived plan. Yet 
his desire to excel encourages others to do their 
best. When Bell moved to Microsoft Research in 
1995 to work on telepresence technologies, the 
company hired Gemmell to be—as Gemmell puts 
it—his “wingman.” Gemmell didn’t know much 
about Bell. He found out fast. “It was amazing to 
come to work and learn what an amazing guy he 
was,” he says. 

Like Siewiorek, Gemmell has also come to 
appreciate Gordon Bell’s unique thought process 
and way of speaking. When Bell talks, ideas crash 
together so that a sentence starts on one topic and 
ends on a completely different subject. “He gets 
excited easily when we talk about ideas,” Gemmell 
says. “I remember one person asking, ‘Is he starting 
to get old? He can’t complete a sentence before he 
goes onto the next idea.’” Gemmell explained that 
no, Bell never finishes a sentence. He’s even read 
40-year-old Bell articles, he says, and even then, 
Bell didn’t always finish his thoughts. 

Wulf says that non-linear thought process is one 
reason for Bell’s success. “He really generates ideas 
that are not part of the conventional wisdom and 
not in the main stream of thought,” Wulf says.

At Microsoft, Bell and Gemmell first worked on 
gaze problems in teleconferencing. When people 



That eventually prompted Bell to recall Vannevar 
Bush’s legendary article from the Atlantic 
Monthly, “As We May Think,” which suggested 
that at some point in the future, people would 
record everything they did or saw in an electronic 
filing system that Bush called a “Memex.” With 
large amounts of storage now available at low cost, 
Bell decided a “Memex” was finally a practical 
reality. He could digitally index his life. He began 
scanning documents, and when the task became 
too daunting, he hired a full-time assistant. 
Gemmell developed software to organize and 
store data for the project, which Bell dubbed 
MyLifeBits. 

“Our assignment was for Gordon to live it and for 
me to build the software,” Gemmell says.

Bell didn’t simply scan his work files—he scanned 
everything in his life from his birth certificate 
to his health records to his vacation pictures 
to the covers of his favorite record albums. He 
collects screenshots of every Web page he visits. 
Bell doesn’t possess anything that he doesn’t 
try to digitize. For a while, he wore a camera 
with an infrared sensor that detected when Bell 
was talking to another person and then took 
the person’s picture. Bell also records phone 
conversations for future reference. Bell is always 
looking for ways to improve his life through 
technology. Now, since his life is digitized, he can 
never truly forget any piece of information—he 

can search through his records as fast as other 
people can Google their own names. 

It’s typical Gordon Bell innovation, Wulf says. 
“That is the kind of thing no one else is doing or 
thinking about,” he says. 

MyLifeBits differs from blogging or posting tell-all 
status updates on Facebook or Twitter, Bell says. 
“‘Life-logging’ is not life ‘blogging,’” he says. “My 
biggest concern is privacy. I don’t recommend 
people putting a lot of their life on the Internet.” 
But as massive amounts of storage become cheaper 
and more readily available, Bell suspects more 
people will digitize their lives. 

Digital health records recorded throughout a 
person’s life would be an enormous help to doctors, 
Bell says. He’s convinced that “life-logging” will 
eventually become commonplace. He might bet 
on it—if he finds any takers. Last year, Bell and 
Gemmell wrote about their research in the book 
Total Recall: How the E-Memory Revolution Will 
Change Everything.

When it comes to betting, Bell has an amazing 
track record. Like everything else, Bell has kept 
meticulous track of his wagers, and has a chart to 
indicate that he’s only ever lost twice. But Bell 
has confided at least one mistake to Gemmell. 
When Bell returned to MIT after his Fulbright 
in Australia, he spent a year working on speech 
recognition technology. He considered pursuing 

a Ph.D. in speech research, but abandoned it 
because he thought it wouldn’t be a reality for 
“another 20 years.” Besides, Bell says, as an 
engineer, he wanted to build things people would 
actually use. 

Voice-controlled systems remain rudimentary, and 
Bell recently told Gemmell, “I was wrong, because 
it was more like 50 years out.”

Otherwise, it’s not a good idea to bet against 
Gordon Bell. He’s got the charts to prove it.

Meghan Holohan is a Pittsburgh-based science and  
technology writer and a frequent contributor to Mental-
Floss.com and other websites. She wrote about digital 
art and data mining in the Spring 2010 issue of The 
Link. Jason Togyer, Link managing editor, and Philip 
Lehman, SCS associate dean for strategic initiatives, 
contributed to this story. Special thanks to Jennie  
Benford of University Archives for her assistance  
locating early source documents. 
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After leaving dEC, Bell 

served as the first assistant 

director of the newly created 

Computer & Information 

Science directorate at the 

National Science Foundation. 

He received the National 

Medal of Technology in 1991 

from President George H. 

W. Bush during a ceremony 

in the White House Rose 

Garden.
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2. Allied Non-Majors: A number of other 
students take multiple courses in computer 
science. These include all of the electrical 
and computer engineering majors (around 
150 per year), plus some students in math, 
science, other parts of engineering, and even 
some in such diverse majors as architecture, 
psychology and philosophy. These students 
can be distinguished from the other non-
majors by the fact that they take at least 
one of our “core” courses, typically 15-211 
(algorithms and data structures) or 15-213 
(computer systems). Some Electrical and 
Computer Engineering (ECE) students take 
many more CS courses, covering a large 
fraction of the undergraduate program. 
Around 30 students each year fulfill the 
requirements to receive a minor in computer 
science. All told, there are around 200 
students per year whom we would classify  
as “allied non-majors.” 

3. Other Non-Majors: Over 600 students 
per year take one or two computer science 
courses without any plan to go beyond 
an introductory level. Many of them are 
required to take at least one CS course as part 
of their degree requirements. This includes 
around 50 students per year enrolled in 

the Information Systems program in the 
School of Humanities & Social Sciences. 

The diversity of the students we encounter has 
significant repercussions for how we structure 
our introductory courses. For one thing, the 
sheer number of students taking introductory 
courses stresses our teaching resources. For 
another, over half of our students never go 
beyond an introductory level. What we teach 
them in their first course will define their entire 
concept of the field of computer science. 

We must satisfy the educational needs of a wide 
variety of students, ranging from those wishing 
to pursue computer science for the rest of their 
lives to those hoping to get by with minimal 
exposure. And we must structure our course 
sequences to be compatible with a number  
of different educational programs.

Providing an educational  
model for the world 
In addition to educating our own students, 
Carnegie Mellon has the opportunity, and 
perhaps the duty, to inform the world with 
a vision for computer science education. 
For example, Jeannette Wing’s writings on 
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Research Notebook

Introductory Computer Science  
Education: A Dean’s Perspective
By Randal E. Bryant, Klaus Sutner and Mark J. Stehlik

The School of Computer Science is planning 
major revisions to its introductory course sequence 
in ways that will affect not just our own students, 
but also the many students from across campus 
who take computer science courses. A committee 
of computer science faculty, chaired by Bob 
Harper, has done a careful analysis of our current 
course structure and proposed important changes. 

Over the years, undergraduate education has 
taken an increasingly higher priority among our 
faculty, and we take great pride in the quality of 
our program. Given the success of our current 
program, a natural question to ask is “Why change 
it?” Both our students and their employers are 
very pleased with the outcomes of our program. 
In making any changes, we must take care not to 
unintentionally cause harm. 

Three main factors motivate our desire for 
change—one concerning how we communicate 
an intellectual vision for computer science, one 
concerning the changing ways that computers get 
used and one concerning how computer systems 
are constructed. 

Whom we serve 
The School of Computer Science provides 
computer science education for almost the 
entire campus. Every semester, we have around 
900 students taking our introductory courses, 
including students from all six colleges offering 
undergraduate degrees. 

Considering that the university has around 
1,450 entering undergraduate students every 
year, and even accounting for the fact that some 
students take two introductory courses, we can 
see that our courses engage a large fraction of the 
undergraduate students at some point in their time 
here. We can partition the students taking our 
courses into three general categories:

1. CS Majors: Our undergraduate program 
enrolls 130–140 students per year. They are 
admitted directly into our program as entering 
freshmen. Their backgrounds range from 
students who have never written a line of code 
in their lives to ones who have developed 
commercial software. 
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ways of formulating and solving computational 
problems, yielding a rigorous discipline with a 
well-defined intellectual core. 

The principles embodied in this core can inform 
other disciplines, including math, science and 
engineering, as well as aspects of humanities, arts 
and business. We would like to pursue Jeannette’s 
vision by bringing elements of computational 
thinking into our introductory computer science 
courses, especially those targeting non-majors. 

Increasing software reliability
 There is a growing sense that we must inject 
greater discipline into the software development 
process. As computers are increasingly used 
to control critical resources, such as heart 
pacemakers, antilock braking systems and the 
national power grid, a simple bug can literally 
cause people to die. In addition, most security 
breaches in computer systems occur due to poorly 
written programs. With the increasing number 
and sophistication of malicious adversaries in 
the world, systems are exposed to a very hostile 
testing environment that is likely to uncover 
even the most obscure bugs. Inspired by the work 
of Edmund Clarke, we believe it is important to 
introduce students to the tools and techniques by 
which they can reason about and evaluate their 
programs right from the start. 

We want students to be able to argue both 
formally and informally that their programs will 
run under all possible conditions. We want them 
to understand the logical methods by which they 
can reason about programs, and to be familiar 
with the growing collection of tools that can aid 
systematic program development. 
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computational thinking have inspired educators 
worldwide. We historically have played a major 
role in designing the advanced placement 
exams for computer science. Our Alice Project 
has demonstrated that young people can learn 
the concepts of programming in the context of 
computer-game construction and storytelling. 
Our success at increasing the number of young 
women involved in computer science has gained 
widespread recognition. 

How we teach introductory computer science is 
especially important in this role as an educational 
model. When students learn computer science 
in high school, a primary objective is to gain 
advanced placement, skipping over one or more 
college-level courses. Right now, the advanced-
placement exam is largely a test of elementary 
programming in Java. High school teachers are 
highly motivated to “teach to the test,” and 
consequently students are given a very skills-
oriented perspective on computer science. 

This conveys a message to many high school 
students—the ones we want to recruit—that 
computer science has little intellectual content, 
and that careers are limited to sitting in cubicles, 
churning out code. Students also see this path as 
providing weak prospects, as those jobs can readily 
be outsourced to lower-wage countries. Thus, 
how we teach introductory computer science has 
a ripple effect on how society views computer 
science as an intellectual discipline. 

Overall, universities in the United States saw 
steep drops in enrollments in computer science 
programs, after peaking during the “dot-com 
boom.” At Carnegie Mellon, we saw this as a 
drop in the number of students applying to the 
computer science program from an all-time high 
of 3,237 in 2001 to a low of 1,732 in 2005. Our 
applicant pool has since returned to a healthy 
level, with 3,026 students—the second-highest 
number ever—applying to enter in 2010. (Because 
we have the luxury of selecting only the top 
applicants, we have maintained a steady rate of 
130 to 140 entering students per year without 
compromising on quality.)

Nationally, the number of students deciding to 
major in computer science has risen only slightly 
in the past few years. Yet the U.S. Bureau of Labor 
Statistics forecasts that between 2008 and 2018, 
almost 75 percent of the nation’s new science 
and engineering jobs will be in computing fields, 
while just 16 percent will be in other engineering 
disciplines. Although close to 140,000 job 

openings in computing fields 
are forecast during that time, 
they project that only 50,000 
students will receive degrees 
in computer science and 
related areas. 

Another unfortunate 
trend is that computer 
science courses are rapidly 
disappearing from our 
nation’s high schools due 
to budget pressures, the 
need to devote all resources 
to achieving the metrics 
imposed by the No Child 
Left Behind Act, a lack 
of qualified teachers and 
a lack of interest on the 
part of students. As a consequence, although 
our enrollment numbers are strong, many of our 
incoming students have had little opportunity to 
program computers. Thus, we must continue to 
accommodate a wide range of prior experience 
among students taking our introductory computer 
science classes. 

Major efforts are underway by the Association 
for Computing, the Computing Research 
Association, the National Science Foundation 
and even the Department of Defense to find 
ways to infuse an appreciation and excitement 
for computer science in middle and high 
school students in the United States, through 
experiences both within and outside of the 
classroom. As an institution that wants to be 
viewed as one of the thought-leaders for the field, 
we would like to play a role in these efforts. A 
first step is to make sure our introductory courses 
provide a more inviting picture of the meaning of 
“computer science.” 

Promoting computational 
thinking
We believe that, even for non-majors, our 
introductory courses can serve the dual roles of 
providing a useful set of computer science skills 
while also providing a rigorous grounding in 
computational thinking, enabling students to 
acquire new skills throughout their careers. 

Computational thinking, a term coined by 
Jeannette Wing, refers to the set of concepts and 
strategies used by computer scientists to formulate 
and solve problems. The term captures the idea 
that computer scientists have developed unique 
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Preparing for a world of   
parallel computation
Maintaining the rate of improvements to 
computer performance we have experienced 
since the 1950s will soon require that we write 
programs that can exploit parallel computation. 

While the number of transistors that can be 
integrated onto a chip continues to double every 
18–24 months, semiconductor manufacturers are 
no longer able to design circuits that will execute 
individual code sequences much faster. Instead, 
they have shifted to a strategy of increasing the 
number of independent processors, or cores, 
integrated on to a single chip. Making a program 
run faster now requires that it be written in such 
a way that multiple parts can be executed in 
parallel. 

With the exception of several upper-level and 
graduate courses, our current presentations of how 
computers operate, how they are programmed and 
what constitutes an efficient algorithm are based 
on a purely sequential model. As championed 
by Guy Blelloch, we want our students to think 
about how to decompose a problem such that 
many parts of the problem  
can be solved in parallel. 

Opportunities for parallelism also arise in lower-
level forms, where entire vectors of data can be 
processed in parallel. We must therefore shift 
to models that expose the many opportunities 
parallel execution within computations. 

Our plan for revising (and renumbering) our 
data structures and algorithms course is to teach 
students to think parallel. By this we mean that 
every aspect of how programs are expressed, how 
they are analyzed, and how they are optimized will 
be reworked to consider:

1) How they would perform if there were 
unbounded computing resources, and 

2) How they would perform if limited to n 
processors, with sequential execution being 
the special case of n =1.

The course will present traditional key 
algorithmic techniques such as divide-and-
conquer, dynamic programming and greedy 
methods, as well as ones specifically oriented to 
parallel computation, such as contraction and 
map/reduce.

Proposed changes
Our introductory courses should present the 
core concepts of computer science, conveying 
the principles of computational thinking. Even 
though we cannot delve into them deeply, we 
can provide enough coverage to demonstrate the 
intellectual and practical value of the principles 
of computer science. 

We will still teach students how to write 
programs, since programming provides the tools 
to actually try out computer science concepts and 
make them more concrete, but we must not let 
the mastery of programming skills be the principal 
focus. We also recognize the desire of other 
departments to have students be able to write 
programs to solve problems in their domains.

Figure 1 highlights the proposed introductory 
courses and several of the follow-on core courses:

15-110: Principles of Computer Science. An 
introduction to computer science, based on the 
principles of computational thinking. Many 
taking this course will be non-majors, but we 
will also use it as the entry point for any entering 
student with limited programming experience, 
as indicated by the dashed line from 15-110 to 
15-122. 

15-122: Principles of Imperative Computation. 
Introduces students to methods for writing 
and reasoning about programs written in an 
imperative style, where each step of computation 
updates some portion of the program state. The 
course will go beyond our current Java-based 
introductory programming course (15-121) to 
include elementary algorithms and data structures 
and how to systematically reason about program 
behavior, for example by expressing invariant 
properties of loops. 

15-150: Principles of Functional Computation. 
Introduces students to methods for writing and 
reasoning about programs written in a functional 
style, where a computation is realized as a nested 
sequence of function calls, each call defining a 
map from inputs to outputs, but not altering any 
state. The course covers methods to define and 
reason about data types, infinite data structures 
and higher-order control constructs. The material 
will be based on the current 15-212 course, which 
will be discontinued. 

15-210: Fundamental Algorithms and Data 
Structures, along with supporting theoretical 

foundations and practical applications. Our 
existing data structures and algorithms course 
(15-211), but totally revamped to include ways to 
reason about and optimize their performance on 
both sequential and parallel machines. 

15-213: Introduction to Computer Systems. 
Our existing course introducing students to 
how computer systems execute programs, store 
information and communicate, presented from a 
programmer’s perspective. This course will remain 
largely unchanged. 

15-214: Principles of Software System 
Construction. A new course that will cover the 
methodology for designing large-scale software 
systems, including object-oriented programming, 
concurrency and component-based software 
reuse. The box for this course is shaded in gray, 
since much about this class has not been resolved, 
including its name, course number, prerequisites 
and content. 

The two major changes to the overall course 
structure are moving our coverage of functional 
computation to an introductory course that 
precedes the data structures and algorithms 
course, and creating a new course on software 
system construction. The first change is based 
on our belief that a functional perspective 
should be a key part of expressing and reasoning 
about parallel computation. The second is in 
recognition of the need to better prepare students 
for the complex software systems they will 
encounter in their careers. 

Conclusions 
Although there are many details to work out, we 
are moving ahead with a revised set of introduc-
tory computer science courses that we believe will 
better serve majors and non-majors alike, and will 
put Carnegie Mellon at the intellectual forefront 
of computer science education. 

We will shift away from a focus on the mechanics 
of programming and instead cover the general 
principles of computer science, based on the 
theme of computational thinking. We will have 
students learn to reason about programs in more 
systematic ways, recognizing the increasing need 
for secure and reliable programs. We will prepare 
students for a time when parallel computing 
becomes the main method by which we can con-
tinue to push the limits of computer performance. 

To read the entire report, visit link.cs.cmu.edu.
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Alumni Relations
From the Director

Tina M. Carr (HNZ’02)

SCS Director of  Alumni Relations

tcarr@cs.cmu.edu

Who says getting 
there is half the 
fun? For the 
seventh year, 
SCS and ECE 
held joint alumni 
events all around 
the country this 
summer, and 
believe me, the 
traveling wasn’t 
the fun part. 
Instead, I enjoyed 
meeting you, your 
friends and family. 
It’s great to see not 

only familiar faces, but new ones as well. There 
were several new stops on the tour this time 
around (San Diego, L.A. and Portland). From 
Seattle to Boston, I’m pleased to say that this 
summer was the most successful series of alumni 
events we’ve ever had!

If you haven’t attended one of our alumni 
events, you’re missing a wonderful opportunity 
to network with your classmates, renew old 
acquaintances and relax with wonderful 
company. 

We send our invitations via email, so in order to 
receive the event notices we need to have your 
current contact information. Be sure to check 
your current information via Carnegie Mellon’s 
Alumni Connections website (alumni.cmu.edu) 
or feel free to send me an email. 

If you don’t see yourself or someone you know in 
any of these photos, check out the online photo 
gallery at link.cs.cmu.edu.

And as always, I welcome your feedback. Email 
me at tcarr@cs.cmu.edu or  
better yet, join me the next 
time we’ve scheduled an 
alumni event in your area!

Snapshots of  a Successful Summer

More than 60 SCS and ECE alumni and their families 

joined us June 26 at The OASIS on Lake Travis, 

including Eric Stuckey (CS’97) and his daughter,  

Fiona. Also enjoying the sunset were Charlie 

Krueger (CS’89,’97) and his wife, debbie.

Austin, Texas

Half Moon Bay, California

Our return July 3 to Sam’s Chowder House south of San Francisco was once again wildly successful, with 

more than 240 people attending a beach BBQ in near perfect weather! 

San diego, California

On July 8, about 40 members of the 

extended CMU family who work for 

Qualcomm joined us for a luncheon 

on the company’s campus, including 

student interns. (We prefer to call 

them “future alumni”!) From left are 

Randeep Kapoor (CS’06), Jorge Astorga 

(E’10), Lisa Kleinman (HS’99) and Josh 

Clemm (CS’08).
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By Mark dorgan 

Jonathan Betz (CS’99) remains an active Carn-
egie Mellon alumnus for many reasons—he’s got 
fond memories of what he calls “tremendous” 
teachers and role models, of working as a student 
representative on the SCS curriculum committee 
… and of painting a “Dukes of Hazzard”-themed 
booth with his fraternity brothers during a snow-
storm one April. 

A member of the SCS Alumni Advisory Board, 
Jonathan is vice president of engineering for  
Yext, which helps small business owners target  
advertising to web surfers in their areas. He’s also 
a principal at Hudson River Angels, an early-
stage investment group for technology compa-
nies. He previously worked as senior director of 
engineering at Clickable and was an engineering 
manager with Google for five years.

Giving Back Emerging Leaders is a spring semester program 
for first-year undergraduates that helps them 
explore their personal and professional goals 
and values. Leadership and personal develop-
ment has always been important to both Jona-
than and Lisa Betz. “Lisa’s professional back-
ground is in student development, which has 
a strong focus on leadership and citizenship,” 
Jonathan says, adding that his own experience 
in Emerging Leaders was another motivating 
factor. “It was an epiphany for me,” he says. “For 
the first time, I had the realization that I have a 
talent for leading people, that I could develop 
that talent, and that talent would be valuable 
to others. If I hadn’t made that realization at 
CMU, I expect my career would have taken 
a very different, and less satisfying, trajectory, 
but the Emerging Leaders program set me on a 
different course.”

Jonathan and Lisa’s gifts were made as part of 
Carnegie Mellon’s “Inspire Innovation” cam-
paign, which recently topped the $655 million 
mark. To find how you can help the School 
of Computer Science through scholarships, 
fellowships, faculty support or gifts toward the 
Gates and Hillman Centers, please contact me 
at mdorgan@cmu.edu or call me at 412-268-
8576. You can also learn more about the Inspire 
Innovation campaign by visiting www.cmu.
edu/campaign.

—Mark dorgan is executive director of major gifts 
and development liaison for the School of Computer 
Science.
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What compels Jonathan to stay involved with 
CMU and SCS? Giving back, he says, is one way 
to pay down the “karma debt” he has incurred 
from his education. Staying connected to faculty 
and students, Jonathan says, also keeps him 
connected to what he calls “boil the ocean” 
research—work that creates whole new fields or 
overturns conventional wisdom. “I continue to 
meet fantastic people through CMU,” Jonathan 
says. “Just last year, I met Art Boni, of the Entre-
preneurship Center in the Tepper School, and I 
find any conversation with Art about startups to 
be amazingly stimulating and engaging. Through 
CMU, I’ve met dozens of alumni doing phenom-
enal work in areas including computer science, 
the life sciences and finance.”

As an alumni volunteer, he’s also helped recent 
Carnegie Mellon undergraduates transition from 
the academic world to the work environment. 
“Through programs like resume reviews, under-
graduate class partners and some talks I’ve given 
on campus, I’ve had the chance to connect with 
dozens of undergrads and give them some insight 
into what’s coming after school, and what they 
can do at school to be ready,” Jonathan says.

Another way that Jonathan and his wife, Lisa, 
have given back to the university has been 
financially. They’ve made gifts to support both a 
seat in the Rashid Auditorium and the Alumni 
Advisory Board’s efforts to name three offices in 
the Gates and Hillman Centers. They’ve also 
recently created an endowment that will support 
the university’s Emerging Leaders program.

Bugfix: due to an editing error (mine), the 
Alumni director’s Message in the Spring 2010 
issue of The Link gave an incorrect figure  
for the number of alumni volunteers in the 
Carnegie Mellon Admission Council. The 
sentence should have read, “an organization 
of nearly 1,000 alumni.” The mistake was  
introduced during production and did not  
occur in the original story.  
—Jason Togyer (HS’96), Managing Editor

Seattle, Washington

More than 70 SCS and ECE alumni and their families 

joined us July 17 for a cruise on Lakes Washington 

and Union, including Mark Taylor (CS’84) and Rick 

Campbell (CS’89).

Portland, Oregon

Intel’s Jones Farm campus in Hillsboro, just outside 

of Portland, was the site of another successful event 

for Carnegie Mellon alumni. About 60 people—all 

Intel employees—joined us for the inaugural alumni 

lunch, including George Cox, a longtime friend of 

Carnegie Mellon and strategist/architect at Intel’s 

Communication Group. He’s shown here talking with 

Anupama Suryanarayanan (E’08).
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motion-planning software will allow rovers to move 
more quickly in a safe manner, he says, so they’ll spend 
less time picking their way across the landscape, and 
more time doing useful experiments and exploration. 

“A fundamental challenge in motion planning in-
volves balancing model accuracy with computational 
complexity,” Howard says. “In other words, you need 
to decide how good your decisions need to be, versus 
how much time you want to spend figuring it out.” 

While much of his daily work includes developing 
and testing algorithms in laboratory simulations, 
some of Howard’s toughest problems involve field 
experimentation, because in the real world, it’s dif-
ficult to change one variable while holding all of the 
other ones constant. “Simulation is an important step 
in the development process, but fundamentally, (the 
software) has to work in the real world,” he says.

Fortunately, Howard received excellent hands-on 
experience at Carnegie Mellon as part of the Tartan 
Racing team that won the 2007 DARPA Urban Chal-
lenge for driverless vehicles. Working under team 

Thomas Howard

leader Red Whittaker, Fredkin Professor of Robotics 
and director of the Field Robotics Center, was “inspir-
ing,” Howard says. “I remember Red saying, ‘If you 
haven't done everything, you haven't done anything.’ 
He really stressed developing reliable systems, doing 
quality research and testing thoroughly.”

Alonzo Kelly, associate professor of robotics, also 
served as a mentor and co-advisor while Howard was 
a graduate student working on projects at CMU’s 
National Robotics Engineering Center in Lawrencev-
ille. “Al taught me how to do robotics research and 
provided many opportunities for me to apply my work 
on a variety of robots,” Howard says. “He really helped 
me understand the fundamental challenges in mobile 
robot motion planning, navigation and control.”

If the novelty of working at JPL hasn’t worn off, neither 
has living in a warmer climate for Howard, a native of 
Rochester, N.Y., and his wife, Vicki. “We spend a lot 
of time exploring Southern California right now,” he 
says, “because it’s all still new to us.” 

— JT

Aaron Eppolito

Some teenagers have a hard time thinking of a 
career path. Not Aaron Eppolito—he had trouble 
settling on just one.

“For a while I wanted to be an architect,” he says. 
“Then I wanted to be an acoustical engineer.” Even-
tually, Eppolito arrived at Carnegie Mellon with his 
choices narrowed to just two: music and computer 
science. So he did both, earning dual bachelor’s 
degrees.

“I loved that CMU had a top-flight music school 
and a top-flight computer science school,” Eppolito 
(A’99, CS’99) says. “It’s what made me go there—
those kinds of cross-training opportunities for stu-
dents are in the culture, even for people who weren’t 
doing such a loony double-degree as mine.”

Eppolito, an alumnus of the prestigious American 
Boychoir School, enjoys music as much as working 
with computers. As a software engineer at Apple, he 
melds both interests. Eppolito is responsible for the 
audio components of the company’s Final Cut  

Studio, a video-editing suite that’s used for produc-
tion of everything from local TV newscasts to 
big-budget blockbuster movies.

Besides singing, Eppolito also plays piano, drums, 
guitar and bass, and before taking a job at Apple 
seven years ago, he worked for E-mu Systems, which 
makes synthesizers, keyboards, drum machines and 
other digital instruments. His musical background 
keeps him “in tune” (pardon the pun) with Final 
Cut’s users. One of Eppolito’s roles is meeting with 
Hollywood studios and talking with them about  
how they do their jobs.

“Henry Ford once said something like, ‘If I’d 
asked people what they wanted, they'd have said a 
faster horse,’” Eppolito says. “It’s one thing to ask a 
customer what they want, but it’s another to look at 
what they’re trying to do, figure out what they need 
to achieve, and see if there’s a better way to do it.”

His experience at Carnegie Mellon—where he 
mingled with students from a variety of disciplines—

was invaluable, Eppolito says. “I got a well-rounded 
sense of what other people do, and that’s important 
to me in my day-to-day work, because it helps me put 
myself in the end-user’s shoes.” 

Computer science allows him to use both the 
creative and analytical sides of his personality, he 
says. “It’s funny how many people who are capable 
in the computer realm are either musical or artistic,” 
Eppolito says. “People don’t realize that it uses similar 
parts of the brain, I guess, but probably my favorite 
part of computer science is finding creative solutions 
to problems.”

In his free time, the East Coast native enjoys explor-
ing the back roads of California, hiking and taking 
pictures—and every now and again he can still be 
found performing. —Jason Togyer (HS’96)
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When Thomas Howard (CS’06,’09) tells people that 
he’s working at NASA’s Jet Propulsion Laboratory, 
they generally have two questions: “When does the 
next rover go up, and what’s it going to do?”

Howard, who’s working on control systems for rovers 
that may be used on future missions, enjoys answering 
those kinds of questions. “JPL is an exciting place,” 
he says. “The novelty and thrill of working here has 
definitely not worn off.” 

As a research technologist in JPL’s Robotics Software 
Systems Group, Howard develops software that 
enables unmanned vehicles—including future space 
robots—to carefully navigate cluttered, dangerous 
environments without human intervention. Better 
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B.F.A., Music Performance, Carnegie Mellon University, 1999

B.S., Computer Science, Carnegie Mellon University, 1999

B.S., Electrical and Computer Engineering, University of Rochester, 2004

B.S., Mechanical Engineering, University of Rochester, 2004

M.S., Robotics, Carnegie Mellon University, 2006

Ph.d., Robotics, Carnegie Mellon University, 2009
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She’s back! 
Jeannette Wing 
has returned 
to Carnegie 
Mellon to once 
again head 
the Computer 
Science 
Department. 

On July 1, 
the professor 
affectionately 
nicknamed “the 
Dragon Lady” 
by her students 

returned to SCS after nearly three years at the 
National Science Foundation as assistant director 
of the Computer and Information Science and 
Engineering Division.

“We are all excited to have someone with 
Jeannette’s technical and leadership talent 
guiding the activities of the stellar group of 
faculty, students and staff in CSD,” says Randy 
Bryant, SCS dean. “Having a strong computer 
science department is critical for the success of 
SCS and the entire university.” 

Wing, the President’s Professor of Computer 
Science and an SCS faculty member since 1985, 
oversees CSD’s 70 faculty members and 135 
graduate students, and as department head plays 
a major role in the SCS undergraduate program, 
which includes nearly 600 students. She succeeds 
Peter Lee, who stepped down as department 
head in August 2009 and who was recently 
named managing director of Microsoft Research 
Redmond.

Though she may not have been in Pittsburgh on a 
day-to-day basis, Wing’s presence was felt at CMU 
for the past three years, as well as in computer 
science departments across the country, says Mark 
Kamlet, executive vice president and provost. 
CISE is “by far the largest source of federal 
funding for computer science research,” he says. 
During Wing’s tenure, CISE’s budget increased 
17 percent to $619 million. The agency provides 
80 percent of all federally funded research in 
computer science.

“For almost three years now, Jeannette has 
had a powerful influence on computer science 
nationwide,” Kamlet says. “It is good to know that 
her strong, steady hand will again be leading our 

Jeannette Wing returns to lead CS department

Jeannette Wing
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DARPA funds project to boost K-12 interest in science, technology

Students in America’s elementary and high schools love robots and computer games. A new four-year 
initiative being spearheaded by SCS will try to leverage that interest into careers in computer science  
and engineering.

The $7 million initiative, called Fostering Innovation through Robotics Exploration, or FIRE, is 
sponsored by the Defense Advanced Research Projects Agency and designed to reverse a significant 
national decline in the number of college students majoring in the so-called “CS-STEM” fields—
computer science, science, technology, engineering and mathematics. That’s raising concerns about  
U.S. competitiveness in technology and manufacturing. 

The trend is particularly pronounced in computer science, where the number of graduates dropped  
43 percent from 2004 to 2007 and where women and minorities remain underrepresented.

FIRE will develop new tools that enable middle and high school students to expand upon their interest 
in robots, leading them from one CS-STEM activity to the next. The initiative will target robotic 
competitions that already are popular among secondary school students, but also will create new 
competitions for autonomous, multi-robot teams and for computer animations that will attract a  
broader array of students and offer new challenges.

SCS News in Brief

Computer Science Department, which has long 
set the standard for computer science education 
and research.”

Wing, who headed CSD from 2004 to 2007, 
is an alumna of the Massachusetts Institute 
of Technology, where she earned bachelor’s 
and master’s degrees in electrical engineering 
and computer science and a doctorate in 
computer science. She began her career as an 
assistant professor at the University of Southern 
California and has worked or consulted for 
AT&T, Xerox’s Palo Alto Research Laboratories, 
Jet Propulsion Laboratory and Microsoft.

A fellow of the Association for Computing 
Machinery and the IEEE, Wing this year was 
elected a member of the American Academy of 
Arts & Sciences.

As an educator, Wing has championed the idea 
that computational thinking, which draws on 
fundamental concepts of computer science to 
solve problems, design systems and understand 
human behavior, should be incorporated broadly 
into educational programs. She launched a 
Center for Computational Thinking at Carnegie 
Mellon in 2007 and, at the NSF, established 
funding programs to advance computational 
thinking.

Prior to becoming CSD head in 2004, Wing 
served five years as SCS associate dean for 
academic affairs, overseeing and standardizing 
the school’s nine doctoral and 12 master’s degree 
programs. She also served nine years as associate 
department head for the doctoral program in 
computer science. 

B.S., Electrical and Computer Engineering, University of Rochester, 2004

B.S., Mechanical Engineering, University of Rochester, 2004

M.S., Robotics, Carnegie Mellon University, 2006

Ph.d., Robotics, Carnegie Mellon University, 2009
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CMU researchers are leading a three-year, $7.1 
million effort to develop a next-generation 
network architecture that fixes security and 
reliability deficiencies now threatening the 
viability of the Internet.

The eXpressive Internet 
Architecture Project, or XIA, will 
include intrinsic security features 
so that users can be assured that 
the websites they access and the 
documents they download are 
legitimate.

One of four new projects funded 
through NSF’s Future Internet 
Architecture Program, XIA also 
will include features that helps users find the 
content they seek wherever it’s most accessible, 
speeding information retrieval while easing 
network traffic.

Peter Steenkiste, professor of computer science 
and electrical and computer engineering at 
Carnegie Mellon, is the principal investigator for 
XIA. He says many building blocks for correcting 
the Internet’s deficiencies have been developed 
by various researchers. Putting them together 
into a usable, working system remains a major 
challenge, though researchers expect to have a 
prototype operating within a year. 

“Obviously, a lot of wisdom is embedded in the 
current Internet and we’ll retain that,” Steenkiste 
says. “But parts of it are clearly broken and can’t 
be fixed with incremental steps.”

XIA will identify documents using hash values 
so that computers can mathematically determine 
whether the files they’re receiving are authentic 
or have been altered. It also will incorporate 
public key cryptography to determine whether 

websites are legitimate. These 
security features are designed to 
reduce denial-of-service attacks, 
phishing attacks and message 
hijacking.

And XIA proposes a radically 
new model of transferring content 
between users. Rather than strictly 
handling communication from 
host to host—the current Internet 
model—XIA will enable users to 

retrieve the same data from numerous computers, 
which could reduce network traffic by eliminating 
redundant downloads. “And in 10 or 20 years, 
users may want to address packets to something 
other than hosts or contents, something we can’t 
imagine today, so XIA will be able to accommodate 
communication with these as-yet unknown 
entities,” Steenkiste says.

In addition to Steenkiste, project researchers 
include David Andersen, Srinivasan Seshan and 
Hui Zhang of the Computer Science Department; 
Aditya Akella of the University of Wisconsin; 
and John Byers of Boston University. Other 
Carnegie Mellon investigators include Adrian 
Perrig of CyLab, David Feinberg of CSD; Sara 
Kiesler of the Human-Computer Interaction 
Institute; and Jon Peha and Marvin Sirbu of the 
Engineering and Public Policy Department. 

First gigapixel image conference 
slated for November

Scientists from around the world will gather at CMU 
in November to discuss ways in which ultra-high-
resolution digital images are helping them advance 
their research.

The conference Nov. 11–13 is sponsored by the 
Fine Foundation of Pittsburgh and will focus on new 
technologies for producing electronic images that 
contain billions of pixels and which can be studied 
interactively in great detail.

Keynote speakers at the first Fine International 
Conference on Gigapixel Imaging for Science will 
include Alan Eustace, Google senior vice president for 
engineering; Pete Worden, director of NASA’s Ames 
Research Center; and Mark Bauman, executive vice 
president of National Geographic Television. Topics 
will include the scientific uses of gigapixel imagery 
as well as its potential for educating students and the 
general public about science. The technology already 
is being used to create images of everything from a 
large archaeological dig to a microscopic image of a fly.

For the past three years, the Fine Foundation has 
sponsored a series of workshops that have trained 
more than 100 scientists on the use of one particular 
imaging system called GigaPan. Developed by CMU’s 
CREATE Lab and the NASA Ames Intelligent 
Robotics Group, with support from Google.

Geologists, paleontologists, ecologists and scientists 
from many other disciplines have participated in 
these workshops and have become pioneers in the 
use of gigapixel imagery. Many are expected to 
return in November to discuss their work at the Fine 
conference.

Effort to create new Internet architecture underway

SCS News in Brief

Most of the data gathering for the 2010 U.S. 
Census is finished, but it’s just begun for the 
2010 Robot Census. Heather Knight, a first-
year PhD student in the Robotics Institute, in 
August launched the unprecedented effort to 
count every robot in CMU’s laboratories.

The idea occurred to Knight as she and others 
listened to faculty presentations during the 
grad student immigration course. With no 
full accounting available of CMU robots—
much less a list of the coolest robots with the 
wackiest names—the obvious next step was 
a census. Knight and a friend, designer Chris 

Becker, created a PDF form, asking for the 
status, year of creation and location of each 
robot, and distributed it via email to Robotics 
Institute faculty and staff. 

Though all of the forms were due by Sept. 8, 
Knight says nothing is that simple when you’re 
taking a census. Some RI personnel were too 
busy to complete the form, while others raised 
questions as to what actually constitutes a 
robot. “I suspect it will require a fair amount 
of door-to-door footwork to get this finished,” 
she says.

Ph.D. student launches campus-wide robotic nose-count



15 Years of  Serious Fun
Carnegie Mellon’s team of soccer-playing robots is 
serious fun. It’s serious because robotic soccer players 
are a great way to investigate and demonstrate ways 
that artificial intelligences can work together as a team 
in a fast-changing, unpredictable real-world environ-
ment. And it’s fun because … well, because it’s robots 
playing soccer.

Manuela Veloso (CS’92) began developing CMU’s first 
soccer-bots 15 years ago. Two years later, in 1997, 
Veloso and her students traveled to Nagoya, Japan, to 
participate in the very first “RoboCup,” an internation-
al competition between robotic soccer teams. Today, 
Veloso, the Herbert A. Simon Professor of Computer 
Science, serves as president of the international Robo-
Cup Federation, and RoboCup has become the world’s 
largest robotics and artificial intelligence event. 

The federation’s stated goal is creation of a team of 
robotic humanoid soccer players that—by the middle of 
this century—can win a regulation soccer game against 
the FIFA World Cup champions. There are now five  
different RoboCup soccer leagues as well as search-
and-rescue competitions and a dance challenge. 

In late June, more than 500 teams with 3,000 partici-
pants competed in Singapore at RoboCup 2010. CMU 
fielded two teams—the CMdragons in the league for 
small, wheeled robots and the Carnegie Mellon United 
Robots for Soccer (CMurfs, for short) in the “standard 
platform” league of humanoid robots about two-feet-
tall.

The CMdragons, who won the championship in 2007, 
this year finished second overall. They made it to the 
final game with the help of an algorithm, developed 
by Stefan zickler (CS’10) for his doctoral thesis, that 
helped the robots predict which way the ball would 
bounce. Other members of the team included Joydeep 
Biswas (CS’09), currently a doctoral student in robotics 
and CS undergrad Can Erdogan. At right, zickler and 
Biswas show off the internal workings of one of their 
robots.

The CMurfs finished fourth overall; the team included 
robotics Ph.d. students Somchaya Liemhetcharat and 
Brian Coltin; and visiting scholars Cetin Mericli of 
Bogazici University in Turkey and Junyun Tay of the 
National University of Singapore.

Find out more about Veloso’s research at www.cs.cmu.
edu/~coral, or view more results from the Singapore 
competition at www.robocup.org.
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Speaking of dragons, we caught this fellow on  
a coffee break in the Gates Center, reading the 
Sept. 13 issue of The Wall Street Journal. 

Like everyone else here, he was excited to read 
that Carnegie Mellon’s undergraduate computer 
science program had been ranked the best in the 
United States after a survey of nearly 500 corporate 
recruiters. 

The same recruiters—who collectively hired some 
43,000 new college graduates last year—also gave 
high marks to other CMU programs, including 
finance (fourth in the nation), business and eco-
nomics (seventh) and engineering (21st). And they 
rated the university itself 10th best in the United 
States; with about 6,000 undergraduates, CMU was 
the smallest university to make the top 10.

WSJ Survey Ranks CMU Computer Science No. 1.



Then and Now
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No, that’s not Star Trek visionary Gene Rod-
denberry on the set of the U.S.S. Enterprise. 
It’s computer visionary Gordon Bell (H’10) 
working with a PDP-6 at Digital Equipment 
Corp. in Maynard, Mass., circa 1964. A Ful-
bright scholar and MIT graduate, Bell joined 
“DEC” in 1960 and immediately got to work 
on its new Programmed Data Processor, or 
PDP, line of mini-computers. 

In an era when “computers” were something 
you walked around inside, the PDP series was 
revolutionary, bringing automation and data 
processing to businesses that couldn’t afford 
a big, expensive mainframe. Although fewer 
than two-dozen PDP-6s were built, it led 
directly to the long-lived and popular PDP-10. 
Some 700 PDP-10-based systems were eventu-
ally installed around the world, including at 
CMU.

In 1966, Bell joined the faculty of Carnegie 
Tech’s new Computer Science Department, 
where he led the creation of C.mmp—a 
16-processor machine that was the great-
granddaddy of today’s parallel-processing 

supercomputers. 
(Parts of C.mmp 
still slumber in the 
attic of Wean Hall.)

Then Bell went 
back to DEC and 
oversaw the devel-
opment of VAX. 
With architecture 
developed by one of 
Bell’s grad stu-
dents, Bill Strecker 
(CS’66,’67,’71), 
VAX remained in 
production for more 
than a quarter-
century, making 
it among the most 
successful computer systems of all time.

Bell visited CMU during May’s Commencement 
ceremony to receive an honorary doctorate and 
speak with current faculty and students. You can 
read his remarks at our website, link.cs.cmu.edu, 
where we also have source documents related to 

C.mmp. And you can read more about Gordon 
Bell’s latest project—he’s creating a digital, per-
manent record of his life—in Meghan Holohan’s 
story. It starts on page 12.


